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ABSTRACT 

Oral bacterial infections, including dental caries, gingivitis, periodontitis, and endodontic infections, remain among the most 

prevalent oral health problems worldwide and significantly impact quality of life. Conventional antimicrobial therapies have 

been widely used for their management; however, concerns regarding antimicrobial resistance, adverse effects, disruption of 

the oral microbiome, and limited long-term efficacy have encouraged the exploration of alternative therapeutic approaches. 

Herbal medicines have gained increasing attention due to their rich phytochemical composition and broad spectrum of 

biological activities. This review summarizes the current evidence regarding the role of herbal therapies in the prevention and 

treatment of oral bacterial infections. Various medicinal plants, including Azadirachta indica (Neem), Curcuma longa 

(Turmeric), Camellia sinensis (Green Tea), Punica granatum (Pomegranate), Salvadora persica (Miswak), Syzygium 

aromaticum (Clove), Glycyrrhiza glabra (Licorice), and Allium sativum (Garlic), have demonstrated significant antimicrobial 

activity against major oral pathogens such as Streptococcus mutans, Porphyromonas gingivalis, Aggregatibacter 

actinomycetemcomitans, and Enterococcus faecalis. The review discusses their active phytoconstituents, mechanisms of 

antimicrobial action, and clinical applications in oral healthcare. Additionally, recent advances in herbal formulations, 

including mouthwashes, gels, dentifrices, mucoadhesive systems, and nanotechnology-based delivery platforms, are 

highlighted for their potential to enhance therapeutic efficacy and patient compliance. Clinical studies indicate that several 

herbal products exhibit effectiveness comparable to conventional oral care agents while demonstrating favorable safety 

profiles. Nevertheless, challenges related to standardization, quality control, regulatory approval, and limited large-scale 

clinical evidence continue to restrict their widespread clinical adoption. Overall, herbal therapeutics represent a promising and 

rapidly evolving approach for the management of oral bacterial infections and may serve as valuable adjuncts or alternatives to 

conventional antimicrobial therapies. 
 

 

 

Oral bacterial infections represent a major public health concern 
worldwide and are among the most prevalent infectious diseases 

affecting individuals across all age groups. These infections 
include dental caries, gingivitis, periodontitis, periapical 

infections, and other oral mucosal diseases that significantly 

impair oral health and quality of life. The oral cavity harbors a 
complex microbial ecosystem comprising more than 700 bacterial 

species, many of which coexist as part of the normal oral 
microbiota. However, disturbances in microbial homeostasis can 

lead to the proliferation of pathogenic microorganisms, resulting 

in the development of oral diseases.[¹] 

 

Dental caries and periodontal diseases are the most common oral 

bacterial infections and remain a significant cause of tooth loss 

globally. The primary etiological agents implicated in dental 

caries include Streptococcus mutans and Lactobacillus species, 

whereas periodontal diseases are frequently associated with 
pathogens such as Porphyromonas gingivalis, Treponema 

denticola, and Aggregatibacter actinomycetemcomitans.[²˒³] 

These microorganisms possess the ability to form biofilms, evade 
host immune responses, and produce virulence factors that 

contribute to tissue destruction and disease progression.[3] 

Conventional management of oral bacterial infections primarily 
relies on mechanical plaque control and the administration of 

antimicrobial agents, including chlorhexidine, metronidazole, 

amoxicillin, and tetracycline. Although these therapies have 

demonstrated clinical efficacy, their prolonged use is often 
associated with adverse effects such as tooth staining, altered 

taste sensation, gastrointestinal disturbances, and the 

emergence of antimicrobial resistance.[4,5] The increasing 
prevalence of antibiotic-resistant bacterial strains has prompted 

researchers to explore alternative therapeutic approaches that 

are effective, safe, and economically feasible.[5] 

Herbal medicine has gained considerable attention as a promising 

strategy for the prevention and management of oral bacterial 
infections. Medicinal plants contain a diverse array of bioactive 

phytochemicals, including flavonoids, alkaloids, tannins, 

terpenoids, phenolic acids, and essential oils, which exhibit 
significant antimicrobial, anti-inflammatory, antioxidant, and 

wound-healing properties.[6] Numerous plant-derived products 
have demonstrated inhibitory activity against major oral 

pathogens and have been incorporated into mouthwashes, 

dentifrices, gels, lozenges, and other oral healthcare 
formulations.[7] 

Several medicinal plants, including Azadirachta indica (Neem), 

Syzygium aromaticum (Clove), Curcuma longa (Turmeric), Allium 
sativum (Garlic), Camellia sinensis (Green Tea), and Salvadora 

persica (Miswak), have shown promising therapeutic effects 

against oral pathogens through multiple mechanisms such as 
disruption of bacterial cell membranes, inhibition of biofilm 

formation, suppression of virulence factors, and modulation of 
inflammatory pathways.[8,9] In addition to their antimicrobial 

potential, these herbal agents may offer improved 
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biocompatibility and reduced 

adverse effects compared with conventional synthetic drugs.[9] 

Recent advances in phytopharmaceutical research and drug 
delivery technologies have further enhanced the therapeutic 

potential of herbal products for oral healthcare applications. 

Novel formulation approaches, including mucoadhesive systems, 
nanoparticles, nanoemulsions, and controlled-release 

formulations, have been investigated to improve the stability, 
bioavailability, and clinical efficacy of plant-derived 

bioactives.[10] Despite these advances, challenges related to 

standardization, quality control, safety assessment, and clinical 
validation continue to limit their widespread acceptance in 

mainstream dental practice.[6] 

Therefore, a comprehensive evaluation of herbal therapies for 
oral bacterial infections is warranted. This review aims to 

summarize the current understanding of oral bacterial infections, 
discuss the antimicrobial mechanisms of medicinal plants, 

critically examine available preclinical and clinical evidence, and 

highlight recent advancements, challenges, and future prospects 
associated with herbal therapeutics in oral healthcare. 

 
Fig. 1. Mechanisms of action of herbal therapies in the 

management of oral bacterial infections. Herbal 

phytoconstituents exert antimicrobial, antibiofilm, anti-
inflammatory, antioxidant, immunomodulatory, and tissue-

regenerative effects, contributing to the prevention and 
treatment of oral bacterial diseases. 

 

Table 1. Medicinal Plants Used Against Oral Bacterial Pathogens and Their Mechanisms of Action 

Medicinal Plant 
Major Active 
Constituents 

Mechanism of Action Target Oral Pathogens References 

Azadirachta indica 
(Neem) 

Nimbidin, 
Azadirachtin, 

Nimbolide 

Cell membrane disruption, plaque 
inhibition, anti-inflammatory activity 

Streptococcus mutans, 
Porphyromonas gingivalis 

[5, 11] 

Syzygium aromaticum 

(Clove) 

Eugenol, β-

Caryophyllene 

Membrane damage, inhibition of 

bacterial enzymes 
S. mutans, P. gingivalis [14, 12] 

Curcuma longa 

(Turmeric) 
Curcumin 

Biofilm inhibition, anti-inflammatory 

and antioxidant activities 
S. mutans, Prevotella intermedia [14, 13] 

Allium sativum (Garlic) Allicin, Ajoene 
Inhibition of microbial enzymes and 

metabolism 

S. mutans, A. 

actinomycetemcomitans 
[14] 

Camellia sinensis (Green 

Tea) 
Catechins, EGCG 

Inhibition of glucosyltransferase and 

biofilm formation 
S. mutans, Lactobacillus spp. 

[12, 18, 

15] 

Salvadora persica 

(Miswak) 

Salvadorine, Sulfur 

compounds 

Plaque reduction and antibacterial 

activity 

S. mutans, A. 

actinomycetemcomitans 
[16] 

Psidium guajava (Guava) Guaijaverin, Quercetin 
Inhibition of bacterial adhesion and 

biofilm formation 
S. mutans [10] 

Ocimum sanctum (O. 

tenuiflorum) (Tulsi) 
Eugenol, Ursolic acid 

Cell membrane disruption and 

antioxidant effects 
S. mutans, Lactobacillus spp. [17] 

Mentha piperita 

(Peppermint) 
Menthol, Menthone 

Antimicrobial activity through 

membrane disruption 
S. mutans [18] 

Thymus vulgaris (Thyme) Thymol, Carvacrol Membrane permeability alteration 
S. mutans, Fusobacterium 

nucleatum 
[19] 

Rosmarinus officinalis 

(Rosemary) 

Rosmarinic acid, 

Carnosic acid 
Antioxidant and antimicrobial activities S. mutans [20] 

Cinnamomum verum 

(Cinnamon) 
Cinnamaldehyde 

Biofilm inhibition and enzyme 

suppression 
S. mutans, P. gingivalis [21] 

Punica granatum 

(Pomegranate) 

Punicalagin, Ellagic 

acid 

Inhibition of bacterial adherence and 

inflammation 
P. gingivalis, S. mutans [22] 

Aloe vera Aloin, Acemannan 
Antibacterial and wound-healing 

properties 
S. mutans, Enterococcus faecalis [23] 

Zingiber officinale 

(Ginger) 
Gingerols, Shogaols 

Antimicrobial and anti-inflammatory 

effects 
S. mutans, P. gingivalis [24] 

Eucalyptus globulus 
Eucalyptol (1,8-

cineole) 
Cell membrane disruption S. mutans [25] 

Glycyrrhiza glabra Glycyrrhizin, Glabridin Inhibition of bacterial adhesion and S. mutans, S. sobrinus [26] 
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Medicinal Plant 
Major Active 

Constituents 
Mechanism of Action Target Oral Pathogens References 

(Licorice) acid production 

Moringa oleifera 
Isothiocyanates, 
Flavonoids 

Antibacterial and antioxidant activities S. mutans [27] 

Terminalia chebula 
Chebulagic acid, 
Chebulinic acid 

Biofilm suppression and plaque 
reduction 

S. mutans, Lactobacillus spp. [28] 

Nigella sativa Thymoquinone 
Antimicrobial and anti-inflammatory 

effects 
S. mutans, P. gingivalis [29] 

2. Oral Bacterial Infections: Overview 

The oral cavity harbors one of the most diverse microbial 
ecosystems in the human body, comprising hundreds of bacterial 

species that colonize distinct oral niches, including the teeth, 
tongue, gingival sulcus, palate, and buccal mucosa. Under 

healthy conditions, these microorganisms exist in a balanced 

ecological state and contribute to host defense, immune 
regulation, and maintenance of oral homeostasis. However, 

alterations in microbial composition, host immunity, dietary 
habits, and environmental factors can disrupt this balance, 

leading to dysbiosis and the development of oral bacterial 

infections.[30-33] 

Oral bacterial infections are among the most prevalent infectious 

diseases worldwide and represent a significant burden on public 

health. These infections are primarily associated with the 
formation of microbial biofilms, commonly known as dental 

plaque, which provide protection to pathogenic bacteria and 

enhance their resistance to antimicrobial agents and host 
defense mechanisms. Biofilm-mediated infections often exhibit 

chronic and recurrent characteristics, making their management 
challenging.[31,34] 

2.1 Dental Caries 

Dental caries is a multifactorial infectious disease characterized 

by the progressive demineralization of tooth enamel and dentin. 
The condition develops when acidogenic and aciduric bacteria 

metabolize dietary carbohydrates, producing organic acids that 
lower the local pH and promote mineral loss from tooth 

structures. Although dental caries was historically attributed 

primarily to Streptococcus mutans, current evidence suggests 
that the disease results from a dysbiotic microbial community 

involving multiple bacterial species.[34,35] 

Among the cariogenic microorganisms, Streptococcus mutans 
remains a key pathogen due to its ability to synthesize 

extracellular polysaccharides, adhere strongly to tooth surfaces, 

and tolerate acidic environments. Other microorganisms such as 
Lactobacillus spp., Actinomyces spp., and Scardovia wiggsiae also 

contribute to lesion progression through acid production and 

biofilm development. Persistent exposure to fermentable 

carbohydrates further promotes the dominance of these acid-

producing microorganisms and accelerates disease 
progression.[30,35,36] 

2.2 Gingivitis 

Gingivitis is a reversible inflammatory condition of the gingival 

tissues caused primarily by the accumulation of bacterial plaque 
along the gingival margin. Clinical manifestations include gingival 

redness, swelling, tenderness, and bleeding upon probing. The 
disease develops as a result of interactions between bacterial 

biofilms and the host immune response.[32,37] 

Early plaque colonizers, including various Streptococcus species 
and Actinomyces species, initiate biofilm formation on tooth 

surfaces. As plaque matures, microbial diversity increases, 

leading to the accumulation of Gram-negative anaerobic bacteria 
that stimulate inflammatory responses in gingival tissues. If left 

untreated, gingivitis may progress to periodontitis, resulting in 
irreversible destruction of periodontal structures.[37,38] 

2.3 Periodontitis 

Periodontitis is a chronic inflammatory disease characterized by 
the destruction of periodontal ligaments, alveolar bone 

resorption, and eventual tooth loss. The disease is associated 

with dysbiotic subgingival microbial communities and an 
exaggerated host inflammatory response. Unlike gingivitis, 

periodontitis involves irreversible tissue damage and has been 
linked to several systemic disorders, including diabetes mellitus, 

cardiovascular diseases, and adverse pregnancy outcomes.[32,39] 

Several bacterial species are strongly associated with 
periodontitis, particularly Porphyromonas gingivalis, Treponema 

denticola, and Tannerella forsythia, collectively referred to as 

the "red complex" pathogens. These microorganisms possess 
numerous virulence factors, including proteolytic enzymes, 

endotoxins, and immune-modulating molecules that contribute 
to tissue destruction and disease progression.[39,40] 

2.4 Endodontic and Periapical Infections 

Endodontic infections occur when microorganisms invade the 

dental pulp through carious lesions, trauma, or restorative 
procedures. The infected pulp tissue provides a favorable 

environment for the growth of anaerobic bacteria, resulting in 

pulp necrosis and periapical inflammation. Common 
microorganisms isolated from infected root canals include 

Enterococcus faecalis, Fusobacterium nucleatum, Prevotella 
species, and Porphyromonas species.[41] 

These infections are frequently polymicrobial in nature and may 

lead to the formation of periapical abscesses if not adequately 
treated. The persistence of bacterial biofilms within the root 

canal system is considered a major factor responsible for 

treatment failure and recurrent endodontic infections.[41,42] 

2.5 Oral Biofilms and Disease Progression 

Biofilm formation represents a critical step in the pathogenesis 

of oral bacterial infections. Oral biofilms consist of highly 

organized microbial communities embedded within a self-
produced extracellular polymeric matrix. This matrix facilitates 

microbial communication, nutrient exchange, and protection 
against environmental stressors, antimicrobial agents, and host 

immune responses.[31,43] 

The transition from a healthy microbial community to a dysbiotic 
biofilm is considered a fundamental event in the development of 

dental caries, gingivitis, periodontitis, and other oral infections. 

Consequently, strategies aimed at disrupting biofilm formation 
and restoring microbial balance have become important 

therapeutic targets in modern oral healthcare.[30,34,43] 

 

3. Limitations of Conventional Antibiotic Therapy 

Conventional antibiotic therapy has long been employed as an 

adjunctive approach for the management of oral bacterial 

infections, particularly in cases of periodontitis, endodontic 
infections, and severe odontogenic infections. Systemic 

antibiotics such as amoxicillin, metronidazole, tetracyclines, 

azithromycin, and clindamycin are commonly prescribed to 
reduce microbial load and suppress pathogenic microorganisms. 

Despite their clinical utility, increasing evidence indicates that 
conventional antibiotic therapy alone is often insufficient to 

achieve long-term control of oral infections and may be 

associated with several limitations.[44-46] 

3.1 Emergence of Antimicrobial Resistance 
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One of the most significant concerns 

associated with antibiotic therapy is the emergence and spread 
of antimicrobial resistance (AMR). Excessive and inappropriate 

use of antibiotics has contributed to the development of 

resistant bacterial strains capable of surviving previously 
effective treatments. Oral pathogens can acquire resistance 

through various mechanisms, including enzymatic degradation of 
antibiotics, modification of target sites, reduced membrane 

permeability, and active efflux systems.[47,48] 

The increasing prevalence of resistant microorganisms poses a 

major challenge in the management of oral infections. 
Resistance has been reported among several periodontal 

pathogens, reducing the effectiveness of commonly prescribed 
antimicrobial agents and increasing the risk of treatment failure. 

Furthermore, resistant bacteria may serve as reservoirs of 

resistance genes that can be transferred to other microorganisms 
within the oral cavity and beyond.[47,49] 

3.2 Limited Efficacy Against Oral Biofilms 

A unique characteristic of oral bacterial infections is the 

presence of highly organized biofilms. Microorganisms embedded 
within biofilms exhibit significantly greater tolerance to 

antimicrobial agents than their free-floating (planktonic) 
counterparts. The extracellular polymeric matrix surrounding 

biofilm-associated bacteria acts as a protective barrier that 

restricts antibiotic penetration and facilitates microbial 
survival.[45,50] 

Additionally, bacteria residing in deeper layers of biofilms often 

display reduced metabolic activity, rendering them less 
susceptible to antibiotics that target actively dividing cells. 

Consequently, conventional antibiotic therapy may reduce 
bacterial numbers without completely eradicating pathogenic 

biofilms, leading to persistent infection and disease 

recurrence.[46,50] 

3.3 Adverse Effects and Safety Concerns 

Although antibiotics are generally considered safe when used 

appropriately, their administration may be associated with 

various adverse effects. Common complications include 
gastrointestinal disturbances, nausea, vomiting, diarrhea, 

allergic reactions, and alterations in the normal microbial flora. 
In susceptible individuals, antibiotic-associated hypersensitivity 

reactions can range from mild skin eruptions to severe 

anaphylactic responses.[51] 

Long-term or repeated antibiotic exposure may also disrupt the 

balance of beneficial microorganisms within the oral cavity and 

gastrointestinal tract, resulting in microbial dysbiosis. Such 
disturbances may predispose individuals to opportunistic 

infections and contribute to the development of chronic 
inflammatory conditions.[47,52] 

3.4 Disruption of the Oral Microbiome 

Conventional antibiotics generally exhibit broad-spectrum 

activity and frequently lack specificity toward pathogenic 
bacteria. As a result, beneficial commensal microorganisms that 

contribute to oral health may be unintentionally eliminated 

during treatment. This disruption of microbial homeostasis can 
alter ecological balance within the oral cavity and facilitate 

recolonization by opportunistic pathogens. 

Recent studies have emphasized the importance of preserving 
microbial diversity for maintaining oral and systemic health. 

Broad-spectrum antimicrobial therapy may therefore produce 
unintended consequences by reducing beneficial bacterial 

populations while failing to completely eliminate pathogenic 

biofilms.[48] 

3.5 Pharmacokinetic and Drug Delivery Limitations 

The effectiveness of systemic antibiotics depends largely on their 

ability to reach therapeutic concentrations at the site of 

infection. However, oral tissues, periodontal pockets, and root 
canal systems often present challenges to effective drug 

delivery. Factors such as limited vascularization, rapid clearance, 

poor tissue penetration, and dilution by gingival crevicular fluid 

may reduce local drug concentrations below therapeutic 

levels.[53] 

Similarly, topical antimicrobial agents such as chlorhexidine may 
exhibit limited retention within periodontal pockets due to rapid 

clearance from the treatment site. Consequently, sustained 
antimicrobial activity is difficult to maintain, reducing overall 

treatment effectiveness in chronic infections.[54] 

3.6 Patient Compliance and Recurrence of Infection 

Successful antibiotic therapy requires strict adherence to 
prescribed dosage regimens. However, patient non-compliance 

remains a common clinical challenge. Missed doses, premature 

discontinuation of therapy, and inappropriate self-medication 
can compromise treatment outcomes and further contribute to 

the development of antimicrobial resistance.[55] 

Moreover, conventional antibiotics often fail to address 
underlying ecological and host-related factors that contribute to 

oral disease progression. Consequently, microbial recolonization 
and disease recurrence frequently occur following completion of 

treatment, necessitating repeated therapeutic interventions.[47] 

3.7 Need for Alternative Therapeutic Approaches 

The limitations associated with conventional antibiotic therapy 
have stimulated interest in alternative and complementary 

treatment strategies. Herbal therapeutics, antimicrobial 

peptides, probiotics, photodynamic therapy, nanotechnology-
based drug delivery systems, and biofilm-targeted therapies are 

increasingly being investigated as potential approaches to 

overcome the shortcomings of traditional antibiotics. These 

emerging therapies may offer improved safety profiles, reduced 

risk of resistance development, and enhanced activity against 
biofilm-associated pathogens.[56] 

Given the growing concerns surrounding antimicrobial resistance 

and the persistent nature of oral biofilm-associated infections, 
the development of effective and sustainable alternatives to 

conventional antibiotic therapy remains an important area of 
research in contemporary oral healthcare. 

 

4. Herbal Therapy for Oral Bacterial Infections 

The increasing prevalence of antimicrobial resistance, recurrent 

oral infections, and limitations associated with conventional 
antibiotic therapy have stimulated growing interest in herbal 

medicines as alternative or adjunctive therapeutic options. 
Medicinal plants have been used for centuries in traditional 

healthcare systems for the management of oral diseases, and 

contemporary scientific investigations have validated many of 
their antimicrobial, anti-inflammatory, antioxidant, and wound-

healing properties. Herbal therapies are particularly attractive 
due to their natural origin, broad spectrum of biological 

activities, lower incidence of adverse effects, and potential to 

target multiple pathogenic mechanisms simultaneously.[57] 

Phytochemicals such as flavonoids, alkaloids, tannins, 
terpenoids, phenolic acids, glycosides, and essential oils 

contribute significantly to the antimicrobial activity of medicinal 
plants. These compounds exert their effects through various 

mechanisms, including disruption of bacterial cell membranes, 

inhibition of enzyme activity, interference with bacterial 
adhesion, suppression of biofilm formation, and modulation of 

host inflammatory responses. Unlike conventional antibiotics that 

often target a single bacterial process, herbal bioactive 

compounds frequently act on multiple cellular targets, reducing 

the likelihood of resistance development.[60,61] 

Several herbal products have demonstrated inhibitory activity 

against major oral pathogens, including Streptococcus mutans, 

Porphyromonas gingivalis, Aggregatibacter 
actinomycetemcomitans, Fusobacterium nucleatum, and 

Enterococcus faecalis. These pathogens are commonly associated 

with dental caries, gingivitis, periodontitis, and endodontic 
infections. Consequently, herbal formulations such as 
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mouthwashes, gels, toothpastes, chewing sticks, lozenges, and 

mucoadhesive preparations are increasingly being explored for 
oral healthcare applications.[59,62] 

4.1 Azadirachta indica (Neem) 

Azadirachta indica is one of the most extensively studied 

medicinal plants in oral healthcare. Various parts of the plant, 
including leaves, bark, and twigs, have traditionally been used 

for maintaining oral hygiene. The major bioactive constituents of 

neem include nimbidin, azadirachtin, nimbolide, quercetin, and 
various limonoids. These compounds exhibit potent antibacterial, 

anti-inflammatory, antioxidant, and antiplaque activities.[63] 

Studies have demonstrated that neem extracts effectively inhibit 
the growth of Streptococcus mutans, Porphyromonas gingivalis, 

and other oral pathogens involved in plaque formation and 
periodontal diseases. Neem-based mouthwashes have shown 

clinical efficacy comparable to chlorhexidine in reducing plaque 

accumulation and gingival inflammation, suggesting their 
potential as a natural alternative in oral healthcare.[64] 

4.2 Syzygium aromaticum (Clove) 

Clove (Syzygium aromaticum) has long been used in dentistry due 

to its analgesic and antimicrobial properties. Eugenol, the 
principal bioactive component of clove oil, is primarily 

responsible for its therapeutic effects. Eugenol exhibits broad-
spectrum antimicrobial activity by disrupting bacterial cell 

membranes, altering membrane permeability, and inhibiting 

essential enzymatic processes.[65] 

Research has shown that clove extracts effectively suppress the 

growth of cariogenic bacteria, particularly Streptococcus 

mutans, while also demonstrating activity against periodontal 
pathogens. In addition to its antimicrobial effects, clove 

possesses anti-inflammatory and local anesthetic properties that 

contribute to symptomatic relief in various oral conditions.[66] 

4.3 Curcuma longa (Turmeric) 

Curcuma longa is a well-known medicinal plant widely utilized in 

traditional medicine. Curcumin, the primary polyphenolic 
constituent of turmeric, possesses significant antimicrobial, 

antioxidant, anti-inflammatory, and immunomodulatory 

properties. The therapeutic effects of curcumin are attributed to 

its ability to regulate inflammatory mediators, inhibit bacterial 

growth, and suppress biofilm formation.[67] 

Several studies have reported that curcumin exhibits inhibitory 
activity against oral pathogens such as Streptococcus mutans, 

Porphyromonas gingivalis, and Prevotella intermedia. 

Furthermore, curcumin-based mouthwashes and gels have 
demonstrated beneficial effects in reducing gingival 

inflammation and plaque accumulation in patients with 
periodontal diseases.[68,69] 

4.4 Allium sativum (Garlic) 

Garlic (Allium sativum) is recognized for its potent antimicrobial 

activity, largely attributed to sulfur-containing compounds such 
as allicin and ajoene. Allicin is generated when garlic cloves are 

crushed and has been shown to inhibit a wide range of Gram-

positive and Gram-negative bacteria.[70] 

The antimicrobial activity of garlic results from the inhibition of 

essential bacterial enzymes containing sulfhydryl groups, leading 
to disruption of microbial metabolism and growth. Studies have 

demonstrated the effectiveness of garlic extracts against oral 

pathogens associated with dental caries, periodontal diseases, 
and endodontic infections. Additionally, garlic exhibits anti-

inflammatory and antioxidant properties that may contribute to 
oral tissue protection.[71] 

4.5 Camellia sinensis (Green Tea) 

Green tea, derived from Camellia sinensis, contains abundant 

polyphenolic compounds known as catechins, particularly 
epigallocatechin-3-gallate (EGCG). These bioactive constituents 

exhibit significant antimicrobial, antioxidant, and anti-

inflammatory activities.[72] 

Catechins inhibit bacterial adhesion, suppress glucosyltransferase 

activity, reduce acid production, and interfere with biofilm 

formation by cariogenic microorganisms. Green tea extracts have 
demonstrated inhibitory effects against Streptococcus mutans, 

Lactobacillus species, and several periodontal pathogens. Clinical 

studies have also reported reductions in plaque accumulation, 
gingival inflammation, and oral bacterial counts following the use 

of green tea-based oral products.[72,73] 

4.6 Salvadora persica (Miswak) 

Salvadora persica, commonly known as Miswak, has been 

traditionally used as a natural chewing stick for oral hygiene. The 

plant contains numerous bioactive compounds, including 
salvadorine, fluoride, silica, sulfur compounds, and alkaloids, 

which contribute to its antimicrobial properties.[74] 

Scientific investigations have demonstrated that Miswak exhibits 
inhibitory activity against several oral pathogens and effectively 

reduces dental plaque formation. In addition to its antibacterial 

activity, Miswak promotes mechanical plaque removal and may 
improve gingival health. Consequently, it remains one of the 

most widely recognized herbal tools for maintaining oral hygiene 
in many regions of the world.[74,75] 

4.7 Emerging Herbal Candidates 

Beyond the commonly studied medicinal plants, numerous other 

botanicals have demonstrated promising antimicrobial activity 

against oral pathogens. These include Psidium guajava (guava), 

Punica granatum (pomegranate), Ocimum sanctum (tulsi), 
Terminalia chebula, Glycyrrhiza glabra (licorice), Nigella sativa, 

and Moringa oleifera. Their phytoconstituents have been 

reported to inhibit bacterial adhesion, suppress biofilm 
formation, reduce inflammatory responses, and interfere with 

microbial virulence mechanisms.[76-77]The growing body of 

evidence supporting the efficacy of herbal therapies highlights 
their potential role in the prevention and management of oral 

bacterial infections. However, despite encouraging laboratory 

and clinical findings, challenges related to standardization, 

quality control, dosage optimization, and large-scale clinical 

validation remain significant barriers to their widespread clinical 
adoption.[57,79]

 

 

http://www.thebioscan.com/
http://www.thebioscan.com/


          

 
 

 

21176 

21(2): S.I (2), 21171-21185, 2026                                        www.thebioscan.com      

 

Table 2. Medicinal Plants Used in Oral Infections and Their Active Constituents 

 

5. Mechanisms of Herbal Antimicrobial Action 

Medicinal plants contain a diverse array of bioactive 
phytochemicals that contribute to their antimicrobial efficacy 

against oral pathogens. Unlike conventional antibiotics, which 
often target a single bacterial process, herbal constituents 

frequently act through multiple mechanisms simultaneously. 

This multi-targeted mode of action not only enhances 
antimicrobial effectiveness but may also reduce the likelihood 

of resistance development. Numerous studies have 
demonstrated that phytochemicals such as flavonoids, phenolic 

acids, tannins, alkaloids, terpenoids, and essential oils can 

inhibit microbial growth, disrupt biofilm formation, interfere 

with bacterial communication systems, and modulate host 

inflammatory responses.[100-102] 

5.1 Disruption of Bacterial Cell Membranes 

One of the primary antimicrobial mechanisms of herbal 
compounds involves disruption of bacterial cell membrane 

integrity. Essential oil constituents such as eugenol, thymol, 
carvacrol, cinnamaldehyde, and menthol possess lipophilic 

properties that enable them to penetrate bacterial membranes 

and alter membrane permeability. This results in leakage of 
intracellular components, loss of membrane potential, 

disruption of energy metabolism, and eventual bacterial cell 

death.[103-104] 

Several studies have shown that eugenol from clove and thymol 

from thyme effectively damage bacterial cell membranes and 
inhibit the growth of oral pathogens, including Streptococcus 

mutans and Porphyromonas gingivalis. Such membrane-targeting 

effects are particularly advantageous because they act rapidly 
and are less susceptible to conventional resistance 

mechanisms.[104-105] 

5.2 Inhibition of Biofilm Formation 

Biofilm formation plays a critical role in the pathogenesis of 
dental caries, gingivitis, periodontitis, and endodontic 

infections. Many herbal compounds exhibit antibiofilm activity 
by interfering with bacterial adhesion, extracellular polymeric 

substance (EPS) production, and biofilm maturation.[106] 

Catechins from green tea, guaijaverin from guava leaves, 
curcumin from turmeric, and polyphenols from pomegranate 

have demonstrated significant inhibitory effects on biofilm 

formation by cariogenic bacteria. These compounds reduce 
bacterial attachment to tooth surfaces and impair the structural 

integrity of mature biofilms, thereby enhancing susceptibility to 

antimicrobial agents and host defense mechanisms.[107,108] 

Medicinal Plant 
Common 

Name 
Major Active Constituents Reported Oral Therapeutic Activities References 

Azadirachta indica Neem 
Nimbidin, Azadirachtin, Nimbolide, 

Quercetin 

Antibacterial, antiplaque, anti-

inflammatory, anti-gingivitis 
[63, 80] 

Syzygium aromaticum Clove 
Eugenol, β-Caryophyllene, Eugenyl 

acetate 

Antibacterial, analgesic, anti-

inflammatory 
[65, 81] 

Curcuma longa Turmeric 
Curcumin, Demethoxycurcumin, 

Bisdemethoxycurcumin 

Antibacterial, antibiofilm, anti-

inflammatory 
[67, 82] 

Allium sativum Garlic Allicin, Ajoene, Diallyl sulfides 
Broad-spectrum antibacterial, 

antioxidant 
[70, 83] 

Camellia sinensis Green Tea EGCG, Epicatechin, Catechins Anticariogenic, antibiofilm, antioxidant [72, 84] 

Salvadora persica Miswak 
Salvadorine, Silica, Sulfur compounds, 

Fluoride 

Plaque control, antibacterial, gingival 

protection 
[74, 85] 

Psidium guajava Guava Guaijaverin, Quercetin, Tannins 
Antiplaque, inhibition of   

bacterial adhesion 
[86] 

Ocimum sanctum (O. 

tenuiflorum) 
Tulsi Eugenol, Ursolic acid, Rosmarinic acid 

Antibacterial, antioxidant, anti-

inflammatory 
[87] 

Punica granatum Pomegranate Punicalagin, Ellagic acid, Gallic acid Antibacterial, antiplaque, anti-gingivitis [88] 

Glycyrrhiza glabra Licorice Glycyrrhizin, Glabridin, Liquiritigenin 
Inhibition of cariogenic bacteria, anti-

inflammatory 
[77, 89] 

Terminalia chebula Haritaki 
Chebulagic acid, Chebulinic acid, Gallic 

acid 
Anticaries, antibiofilm, antioxidant [78, 90] 

Nigella sativa Black Seed Thymoquinone, Nigellone, Carvacrol Antibacterial, anti-inflammatory [91] 

Moringa oleifera Moringa 
Isothiocyanates, Flavonoids, Phenolic 
acids 

Antimicrobial, antioxidant [92] 

Aloe vera Aloe Vera Aloin, Acemannan, Anthraquinones 
Antimicrobial, wound healing, anti-
inflammatory 

[93] 

Zingiber officinale Ginger Gingerols, Shogaols, Zingerone Antibacterial, anti-inflammatory [94] 

Thymus vulgaris Thyme Thymol, Carvacrol Antibacterial, antibiofilm [95] 

Rosmarinus officinalis Rosemary Rosmarinic acid, Carnosic acid Antioxidant, antimicrobial [96] 

Cinnamomum verum Cinnamon Cinnamaldehyde, Eugenol, Coumarin 
Antibacterial, inhibition of biofilm 
formation 

[97] 

Eucalyptus globulus Eucalyptus Eucalyptol (1,8-cineole), α-Pinene Antimicrobial, anti-inflammatory [98] 

Mentha piperita Peppermint Menthol, Menthone, Limonene 
Antibacterial, breath-freshening, anti-

inflammatory 
[99] 

http://www.thebioscan.com/
http://www.thebioscan.com/


          

 
 

 

21177 

21(2): S.I (2), 21171-21185, 2026                                        www.thebioscan.com      

5.3 Inhibition of Bacterial Enzymes 

and Metabolic Pathways 

Numerous phytochemicals exert antimicrobial effects through 
inhibition of essential bacterial enzymes involved in cellular 

metabolism, DNA replication, protein synthesis, and energy 

production. Allicin, the major bioactive constituent of garlic, 
interacts with sulfhydryl-containing enzymes and disrupts 

critical metabolic pathways necessary for bacterial 
survival.[109] 

Similarly, flavonoids and phenolic compounds may inhibit 

bacterial glucosyltransferases, proteases, and other virulence-
associated enzymes. In cariogenic bacteria, inhibition of 

glucosyltransferase enzymes reduces the synthesis of 

extracellular polysaccharides required for plaque formation and 
biofilm development.[110] 

5.4 Interference with Quorum Sensing 

Quorum sensing is a bacterial communication system that 

regulates gene expression in response to microbial population 
density. This mechanism controls various virulence factors, 

including biofilm formation, toxin production, bacterial 
adhesion, and stress adaptation. Disruption of quorum sensing 

has emerged as an important strategy for controlling bacterial 

pathogenicity without necessarily killing microorganisms 
directly.[¹¹¹] 

Several plant-derived compounds, including flavonoids, 

terpenoids, and phenolic acids, have demonstrated the ability to 
inhibit quorum sensing pathways. By interfering with bacterial 

signaling molecules, these compounds suppress virulence 
expression and reduce the pathogenic potential of oral biofilm 

communities.[¹¹²] 

5.5 Inhibition of Bacterial Adhesion 

The initial attachment of bacteria to oral surfaces represents a 
critical step in the establishment of dental plaque and 

subsequent oral infections. Certain herbal constituents can 

inhibit bacterial adhesion by modifying surface proteins, 
disrupting receptor-ligand interactions, or reducing the 

production of adhesive extracellular polymers.[¹¹³] 

Guaijaverin isolated from Psidium guajava and catechins derived 

from green tea have demonstrated significant anti-adhesive 

activity against Streptococcus mutans. By preventing bacterial 
colonization, these phytochemicals contribute to the reduction 

of plaque accumulation and disease progression.[108,114] 

5.6 Antioxidant and Anti-Inflammatory Effects 

The pathogenesis of oral infections involves not only microbial 
invasion but also excessive host inflammatory responses that 

contribute to tissue destruction. Many medicinal plants contain 

antioxidant compounds capable of scavenging reactive oxygen 
species (ROS) and reducing oxidative stress.[115] 

Curcumin, quercetin, catechins, and rosmarinic acid have been 

shown to suppress inflammatory mediators such as nuclear 
factor-kappa B (NF-κB), cyclooxygenase-2 (COX-2), tumor 

necrosis factor-alpha (TNF-α), and interleukins. Through these 

mechanisms, herbal therapies may reduce periodontal tissue 
damage while simultaneously controlling microbial 

growth.[116,117] 

5.7 Synergistic Effects with Conventional Antimicrobials 

An emerging area of interest involves the synergistic interaction 

between herbal compounds and conventional antimicrobial 

agents. Several phytochemicals have demonstrated the ability to 
enhance antibiotic activity by increasing bacterial membrane 

permeability, inhibiting efflux pumps, or disrupting biofilm 
barriers.[118] 

Such synergistic interactions may permit the use of lower 

antibiotic doses, minimize adverse effects, and reduce the 

development of antimicrobial resistance. Consequently, 
combination therapies involving herbal bioactives and 

conventional antibiotics are increasingly being investigated for 
the management of chronic oral infections.[119] 

5.8 Multi-Targeted Nature of Herbal Therapeutics 

A distinguishing feature of herbal medicines is their ability to 

target multiple pathways simultaneously. While conventional 

antibiotics generally focus on a single microbial target, 
phytochemicals often exert combined antibacterial, antibiofilm, 

anti-inflammatory, antioxidant, and immunomodulatory 
activities. This multifaceted mechanism may contribute to their 

effectiveness against complex polymicrobial oral infections and 

explains their growing importance in contemporary oral 
healthcare research.[100,120] 

6. Clinical Evidence of Herbal Therapy in Oral Diseases 

The increasing prevalence of oral diseases and growing concerns 

regarding antimicrobial resistance have stimulated extensive 
research into herbal therapies as alternative or adjunctive 

treatment options. Over the past two decades, numerous 
clinical trials, systematic reviews, and meta-analyses have 

evaluated the efficacy of herbal formulations in controlling 

dental plaque, gingivitis, periodontitis, and oral microbial 
infections. Current evidence suggests that several medicinal 

plants demonstrate significant clinical benefits owing to their 
antimicrobial, anti-inflammatory, antioxidant, and antibiofilm 

properties.[121-123] 

Among the herbal agents investigated in clinical dentistry, 
Azadirachta indica (Neem) has received considerable attention. 

Randomized controlled trials and systematic reviews have 

reported that neem-based mouthwashes effectively reduce 
plaque accumulation and gingival inflammation. In several 

studies, neem formulations demonstrated clinical outcomes 
comparable to chlorhexidine mouthwash, particularly when used 

as an adjunct to routine oral hygiene practices. The observed 

therapeutic effects are attributed to neem-derived limonoids, 
flavonoids, and polyphenolic compounds that inhibit oral 

bacterial growth and modulate inflammatory 

pathways.[124,125] 

Turmeric (Curcuma longa) is another extensively studied 

medicinal plant in oral healthcare. Clinical investigations 

involving curcumin-containing mouthwashes, gels, and local drug 
delivery systems have demonstrated significant improvements in 

plaque index, gingival index, bleeding scores, and periodontal 
parameters. Curcumin's therapeutic efficacy is largely 

associated with its ability to suppress inflammatory mediators, 

inhibit bacterial proliferation, and reduce oxidative stress within 
periodontal tissues.[126,127] 

Green tea (Camellia sinensis) has also shown promising clinical 

potential in oral disease management. Several studies have 
reported reductions in plaque formation, gingival inflammation, 

and salivary bacterial counts following the use of green tea-
containing oral products. Catechins, particularly 

epigallocatechin-3-gallate (EGCG), exhibit antimicrobial and 

antibiofilm activities against cariogenic and periodontal 
pathogens while simultaneously exerting antioxidant effects that 

support periodontal health.[128,129] 

Pomegranate (Punica granatum) preparations have 
demonstrated beneficial effects in patients with gingivitis and 

periodontal diseases. Clinical studies have shown that 

pomegranate mouthrinses and gels reduce microbial load, 
improve gingival health, and decrease inflammatory markers. 

These effects are primarily attributed to the plant's rich content 

of ellagitannins, punicalagins, and other polyphenolic 

compounds.[130] 

Traditional oral hygiene practices involving Salvadora persica 
(Miswak) continue to receive scientific validation. Clinical 

studies and recent systematic reviews indicate that Miswak use 

is associated with reduced plaque accumulation, improved 
gingival health, and effective maintenance of oral hygiene. Its 

benefits appear to result from a combination of mechanical 

plaque removal and antimicrobial phytochemicals naturally 
present in the chewing stick.[131,132] 
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Recent systematic reviews and 

meta-analyses have further strengthened the evidence 
supporting herbal oral care products. Comprehensive analyses of 

randomized controlled trials have concluded that herbal 

mouthwashes and dentifrices can achieve reductions in plaque 
and gingivitis comparable to conventional products in many 

clinical settings. Nevertheless, heterogeneity in study design, 
phytochemical composition, dosage regimens, and treatment 

duration continues to limit direct comparisons between 

studies.[133] 

Despite encouraging findings, several challenges remain before 
herbal therapies can be fully integrated into evidence-based 

dental practice. Standardization of plant extracts, optimization 

of dosage forms, quality control of herbal formulations, and 

long-term safety evaluations are still required. Furthermore, 

large multicenter randomized controlled trials with standardized 
methodologies are necessary to establish definitive clinical 

recommendations.[¹²¹-¹³³] 

Overall, current clinical evidence supports the use of selected 
herbal preparations as effective adjunctive therapies in the 

management of oral diseases. Their multitarget antimicrobial 

and anti-inflammatory actions, combined with favorable safety 
profiles, highlight their potential role in future oral healthcare 

strategies.

 

Herbal Therapy Dosage Form Oral Condition Clinical Outcome References 

Azadirachta indica (Neem) Mouthwash 
Plaque-induced 
gingivitis 

Significant reduction in plaque and gingival 
scores; efficacy comparable to chlorhexidine 

[124,125] 

Curcuma longa (Turmeric) Mouthwash Gingivitis 
Reduced plaque index and gingival 
inflammation 

[126] 

Curcumin 
Local drug 
delivery gel 

Chronic periodontitis 
Improved periodontal parameters and reduced 
inflammation 

[127] 

Camellia sinensis (Green Tea) 
Mouthwash / oral 
products 

Plaque control and 
gingivitis 

Reduced bacterial counts and plaque 
accumulation 

[128,129] 

Punica granatum (Pomegranate) Mouthwash / gel 
Gingivitis and 
periodontal disease 

Improved gingival health and reduced microbial 
load 

[123,130] 

Salvadora persica (Miswak) Chewing stick 
Oral hygiene 
maintenance 

Reduced plaque accumulation and gingival 
inflammation 

[131,132] 

Polyherbal formulations (e.g., 
Triphala-based products) 

Mouthwash Gingivitis 
Clinical efficacy comparable to chlorhexidine 
in several studies 

[122,123] 

Herbal oral care products 
(multiple botanicals) 

Mouthwash / 
dentifrice 

Plaque and gingivitis 
control 

Effective adjunctive plaque-control agents 
with favorable safety profiles 

[133] 

Table 3. Clinical Studies Evaluating Herbal Therapies in Oral Diseases

7. Herbal Formulations for Oral Delivery 

The therapeutic success of herbal medicines in oral healthcare 

depends not only on the pharmacological properties of 

phytoconstituents but also on the effectiveness of the delivery 
system employed. The oral cavity presents several challenges for 

drug delivery, including continuous salivary flow, mechanical 

clearance by mastication and tongue movement, enzymatic 
degradation, and limited residence time at the site of action. 

Consequently, the development of suitable herbal formulations is 
essential to maximize local drug concentration, improve 

retention time, enhance bioavailability, and achieve sustained 

therapeutic effects.[134,135] 

In recent years, considerable attention has been directed toward 

designing advanced herbal delivery systems that overcome the 

limitations associated with conventional dosage forms. Herbal 
formulations for oral use are available as mouthwashes, gels, 

dentifrices, local drug delivery systems, mucoadhesive 
formulations, chewing sticks, lozenges, patches, films, and 

nanoparticle-based carriers. These dosage forms enable targeted 

delivery of phytochemicals to oral tissues and microbial biofilms 
while minimizing systemic exposure and adverse 

effects.[134,136] 

7.1 Herbal Mouthwashes 

Herbal mouthwashes represent one of the most widely used oral 
delivery systems in preventive dentistry. These formulations 

contain aqueous or hydroalcoholic extracts of medicinal plants 
such as neem, green tea, pomegranate, clove, tulsi, and licorice. 

Herbal mouthwashes facilitate direct contact between bioactive 

compounds and oral microorganisms, thereby reducing plaque 
accumulation, bacterial colonization, and gingival 

inflammation.[137] 

Several clinical studies have demonstrated that herbal 
mouthwashes can achieve plaque-control efficacy comparable to 

chlorhexidine while avoiding adverse effects such as tooth 
staining, taste alteration, and mucosal irritation. Their ease of 

administration and patient acceptance make them attractive 
alternatives for long-term oral hygiene maintenance.[138,139] 

7.2 Herbal Gels 

Oral gels are semi-solid formulations designed to prolong contact 

between herbal bioactives and oral tissues. Due to their viscosity 
and adhesive properties, gels provide extended retention at the 

site of application, allowing sustained release of active 

constituents. Herbal gels containing curcumin, aloe vera, neem, 
licorice, and green tea extracts have demonstrated beneficial 

effects in the management of gingivitis, periodontitis, oral 
ulcers, and mucosal inflammation.[140,141] 

The ability of gels to penetrate periodontal pockets and remain 

localized at diseased sites contributes to improved therapeutic 

outcomes. Furthermore, gel formulations often require lower 
doses than systemic therapies while minimizing systemic adverse 

effects.[142] 

7.3 Dentifrices and Herbal Toothpastes 

Herbal dentifrices are among the most commonly marketed 

phytopharmaceutical oral care products. These formulations 

incorporate plant extracts possessing antimicrobial, antiplaque, 
anti-inflammatory, and antioxidant activities. Common 

ingredients include neem, clove, miswak, turmeric, peppermint, 
eucalyptus, and pomegranate extracts.[143] 

Regular use of herbal toothpastes has been associated with 

reductions in plaque formation, gingival bleeding, and oral 

bacterial counts. Their widespread acceptance is largely 
attributable to ease of use, affordability, and compatibility with 

daily oral hygiene practices.[143] 

7.4 Mucoadhesive Systems 

Mucoadhesive delivery systems have emerged as promising 

platforms for herbal drug administration within the oral cavity. 
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These systems utilize bioadhesive 

polymers such as chitosan, carbopol, hydroxypropyl 
methylcellulose (HPMC), and sodium carboxymethyl cellulose to 

prolong contact between the formulation and oral mucosa.[144] 

Herbal mucoadhesive gels, patches, tablets, and films have been 

investigated for the treatment of oral ulcers, mucositis, 
periodontal diseases, and localized bacterial infections. By 

adhering to mucosal surfaces, these formulations provide 
sustained drug release, reduce dosing frequency, and improve 

patient compliance.[145] 

7.5 Herbal Lozenges and Chewable Formulations 

Lozenges and chewable tablets offer prolonged exposure of oral 
tissues to herbal bioactive compounds. These formulations slowly 

dissolve within the oral cavity, releasing antimicrobial and anti-
inflammatory phytochemicals over an extended period. Herbal 

lozenges containing licorice, green tea, peppermint, and other 

plant extracts have shown potential for reducing oral microbial 
load and improving oral hygiene.¹⁴⁶ 

Because they provide sustained local delivery and are easy to 

administer, lozenges may be particularly useful in pediatric and 
geriatric populations.[146] 

7.6 Nanotechnology-Based Herbal Delivery Systems 

Nanotechnology has introduced new opportunities for improving 

the efficacy of herbal therapeutics. Nanoparticles, 
nanoemulsions, liposomes, phytosomes, and nanogels can 

enhance the solubility, stability, permeability, and bioavailability 

of phytochemicals that otherwise exhibit poor absorption or 

rapid degradation.[134,147] 

Curcumin, catechins, and other plant-derived compounds have 

been successfully incorporated into nanoformulations for oral 
applications. These systems demonstrate improved penetration 

into oral biofilms and periodontal tissues while providing 
controlled and sustained drug release. Emerging evidence 

suggests that nano-herbal formulations may significantly enhance 

therapeutic outcomes in oral disease management.[148] 

7.7 Future Perspectives in Herbal Oral Delivery 

Advances in pharmaceutical technology continue to drive the 

development of innovative herbal delivery systems. Smart 

mucoadhesive carriers, stimuli-responsive formulations, 
biodegradable nanoparticles, and targeted biofilm-disrupting 

systems represent promising areas of future research. Such 
approaches may overcome many of the limitations associated 

with conventional herbal preparations and facilitate the 

translation of phytotherapeutics into mainstream dental 
practice.[135] 

Overall, the integration of modern drug delivery technologies 

with herbal therapeutics offers significant potential for 
improving the prevention and treatment of oral diseases. 

Appropriate formulation design remains a critical factor in 
maximizing the clinical effectiveness of herbal medicines in oral 

healthcare.

 

Formulation Type Common Herbal Ingredients Advantages Oral Applications References 

Mouthwash 
Neem, Green Tea, 

Pomegranate, Tulsi, Clove 

Easy administration, broad oral 

coverage 

Plaque control, gingivitis, 

halitosis 
[137,138] 

Gel 
Curcumin, Aloe vera, Neem, 

Licorice 

Prolonged retention, localized 

delivery 

Periodontitis, oral ulcers, 

gingivitis 
[140,141] 

Herbal Toothpaste/Dentifrice 
Neem, Miswak, Clove, 

Peppermint 
Daily preventive use 

Plaque reduction, oral 

hygiene maintenance 
[139,143] 

Mucoadhesive Gel 
Curcumin, Licorice, Aloe 
vera 

Sustained release, enhanced 
mucosal contact 

Oral ulcers, mucositis [144,145] 

Mucoadhesive Patch/Film 
Curcumin, Green Tea 
Polyphenols 

Controlled release, improved 
patient compliance 

Localized oral lesions [145,148] 

Lozenges 
Licorice, Green Tea, 
Peppermint 

Extended oral residence time 
Oral infections, sore throat, 
plaque control 

[146] 

Subgingival Local Drug Delivery 
System 

Curcumin, Neem, Triphala 
Direct periodontal pocket 
delivery 

Chronic periodontitis [141,142] 

Nanoemulsions/Nanoparticles 
Curcumin, Catechins, 
Essential Oils 

Enhanced bioavailability and 
biofilm penetration 

Periodontitis, biofilm-
associated infections 

[147,148] 

Table 4. Herbal Formulations Used for Oral Delivery and Their 

Applications 

 

8. Challenges and Limitations of Herbal Therapy in Oral 

Infections 

Despite the growing interest in herbal therapeutics for oral 
healthcare and the encouraging outcomes reported in preclinical 

and clinical studies, several challenges continue to hinder their 

widespread acceptance and integration into mainstream dental 
practice. Although medicinal plants possess significant 

antimicrobial, anti-inflammatory, antioxidant, and antibiofilm 
activities, issues related to standardization, quality control, 

formulation development, regulatory approval, and clinical 

validation remain major obstacles to their successful 
implementation.[149-151] 

8.1 Variability in Phytochemical Composition 

One of the most significant limitations of herbal medicines is the 
inherent variability in their phytochemical composition. The 

concentration and composition of bioactive constituents can vary 

considerably depending on plant species, geographical origin, 
climatic conditions, cultivation practices, harvesting time, 

storage conditions, and extraction methods. Such variability may 

lead to inconsistencies in therapeutic efficacy and reproducibility 
of clinical outcomes.[152,153] 

Unlike synthetic drugs, which contain precisely defined active 

ingredients, herbal preparations often consist of complex 
mixtures of numerous phytochemicals. Consequently, ensuring 

batch-to-batch consistency remains a major challenge in herbal 
product development and commercialization. 

8.2 Lack of Standardization 

Standardization is essential for ensuring the quality, safety, and 

efficacy of herbal products. However, many herbal formulations 
lack standardized manufacturing procedures and validated 

analytical methods for quantifying active constituents. 

Differences in extraction solvents, extraction techniques, 
formulation processes, and dosage forms may significantly 

influence the biological activity of herbal preparations.[154] 

The absence of universally accepted standards often makes it 
difficult to compare findings across different studies and limits 

the reproducibility of clinical research. Therefore, the 
development of robust standardization protocols remains a 
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critical requirement for the 

advancement of herbal therapeutics in oral healthcare. 

8.3 Limited Clinical Evidence 

Although numerous in vitro studies have demonstrated potent 
antimicrobial activity of medicinal plants against oral pathogens, 

the translation of these findings into clinical practice remains 
limited. Many available clinical studies involve relatively small 

sample sizes, short treatment durations, inadequate blinding, 

and methodological heterogeneity.[155] 

Furthermore, differences in study design, patient populations, 

outcome measures, and herbal formulations frequently 

complicate the interpretation and comparison of clinical results. 
Consequently, high-quality multicenter randomized controlled 

trials are still required to establish definitive evidence regarding 
the efficacy and safety of herbal therapies for oral diseases.[156] 

8.4 Stability and Bioavailability Issues 

Many phytochemicals exhibit poor aqueous solubility, limited 

stability, rapid degradation, and low bioavailability, which can 
significantly reduce their therapeutic effectiveness. Compounds 

such as curcumin, polyphenols, and essential oil constituents may 

undergo degradation when exposed to light, oxygen, heat, or 
salivary enzymes.[157] 

Additionally, rapid clearance from the oral cavity due to salivary 

flow and mechanical movements can reduce the residence time 
of herbal formulations at the target site. These challenges often 

necessitate the development of advanced drug delivery systems 
capable of improving stability, retention, and controlled release 

of phytochemicals.[158] 

8.5 Safety and Toxicological Concerns 

Herbal products are frequently perceived as inherently safe due 
to their natural origin; however, this assumption is not always 

justified. Certain medicinal plants may produce adverse effects, 

allergic reactions, mucosal irritation, or toxic responses when 
administered at inappropriate doses or for prolonged 

periods.[159] 

In addition, contamination with pesticides, heavy metals, 
microbial toxins, and adulterants has been reported in some 

herbal preparations. The potential for herb-drug interactions also 

represents an important safety consideration, particularly among 
patients receiving multiple medications for chronic 

diseases.[159,160] 

8.6 Regulatory Challenges 

Regulatory frameworks governing herbal medicinal products vary 

considerably among different countries and regions. In many 

cases, herbal products are marketed as dietary supplements or 
traditional remedies rather than pharmaceutical products, 

resulting in less stringent requirements for efficacy and safety 
evaluation.[161] 

The lack of harmonized international regulatory standards 

creates challenges for product registration, quality assurance, 

labeling, and commercialization. Establishing comprehensive 
regulatory guidelines is essential for ensuring consumer safety 

and facilitating the global acceptance of evidence-based herbal 
therapies.[162] 

8.7 Development of Resistance and Microbial Adaptation 

Although herbal compounds generally exhibit multi-target 

antimicrobial mechanisms that may reduce the likelihood of 
resistance development, microbial adaptation cannot be 

completely excluded. Prolonged exposure to subtherapeutic 
concentrations of phytochemicals may potentially induce 

adaptive responses in microorganisms.[163] 

Further research is therefore required to understand the long-

term effects of herbal antimicrobial agents on oral microbial 
ecology and resistance patterns. Such investigations are 

important for ensuring the sustainable use of herbal therapeutics 
in oral healthcare. 

8.8 Economic and Commercial Challenges 

The commercialization of herbal oral care products involves 

several practical challenges, including large-scale cultivation of 

medicinal plants, quality assurance, extraction costs, formulation 
development, and intellectual property protection. Variability in 

raw material availability and seasonal fluctuations may also 

affect manufacturing consistency and product affordability.[164] 

Moreover, the limited patentability of naturally occurring 

compounds may reduce commercial incentives for extensive 

pharmaceutical investment and clinical development. These 
factors can delay the translation of promising herbal therapies 

from research laboratories to clinical practice.[165] 

8.9 Future Perspectives 

Addressing the limitations associated with herbal therapeutics 
will require multidisciplinary collaboration among 

pharmacologists, microbiologists, dentists, formulation 
scientists, and regulatory agencies. Advances in phytochemical 

standardization, nanotechnology-based delivery systems, 

artificial intelligence-assisted drug discovery, and evidence-
based clinical research may significantly improve the reliability 

and effectiveness of herbal medicines.[158,165] 

Despite existing challenges, herbal therapies continue to 
represent a promising approach for the prevention and 

management of oral bacterial infections. With appropriate 
standardization, rigorous clinical evaluation, and technological 

innovation, herbal medicines may become valuable components 

of future oral healthcare strategies. 

Future Perspectives and Emerging Trends in Herbal Management 
of Oral Infections 

The increasing prevalence of oral bacterial infections, coupled 

with concerns regarding antimicrobial resistance and the adverse 
effects associated with conventional antibiotics, has intensified 

interest in plant-based therapeutic approaches. Herbal medicines 
offer a promising source of bioactive compounds capable of 

targeting oral pathogens through multiple mechanisms, including 

antimicrobial, antibiofilm, anti-inflammatory, antioxidant, and 
immunomodulatory activities. Despite substantial progress in this 

field, several opportunities remain for advancing the scientific 
development and clinical application of herbal therapeutics in 

oral healthcare.[166,167] 

One of the most promising areas of future research involves the 
identification and characterization of novel phytochemicals with 

enhanced antimicrobial efficacy. Advances in phytochemical 

screening, metabolomics, molecular docking, and high-
throughput bioassays have accelerated the discovery of bioactive 

plant constituents that can selectively target oral pathogens 

while preserving beneficial oral microbiota. Such approaches may 
facilitate the development of next-generation 

phytopharmaceutical agents for oral disease 

management.[168,169] 

The integration of nanotechnology with herbal medicine 

represents another rapidly expanding area of investigation. 
Nanoformulations such as nanoparticles, nanoemulsions, 

nanofibers, liposomes, phytosomes, and nanogels can improve 

the solubility, stability, permeability, and bioavailability of 
herbal bioactives. These advanced delivery systems may enhance 

penetration into dental plaque biofilms and periodontal tissues, 
thereby improving therapeutic outcomes. Future research is 

expected to focus on developing targeted and controlled-release 

nano-herbal systems for the management of oral 
infections.[170,171] 

Personalized medicine is also emerging as a potential strategy for 

optimizing herbal therapy. Variations in oral microbiota 
composition, host immune responses, genetic factors, and 

disease severity may influence treatment outcomes. Advances in 

microbiome analysis and precision medicine could enable the 
customization of herbal interventions according to individual 

patient characteristics, improving efficacy while minimizing 
unnecessary treatment.[172] 
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Another important direction 

involves the exploration of synergistic interactions between 
herbal compounds and conventional antimicrobial agents. Several 

studies have demonstrated that phytochemicals can enhance 

antibiotic activity through inhibition of efflux pumps, disruption 
of bacterial membranes, suppression of virulence factors, and 

inhibition of biofilm formation. Such combination therapies may 
reduce the required antibiotic dosage and contribute to 

combating antimicrobial resistance.[173,174] 

Artificial intelligence (AI), machine learning, and computational 

drug discovery tools are increasingly being utilized to identify 
novel plant-derived antimicrobial compounds and predict their 

biological activities. These technologies may significantly 
accelerate herbal drug development by facilitating virtual 

screening, target identification, formulation optimization, and 

toxicity prediction. The integration of computational approaches 
with traditional pharmacognosy is expected to play a major role 

in future phytopharmaceutical research.[175] 

Standardization remains a critical priority for future 
development. The establishment of validated analytical 

methods, quality-control parameters, phytochemical 
fingerprints, and harmonized manufacturing practices will be 

essential for ensuring consistency and reproducibility of herbal 

products. International collaboration among researchers, 
regulatory agencies, and industry stakeholders may facilitate the 

development of globally accepted standards for herbal oral care 
products.[176] 

Future clinical research should focus on conducting large-scale, 

multicenter, randomized controlled trials using standardized 

formulations and well-defined outcome measures. Long-term 
studies evaluating safety, efficacy, pharmacokinetics, and 

patient-reported outcomes will be particularly valuable in 
strengthening the evidence base for herbal therapies in oral 

healthcare.[177] 

Overall, the future of herbal management of oral infections 
appears highly promising. Continued advances in phytochemistry, 

formulation science, biotechnology, nanotechnology, and clinical 

research are expected to support the development of safe, 

effective, and evidence-based herbal therapies capable of 

complementing or, in some cases, replacing conventional 
antimicrobial approaches.[178] 

 

CONCLUSION 

Oral bacterial infections continue to represent a major challenge 

in global oral healthcare, necessitating the development of safe 
and effective therapeutic strategies. Herbal medicines have 

emerged as promising alternatives and adjuncts to conventional 
antimicrobial agents owing to their broad-spectrum 

antibacterial, antibiofilm, anti-inflammatory, antioxidant, and 

immunomodulatory properties. Numerous medicinal plants, 
including neem, turmeric, green tea, pomegranate, miswak, 

clove, garlic, and licorice, have demonstrated significant 

potential against oral pathogens in both experimental and 
clinical studies. Furthermore, advancements in herbal 

formulation technologies, such as mucoadhesive systems and 
nanotechnology-based delivery platforms, have enhanced the 

stability, bioavailability, and therapeutic efficacy of 

phytoconstituents. Despite these encouraging findings, 

challenges related to standardization, quality control, regulatory 

approval, and limited large-scale clinical evidence continue to 
restrict their widespread clinical adoption. Therefore, further 

well-designed clinical trials, standardized formulations, and 

robust regulatory frameworks are required to establish herbal 
therapies as evidence-based interventions for oral bacterial 

infections. Overall, herbal therapeutics represent a valuable and 
rapidly evolving field with considerable potential to contribute to 

the future management of oral diseases. 
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