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ABSTRACT  
Dental caries is a widespread oral disease that 

continues to pose a significant public health challenge 

despite advances in preventive dentistry. The growing 

concern over the adverse effects and limitations of 

conventional antimicrobial agents has increased 

interest in plant-based alternatives for oral healthcare. 

This review summarizes the anticariogenic potential 

of selected medicinal and edible plants, including 

neem, clove, guava, pomegranate, green tea, 

pineapple, amla, black cumin, capsicum, and Ziziphus 

oenoplia. These plants are rich in bioactive 

constituents such as polyphenols, flavonoids, 

alkaloids, terpenoids, tannins, and essential oils, which 

demonstrate antibacterial, antioxidant, anti 

inflammatory and anti biofilm activities against 

cariogenic micro organisms, The review also discusses 

phytochemical screening techniques, molecular 

docking approaches for target identification, and 

commonly employed in vitro methods used to evaluate 

antimicrobial efficacy. Collectively, the available 

evidence indicates that plant-derived compounds may 

serve as promising candidates for the prevention and 

management of dental caries by inhibiting bacterial 

growth, reducing biofilm formation, and limiting acid 

production. Nevertheless, additional well-designed 

experimental and clinical investigations are required 

to validate their therapeutic effectiveness, establish 

safety profiles, and support their incorporation into 

evidence-based oral care formulations. 
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I. INTRODUCTION 
Dental caries, commonly referred to as tooth 

decay, is one of the most common chronic oral 

diseases affecting individuals of all age groups 

worldwide. It results from a multifactorial process 

involving the interaction of acid-producing oral 

microorganisms, fermentable dietary carbohydrates, 

and host-related factors such as saliva and tooth 

structure over an extended period. The condition can 

affect both the coronal and root surfaces of teeth and 

may develop early in life, causing severe decay in the 

primary dentition of infants and young children. 

Several factors contribute to the development of dental 

caries, including a high load of cariogenic bacteria, 

reduced salivary secretion, inadequate fluoride 

exposure, poor oral hygiene practices, inappropriate 

infant feeding habits, socioeconomic status, and other 

environmental and lifestyle influences. Effective 

prevention should focus on controlling common risk 

factors through appropriate oral health measures, 

while disease management should emphasize early 

detection, minimally invasive interventions, and 

preservation of healthy tooth structure whenever 

possible1. 

 

Global burden of dental caries and limitations of 

conventional therapy 

Dental caries remains a major global public 

health concern, with its prevalence varying 

considerably across different populations, age groups, 

socioeconomic conditions, and geographic regions. 

Although the World Health Organization has 

established goals to reduce the burden of dental caries, 

inconsistent epidemiological data and changing 

lifestyle patterns continue to challenge these efforts. 

Increased consumption of sugar-rich diets, 

urbanization, and changing dietary habits have 

contributed to a rising incidence of dental caries, 

particularly in low- and middle-income countries. In 

India, studies have reported a high prevalence of 

dental caries among adolescents, highlighting the need 

for effective preventive strategies. 

The disease is initiated by the accumulation 

of dental plaque, a structured biofilm composed of 

microorganisms that adhere to tooth surfaces. 

Cariogenic bacteria, particularly Streptococcus 

mutans and Lactobacillus species, metabolize dietary 

sugars to produce organic acids that demineralize 

tooth enamel and dentin. If plaque is not effectively 

removed through proper oral hygiene, continuous acid 
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production can lead to enamel erosion, cavity 

formation, tartar accumulation, tooth sensitivity, and 

progressive destruction of dental tissues2. 

Current management of dental caries 

includes non-invasive, minimally invasive, and 

restorative approaches. Preventive measures such as 

fluoride application, regular tooth brushing, flossing, 

and dietary modification aim to reduce bacterial 

activity and prevent lesion progression, although their 

success largely depends on patient adherence. 

Minimally invasive techniques, including resin 

infiltration and pit-and-fissure sealants, preserve 

healthy tooth structure while limiting disease 

progression. The choice of treatment depends on 

factors such as caries risk, lesion severity, tooth type, 

and patient-related factors. When implemented 

appropriately, these conservative approaches provide 

favorable clinical outcomes, reduce treatment-

associated discomfort and anxiety, preserve natural 

tooth structure, and are often more cost-effective than 

conventional restorative procedures. Invasive 

treatments should therefore be reserved for cases 

where preventive and minimally invasive 

interventions are no longer sufficient. 

❖ Despite their effectiveness, conventional 

therapies have several limitations: 

❖ Invasive restorative procedures may cause 

irreversible loss of healthy tooth structure. 

❖ Preventive measures often rely heavily on patient 

motivation and long-term compliance. 

❖ Dental restorations have a limited lifespan and 

may require replacement over time. 

❖ Local anesthesia and operative procedures may 

cause discomfort and carry potential 

complications. 

❖ Treatment costs and limited access to dental care 

remain significant barriers, particularly in 

underserved communities. 

❖ Most conventional approaches primarily manage 

existing disease rather than addressing its 

underlying causes or providing long-term 

biological prevention3. 

 

Role of natural products in oral health  

The use of medicinal plants and other natural 

substances for maintaining oral health has been 

practiced for thousands of years across different 

cultures. Ancient civilizations relied on herbal 

preparations to prevent and manage oral diseases. 

Historical documents describe the use of plant-based 

mouth rinses and tooth-cleaning agents, while 

chewing sticks made from medicinal plants were 

widely used as one of the earliest oral hygiene tools. 

Even today, many communities continue to depend on 

traditional herbal remedies for oral care. Owing to 

their rich diversity of bioactive compounds, natural 

products have remained an important source of 

therapeutic agents and continue to attract interest in 

modern healthcare research4. 

 

In recent years, increasing attention has been 

directed toward herbal alternatives for the prevention 

of dental caries. Concerns regarding the adverse 

effects of prolonged use of synthetic oral care 

products, together with the growing demand for safer 

and environmentally sustainable therapies, have 

encouraged researchers to explore plant-based 

compounds. A wide range of medicinal plants and 

their phytochemicals have demonstrated antimicrobial 

activity against Streptococcus mutans and other 

cariogenic microorganisms. Several plant extracts 

have shown inhibitory effects comparable to 

commonly used antimicrobial agents under laboratory 

conditions. 

 

Experimental studies have also reported that 

herbal formulations incorporated into food products 

and oral care preparations can reduce the levels of 

cariogenic bacteria, particularly in individuals at high 

risk of dental caries. The anticariogenic activity of 

these natural compounds is attributed to multiple 

mechanisms, including inhibition of bacterial 

adhesion to tooth surfaces, suppression of enzymes 

involved in dental plaque formation, reduction of acid 

production, and direct antibacterial effects. In addition 

to plant extracts, essential oils and naturally occurring 

phytochemicals have shown considerable potential as 

preventive agents against dental caries. 

 

Despite these encouraging findings, 

additional laboratory investigations, animal studies, 

and well-designed clinical trials are required to 

establish the efficacy, safety, optimal dosage, and 

long-term effects of these natural products. Continued 

research may facilitate the development of effective 

plant-based oral healthcare products that can 

complement or serve as alternatives to conventional 

preventive strategies for dental caries5. 

Inclusion and exclusion criteria for selecting 

anticariogenic agents 

Conventional oral hygiene products have 

played a significant role in preventing oral diseases; 

however, their long-term use is associated with several 

limitations. Many of these products contain synthetic 

ingredients that may cause undesirable reactions when 

repeatedly exposed to oral tissues. Fluoride is effective 

in preventing dental caries, but excessive intake may 

lead to fluorosis and enamel defects, particularly in 
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young children. Therefore, its use should be carefully 

monitored in children below six years of age6. 

 

Chlorhexidine is widely recognized as one of 

the most effective antimicrobial mouth rinses for 

plaque control and gingival health. Despite its clinical 

effectiveness, prolonged use may result in adverse 

effects such as brown discoloration of teeth and 

tongue, altered taste sensation, oral mucosal irritation, 

ulcer formation, increased calculus deposition, and 

cytotoxic effects on oral cells. Triclosan has also been 

incorporated into oral care products; however, its 

limited retention in the oral cavity may reduce its long-

term antimicrobial activity. Likewise, systemic 

antibiotics used for oral infections may produce side 

effects, including gastrointestinal discomfort, nausea, 

vomiting, and diarrhea. In addition, frequent or 

inappropriate use of antimicrobial agents contributes 

to the development of resistant oral microorganisms, 

reducing treatment effectiveness. 

 

The disadvantages associated with synthetic 

oral care products, including disruption of the normal 

oral microbiota, tooth staining, antimicrobial 

resistance, and increased treatment costs, have 

encouraged researchers to explore safer and more 

sustainable alternatives for maintaining oral health. 

 

Plant-derived products have emerged as 

promising candidates for oral healthcare because of 

their natural origin, biocompatibility, affordability, 

and therapeutic potential. According to the World 

Health Organization, traditional herbal medicines 

continue to serve as a primary source of healthcare for 

a large proportion of the global population. Numerous 

medicinal plants possess biologically active 

compounds that exhibit antibacterial, anti-

inflammatory, antioxidant, analgesic, astringent, and 

anticariogenic properties, making them valuable in the 

prevention and management of oral diseases. 

 

The use of phytochemicals in oral healthcare 

offers several potential advantages. These natural 

compounds can inhibit the growth of cariogenic 

microorganisms, reduce acid production, and thereby 

lower the risk of dental caries. Their antioxidant 

properties help protect oral tissues from oxidative 

damage, while their natural origin provides a safer 

alternative to many synthetic chemicals. Furthermore, 

phytochemicals can be easily incorporated into the 

daily diet through fruits, vegetables, herbs, and teas, 

and their preventive benefits may contribute to 

reducing long-term dental treatment costs7. 

 

In many developing countries, herbal 

medicines remain an important component of 

healthcare systems because they are readily available, 

economical, and effective against a variety of 

infectious diseases. Growing scientific interest has 

also highlighted their potential role in managing 

chronic disorders, including cancer. Consequently, 

medicinal plants and their bioactive constituents 

continue to attract attention as valuable resources for 

developing safe and effective oral healthcare 

products8. 

 

Selection of plant materials  

In this method, the plants with ethno-botanical or 

traditional anticariogenic claims are identified and 

developed. It is done with the use of database, 

literature, or ethno-botanical surveys to guide the 

selection.  

 

SL 

NO 

SELECTED 

PLANT 

MATERIAL  

BIOLOGICAL SOURCE ACTIVE 

CONSTITUENT 

OTHER USES 

     

1 Wild jujube  Leaves of medicinal plant 

Ziziphus oenoplia, family: 

Rhamnaceae 

ziziphyne Wound healing, 

hypotensive, diuretic, 

anti-microbial, anti-

inflammatory, anti-

oxidant9 

2 Pineapple  Peel of Ananus comosus, 

family: Bromeliaceae 

Bromelain Anti-inflammatory, meat 

tenderizer, digestive aid10 

3 Pomegranate  Peel of Punica granatum L 

belonging to family: 

Punicaceae 

Punicalagins Anti-oxidant, anti-

microbial activity, 

potential anti-cancer, 

cardio vascular activity11 
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4 Guava   Leaves of Psidium guajava L 

belonging to family: 

Myrtaceae 

Guaijaverin Management of 

hypertension. Obesity, 

diabetes mellitus, it 

possess anti-microbial, 

anti-cancer property12 

 
5 

 

Clove 
Dried flower bud of Szygium 

aromaticum.Family:Myrtaceae 

 

Eugenol 

 

Anti-viral, anti-

nociceptive, antioxidant, 

anti-microbial13  

6 Green tea  Leaves of Camellia sinensis 

(L.) Kuntze belonging to 

family: Theaceae 

Epigallocatechin  Stimulant, diuretic, 

Astringent, treating 

flatulence, Regulating 

body temperature and 

blood sugar, Promote 

digestion13 

7 Black cumin  Dried seeds of Nigella sativa  

family: Ranunculaceae 

Thymoquinol Anti-bacterial, anti-

fungal. anti-parasitic, 

anti-cancer, anti-

diabetic14 

8 Neem  Leaves of Azadirachta indica 

belongs to the family: 

Meliaceae 

Azadirachtin Anti-inflammatory, anti-

allergenic, Anti-

dermatic, Anti-feedent.14 

9 Amla  Fresh or dried fruits of 

Phyllanthus emblica Linn. 

belongs to the family 

Euphorbiaceae 

Emblicanin antioxidant, anti-

inflammatory, analgesic, 

antipyretic and 

restorative properties.15 

10 Capsicum Dried,ripe fruits of Capsicum 

annuum of Solanaceae family.  

capsicin Flavouring agent, tooth 

ache,GI disorders, 

muscle pain ,Diabetes.15 

 

In silico comparative evaluation of plant materials 

Molecular Modeling 

Molecular modeling is a computational technique used 

in drug discovery to study the interactions between 

chemical compounds and biological targets. It helps 

identify promising drug candidates by predicting their 

binding affinity and molecular behavior before 

laboratory experiments are conducted. 

 

Computational Platform 

 

All computational analyses were performed on a 

DELL desktop computer with 4 GB RAM operating 

on the Microsoft Windows platform. 

 

Software Used 

 

The software packages employed in this study 

included Schrödinger Maestro, ChemSketch, PyRx, 

and QikProp. 

 

Schrödinger 

 

Schrödinger is a comprehensive molecular modeling 

software suite widely used for computer-aided drug 

design. It provides several applications for protein and 

ligand preparation, molecular docking, molecular 

dynamics simulations, binding free-energy estimation, 

and quantum mechanical calculations. The Maestro 

graphical interface allows users to efficiently prepare 

molecular structures, perform docking studies, and 

analyze protein–ligand interactions. 

 

In this investigation, molecular docking was carried 

out using the Glide module. A receptor grid was 

generated around the active site of the target protein, 

and the prepared ligands were docked using the Extra 

Precision (XP) protocol with the OPLS-2005 force 

field. Flexible docking was employed to permit 

conformational changes in the ligands during docking. 

Each generated binding pose was evaluated based on 

hydrogen bonding, hydrophobic interactions, 

electrostatic complementarity, and steric 

compatibility. The docking poses were ranked using 

the Glide Score, with the best-scoring pose selected for 

further analysis17. 
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ChemSketch 

 

ChemSketch is a chemical drawing program used to 

create and edit molecular structures, reaction schemes, 

and laboratory illustrations18. It also facilitates the 

generation of IUPAC names, calculation of molecular 

properties, and preparation of publication-quality 

chemical figures. In the present study, ChemSketch 

was used to draw and optimize the chemical structures 

of the selected ligands before docking19. 

 

PyRx 

 

PyRx is an open-source virtual screening platform 

designed for computer-aided drug discovery. It 

integrates several molecular docking and energy 

minimization tools within a single interface, allowing 

researchers to prepare ligands, perform virtual 

screening, and analyze docking results efficiently. 

Because of its simplicity and accessibility, PyRx is 

widely used in both academic and pharmaceutical 

research2o. 

 

QikProp 

 

QikProp is a computational tool available within the 

Schrödinger suite for predicting the pharmacokinetic 

and physicochemical properties of small molecules. It 

estimates important ADME parameters, including 

absorption, distribution, metabolism, and excretion, 

using three-dimensional molecular structures. Early 

assessment of these properties helps identify 

compounds with favorable drug-like characteristics 

and reduces the likelihood of late-stage failure during 

drug development21. 

 

METHODOLOGY OF MOLECULAR DOCKING 

Schrödinger: 

❖ Select and download the protein from RCSB 

Protein Data Bank (RCSB PDB) 

❖ Select and download ligand from the pub 

chem 

❖ create a new folder in desktop paste the 

downloaded proeins and ligands 

❖ open Schrödinger and add select the protein 

from the folder.22 

 

Protein Preparation 

Tool: Protein Preparation Wizard (in Maestro) 

Steps: 

❖ Import the protein structure (PDB file). 

❖ Assign bond orders and add hydrogens. 

❖ Delete water molecules (unless they're critical for 

binding). 

❖ Add missing side chains or loops using Prime. 

❖ Optimize hydrogen bonding network. 

❖ Minimize the protein to remove steric clashes 

(default RMSD = 0.3 A)23  

Ligand Preparation 

Tool: LigPrep 

Steps: 

❖ Import ligand structures (SDF, MOL, or SMILES 

format). 

❖ Generate 3D conformations. 

❖ ionize at physiological pH (using Epik, typically 

pH=7.0±2.0). 

Minimize the ligands using the OPLS4 or OPLS3e 

force field.24 

Receptor Grid Generation 

Tool: Receptor Grid Generation panel (in Glide) 

Steps: 

❖ Define the active/binding site (usually centered on 

the co-crystallized ligand). 

❖ Specify the grid box size (typically 20 A x 20 A × 

20 A)  

❖ Choose options such as van der waals sealing and 

constraints if needed 

Ligand Docking Tool: Glide Docking Docking 

Modes: 

❖ HTVS (High Throughput Virtual Screening): 

Fast, low precision for large libraries 

❖ SP (Standard Precision): Balanced accuracy and 

speed. 

❖ XP (Extra Precision): High accuracy, slower-

computation. 

Steps: 

❖ Select the prepared grid and ligand file. 

❖ Choose the docking precision (SP or XP). 

❖ Run the docking job.25 

Analysis of Docking Results 

Tool: Glide Results Viewer/ 

Maestro Steps: 

❖ Evaluate docking scores (Glide Score). 

❖ Visualize ligand-protein interactions (H-bonds, 

hydrophobic contacts, etc.). 

❖ Compare binding poses and interactions with the 

reference ligand. 

❖ Record the best docking score and pose. 

❖ save the docking score and save the images in the 

folder 

❖ follow the same steps for each proteins and 

ligands.26 
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Selected medicinal plants and their docking score in pyrex 

Plant constituent  Pdb ID Docking score 

Ziziphyne  
8H92 

8.6 

Bromelain 6YCF 7.2 

Punicalagins 5MCB 9 

Gauijaverin 3IPB 7.2 

Eugenol 5FXD 4.5 

Epigallocatechin 7EKA 6.6 

Thymoquinol IMW 4.7 

Azadirachtin 6LU7 11.9 

Capsicin  7LRO 5.4 

Emblicanin A 7AEH 8.9 

 

Mechanism of action  

Streptococcus mutans is widely recognized as one of 

the primary bacterial species involved in the initiation 

and progression of dental caries. It is a Gram-positive 

microorganism with the ability to survive in acidic 

environments and produce organic acids through 

carbohydrate metabolism. A key virulence 

characteristic of S. mutans is its capacity to develop 

complex biofilms on tooth surfaces. Biofilm formation 

occurs through bacterial adhesion and interactions 

with extracellular substances, including 

polysaccharides, proteins, and extracellular DNA. The 

biofilm structure provides a protective environment 

that enhances bacterial survival by reducing the 

effectiveness of antimicrobial agents. Consequently, 

bacteria residing within biofilms exhibit significantly 

greater resistance to antibiotics and other 

environmental stresses than planktonic (free-living) 

cells27. 

Extraction of phytochemicals 

Medicinal plants can be extracted using several 

conventional and advanced techniques, depending on 

the nature of the plant material and the target 

compounds.  

Maceration 

It involves soaking coarsely powdered plant material 

in a suitable solvent for several days with occasional 

stirring, followed by filtration and solvent 

evaporation. It is ideal for heat-sensitive constituents.  

Infusion 

Infusion is a short-term extraction in which finely 

powdered material is steeped in hot or cold solvent and 

is commonly used for readily soluble compounds. 

Digestion is similar to maceration but uses mild 

heating (around 50°C) to improve extraction 

efficiency.  

Decoction 

Decoction involves boiling plant material in water for 

a short period and is suitable for extracting water-

soluble, heat-stable compounds. Percolation uses a 

percolator, allowing fresh solvent to pass slowly 

through the powdered plant material for continuous 

extraction.  

Soxhlet extraction 

It is a continuous hot extraction technique in which 

solvent repeatedly circulates through the sample, 

providing efficient extraction of heat-stable 

constituents.  

Microwave-assisted extraction  

(MAE) uses microwave energy to accelerate solvent 

penetration, reducing extraction time and solvent 

consumption. Ultrasound-assisted extraction (UAE) 

employs ultrasonic waves to disrupt plant cells, 

enhancing the release of bioactive compounds while 

minimizing extraction time and solvent usage28. 

Anti microbial activity  

Antimicrobial activity of plant extracts is commonly 

assessed using standard oral bacterial strains, 

including Streptococcus mutans and Lactobacillus 

rhamnosus. These microorganisms are cultured in 

appropriate media, such as Brain Heart Infusion (BHI) 

broth for Streptococcus species and MRS broth for 

Lactobacillus, before being standardized to 

approximately 1 × 10⁸ CFU/mL using the 0.5 

McFarland standard. 

Several laboratory methods are used to evaluate 

antibacterial activity. 

 Agar disc diffusion and agar well diffusion assays 

measure the ability of plant extracts to inhibit bacterial 

growth by determining the diameter of the clear 

inhibition zone after incubation. The minimum 

inhibitory concentration (MIC) is the lowest 

concentration of an extract that prevents visible 

bacterial growth, whereas the minimum bactericidal 

concentration (MBC) is the lowest concentration that 

kills at least 99.9% of the bacterial cells. In addition, 

the time-kill assay evaluates the rate of bacterial 

inactivation by exposing microorganisms to different 

extract concentrations and measuring viable cell 

counts (CFU/mL) at selected time intervals. These 
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methods are widely used to determine the antibacterial 

efficacy of plant-derived compounds against 

cariogenic microorganisms29. 

Future out comes of phytochemicals in caries 

Herbal mouthwashes containing extracts of red 

ginseng, chamomile, Ocimum species, echinacea, tea 

tree oil, peppermint, and aloe vera have shown 

encouraging antibacterial activity against oral 

pathogens. Several studies suggest that their 

effectiveness may be comparable to chlorhexidine. 

These plants contain bioactive compounds, including 

polyphenols, with potential anticariogenic properties. 

However, additional well-designed laboratory and 

clinical studies are necessary to confirm their safety 

and therapeutic efficacy. Many existing studies lack 

detailed phytochemical characterization and 

standardized experimental methods, highlighting the 

need for more rigorous research to support the use of 

plant-derived products in dental caries prevention30 

Challenges in use of phytochemicals in caries 

treatment 

The discovery of new therapeutic agents increasingly 

involves screening synthetic and natural compounds 

for biological activity. Although natural products 

remain an important source of drug candidates, their 

complex chemical composition presents significant 

challenges during research. Identifying active 

constituents requires extensive purification, repeated 

bioassays, and advanced analytical techniques for 

structural characterization. These procedures are often 

time-consuming, technically demanding, and 

resource-intensive. In addition, obtaining adequate 

amounts of purified compounds from natural materials 

can be difficult, limiting further pharmacological 

evaluation. Addressing these challenges is essential to 

improve the development of safe and effective plant-

derived medicines31 

Applications in the use of phytochemicals on dental 

caries 

Natural products remain valuable sources for the 

discovery of new therapeutic agents because of their 

diverse chemical structures and biological activities. 

However, the complexity of plant extracts makes the 

identification and isolation of active compounds 

challenging. Bioactive molecules must be separated, 

purified, and characterized using advanced analytical 

techniques, which requires considerable time and 

technical expertise. In addition, obtaining sufficient 

quantities of purified compounds from natural sources 

is often difficult, limiting further biological and 

pharmacological investigations. Improved extraction, 

purification, and characterization methods are 

essential to accelerate the development of natural 

product-based medicines32. 

Comparative data analysis and interpretation of results  

 
The chart illustrates the comparative effectiveness of 

various natural ingredients against dental caries, which 

is largely attributed to their phytochemical 

composition. Dental caries is mainly caused by acid-

producing bacteria such as Streptococcus mutans, and 

phytochemicals help by exhibiting antibacterial, anti-

inflammatory, antioxidant, and plaque-inhibiting 

properties. Among the listed ingredients, Neem (17%), 

Clove (15%), and Guava leaves (12%) show the 

highest effectiveness, suggesting that their 

phytochemical profiles possess stronger antimicrobial 

and anticariogenic activity. Ingredients such as 

Capsicum (5%) and Pineapple peel (6%) show 

comparatively lower effectiveness. 

 

II. CONCLUSION 
There has been a change in global awareness 

with a growing tendency to go natural in all aspects of 

our everyday life. This is seen also in healthcare. 

Patients show growing concern with artificial products 

and side effects of conventional therapies being used. 

Herbal products are gaining importance as a safer and 

more effective caries preventive or mouthwash or a 

medicament. There needs to be a better understanding 

of the nature, variety and mechanism of action of the 

products we use and may be recommending to our 

patients in time. 
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