World Journal of Pharmaceutical [ ISSN: 2583-6579
Science and Research SJIF Impact Factor: 5.111

www.wjpsronline.com Year - 2025

Volume: 4; Issue: 3
Review Article

Page: 811-824
COMPREHENSIVE REVIEW ON MARKETED HERBAL TOOTH
POWDERS: ANTIMICROBIAL AND ANTIOXIDANT ACTIVITY

Mohd. Adnan®, Reetika Gupta®’, Ashok Kumar?®, Dr. Amandeep Singh*

!Student, School of Pharmaceutical Sciences, Jigyasa University (Formerly Himgiri Zee University), Dehradun.
?Assistant Professor, School of Pharmaceutical Sciences, Jigyasa University (Formerly Himgiri Zee University),
Dehradun.
$Associate Professor, School of Pharmaceutical Sciences, Jigyasa University (Formerly Himgiri Zee University),
Dehradun.

*Principal & Professor, School of Pharmaceutical Sciences, Jigyasa University (Formerly Himgiri Zee University),
Dehradun.

Article Received: 01 May 2025 / | Article Revised: 23 May 2025 | | Article Accepted: 13 June 2025

*Corresponding Author: Reetika Gupta
Assistant Professor, School of Pharmaceutical Sciences, Jigyasa University (Formerly Himgiri Zee University), Dehradun.
DOI: https://doi.org/10.5281/zenodo.15773039

How to cite this Article: Mohd. Adnan, Reetika Gupta, Ashok Kumar, Dr. Amandeep Singh (2025) COMPREHENSIVE REVIEW ON
MARKETED HERBAL TOOTH POWDERS: ANTIMICROBIAL AND ANTIOXIDANT ACTIVITY. World Journal of Pharmaceutical
Science and Research, 4(3), 811-824. https://doi.org/10.5281/zenodo.15773039

Copyright © 2025 Reetika Gupta | World Journal of Pharmaceutical Science and Research.
el This work is licensed under creative Commons Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0)

ABSTRACT

Oral hygiene is an essential aspect of overall health, as poor dental care is linked to dental caries, gingivitis,
periodontitis, and even systemic diseases such as diabetes and cardiovascular disorders. Conventional oral care
products, including fluoride-based toothpaste and mouthwashes, have been widely used for maintaining dental
hygiene. However, concerns regarding the side effects of synthetic ingredients, such as fluoride toxicity, artificial
sweeteners, and chemical preservatives, have led to an increased interest in herbal alternatives. Herbal tooth
powders, made from medicinal plant extracts, minerals, and essential oils, claim to offer antimicrobial, antioxidant,
anti-inflammatory, and remineralizing benefits. They have been traditionally used in Ayurveda, Unani, and other
herbal medicine systems. This review aims to critically assess marketed herbal tooth powders, focusing on their
composition, antimicrobial and antioxidant properties, mechanism of action, clinical effectiveness, safety,
consumer perception, and regulatory concerns. Furthermore, this article discusses challenges in standardization,
quality control, and the future scope of herbal dental products.

KEYWORDS: Herbal tooth powders, Oral hygiene, Antimicrobial properties, Synthetic ingredients, Clinical

effectiveness.
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INTRODUCTION

Oral health is a critical component of overall well-being, as it plays a fundamental role in essential functions such as
eating, speaking, and social interaction. Poor oral hygiene can lead to various dental problems, including dental caries,
gingivitis, periodontitis, halitosis (bad breath), and even systemic conditions such as diabetes and cardiovascular
diseases. The human mouth hosts a diverse microbial community, comprising both beneficial and pathogenic bacteria.
When this microbial balance is disrupted due to poor oral hygiene, high sugar intake, or inadequate dental care, it
creates an environment conducive to bacterial growth and plaque formation. Conventional oral hygiene products, such
as fluoride-based toothpaste and mouthwashes, have long been used to prevent oral diseases. However, concerns over
the long-term effects of synthetic ingredients, fluoride toxicity, and chemical additives have led consumers to seek

safer, more natural alternatives, including herbal formulations.™

Herbal tooth powders have been used for centuries in traditional medicine systems such as Ayurveda, Unani, and
Siddha, owing to their ability to cleanse teeth, strengthen gums, and prevent oral infections naturally. These powders
are typically composed of medicinal plant extracts, essential oils, and natural minerals, each selected for their bioactive
properties that promote oral health. Common ingredients such as neem (Azadirachta indica), clove (Syzygium
aromaticum), miswak (Salvadora persica), babool (Acacia arabica), and triphala (a blend of Emblica officinalis,
Terminalia chebula, and Terminalia bellirica) have been scientifically recognized for their antimicrobial, antioxidant,
anti-inflammatory, and gum-healing properties. Unlike chemical-based toothpaste, which may disrupt the natural oral

microbiome, herbal tooth powders aim to support oral hygiene while maintaining microbial balance.”

One of the primary concerns in oral health is the growth of harmful bacteria such as Streptococcus mutans,
Lactobacillus acidophilus, and Porphyromonasgingivalis, which contribute to cavities, plaque formation, and gum
disease. Herbal tooth powders contain natural antibacterial agents such as tannins, flavonoids, alkaloids, and essential
oils, which work by inhibiting bacterial growth, preventing biofilm formation, and reducing inflammation.
Furthermore, oxidative stress plays a crucial role in the progression of oral diseases, particularly gingivitis and
periodontitis, which can lead to gum recession and tooth loss. The antioxidants found in herbal formulations help
neutralize free radicals, reduce tissue damage, and promote gum healing. These dual-action properties—antimicrobial

and antioxidant—make herbal tooth powders an attractive alternative to conventional oral care products.™

The rising demand for chemical-free and eco-friendly dental products has driven the growth of the herbal oral care
market. Consumers are increasingly becoming aware of the harmful effects of synthetic ingredients such as sodium
lauryl sulfate (SLS), triclosan, artificial sweeteners, and synthetic preservatives, which have been linked to allergies,
hormonal imbalances, and potential carcinogenicity. Additionally, environmental concerns regarding the disposal of
plastic toothpaste tubes and the sustainability of chemical-based ingredients have contributed to the shift towards herbal

tooth powders, which often come in biodegradable packaging.

Composition of Herbal Tooth Powder

Herbal tooth powders are formulated using medicinal plant extracts, essential oils, and natural minerals, each carefully
selected for their therapeutic benefits in oral care. Unlike conventional toothpaste, which relies on synthetic compounds
such as fluoride, sodium lauryl sulfate (SLS), and artificial preservatives, herbal tooth powders use bioactive plant-
based ingredients that exhibit antimicrobial, antioxidant, and gum-strengthening properties. These formulations are

often inspired by Ayurvedic, Unani, and traditional medicine systems, where herbal remedies have been used for
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centuries to maintain oral hygiene.® The effectiveness of herbal tooth powders largely depends on their composition

and synergistic interactions between bioactive compounds.

1. Key Herbal Ingredients and Their Role

The primary components of herbal tooth powders include medicinal plants that provide antibacterial, anti-

inflammatory, and plaque-reducing benefits. Some of the most commonly used herbs include:

i. Neem (Azadirachta indica): Known for its strong antibacterial and antifungal properties, neem helps reduce the
growth of Streptococcus mutans (a primary cause of dental cavities) and Porphyromonasgingivalis (linked to
gum disease). Its bioactive compounds, such as nimbidin and azadirachtin, inhibit bacterial adhesion and plaque
formation.

ii. Clove (Syzygium aromaticum): Rich in eugenol, a natural analgesic and antibacterial agent, clove is widely used
for its ability to relieve toothache, prevent microbial infections, and reduce inflammation in the gums.

iii. Miswak (Salvadora persica): Traditionally used as a natural toothbrush, miswak contains antibacterial alkaloids
and flavonoids that prevent plaque buildup and strengthen gum tissues.

iv. Babool (Acacia arabica): The tannins in babool have astringent properties that help tighten gums, reduce
bleeding, and protect against bacterial infections.

v. Triphala (a combination of Emblica officinalis, Terminalia chebula, and Terminalia bellirica): This blend is
rich in antioxidants such as vitamin C and gallic acid, which neutralize free radicals and protect gum tissues from

oxidative stress and inflammation.

2. Essential Oils and Their Therapeutic Benefits

Many herbal tooth powders incorporate essential oils for their additional antimicrobial and refreshing properties.

Some commonly used essential oils include:

i. Peppermint oil: Contains menthol, which provides a cooling effect and helps in reducing oral bacteria that
cause bad breath.[®

ii. Tea tree oil: Exhibits strong antibacterial and antifungal activity, making it effective against plaque-causing
microbes.

iii. Eucalyptus oil: Known for its anti-inflammatory and decongestant properties, it helps soothe gum irritation and
fights oral infections.

iv. These essential oils not only contribute to the antimicrobial and antifungal properties of herbal tooth powders but
also improve their taste and provide a refreshing feeling after use.

3. Natural Abrasives for Plague Removal

Unlike toothpaste, which contains synthetic abrasives like silica or calcium phosphates, herbal tooth powders utilize

natural, mild abrasives that effectively remove plaque and stains without damaging tooth enamel. Common natural

abrasives include:

i. Activated charcoal: Absorbs toxins and helps whiten teeth by removing surface stains.

ii. Calcium carbonate: A mild abrasive derived from natural sources that assists in plaque removal while providing a
source of calcium for enamel remineralization.

iii. Salt (rock salt or sea salt): Helps disinfect the mouth and stimulate saliva production, which is essential for

maintaining oral pH balance.
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iv. Clays (such as bentonite or kaolin clay): Work as gentle abrasives and detoxifiers, binding to bacteria and

impurities in the oral cavity.

These natural abrasives contribute to effective mechanical cleansing while being gentle on enamel, making herbal tooth

powders suitable for long-term use.

4. Additional Functional Ingredients

Many herbal tooth powders contain functional additives that enhance their effectiveness and provide additional health

benefits:

i. Licorice root (Glycyrrhiza glabra): Has natural sweetening properties and antimicrobial effects that
prevent bacterial growth in the mouth.

ii. Turmeric (Curcuma longa): A powerful anti-inflammatory agent, turmeric helps reduce gum swelling and
fight microbial infections.

iii. Baking soda (sodium bicarbonate): Helps neutralize acids in the mouth, maintaining a balanced oral pH to
prevent cavities.

iv. Amla (Emblica officinalis): A rich source of vitamin C, amla promotes gum healing and strengthens connective

tissues.

The inclusion of these functional ingredients ensures that herbal tooth powders not only cleanse the teeth but also

promote gum health, enamel strength, and long-term oral protection.

5. The Importance of Synergistic Formulation

One of the key advantages of herbal tooth powders is the synergistic effect of their ingredients. Unlike single-
compound synthetic formulations, herbal powders contain multiple bioactive compounds that work together to enhance
their efficacy.”®®! For instance, neem and clove together provide broad-spectrum antimicrobial activity, while triphala
and turmeric offer combined antioxidant and anti-inflammatory effects.®”? The presence of natural abrasives, essential
oils, and functional additives creates a holistic oral care solution that cleans, protects, and nourishes the teeth and

gums.t

Despite their numerous benefits, one of the biggest challenges in herbal tooth powder formulation is achieving
consistency and standardization in the concentration of bioactive compounds.® Variability in plant sources, extraction
methods, and storage conditions can affect the potency of the final product.®® Thus, there is a growing need for
scientific validation, quality control, and regulatory guidelines to ensure that marketed herbal tooth powders provide

consistent and effective oral health benefits.®

By leveraging nature-derived ingredients and traditional wisdom, herbal tooth powders offer a safe, effective, and
sustainable alternative to conventional oral care products. However, further research and clinical studies are needed to

establish their long-term effectiveness, optimal formulations, and safety profiles.’!

Antimicrobial Properties of Herbal Tooth Powders
The oral cavity is home to a complex microbial ecosystem that includes both beneficial and harmful bacteria. While
commensal bacteria help maintain oral health, pathogenic microbes such as Streptococcus mutans, Lactobacillus

acidophilus, and Porphyromonasgingivalis contribute to dental caries, plaque formation, gum disease, and bad
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breath.'”! The primary role of an effective oral care product is to control the growth of harmful bacteria while
preserving beneficial oral flora. Herbal tooth powders achieve this through bioactive plant compounds with strong
antimicrobial properties, offering a natural alternative to chemical-based antibacterial agents like triclosan or
chlorhexidine, which have potential side effects. Medicinal plants such as neem, clove, miswak, and triphala contain
antimicrobial alkaloids, flavonoids, tannins, and essential oils, which inhibit bacterial adhesion, biofilm formation, and

acid production, thereby protecting teeth and gums.*!

1. Mechanisms of Antimicrobial Action

Herbal tooth powders combat oral pathogens through multiple mechanisms. First, bioactive compounds disrupt
bacterial cell walls and membranes, leading to the leakage of intracellular contents and eventual bacterial death.* For
example, neem (Azadirachta indica) contains nimbidin and azadirachtin, which break down bacterial cell walls,
preventing bacterial multiplication.”®! Second, polyphenols and tannins found in herbs like triphala and babool inhibit
bacterial enzymes and metabolic pathways, thereby reducing acid production responsible for tooth enamel erosion.
Third, herbal compounds interfere with quorum sensing, the process by which bacteria communicate and form
biofilms. Miswak (Salvadora persica) and clove (Syzygium aromaticum) contain flavonoids and essential oils that
prevent bacterial colonies from adhering to the tooth surface, reducing plague buildup.*?

2. Scientific Studies Supporting Antimicrobial Properties

Several in vitro and in vivo studies have demonstrated the antimicrobial efficacy of herbal tooth powders."] Research
has shown that neem-based formulations significantly reduce S. mutans and Lactobacillus growth, comparable to
fluoride toothpaste.** A study comparing clove and fluoride toothpaste found that clove-based herbal tooth powder
exhibited strong antibacterial activity against periodontal pathogens like P. gingivalis. Similarly, triphala has been
shown to have broad-spectrum antibacterial and antifungal effects, making it useful for preventing oral thrush (Candida
albicans) infections.* Additionally, miswak extract has demonstrated superior antibacterial action against plaque-
forming bacteria compared to conventional mouthwashes. These findings confirm that herbal tooth powders can
effectively control oral pathogens and prevent microbial-induced dental issues.™**!

3. Essential Oils and Their Antimicrobial Activity

Many herbal tooth powders include essential oils from plants such as peppermint, tea tree, and eucalyptus, which

3] Tea tree oil (Melaleuca alternifolia) contains terpinen-4-ol, a compound with potent

enhance antimicrobial effects.
antibacterial and antifungal properties that inhibits plaque-forming bacteria.”*? Eucalyptus oil possesses antimicrobial
and anti-inflammatory effects, reducing bacterial colonization and gum swelling. Peppermint oil (Mentha piperita), rich
in menthol and rosmarinic acid, effectively combats S. mutans while providing a refreshing sensation.*! The
combination of essential oils with herbal extracts enhances the antimicrobial activity of herbal tooth powders, making
them an effective chemical-free alternative to conventional toothpaste and mouthwashes.™*!

4. Advantages over Synthetic Antibacterial Agents

One of the significant advantages of herbal tooth powders is their safety profile compared to synthetic antibacterial
agents. Chemical ingredients such as triclosan and chlorhexidine, commonly found in conventional oral care products,
have been linked to antibiotic resistance, hormonal imbalances, and oral mucosal irritation.”®) Additionally, prolonged
use of chlorhexidine mouthwashes can cause tooth staining and alter taste perception. In contrast, herbal tooth powders

provide natural antibacterial action without disrupting the beneficial oral microbiome.B®*! They selectively target
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harmful bacteria while supporting beneficial microbes, maintaining a healthy oral environment. Moreover, herbal tooth
powders do not contain fluoride, making them suitable for individuals seeking fluoride-free oral care options due to
concerns over fluorosis or toxicity risks.®!

5. Future Prospects and Research Needs

While herbal tooth powders have demonstrated significant antimicrobial potential, further research is needed to
establish standardized formulations and clinical effectiveness.l*” The variability in herbal compositions and extraction
methods can lead to differences in antibacterial efficacy. Therefore, scientific validation, quality control, and clinical
trials are essential to ensure consistency and consumer trust in these products. Future developments may focus on nano-
herbal formulations, where plant-based antibacterial compounds are encapsulated in nanoparticles to enhance their
bioavailability and penetration into oral tissues.l®! Additionally, integrating Al and microbiome analysis in dental
research could help personalize herbal formulations for individuals based on their specific oral microbial composition.
With increasing consumer preference for natural and sustainable oral care solutions, herbal tooth powders have the

potential to revolutionize preventive dentistry while promoting oral health through nature- based remedies.®49%%

Antioxidant Properties of Herbal Tooth Powders

Oxidative stress plays a crucial role in the development of various oral health issues, including gingivitis, periodontitis,
oral ulcers, and even oral cancer. It occurs when free radicals (reactive oxygen species, ROS) accumulate in the oral
tissues, leading to cell damage, inflammation, and tissue degradation.® The presence of high levels of ROS in the oral
cavity can result from poor oral hygiene, bacterial infections, tobacco use, alcohol consumption, and dietary factors.
Herbal tooth powders, enriched with antioxidant-rich plant extracts, help combat oxidative stress by neutralizing free
radicals, reducing inflammation, and promoting the repair of damaged tissues. Unlike conventional toothpaste, which
mainly focuses on mechanical plaque removal and bacterial inhibition, herbal tooth powders offer additional

protective benefits by preventing oxidative damage and enhancing overall oral health."*”}

1. Mechanism of Antioxidant Action

Herbal tooth powders contain a variety of bioactive compounds such as flavonoids, polyphenols, tannins, alkaloids, and
vitamins, which exhibit strong antioxidant activity."**? These compounds work by scavenging free radicals,
preventing them from causing oxidative damage to oral tissues.”® One of the key antioxidant mechanisms is the
inhibition of lipid peroxidation, a process in which ROS attack the lipids in cell membranes, leading to cell death.
Flavonoids and polyphenols found in herbal ingredients like triphala, neem, and clove act as potent electron donors,
neutralizing ROS and stabilizing oral tissue cells.® Additionally, antioxidants help modulate inflammatory pathways

by downregulating pro-inflammatory cytokines, thereby reducing gum swelling and preventing tissue destruction.™®

2. Antioxidant-Rich Herbal Ingredients in Tooth Powders

Several medicinal plants used in herbal tooth powders are known for their exceptional antioxidant properties:™**!

i. Triphala (Amla, Haritaki, Bibhitaki): A powerful combination of three fruits, triphala is rich in vitamin C, gallic
acid, and tannins, which exhibit strong antioxidant effects. It helps protect gum tissues from oxidative damage and
promotes collagen synthesis for gum healing.

ii. Neem (Azadirachta indica): Contains quercetin, nimbin, and catechins, which act as free radical scavengers and
protect oral tissues from oxidative stress-induced inflammation.

iii. Clove (Syzygium aromaticum): A well-known antioxidant powerhouse, clove is rich in eugenol, a compound that
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not only exhibits antibacterial properties but also has strong free radical-scavenging activity, reducing gum
inflammation and promoting healing.

iv. Turmeric (Curcuma longa): Contains curcumin, one of the most potent natural antioxidants, which helps reduce
oxidative damage, prevent gum infections, and support tissue regeneration.

v. Amla (Emblica officinalis): One of the richest sources of natural vitamin C, amla enhances antioxidant defenses

in the oral cavity, strengthens gums, and prevents oxidative stress- induced tissue breakdown.

3. Protection Against Periodontal Diseases

Periodontitis, a severe gum disease characterized by gum inflammation, tissue destruction, and bone loss, is closely
associated with oxidative stress. The excessive production of ROS by immune cells in response to bacterial infection
leads to collagen degradation, increased matrix metalloproteinase (MMP) activity, and alveolar bone resorption. Herbal

tooth powders help combat this condition by reducing oxidative stress and inhibiting inflammatory mediators.!**

Studies have shown that triphala and turmeric significantly reduce oxidative markers such as malondialdehyde (MDA)
in gingival tissues, thereby preventing periodontal tissue damage.® Additionally, the antioxidant-rich compounds in
neem and clove help strengthen gum tissues, reduce pocket depth, and promote tissue repair, making them effective
natural alternatives to synthetic anti-inflammatory agents.?”

1. Prevention of Oral Cancer and Mucosal Damage

Chronic oxidative stress is a key factor in oral cancer development, as it can cause DNA mutations, uncontrolled cell
proliferation, and tumor progression.’”*® Tobacco use, excessive alcohol consumption, and poor dietary habits
contribute to high ROS levels in the oral cavity, leading to precancerous lesions such as leukoplakia and erythroplakia.
The antioxidants present in herbal tooth powders play a protective role by inhibiting oxidative DNA damage,
promoting apoptosis (programmed cell death of cancerous cells), and modulating oncogenic pathways.®® For example,
curcumin in turmeric has been extensively studied for its anticancer properties, as it helps suppress tumor cell growth

[60

and enhances the body’s natural antioxidant defenses. ! Similarly, polyphenols found in amla and triphala help reduce

oxidative stress-induced DNA damage, lowering the risk of malignant transformation in oral tissues."

2. Future Research and Clinical Implications

Despite the growing evidence supporting the antioxidant benefits of herbal tooth powders, more clinical trials and
standardized studies are needed to establish their long-term efficacy.® Many commercially available herbal
formulations lack proper standardization in terms of antioxidant potency, leading to variability in effectiveness./*”
Future research should focus on quantifying the antioxidant capacity of different herbal ingredients and optimizing their
concentrations to achieve maximum protective benefits.®®! Additionally, the development of nanotechnology-based
herbal formulations, where antioxidants are encapsulated for enhanced bioavailability and controlled release, could
further improve the therapeutic potential of herbal tooth powders.” As consumer demand for natural, chemical-free,
and multifunctional oral care products continues to rise, herbal tooth powders with proven antioxidant properties could

play a significant role in preventive dentistry and holistic oral healthcare.[®!

In conclusion, the antioxidant properties of herbal tooth powders offer a promising approach to maintaining oral health
by reducing oxidative stress, preventing gum disease, and protecting against oral cancer.’™ By leveraging the natural

healing potential of medicinal plants, these formulations not only provide effective cleansing and antimicrobial benefits
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but also contribute to the long-term protection and regeneration of oral tissues, making them an excellent alternative to
[23]

conventional oral care products.
Clinical Trials and Comparative Effectiveness

Several clinical trials and in vitro studies have been conducted to evaluate the efficacy of herbal tooth powders in
comparison to conventional fluoride-based toothpaste and synthetic antimicrobial agents.®® Research has shown that
herbal formulations containing neem, clove, triphala, and turmeric exhibit significant antibacterial, anti-inflammatory,
and antioxidant properties, making them effective in reducing plaque buildup, gingival inflammation, and microbial
load in the oral cavity.”® A randomized controlled trial (RCT) comparing neem-based herbal tooth powder with
fluoride toothpaste found that both formulations effectively reduced plaque index and gingival bleeding, but the herbal
tooth powder provided additional anti-inflammatory benefits due to its natural bioactive compounds.[67] Another
clinical study assessing triphala-based tooth powder demonstrated a marked reduction in periodontal pocket depth and
plaque scores, comparable to chlorhexidine mouthwash, without the staining or taste alteration side effects associated
with chlorhexidine. These findings support the growing interest in herbal alternatives for sustainable, safe, and long-
term oral health care.?”

Comparative effectiveness studies have also highlighted the advantages of herbal tooth powders over synthetic oral care
products, particularly in terms of biocompatibility, absence of harmful chemicals, and preservation of the oral
microbiome. Unlike fluoride toothpaste, which may contribute to fluorosis and enamel erosion with prolonged use,
herbal formulations provide mineral-rich compounds that aid in enamel remineralization and gum tissue

regeneration.!?!

In a head-to-head comparison between clove-based tooth powder and commercial triclosan toothpaste, the herbal
formulation exhibited equal or superior antimicrobial activity against Streptococcus mutans and Lactobacillus
acidophilus, two key bacteria responsible for dental caries. Additionally, long-term use of herbal formulations has been
associated with a lower incidence of oral mucosal irritation, making them suitable for individuals with sensitive gums
or those seeking chemical-free oral care alternatives. While these results are promising, more large- scale, multi-center
clinical trials with standardized formulations are needed to establish definitive guidelines for their use in mainstream
dentistry.?®!

Challenges and Future Perspectives of Herbal Tooth Powders

Despite the growing popularity and scientific validation of herbal tooth powders, several challenges hinder their
widespread adoption in mainstream dentistry.®® One of the primary concerns is standardization and quality control.
Unlike commercial toothpaste, which follows strict regulatory guidelines, herbal tooth powders often lack uniformity in
composition, concentration of bioactive compounds, and consistency in antimicrobial efficacy.’®*’ Variability in plant
sources, processing technigues, and storage conditions can significantly affect the potency of active ingredients, leading
to inconsistent clinical outcomes. Additionally, the absence of standardized testing protocols makes it difficult to
compare the effectiveness of herbal formulations against conventional oral care products.”*"? Regulatory bodies
such as the FDA and WHO require extensive clinical trials and safety evaluations before approving herbal dental

products for widespread use, which remains a major barrier to market expansion.”
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Looking ahead, the future of herbal tooth powders depends on scientific advancements, technological innovations, and
greater consumer awareness.”® Nanotechnology-based herbal formulations, where bioactive compounds are
encapsulated in nanoparticles, could enhance stability, bioavailability, and targeted delivery of antioxidants and
antimicrobials to oral tissues. Additionally, integrating artificial intelligence (Al) and microbiome analysis into
dentistry could allow for personalized herbal formulations tailored to an individual’s oral health needs.*!

As demand for natural, chemical-free, and sustainable oral care solutions continues to rise, collaborations between
traditional medicine practitioners, researchers, and pharmaceutical industries will be crucial in bridging the gap
between herbal wisdom and modern dental science.’”! By addressing standardization challenges and investing in
rigorous clinical research, herbal tooth powders have the potential to become a mainstream, evidence-based alternative
in preventive and therapeutic dentistry.*]

CONCLUSION

Herbal tooth powders present a promising alternative to conventional chemical-based oral care products by harnessing
the natural antimicrobial and antioxidant properties of medicinal plants. The comprehensive review of their
composition reveals that ingredients such as neem, clove, miswak, triphala, and turmeric provide a multifaceted
approach to oral hygiene—combating pathogenic bacteria, reducing plaque formation, and neutralizing harmful free
radicals. Clinical studies have demonstrated that these herbal formulations can be as effective as traditional fluoride
toothpaste in reducing plaque and gingival inflammation while offering the additional benefits of anti-inflammatory
and enamel-strengthening effects. This holistic approach not only supports overall oral health but also addresses
growing consumer concerns about chemical additives and their long-term effects.?

Despite these promising benefits, challenges related to standardization, quality control, and regulatory approvals remain
significant obstacles to the mainstream adoption of herbal tooth powders. Future advancements in nanotechnology,
personalized dental care through Al and microbiome analysis, and robust clinical trials are essential to validate
and optimize these formulations. With continued scientific research and technological innovations, herbal tooth
powders have the potential to revolutionize preventive dentistry, providing consumers with safe, sustainable, and

effective oral care alternatives that integrate traditional herbal wisdom with modern dental science."!
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