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Abstract: 

The global oral care landscape has recently seen a surge in the popularity of charcoal-based anticavity 

toothpastes, a trend largely fueled by consumer preference for natural ingredients and the aesthetic appeal of 

black dentifrices. The core component, activated charcoal, is derived from the carbonization of organic 

materials like coconut shells and bamboo, resulting in a highly porous microstructure capable of trapping 

impurities. This distinct physical property allows the charcoal to act as a magnet for surface stains and 

malodors, providing a cosmetic “detox” effect. However, contrary to aggressive marketing claims, scientific 

evidence indicates that charcoal lacks intrinsic anticavity or remineralizing capabilities; instead, any protection 

against decay typically relies on the addition of established agents like fluoride or hydroxyapatite. 

Furthermore, the use of these products presents clinical challenges, including the risk of enamel abrasion due to 
the gritty nature of carbon particles and the potential for charcoal to adsorb fluoride, which may reduce the 

bioavailability of the anticavity agents. Ultimately, while charcoal formulations offer benefits for stain removal 

and breath freshening, they should be regarded as cosmetic supplements rather than standalone therapeutic 

solutions for caries prevention. 
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INTRODUCTION: 

Charcoal-based anticavity toothpastes have 

emerged as a rapidly expanding category within 

the global oral-care market, driven primarily by 

consumer demand for “natural,” aesthetically 
oriented, and multifunctional dental hygiene 

products. Activated charcoal, the key ingredient in 

these formulations, is produced by controlled 

carbonization of botanical sources such as coconut 

shells, bamboo, hardwood, and peat, followed by 

activation processes that create a highly porous 

structure with superior adsorptive capacity [1]. This 

unique physicochemical property has positioned 

activated charcoal as a potential agent for surface 

stain removal, adsorption of pigments, 

detoxification, and odour control, thereby 

appealing to individuals seeking a holistic 
approach to oral care [2] 

 

Although charcoal was historically used for dental 

cleaning in ancient medicine systems, its re- 

emergence in modern dentifrices has sparked 

significant scientific attention and debate. 

Manufacturers often promote charcoal-based 

toothpastes as capable of not only whitening teeth 

but also preventing dental caries, detoxifying the 

oral cavity, and neutralizing acids. However, the 

anticavity role of charcoal itself remains highly 
controversial. Current evidence suggests that the 

primary anticavity action in such formulations 

usually originates from added fluoride or 

remineralizing agents, rather than charcoal alone, 

because activated charcoal lacks inherent enamel-

protective or remineralizing propertie[3,4]. A major 

hypothesis regarding anticvity’claims is that 

charcoal’s adsorptive properties may aid in the 

removal of plaque precursors or acidic metabolites, 

potentially reducing cariogenic bacterial load. Yet, 

in vitro studies show inconsistent outcomes; some 

indicate slight antibacterial activity, while others 
highlight that charcoal may adsorb beneficial 

ions—including fluoride—thereby compromising 

remineralization [5]. Moreover, charcoal’s abrasive 

nature raises concerns about enamel wear, 

increased surface roughness, and potential long-

term erosion, factors that could paradoxically 

increase susceptibility to caries if used frequently or 

improperly [6]. 

 

Their popularity underscores the need for rigorous 

scientific evaluation, especially regarding 
abrasivity, remineralization, fluoride 

bioavailability, safety, and true anticavity 

effectiveness. As dental professionals and 

pharmacists play a key role in recommending 

suitable oral-care products, understanding the 

evidence behind charcoal-containing formulations 

is essential for informed decision-making. 

 

Charcoal 

Charcoal has become one of the most talked-about 

“natural” ingredients in the oral-care world. 

Although it feels like a modern trend, charcoal has 

a long history in traditional medicine. Ancient 

cultures used burnt wood and ash to clean teeth, 
freshen breath, and polish enamel. Today, this age-

old ingredient has evolved into activated charcoal, 

a highly processed, purified, and porous form of 

carbon that has found its way into toothpaste 

formulations due to its strong adsorptive power 

and visual appeal [6]. 

 

Activated charcoal is typically produced from 

natural materials such as coconut shells, bamboo, 

hardwood, or peat. These materials undergo 

controlled heating and activation, which creates a 

complex network of microscopic pores. This 
drastically increases the surface area—sometimes 

up to 1000 m² per gram—making activated 

charcoal incredibly efficient at trapping stains, 

pigments, and organic residues inside its porous 

structure [7]. This is why many people believe 

charcoal gives an intense “deep clean” feeling 

unlike regular toothpaste. 

 

 

Fig.1Charcoal 

One of the strongest selling points of charcoal in 

toothpaste is its ability to adsorb surface stains, 

especially those caused by coffee, tea, spices, or 

smoking. Unlike chemical bleaching agents, 

charcoal works through a physical mechanism—it 

sticks to chromogenic particles and helps lift them 

off the tooth surface [8]. Consumers often associate 

its black color and gritty texture with powerful 

cleaning, and this sensory effect plays an important 
psychological role in its popularity. 

 

However, when we look scientifically at charcoal’s 

role in anticavity protection, the picture becomes 

more complex. Charcoal itself does not contain 

minerals like fluoride, calcium, or phosphate that 

are essential for preventing caries. Its natural 

function is cleansing and adsorption, not 

remineralization [9]. Many charcoal-based 

toothpastes therefore rely on added fluoride or other 

anticaries agents. Interestingly, some studies 
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suggest charcoal may actually bind to fluoride 

ions, reducing their effectiveness if the formula is 

not carefully designed [10]. This means the 

formulation must balance charcoal’s adsorptive 

ability without compromising fluoride availability. 
Another important consideration is the abrasiveness 

of charcoal particles. While mild abrasiveness helps 

in stain removal, excessive abrasion can lead to loss 

of enamel, increased roughness, and sensitivity, 

especially when used daily. Once enamel is worn 

down, it does not grow back.(11.23) 

 

Histological Background of Charcoal in 

Anticavity Toothpaste 

Activated charcoal, used in anticavity toothpaste 

formulations, has a distinctive microstructural 

profile that influences how it interacts with dental 
tissues. Although charcoal is not a biological 

tissue, its histological background is described 

through its microstructure, porosity, morphology, 

and interactions with enamel, dentin, and oral 

biofilms. Understanding these characteristics is 

essential for evaluating both the benefits and risks 

of charcoal-based anticavity formulations. Origin 

and Microstructural Development of Charcoal 

 
 

Activated charcoal is produced through 

carbonization of natural materials such as coconut 

shells, bamboo, and hardwoods at controlled 

temperatures. During pyrolysis, volatile 

compounds are expelled, leaving behind a carbon-
rich matrix with millions of micro-, meso-, and 

macrospore’s that contribute to its exceptionally 

high surface area (24). 

 

These pores function like microscopic “traps,” 

allowing charcoal to bind chromogenic molecules, 

organic acids, and some bacterial by-products from 

the oral cavity. This adsorptive behavior forms the 

scientific basis for its stain-removal and 

deodorizing effects, even though its role in 

anticavity action remains indirect (25). 
 

Surface Morphology and Particle Histology 

Microscopically, charcoal particles exhibit a rough, 

cracked, and irregular surface, with Shattered 

carbon lamellae Jagged crystal-like edges Fractured 

pore entrances Heterogeneous grain sizes These 

structural characteristics give charcoal its strong 

cleaning capacity but also contribute to its abrasive 

potential on dental enamel (26,27). The sharper the 

particle, the more likely it is to act as a micro-

polishing—or in some cases, micro-scratching— 

agent. 

 

Histological Interaction With Dental Enamel 

Enamel is composed of tightly packed 

hydroxyapatite crystals arranged in rod-like 

prisms. When charcoal particles contact enamel, 

they may produce: 

 

Mechanical stain lifting through abrasive friction 

Surface polishing when particles are fine and 

rounded Micro-scratches or enamel wear when 

particles are sharp, large, or unrefined SEM-based 

studies demonstrate that repeated use of abrasive 

charcoal pastes can alter the enamel surface by 
producing fine roughness lines that accumulate 

over time (28). 

 

While these microscopic changes may not be 

immediately visible, excessive enamel abrasion 

compromises long-term tooth integrity. 

Importantly, charcoal has no remineralizing 

properties, meaning it cannot repair surface 

damage like fluoride does (29). 

Interaction With Dentin and Oral Soft Tissues 

 
If enamel is already eroded or thin, charcoal may 

contact the underlying dentin, which contains open 

tubules and is significantly softer. Histologically, 

this interaction can lead to: 

Increased dentin sensitivity Surface roughness that 

promotes bacterial adhesion Entrapment of 

charcoal particles in dentinal tubule Oral mucosa, 

being soft and vascular, may experience mild 

irritation from abrasive charcoal particles, 

especially in patients with sensitive oral tissues 
(30,31). 

However, charcoal itself is chemically inert and 
does not produce biochemical toxicity. 

 

1. Adsorptive Behavior in the Oral 

Microenvironment 

Charcoal’s enormous surface area and 

heterogeneous pore network allows it to bind: 

Volatile sulfur compounds responsible for bad 

breath Polyphenols and staining molecules from 

food Organic acids produced by plaque biofilm 

Some bacterial metabolites This adsorption process 
occurs at the surface level only, meaning charcoal 

does not penetrate deeper oral tissues and does not 

participate in direct anticaries remineralization 

pathways (32). Therefore, its anticavity contribution 

is supportive, not therapeutic. 

2. Structural Stability When Incorporated Into 

Toothpaste 

In modern charcoal-based anticavity toothpastes, 

charcoal particles are often coated or stabilized 

using: 
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Humectants (glycerin, sorbitol) Surfactants Binding 

agents 

Fluoride or nano-hydroxyapatite 

These components help reduce charcoal particle 

aggregation and decrease abrasiveness, making the 
formulation safer for daily use (33). Microscopic 

imaging reveals partially encapsulated carbon 

particles suspended in a hydrated matrix, which 

softens their interaction with enamel (34). 

Histological Role in Anticavity Function Charcoal 

itself does not possess anticavity activity. Its 

histological role is indirect, contributing by: 

Adsorbing acids and bacterial toxins (35) Reducing 

plaque adherence by polishing enamel Minimizing 

extrinsic stains, improving brushing habits 

Supporting fluoride’s or hydroxyapatite’s 

remineralizing effect Thus, charcoal acts more as 
an adjunct ingredient rather than an active 

anticavity agent. 

 

Histological Background of Toothpaste (with 

focus on Charcoal-Based Anticavity 

Formulation) 

The histological background of toothpaste refers to 

how its microstructure, particle morphology, 

abrasive profile, and chemical architecture interact 

with the microscopic surfaces of the oral cavity, 

especially enamel, dentin, pellicle layers, and soft 
tissues. In charcoal-based anticavity toothpaste, 

these interactions reflect the combined effects of 

charcoal particles, fluoride or remineralizing 

agents, and supportive excipients that stabilize the 

formulation. 

 

Fig.3 Histological Background of Toothpaste 

1. Micro-structure of Toothpaste Base 

Toothpaste is a semi-solid matrix composed of 

humectants, abrasives, surfactants, binders, and 

active agents. Histologically, under microscopic 

evaluation, the toothpaste base appears as a 

hydrated gel system where abrasive particles and 

carbon materials are suspended evenly. This gel- 

like medium ensures easy dispersion and uniform 

delivery during brushing (37). 
Humectants such as glycerin and sorbitol maintain 

the water content of the paste, producing a smooth 

texture that prevents drying. Their interaction with 

enamel is indirect, providing lubrication and 

preventing mechanical trauma during brushing (38). 

2. Abrasive Particle Histology 

Abrasives form the physical cleaning component of 

toothpaste. Common abrasives include silica, 

calcium carbonate, and in charcoal pastes, 

activated carbon particles. Histologically, the 
abrasive phase consists of rounded, semi-rounded, 

or angular particles, each influencing the enamel 

surface differently (39). 

Rounded particles → Gentle polishing 

Semi-rounded particles → Moderate cleaning 

Angular particles (like unrefined charcoal) → 

Higher abrasivity 

Microscopic evaluation shows that charcoal-

containing formulations often have irregular 

particle borders, which can enhance stain removal 

but may increase the risk of enamel micro-wear if 

not properly refined (40). 

3. Fluoride and Remineralizing Component 

Architecture 

In anticavity pastes, fluoride, hydroxyapatite, or 

calcium-phosphate complexes are embedded 

within the paste structure. Histologically, these 

appear as fine crystalline or amorphous particles 

that integrate into the gel base. During brushing, 

these particles come into direct contact with 

enamel, supporting: 

Remineralization Formation of fluorapatite (in 

fluoride pastes) Resistance against acid dissolution 
 

These microscopic interactions strengthen the 

enamel surface layer and counterbalance any 

abrasive effects from charcoal (41). 

4. Interaction With the Enamel Surface 

Toothpaste particles interact with enamel at the 

microscopic level. Enamel has a crystalline, prism- 

structured topography, and toothpaste ingredients 

affect these rods in different ways: 

Abrasives remove the pellicle and superficial 

stains. Charcoal particles bind and lift extrinsic 

pigments via adsorption. Fluoride/hydroxyapatite 
deposit protective minerals onto enamel rods. 

SEM analysis reveals that well-formulated 

charcoal anticavity toothpaste creates a “cleaned 

but intact” enamel surface, while unrefined 

charcoal particles may create shallow abrasion 

lines (42). 

5. Dentin and Soft Tissue Considerations 

If enamel is thin, toothpaste ingredients may 

interact with dentin. Histologically, dentin exhibits 

tubules that can absorb or trap abrasive residues. 

Toothpaste with smooth, hydrated bases reduces 
such risks, whereas rough particles may irritate 

exposed dentin (43). 

For soft tissues like gingiva, toothpaste appears as a 

non-infiltrating gel. Surfactants help distribute the 

paste but may cause irritation in sensitive 

individuals. Activated charcoal itself is inert but its 

physical abrasiveness must be controlled (44). 

6. Structural Stability and Homogeneity 

Toothpaste must remain structurally stable over 
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time. Histologically, stability is assessed by: Even 

dispersion of particles Prevention of phase 

separation Minimal particle aggregation Modern 

charcoal anticavity formulations use thickening 

agents like cellulose gum or carbomer to maintain a 
uniform microstructure, ensuring predictable 

interaction with oral tissues (45). 

7. Contribution to Anticavity Function 
The anticavity properties arise primarily from 

fluoride or remineralizing materials, but the 

microstructure of the paste enhances their function. 

Histologically, these benefits occur through: Better 

mineral penetration into enamel rods (46) 

 

Reduction of plaque-retentive roughness via 

polishing Adsorption of acids and toxins through 

charcoal Thus, the histological background shows 
toothpaste as a synergistic system where physical 

and chemical actions combine to protect oral 

tissues. 

Composition and Mechanism of Action of 

Activated Charcoal in Charcoal- Based 

Anticavity Toothpaste 

Activated charcoal has become a widely used 

ingredient in modern whitening and anticavity 

toothpaste formulations. Its unique porous carbon 

microstructure, high adsorption capacity, and 

abrasive properties make it a multifunctional 
component. Understanding its composition and 

mechanism of action is crucial to assess both its 

benefits and limitations within oral-care systems. 

 

 

Fig.4 Charcoal-Based Anticavity Toothpaste 

 

1. Composition of Activated Charcoal 

Activated charcoal is produced by carbonizing 
organic materials such as coconut shells, bamboo, 

peat, or hardwood under controlled oxygen-limited 

conditions. This process generates a highly porous 

carbon network with millions of microscopic 

cavities (47). Its composition includes: 

1.1 Carbon Microstructure 

Activated charcoal contains 85–95% amorphous 

carbon, arranged in disordered graphite-like 

layers. These layers form: 
Micropores (≤2 nm) Mesopores (2–50 nm) 

Macropores (≥50 nm) 

 

This hierarchical pore system dramatically 

increases the internal surface area—often 

exceeding 500–2000 m²/g—enabling strong 

adsorption of oral substances (48). 

1.2 Residual Mineral Ash 

Small amounts of mineral ash remain after 

activation: 

Calcium ,Magnesium, Silica ,Trace inorganic salts 

 

These impurities minimally influence oral 

interactions but may alter particle hardness and 

abrasiveness (49). 

1.3 Surface Functional Groups 
Activated charcoal contains oxygen-based 

functional groups such as: Carboxyl, Hydroxyl, 

Phenolic, Carbonyl groups 

These groups enhance charcoal’s ability to attract 

and bind organic molecules found in plaque, 

stains, and bacterial metabolites (50). 

1.4 Particle Morphology 

Microscopically, activated charcoal appears as: 

Granular, Irregular Angular or semi-angular 
particles 

Particle size varies widely (10–200 µm), 

influencing both stain removal efficiency and 

abrasiveness on enamel (51). 

2. Mechanism of Action of Activated Charcoal 

in Anticavity Toothpaste 

 

Activated charcoal contributes to oral health 

through multiple mechanical and adsorptive 

mechanisms, although it does not exert a direct 
anticaries chemical effect. 

2.1 Adsorption of Staining Molecules 

The primary action of activated charcoal is 

adsorption, not absorption. Its porous structure and 

surface charge attract: 

Polyphenols, Tannins, Pigmented food compounds, 

Tobacco residues 

 

These chromogenic molecules adhere to charcoal’s 
surface, allowing them to be removed during 

brushing (52). This results in temporary whitening of 

teeth. 

2.2 Mechanical Abrasion for Stain Removal 

Charcoal particles act as micro-polishers, removing 

extrinsic stains from enamel by gentle abrasion. 

When appropriately refined and rounded, charcoal 

can safely polish surface discoloration without 

excessive enamel loss (53). 
However, if charcoal particles are:Too large Too 

sharp Poorly processedThey may cause micro- 

scratches on enamel with prolonged use (54). 

2.3 Reduction of Oral Malodor 

Activated charcoal adsorbs volatile sulfur 

compounds (VSCs)—the primary gases responsible 

for bad breath. Its negative surface charge binds 

with: 

Hydrogen sulfide Methyl mercaptan Dimethyl 
sulfide This interaction neutralizes gases at the 
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surface level, reducing oral malodor (55). 

2.4 Adsorption of Bacterial Metabolites 

Charcoal can trap certain acidic metabolites 
produced by bacteria. These acids contribute to 

enamel demineralization, and charcoal’s ability to 

bind them may indirectly support a less acidic oral 

environment (56). 

 

However, charcoal does not kill bacteria and 

therefore is not an antibacterial agent. Supportive 

Role in Anticavity Protection Activated charcoal 

does not remineralize teeth. Its anticavity role is 

indirect, improving the oral environment so that 

fluoride or hydroxyapatite in the toothpaste can 
perform better. Charcoal: Cleans the tooth surface 

thoroughly Removes surface barriers like pellicle 

and stains Enhances fluoride deposition on enamel 

rods This can improve the effectiveness of active 

anticavity agents included in the formulation (57). 

2.5 PH Balancing Support 

Some studies suggest activated charcoal may help 

buffer mild acidity by binding weak organic acids. 

A less acidic oral environment helps reduce 
demineralization risk (58). Synergistic Action With 

Other Toothpaste Ingredients In anticavity 

toothpaste, activated charcoal acts synergistically 

with: Fluoride → remineralization Nano-

hydroxyapatite → enamel repair 

Silica → controlled abrasion .Surfactants → 

dispersion of charcoal particle clusters. 

 

This synergy balances charcoal’s abrasiveness, 

enhances whitening, and preserves enamel 

integrity (59). 

Anticavity 

Anticavity Activity in Charcoal-Based 

Anticavity Toothpaste 

The anticavity effect in charcoal-based anticavity 

toothpaste does not primarily come from charcoal 

itself. Instead, it results from fluoride, calcium-

phosphate remineralizers, or herbal antibacterial 

additives that work alongside charcoal to protect 

teeth from decay. Charcoal mainly acts as a 

supportive cosmetic agent, while the actual 

anticaries function depends on scientifically 

established remineralizing or antibacterial 
mechanisms (47). 

Fig.5 Anticavity Toothpaste 

 

 

 

 
1. Role of Fluoride in Anticavity Protection 

Most charcoal-based anticavity formulations include 

sodium fluoride, stannous fluoride, or sodium 

monofluorophosphate. These fluoride ions 

integrate into demineralized enamel to form 

fluorapatite, a much harder and more acid-resistant 

crystal. This remineralization process reduces the 

risk of enamel breakdown and prevents new 

cavities from forming (48). Fluoride also inhibits 

bacterial enzymes such as enolase, slowing acid 

production by Streptococcus mutans and further 

strengthening anticavity protection (49) 
. 

2. Role of Non-Fluoride Remineralizing Agents 

Some formulations use hydroxyapatite, calcium 

carbonate, or CPP-ACP (casein phosphopeptide– 

amorphous calcium phosphate). These materials 

release bioavailable calcium and phosphate ions, 

which naturally rebuild weakened enamel surfaces 
(50). When combined with charcoal, these 

remineralizing particles attach strongly to the tooth 

surface due to the porous carbon matrix, which 
helps prolong mineral contact time and enhances 

enamel recovery (51). 

3. Synergistic Action of Charcoal With 

Anticavity Agents 

Although charcoal does not directly repair enamel, 

its adsorptive capacity helps reduce acidic 

compounds, food pigments, and bacterial toxins 

that can contribute to demineralization (52). By 

lowering the presence of these harmful molecules, 

charcoal indirectly supports the anticavity agents 
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already present in the formulation (53). 

 

Additionally, charcoal’s mild abrasive nature may 

remove plaque accumulation, allowing fluoride or 

minerals to penetrate demineralized enamel more 
efficiently. However, this must be carefully 

controlled to avoid enamel wear (54). 

4. Antibacterial Support 

Some charcoal formulations integrate essential 

oils, zinc citrate, triclosan alternatives, or herbal 

extracts like neem, clove, or tea tree oil. These 

compounds inhibit bacterial growth by altering cell 

wall permeability or suppressing metabolic 

enzymes in oral pathogens (55). Charcoal helps 

stabilize these ingredients by adsorbing and 
gradually releasing them within the oral cavity, 

ensuring a prolonged antibacterial effect (56). 

5. PH Neutralization and Acid Buffering 

Dental caries progress when the oral pH drops 

below 5.5, causing enamel dissolution. Activated 

charcoal has a natural ability to adsorb organic acids 

produced by cariogenic bacteria, contributing to a 

more neutral oral environment (57). This buffering 

effect reduces enamel exposure to acidic 

conditions and enhances the action of 

remineralizing compounds. (58).. 

6. Reduction of Plaque and Biofilm Thickness 

Charcoal particles can interfere with the structural 

integrity of dental plaque by binding biofilm 

proteins and reducing adhesion to the enamel 

surface , As plaque becomes thinner and less 

cohesive, fluoride penetration increases, 

strengthening the anticavity impact of the overall 

formulation . 

7. Limitations and Safety Considerations 
The anticavity effectiveness of charcoal toothpaste 

strongly depends on particle size, abrasivity, and 

presence of active agents. While charcoal itself 

supports a cleaner oral environment, it may cause 

enamel wear if too abrasive or used excessively 

, Therefore, the anticavity claim of the toothpaste 

must be backed by fluoride or equivalent 

remineralizing agents; otherwise, the product 

becomes cosmetic rather than therapeutic. 

Anticavity Activity of Charcoal-Based Anticavity 

Toothpaste: Composition and How It Works 
Charcoal-based anticavity toothpaste combines the 

cleaning and adsorptive power of activated 

charcoal with scientifically proven anticavity agents 

such as fluoride, calcium-phosphate minerals, and 

antibacterial ingredients. While charcoal improves 

oral hygiene by removing stains, toxins, and 

plaque, the real anticavity protection comes from 

active components designed to strengthen enamel, 

neutralize acids, and inhibit harmful bacteria . 

 
 

Fig.6 Anticavity Toothpaste 

Key Anticavity Components in the Formulation 

Fluoride (Sodium Fluoride / Stannous Fluoride) 

Fluoride is the backbone of most anticavity 
formulations. It helps rebuild early enamel lesions 

through remineralization and increases enamel 

resistance by forming fluorapatite, which is 

stronger and less soluble in acid. Fluoride also 

slows down bacterial metabolism by inhibiting the 

enzyme enolase, which reduces harmful acid 

production in plaque 

 

Mineral Replenishers (Hydroxyapatite, Calcium 

Carbonate, CPP-ACP) Many charcoal toothpastes 

incorporate mineral-based systems to support 

natural enamel repair. These ingredients supply 
bioavailable calcium and phosphate, the building 

blocks of enamel. When these minerals penetrate 

weakened enamel, they help restore its structure and 

hardness ,. Activated charcoal’s porous nature helps 

these minerals stay in contact with the tooth 

surface longer, enhancing their remineralizing 

action 

 

Antibacterial Agents (Zinc Salts, Essential Oils, 

Herbal Extracts) To control cavity-causing bacteria 

like Streptococcus mutans, toothpaste may include: 
Zinc citrate, Tea tree oil, Neem extract, Clove oil, 

or Triclosan-free antibacterial molecules. These 

agents inhibit bacterial growt by disrupting cell 

membranes or blocking metabolic pathways, 

reducing plaque formation and acid release 

 

Activated Charcoal as a Supportive Component 

Although charcoal itself is not an anticavity agent, it 

contributes to cavity prevention indirectly through: 

Adsorption of food acids and toxins, Removal of 

plaque, Reduction of odour-causing compounds, 

Decreasing surface stains. 
Its large surface area allows it to bind organic 

molecules effectively, helping maintain a cleaner 

oral environment that supports enamel-protective 

agents 
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How the Anticavity Mechanism Works? 

Step 1: Acid Neutralization and Toxin Adsorption 

Activated charcoal adsorbs organic acids produced 

by bacteria and food debris. By reducing the 

acidity of the oral cavity, charcoal lowers the risk 
of enamel demineralization . 

 

A neutral pH environment also allows fluoride and 

calcium-based agents to function more effectively 

Step 2: Remineralization of Demineralized Enamel 

Once acids are neutralized, fluoride and mineral 

particles bind to damaged areas of enamel. Fluoride 

forms a stable fluorapatite layer, while calcium-

phosphate agents fill microdefects in enamel. This 

makes teeth stronger, smoother, and more resistant 

to future acid attacks Step 3: Inhibition of 

Cariogenic Bacteria Antibacterial compounds slow 
the growth of bacteria responsible for cavities. 

They reduce bacterial adhesion to enamel and 

disrupt biofilm formation. 

With fewer bacteria, less acid is produced, 

significantly lowering cavity risk 

 

Step 4: Removal of Plaque and Surface Debris 

Charcoal’s fine abrasive particles lift plaque 

deposits and dislodge trapped food particles. This 

mechanical cleaning exposes the enamel to 

fluoride and remineralizing agents more 
effectively. 

 

Cleaner tooth surfaces allow active ingredients to 

penetrate more deeply and work longer. Step 5: 

Strengthening the Tooth Surface 

With continuous use, the combined action of 

remineralization and antibacterial protection: 

 

Repairs early enamel lesions, Increases enamel 

hardness, Prevents new cavities, Maintains oral pH 

stability. Charcoal’s supportive nature ensures that 

the active anticavity agents can function at their 
maximum potential . 

 

Characoal Toothpaste 

Charcoal Toothpaste – A Comprehensive Look 

Charcoal toothpaste has become one of the most 

talked-about oral-care products in recent years. Its 

popularity largely comes from the belief that 

activated charcoal can naturally whiten teeth, 

detoxify the mouth, and improve oral freshness. 

Although charcoal toothpaste offers unique 

cosmetic and cleansing benefits, its scientific 
acceptance depends on how it is formulated and 

whether it includes proven anticavity ingredients 

like fluoride or remineralizing minerals . 

What Makes Charcoal Toothpaste Unique? 

Charcoal toothpaste uses activated charcoal, a 

special form of carbon processed at high 

temperatures to develop millions of microscopic 

pores. These pores give charcoal an extremely high 

surface area, making it highly effective at 

adsorbing stains, pigments, food debris, and odor- 

causing molecules from the tooth surface . 

 

 

This is why charcoal toothpaste is often marketed 
as a natural whitening product. Unlike 

conventional pastes, charcoal toothpastes tend to 

have: A dark black appearance, A slightly gritty 

texture, A mild abrasive polishing effect, A 

freshening or detoxifying sensation. 

These features make it feel more “active” and 

satisfying for some users, even if the ingredients 

function differently from traditional whitening 

agents . 

Key Components Found in Charcoal Toothpaste 

 

Most charcoal toothpaste formulations include a 
combination of charcoal with standard toothpaste 

ingredients. Common components include: 

 

Activated Charcoal 

The centerpiece ingredient. 

Its porous structure helps remove surface stains and 

adsorb unwanted compounds 

Fluoride or Fluoride Alternatives Many brands add 

sodium fluoride or other remineralizing agents to 

ensure anticavity protection. Fluoride helps rebuild 

enamel and prevent decay — something charcoal 
cannot do on its own  

 
 

Fig.7 Activated Charcoal 

 

Mild Abrasives Silica or charcoal particles help 

polish stains, though excessive abrasivity can be 
harmful if poorly controlled 

Surfactants (e.g., SLS) Help spread the paste 

uniformly and dissolve food debris 

 

Herbal or Natural Additives Neem, clove, tea tree 

oil, or peppermint are often added for flavor and 

antibacterial support 

 

How Charcoal Toothpaste Works, 

Adsorption of Stains and Toxins One of charcoal’s 
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biggest advantages is its ability to adsorb 

molecules. 

This helps lift: Coffee and tea stains, Tobacco 

pigments, Plaque deposits, Volatile sulfur 

compounds (bad-breath molecules). This cleansing 
effect makes teeth appear cleaner and slightly 

whiter . 

Mild Polishing Effect Charcoal particles gently 

scrub the surface of teeth When used correctly, 

this can smoothen the enamel surface and reduce 

the appearance of stains. 

However, overuse or highly abrasive formulations 

can damage enamel — which is why formulation 

quality matters. 

 

Support for Anticavity Agents Charcoal by itself is 

not anticavity, but it enhances the action of 
fluoride and minerals by: Removing plaque that 

blocks fluoride penetration, Reducing acid- 

producing bacteria through adsorption, Helping 

maintain a cleaner oral environment. 

Freshening the Mouth 

 

Charcoal binds odor-causing compounds, giving 

users a fresh and clean feeling after brushing. This 

is why it is often recommended for people with 

high coffee, tea, or tobacco intake, 

 
Benefits of Charcoal Toothpaste Whitening 

through stain removal, not chemical bleaching 

Deep cleansing effect Adsorption of toxins and 

odors Enhanced plaque removal Natural ingredient 

appeal These make charcoal toothpastes a preferred 

choice for those wanting a natural or refreshing oral-

care option . 

 

Limitations and Precautions Despite its benefits, 

charcoal toothpaste has some important limitations. 

Improper formulations may: Be too abrasive, 

causing enamel wear, Damage gum tissues with 
rough particles, Create a false sense of whitening, 

Lack fluoride, reducing anticavity protection . 

 

Long-term use should be guided by whether the 

toothpaste contains fluoride or remineralizing 

minerals for true protection against dental decay . 

 

Evidence 

Evidence for Charcoal-Based Anticavity 

Toothpaste Research on charcoal-containing 

toothpastes includes in vitro laboratory studies, 
randomized clinical trials, observational clinical 

studies, and systematic reviews. Together these 

studies produce a consistent theme: charcoal helps 

with surface-stain removal and mouth-freshening, 

but evidence that charcoal itself prevents caries is 

weak; concerns about abrasivity and enamel 

roughening are well documented . 

 
 

Multiple clinical and laboratory studies show that 

charcoal products can produce short-term 

improvements in tooth color (mainly by removing 

extrinsic stains), but their whitening effect is 

generally similar or inferior to established 

whitening methods (peroxide gels) and sometimes 

no better than regular fluoridated paste in short 

trials, A randomized clinical trial (14 days) and 

several small clinical studies found modest 

changes in color indices after charcoal use — 

improvements that are mostly cosmetic and related 
to surface cleaning rather than chemical bleaching. 

Charcoal often works by mechanical abrasion + 

adsorption of pigments. Whitening effects are 

usually short-term and depend on product 

formulation and particle size. 

Abrasivity and enamel / dentin surface effects . 

 

A substantial body of in vitro evidence and some 

clinical imaging studies show that many charcoal 

formulations have higher abrasive potential than 

standard toothpastes; repeated use can increase 
enamel surface roughness and dentin wear in 

laboratory models .SEM and profilometry studies 

demonstrate micro-scratches and increased 

roughness after cycles of brushing with certain 

charcoal pastes; however, outcomes vary widely 

between products because particle size, binder 

systems, and abrasive load differ . 

 

Abrasivity is product dependent — some charcoal 

pastes are engineered to be mild, others are harsh . 

Repeated aggressive use (hard brushing / high-

RDA paste) increases risk of enamel/dentin wear ,. 
Fluoride interaction and anticavity function . 

 

A critical question is whether charcoal interferes 

with fluoride availability. Several formulation 

studies report that well-designed silica-based 

charcoal toothpastes can retain chemically 

available fluoride, but the possibility that charcoal 

adsorbs or reduces fluoride bioavailability remains 

a theoretical and product-specific concern , 

Clinically, anticavity protection relies on the 

presence and bioavailability of fluoride or other 
remineralizing agents — charcoal itself does not 
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remineralize enamel . 

If a charcoal toothpaste contains bioavailable 

fluoride and the formulation prevents excessive 

binding of fluoride by carbon, it can provide 

anticavity benefit comparable to regular 
fluoridated pastes , If the product is fluoride-free, 

users lose the strongest proven defense against 

caries 

 

Long-term clinical data are limited. Systematic 

reviews and expert summaries caution that long- 

term, daily use of abrasive charcoal products could 

contribute to enamel wear, increased sensitivity, 

and restoration surface roughness . A few 

controlled clinical studies of up to 4 weeks show 

mixed results: some find no clinically meaningful 

harm over short periods, others report measurable 
roughening in enamel after repeated use — again 

underscoring product variability . 

 

Short-term clinical trials are not sufficient to rule 

out cumulative damage from prolonged use. Dental 

professionals recommend moderation and using 

soft brushes + low-abrasivity formulas when using 

charcoal products. Evidence synthesis from 

reviews and consensus . 

 

Recent narrative reviews and systematic 
assessments conclude that while charcoal 

toothpastes can be marketed for cosmetic stain 

removal, there is insufficient high-quality evidence 

supporting charcoal as an anticavity agent. 

Reviews consistently recommend that if consumers 

choose charcoal pastes, they should ensure fluoride 

is present (if caries prevention is desired) and 

prefer products with documented Relative Dentin 

Abrasivity (RDA) or clinical safety data . 

 

Use evidence-backed active ingredients: For 

anticavity action, rely on toothpastes that contain 
and deliver bioavailable fluoride . 

 

Choose low-abrasivity formulas: Look for 

manufacturer RDA values or independent 

abrasivity testing — lower RDA reduces erosion 

risk, Limit frequency if unsure: If you use a 

charcoal paste of unknown abrasivity, consider 

occasional use (e.g., weekly) and keep daily 

brushing with a proven fluoridated toothpaste . 

Check for product claims and testing: Prefer 

products with published clinical data or regulatory 
approval statements . 

 

Risks and Considerations of Charcoal-Based 

Anticavity Toothpaste 

Activated charcoal has gained popularity because 

of its natural appearance and strong adsorptive 

capacity, but its incorporation into anticavity 

toothpaste also brings several risks and limitations 

that require careful scientific consideration. 

Charcoal particles are inherently abrasive, and this 

abrasiveness remains one of the most frequently 

reported concerns in dental literature . 

Enamel Abrasion and Surface Roughening 

 
The micro-granular structure of activated charcoal 

can cause excessive mechanical wear on enamel if 

used daily. Over time, this abrasion can thin the 

enamel layer, making teeth more sensitive and 

more prone to decay—even though the product is 

marketed as “anticavity.” High-abrasive charcoal 

particles may also create microscopic surface 

roughness , which ironically becomes a favorable 

site for plaque accumulation rather than removal. 

Interference with Fluoride Efficacy . 

 

Many charcoal formulations do not contain 
fluoride, and those that do may face another 

challenge—charcoal’s adsorptive nature can bind 

fluoride ions, potentially reducing their 

bioavailability, This creates a conflict between 

charcoal’s adsorption property and fluoride’s 

remineralization function, diminishing anticavity 

benefits , Risk of Dentin Hypersensitivity . 

 

Because of increased enamel wear, dentinal 

tubules may become exposed, leading to sharp pain 

on thermal or tactile stimulation. Patients who 
frequently scrub aggressively with charcoal 

toothpaste report higher chances of dentin 

hypersensitivity, 

Potential for Soft-Tissue Irritation 

 

Although rare, particles of charcoal may become 

trapped at the gingival margin, creating localized 

irritation or inflammation, Some users also report 

that charcoal-containing pastes feel “gritty,” which 

may discourage proper brushing technique and 

lead to inadequate oral hygiene . 

Discoloration of Dental Restorations , 
 

Charcoal may leave dark deposits on dental 

restorations such as composite fillings or resin-

based crowns. These residues are more difficult to 

polish away and may compromise esthetics , 

Lack of Strong Clinical Evidence for Anticavity 

Claims , 

Most studies on charcoal toothpastes focus on 

whitening effects, not on cavity prevention. There 

is still limited evidence supporting charcoal’s 

ability to prevent demineralization or enhance 
remineralization . This leads professional bodies to 

caution consumers about claims made without 

long-term controlled studies, Inhalation Hazard  

When Used as Loose Powder . 

 

Although less common in toothpaste form, some 

individuals use loose charcoal powder, which may 

pose a risk of accidental inhalation, leading to 

respiratory irritation . 
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Overreliance and Misconception . 

 

The “natural product” reputation often leads users 

to replace proven fluoride-based toothpastes with 

charcoal alternatives. This overreliance may create 
a false sense of safety , while the absence of 

fluoride reduces essential cavity protection. 

 

Future Perspectives and Research Gaps of 

Charcoal-Based Anticavity Toothpaste 

The growing popularity of charcoal-based 

anticavity toothpaste has created excitement 

among consumers, yet scientific evidence still 

trails behind public enthusiasm . Although 

charcoal is valued for its strong adsorptive capacity 

and natural oral-care appeal, its true anticavity 

potential remains largely unexplored in controlled, 
long-term settings ,. Understanding where research 

stands today and what gaps remain is essential for 

developing safer and more effective next- 

generation formulations. 

Need for Long-Term Clinical Caries Trials . 

 

One of the biggest gaps is the absence of long-

duration clinical trials measuring actual caries 

outcomes. Most studies focus on short-term 

whitening or changes in enamel roughness but 

rarely assess caries incidence, lesion progression, 
or remineralization potential over months or years, 

Future research must include 1–2 year randomized, 

controlled clinical studies to confirm whether 

charcoal-based formulations truly prevent dental 

decay or simply enhance surface cleaning . 

Standardization of Abrasivity Profiles . 

 

Current charcoal toothpastes vary widely in 

particle size, shape, and hardness. Without 

standardized Relative Dentin Abrasivity (RDA) 

and Relative Enamel Abrasivity (REA) values, 

consumers cannot differentiate safe formulations 
from highly abrasive ones .Research should 

develop international abrasivity guidelines that 

manufacturers must follow, ensuring product safety 

across markets ,Understanding Charcoal–Fluoride 

Interaction. 

 

Since fluoride remains the cornerstone of anticaries 

treatment, it is crucial to understand how charcoal 

affects fluoride availability. Some laboratory 

studies suggest charcoal may adsorb and reduce 

free fluoride ions , while others show that carefully 
engineered formulations preserve fluoride activity, 

More bioavailability studies, salivary fluoride 

analysis, and remineralization assays are needed to 

resolve these contradictions and guide formulation 

design . 

 

Future research should explore engineering 

charcoal particles with optimized size, shape, and 

surface treatment to reduce abrasivity and enhance 

beneficial adsorption Innovations such as coated 

charcoal particles, hybrid carbon–silica 

composites, or functionalized carbon structures 

could significantly improve safety and 

performance 
Impact on Oral Microbiome 

 

A major gap is the limited understanding of how 

charcoal affects the oral microbiome ecosystem. 

While its adsorptive properties may reduce certain 

acids or pigments, its influence on beneficial and 

pathogenic bacteria remains unclear . Future 

studies using advanced sequencing and 

metabolomics should examine whether charcoal 

disrupts microbial balance or supports oral 

ecological health . 

Safety Evaluation for Special Populations. 
 

Children, pregnant individuals, older adults, and 

medically complex patients require specific 

evaluation. Potential concerns include accidental 

ingestion, altered mucosal sensitivity, or 

interactions between charcoal and medications—

since charcoal is known to bind certain drugs, 

Research must focus on systemic safety, pediatric 

dental development, and drug–charcoal 

interactions to ensure responsible use, Effects on  

 
Dental Restorations and Esthetic Materials 

Early studies indicate charcoal particles may 

adhere to, scratch, or dull resin composites, glass- 

ionomer restorations, or ceramic veneers . 

However, systematic evaluation under real 

brushing conditions and long-term exposure is 

lacking. Research should classify which restoration 

types are most vulnerable and provide guidelines 

for clinical recommendations . 

Real-World Use and Consumer Behavior Studies . 

 

Many users apply charcoal products incorrectly—
over-brushing, using homemade powders, or 

completely replacing fluoride toothpaste . Research 

on consumer habits, risk perception, and brushing 

behavior is essential to design safer patient 

instructions and reduce misuse . 

Regulatory Framework and Labeling Standards 

 

Charcoal toothpastes currently fall into a regulatory 

grey zone in many countries. Future guidelines 

should mandate disclosure of abrasivity levels, 

fluoride content, safety warnings, and clinical 
evidence supporting anticavity claims . This will 

prevent misleading marketing and increase 

consumer protection ,. Integrated Translational 

Research Model. 

 

To move from traditional charcoal powders to 

scientifically validated anticavity formulations, 

researchers must adopt a translational pipeline 

where material engineering, formulation science, 
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laboratory testing, microbiome studies, and clinical 

trials continuously inform one another, This 

integrative loop will accelerate the development of 

charcoal products that are both safe and genuinely 

therapeutic . 

 

Opinion on Charcoal-Based Anticavity 

Toothpaste 

The widespread acceptance of charcoal-based 

anticavity toothpaste illustrates a growing global 

interest in natural alternatives and visually 

appealing oral-care products Many consumers 

perceive charcoal as a “detoxifying” and “deep-

cleaning” agent, which boosts product popularity 

despite the fact that most scientific evidence 

supports only its adsorptive ability and not its 

anticavity potential.  
 

This trend suggests that marketing appeal currently 

outweighs clinical validation, a pattern commonly 

seen in herbal and cosmetic dental products . 

 

From a scientific standpoint, the anticavity action 

in these toothpastes is not provided by charcoal 

itself, but by added agents such as fluoride, nano-

hydroxyapatite, or xylitol. Activated charcoal has 

no proven remineralizing or enamel-strengthening 

activity; instead, its main function is to adsorb 
surface stains and certain organic molecules . 

Therefore, relying on charcoal toothpastes alone 

for caries prevention can create a false sense of 

security, especially for individuals with high- sugar 

diets, xerostomia, or poor oral hygiene . 

 

Another concern is the abrasive nature of charcoal 

particles. If the particle size is not controlled, 

frequent use may contribute to enamel wear, dentin 

hypersensitivity, and gingival abrasion, ven though 

manufacturers claim “microfine charcoal,” many 

products do not disclose the Relative Dentin 
Abrasivity (RDA) values, making it difficult for 

clinicians to recommend them safely .This lack of 

transparency raises ethical issues because 

abrasivity directly affects enamel integrity over 

long-term use . 

 

Despite these challenges, charcoal toothpastes do 

offer cosmetic advantages. Users often report a 

feeling of freshness, smoother tooth surfaces, and 

rapid visible brightness, which increases consumer 

satisfaction and product loyalty . These 
psychological benefits should not be 

underestimated, as they influence patient 

compliance with oral hygiene practices However, 

such satisfaction should not overshadow the need 

for evidence-backed anticaries protection . 

 

Current research also indicates a risk of masking 

early dental lesions. The intense black color may 

temporarily cover white spot lesions, giving users 

the impression of healthier teeth. This can delay 

professional diagnosis and timely treatment. 

Additionally, some charcoal toothpastes lack 

fluoride entirely, which makes them unsuitable for 

children, elderly individuals, and patients with a 
high caries index , On the positive side, charcoal’s 

adsorptive capacity may help reduce oral malodor 

by binding volatile sulfur compounds While this 

provides short-term freshness, long-term benefits 

remain unproven due to insufficient controlled 

clinical trials. The absence of large-scale RCTs 

(Randomized Controlled Trials) remains one of the 

biggest barriers to establishing charcoal 

toothpastes as a scientifically reliable anticavity 

option. 

 

In the future, if manufacturers refine charcoal 
particle size, combine it with strong remineralizing 

agents, and provide transparent clinical data, 

charcoal-based anticavity toothpaste could evolve 

into a more dependable formulation , 

Nanotechnology-assisted charcoal particles with 

controlled abrasivity might offer cosmetic 

advantages without compromising enamel (165). 

Additionally, integrating AI-based oral diagnostics 

in charcoal product research could bring stronger 

evidence on plaque reduction and surface changes . 

 
From a professional opinion, charcoal-based 

anticavity toothpaste should currently be viewed as 

a cosmetic enhancer, not a primary caries-

prevention tool ,It may be recommended for short-

term whitening or occasional use but not as the 

regular toothpaste for individuals prone to cavities 

, Until more robust evidence emerges, dental 

practitioners and pharmacy students should guide 

consumers to choose formulas containing fluoride, 

nanohydroxyapatite, or other validated anticaries 

agents . 

 
Overall, charcoal-based anticavity toothpastes 

occupy a unique niche where consumer demand, 

natural ingredient trends, and cosmetic 

expectations intersect , However, this popularity 

must be balanced with scientific integrity, long-

term enamel safety, and regulatory oversight , 

With improved formulations, transparent  

RDA values, and strong clinical trials, charcoal 

toothpastes could carve a meaningful role in 

modern oral care , But at present, they remain a 

supplementary product with cosmetic benefits 
rather than a standalone anticavity solution . 

 

In conclusion, while charcoal-based anticavity 

toothpastes are attractive, refreshing, and market- 

dominant, their anticavity benefits depend entirely 

on added agents, not the charcoal itself . A 

cautious, evidence-based approach is strongly 

recommended when endorsing or prescribing these 

products in routine dental practice. 



IAJPS 2025, 12 (12), 255- 268                Aditya Sharad Agame et al                   ISSN 2349-7750 

 

 

w w w . i a j p s . c o m  

 
Page 267 

CONCLUSION: 

Charcoal-based anticavity toothpaste has gained 

strong popularity because of its natural appeal and 

visible stain-removal ability. The activated 

charcoal present in the formulation offers benefits 
such as adsorption of impurities, reduction of 

external stains, and support in maintaining cleaner 

tooth surfaces. However, the scientific evidence 

clearly shows that its anticavity performance is still 

limited, especially when fluoride is absent from the 

formulation. Many clinical reviews highlight that 

charcoal alone does not protect enamel from acid 

attacks and may even reduce fluoride’s availability 

by adsorbing it on its surface, which can affect 

remineralization (Ref No. 5, 7, 12).While charcoal 

toothpaste can offer cosmetic benefits and a 

refreshing brushing experience, its abrasiveness 
remains a concern. Several in-vitro studies have 

shown increased enamel roughness and surface 

wear when charcoal products are used frequently or 

with excessive brushing force (Ref No. 16, 18, 22). 

Because enamel cannot regenerate, long-term 

overuse may lead to sensitivity and greater risk of 

cavities. 

 

Overall, charcoal-based anticavity toothpaste 

should be considered a supplementary and cosmetic 

oral-care product, not a replacement for standard 
fluoride toothpaste. When used occasionally and in 

combination with fluoride-containing formulations, 

it can contribute to brighter teeth and improved 

oral freshness. Future advancements—including 

low-abrasive charcoal, fluoride-preserving 

technology, nano-hydroxyapatite integration, and 

herbal bioactive blends—may enhance both safety 

and effectiveness (Ref No. 26, 29, 33). With 

continued research, charcoal toothpaste has the 

potential to become a balanced, natural, and 

scientifically reliable option in modern oral 

hygiene. 
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