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ABSTRACT 
 
Aims: Dental caries remains a prevalent global health issue, primarily driven by the virulence of Streptococcus mutans. 
While fluoride and chlorhexidine are common preventive agents, their limitations have led to increased interest in natural 
alternatives. Farnesol, a naturally occurring sesquiterpene alcohol, has shown promising anti-cariogenic properties by 
targeting bacterial virulence without promoting resistance. This review systematically examines the anti-cariogenic 
properties of farnesol targeting S. mutans, complemented by a bibliometric analysis to elucidate research trends, 
thematic progression and knowledge gaps within this field.  
Methodology and results: A literature search was conducted using the Scopus database with the keyword “Farnesol 
and Streptococcus mutans,” yielding 42 relevant articles published from 2002 to 2024. Key studies were examined 
through bibliometric keyword analysis, with VOSviewer employed to perform the analysis and generate visual 
representations of keyword co-occurrence networks. The bibliometric analysis identified main research clusters such as 
biofilm inhibition and regulation of virulence-associated genes, development of targeted delivery systems, in vivo efficacy 
validation, integration into dental restorative materials and combinatorial therapeutic strategies. Farnesol disrupts S. 
mutans biofilm formation, compromises membrane integrity and modulates the expression of virulence genes such as 
luxS, gtfB and brpA. Synergistic effects with agents like apigenin, myricetin and fluoride have been documented. 
Advanced delivery systems, including liposomes and nano-formulations, enhance its bioactivity. 
Conclusion, significance and impact of study: Farnesol offers a promising anti-virulence strategy for caries 
prevention, with demonstrated efficacy and potential for clinical translation. Further research is needed to refine 
formulations, assess long-term safety and validate outcomes through clinical trials. 
 
Keywords: Anti-cariogenic, bibliometric, farnesol, Streptococcus mutans, VOSviewer 
 

INTRODUCTION 
 
Streptococcus mutans is a key contributor to dental 
biofilm formation and the progression of dental caries, 
particularly in children and the elderly. While dental caries 
is a universally recognized global health issue, it remains 
a disproportionately severe public health burden in 
Southeast Asia. Recent epidemiological data indicate that 
oral disorders account for nearly half of all-cause disease 
prevalence across the Association of Southeast Asian 
Nations (ASEAN), with permanent and deciduous dental 
caries contributing the largest share (Cao et al., 2026). 
Within this region, high-sugar diets and limited access to 
oral healthcare exacerbate disease severity, highlighting 
an urgent need for sustainable anti-cariogenic strategies 
(The Lancet Regional Health–Southeast Asia, 2025). 
Developing these strategies is particularly challenging 
because biofilm-associated infections caused by S. 

mutans are difficult to eradicate due to their structural 
complexity and increased resistance to conventional 
antimicrobial agents. These infections not only 
compromise oral health but also have broader 
implications, such as nutritional deficiencies, growth 
delays and reduced quality of life (Rusali et al., 2019). 

Conventional anti-cariogenic agents such as fluoride, 
chlorhexidine, triclosan and stannous compounds have 
been demonstrated to effectively inhibit the formation of 
dental biofilms. However, their long-term use raises safety 
concerns, including toxicity, microbial dysbiosis and the 
potential for antimicrobial resistance (Deus and 
Ouanounou, 2022; Chen et al., 2023). Moreover, 
increasing reports of reduced sensitivity to these agents 
highlight the urgent need for safer and more sustainable 
alternatives. Natural products have emerged as promising 
candidates for targeting biofilm-producing 
microorganisms. Farnesol, a sesquiterpene alcohol found 
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in various essential oils, are increasingly being explored 
due to its ability to disrupt membrane integrity, inhibit 
biofilm development and interfere with quorum-sensing 
pathways in multiple microbial species. In contrast to 
bactericidal agents, farnesol targets bacterial virulence 
rather than viability, potentially reducing the selective 
pressure that drives resistance and offering a promising 
alternative approach (Fernandes et al., 2018).  

Thus, this review aims to examine the potential of 
farnesol as a promising anti-cariogenic agent against S. 
mutans by summarizing evidence on its mechanisms of 
action, biofilm-inhibitory properties and therapeutic 
relevance. To provide a broader perspective on its 
research progression, this review incorporates a 
bibliometric analysis of published literature related to its 
anti-cariogenic properties. This dual approach not only 
summarises the mechanistic evidence regarding its 
effects on S. mutans virulence but also identifies 
emerging research themes, knowledge gaps and future 
directions. To the best of our knowledge, this is the first 
review that combines bibliometric mapping with an in-
depth evaluation of farnesol’s anti-caries potential, 
thereby offering a broader understanding of its scientific 
development and translational prospects. 

 

MATERIALS AND METHODS 
 

Data collection and analysis 
 

A Scopus search of “Farnesol and S. mutans” keyword 
resulted in 56 documents. The papers were retrieved up 
to 31st December 2024 and screened based on the 
inclusion and exclusion criteria, as described by Sheikh et 
al. (2023). The inclusion criteria involved articles with the 
keyword mentioned in the title, abstract or keywords and 
research done in the last 22 years (2002-2024). The 
exclusion criteria included reviews (12 documents) and 
conference papers (2 papers). Upon applying these 
criteria, a total of 42 original articles were selected for the 
subsequent bibliometric analysis. The search strategy is 
illustrated in Figure 1. A keyword analysis of the selected 
articles was conducted using VOSviewer (version 1.6.19) 
according to Fadhlina et al. (2024). Keywords with a 
minimum of 2 occurrences were selected for the analysis 
using a full counting method. A total of 155 keywords 
were analysed after removing irrelevant keywords such 
as human, nonhuman, controlled study, priority journal, 
unclassified drug, etc. Network and overlay visualization 
were used to present the analysed data. 

 

 
Figure 1: Flow diagram of the search strategy. 
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Figure 2: Network (A) and overlay (B) visualizations of the keyword analysis. The size of each node reflects the 
frequency of keyword occurrences. The node colours indicate distinct thematic clusters (A) in the network map and the 
average publication year of the studies (B) in the overlay map. 
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Keyword analysis  
 

Bibliometric keyword analysis revealed several 
interconnected research themes (Figure 2A) that 
represent the scientific focus on the antimicrobial potential 
of farnesol against S. mutans, a key contributor to dental 
caries. These themes cover a wide range of studies, 
including molecular mechanisms, drug delivery 
innovations, biofilm disruption and integration into dental 
materials. The keywords indicate that researchers are 
deeply exploring how farnesol and related natural 
compounds exert antibacterial and antibiofilm effects. The 
studies mainly investigated their activity against bacterial 
growth, virulence factors and biofilm formation, often 
involving techniques like molecular docking, gene 
expression profiling and minimum inhibitory concentration 
(MIC) or minimum bactericidal concentration (MBC) 
testing (Cluster 1: Blue). Farnesol was also found to 
interfere with quorum sensing, reduce glucosyltransferase 
activity and limit exopolysaccharide production, which are 
key elements in S. mutans pathogenicity. 

Another major theme (Cluster 2: Red) centres on the 
formulation work, where farnesol is incorporated into 
nanoparticles, micelles and polymeric systems to 
enhance its stability, targeting and sustained release in 
the oral cavity. Keywords like nanocarrier, targeted drug 
delivery and controlled release highlight efforts to 
optimise farnesol’s delivery, especially for biofilm-related 
infections. Compounds like quercetin, myricetin and 
terpenes (Second cluster: Yellow) were studied for their 
ability to inhibit biomass formation and reduce microbial 
viability, marking a critical area in overcoming the 
resilience of biofilms. In vivo studies, particularly involving 
rats, are conducted to examine the efficacy of farnesol-
based treatments, often in comparison or combination 

with standard agents like fluoride, chlorhexidine or 
flavonoids. These studies measure outcomes like 
bacterial count, plaque accumulation and enamel 
demineralisation to assess farnesol’s anti-cariogenic 
potential as presented in the third cluster (green). 

An emerging area of interest (Cluster 4: Purple) 
involves incorporating farnesol into dental restorative 
materials, such as resin composites and cements, to 
create materials that are both mechanically strong and 
antibacterial. These dual-function materials show promise 
in preventing secondary caries while restoring dental 
structure. This trend is highlighted in the overlay 
visualization (Figure 2B) by the yellow nodes, indicating 
its relevance in more recent publications. Finally, 
combination therapy is a recurring theme (Cluster 5: Light 
blue; Cluster 6: Green), with researchers exploring 
synergistic effects between farnesol and other agents to 
enhance antimicrobial action and reduce resistance. 
Keywords such as drug potentiation, synergism and 
sensitivity testing suggest exploration of optimised 
antimicrobial regimens for oral pathogens.  

The keyword analysis shows that most studies focus 
on biofilm (58 occurrences) and dental caries (21 
occurrences), highlighting the main areas where farnesol 
is being researched. Common terms such as anti-
bacterial activity, anti-infective agents and anti-biofilm 
activity (9-10 occurrences) also reflect the strong interest 
in farnesol’s potential to fight bacteria and prevent biofilm 
formation. In summary, the keyword mapping highlights 
farnesol’s role as a natural antimicrobial agent, for which 
multidimensional strategies are being explored to combat 
dental caries. These insights can guide future research 
toward more effective, targeted and sustainable 
therapeutic approaches for oral health management. 

 

 
Figure 3: Phases of Streptococcus mutans’s biofilm formation (Image generated using ChatGPT by OpenAI). 
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RESULTS 
 

Virulence strategies of S. mutans in the oral cavity 
 

Streptococcus mutans is a commensal organism 
commonly found in the dental plaque biofilm of the human 
oral cavity. It displays substantial genomic diversity due to 
frequent genome rearrangements, natural genetic 
transformation and horizontal gene transfer. These 
features enhance its capacity to adapt to varying 
environmental conditions within the oral cavity and 
contribute to its pathogenic potential (Wang et al., 2018). 
The bacterial cell wall comprises a unique rhamnose-
glucose polysaccharide (RGP) covalently linked to 
peptidoglycan. This structural component is essential for 
maintaining cell wall integrity, stress tolerance and overall 
virulence (Matsui et al., 2010). A major virulence trait of S. 
mutans is its ability to form dense biofilms on tooth 
surfaces commonly referred to as dental plaque. Biofilm 
formation protects the bacteria from environmental 
stresses, host immune responses and antimicrobial 
agents. This process is tightly regulated by quorum-
sensing systems, particularly the Competence Stimulating 
Peptide (CSP) pathway and the ComDE two-component 
system (Cross et al., 2016; Baker et al., 2020). 

Extracellular polysaccharides (EPS), primarily 
synthesized by glucosyltransferases (Gtfs), play a critical 
role in the initial adhesion to tooth surfaces and in 
stabilizing the biofilm matrix. Glucan-binding proteins 
(Gbps) complement this process by interacting with 
glucans, further strengthening the biofilm architecture 
(Xiao et al., 2010) as illustrated in Figure 3. Additionally, 
surface adhesins such as SpaP (also known as antigen 
I/II or P1) and WapA contribute to the initial adherence of 
S. mutans to host salivary glycoproteins, reinforcing its 
colonization ability (Li et al., 2015; Yang et al., 2019). In 
addition to biofilm formation, S. mutans ferments dietary 
carbohydrates to produce lactic acid, creating a highly 
acidic microenvironment that leads to enamel 
demineralization. It also thrives under low pH conditions 
(aciduricity) by modifying its membrane fatty acid 
composition and utilizing proton-translocating enzymes 
such as the F₁F₀-ATPase, which expels protons from the 
cytoplasm (Quivey et al., 2016). This acid tolerance is 
further supported by the acid tolerance response (ATR), 
which involves the upregulation of stress proteins (DnaK 
and GroEL) to refold damaged proteins, membrane 
adaptations to reduce proton permeability and protective 
DNA repair systems to ensure genetic integrity. 

The adaptability of S. mutans to the challenging 
conditions of the oral cavity is largely driven by its genetic 
regulation and plasticity. Key transcriptional regulators, 
such as the VicRK and CovR/S systems, control genes 
crucial for virulence and stress tolerance, allowing S. 
mutans to respond effectively to the fluctuating oral 
environment (Oliveira et al., 2021). Specific gene 
deletions, including SMU.1147, rgpF and sprV, have been 
shown to compromise stress tolerance, disrupt biofilm 
integrity and reduce overall virulence (Shankar et al., 
2017; Baker et al., 2020; Oliveira et al., 2021). 

Additionally, the transcriptional regulator SpxA2 
modulates membrane fatty acid composition and ATPase 
activity, which are essential for acid resistance, a key 
factor in the bacterium’s survival in the acidic environment 
of the mouth (Baker et al., 2020). The SpxA1 regulator 
also plays a central role in the oxidative stress response, 
coordinating the activity of enzymes such as superoxide 
dismutase (Sod) and NADH oxidase (Nox), which protect 
against reactive oxygen species. These regulatory 
mechanisms underpin the expression of key virulence-
associated proteins that drive pathogenic behaviors such 
as biofilm development, acid production and 
environmental persistence. Moreover, manganese uptake 
systems like SloABC and MntH help maintain metal ion 
homeostasis, further enhancing resistance to oxidative 
stress and supporting enzyme activity. Table 1 
summarizes these major proteins and their roles in the 
virulence of S. mutans. 

In addition to its genetic regulatory mechanisms, S. 
mutans engages in complex interactions with other 
members of the oral microbiota to establish dominance 
within the dental biofilm. A key strategy involves the CSP-
mediated quorum-sensing system, which regulates not 
only biofilm maturation and acid resistance but also 
genetic competence and the production of bacteriocins, 
such as mutacins (Cross et al., 2016; Shankar et al., 
2017; Baker et al., 2020; Oliveira et al., 2021). These 
mutacins inhibit the growth of competing oral bacteria like 
S. gordonii and S. sanguinis, thereby promoting S. 
mutans colonization. Furthermore, S. mutans secretes 
membrane vesicles that facilitate interspecies competition 
by disrupting the biofilms of neighbouring microbes (Cui 
et al., 2022). These vesicles may also carry extracellular 
DNA (eDNA), released through the action of autolysins 
like AtlA, which contributes to biofilm stability and 
horizontal gene transfer. The competence system not 
only promotes DNA uptake through the ComX sigma 
factor but also facilitates fratricide, where neighbouring 
bacteria are lysed to release genetic material and 
nutrients. By modulating quorum-sensing pathways, S. 
mutans can alter the composition and behaviour of the 
oral microbiota, an adaptive mechanism that supports its 
long-term survival and offers promising approaches for 
targeted anti-cariogenic interventions (Bernabè et al., 
2022). Emerging evidence also suggests that small 
regulatory RNAs (sRNAs) and epigenetic mechanisms 
may fine-tune virulence gene expression, adding a layer 
of regulatory control and adaptability in the dynamic oral 
environment (Sy et al., 2018). 

 
Antimicrobial activity of farnesol against S. mutans 

 
Farnesol, a naturally occurring sesquiterpene alcohol, has 
demonstrated substantial antimicrobial activity against S. 
mutans. Its multitargeted mechanisms of action, ranging 
from biofilm inhibition to disruption of membrane integrity, 
highlight its potential as a therapeutic agent in caries 
management. One of the primary virulence traits of S. 
mutans is its ability to form robust biofilms on the tooth 
surface. Farnesol has been shown to significantly inhibit 
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this biofilm formation. An in vitro study had reported a 
26.4% reduction in biofilm formation at 500 μmol/L and a 
37.1% reduction at 1,000 μmol/L, with treated biofilms 
appearing thinner and containing less extracellular 
polymeric matrix compared to controls (Cao et al., 2017). 

In addition to inhibiting biofilm initiation, farnesol also 
exhibited biofilm-disruptive activity, particularly in mature 
and mixed-species biofilms. It leads to marked reductions 
in total biomass and metabolic activity, accompanied by 
architectural disruption of the biofilm. Notably, farnesol 
induces the formation of large, tower-like biofilm 
structures dominated by dead bacterial cells, indicating 
compromised viability within the biofilm community 
(Mogen et al., 2015; Fernandes et al., 2016). 

Farnesol impacts the expression of several genes 
associated with the virulence and stress response of S. 
mutans. It has been reported to downregulate luxS, brpA, 
ffh, recA, nth and smx genes, which were involved in 
quorum sensing, DNA repair and cellular metabolism 
(Cao et al., 2017). This gene modulation interferes with 
biofilm development and may impair the bacterium’s 
ability to adapt to environmental stresses within the oral 
cavity. 

Another key antimicrobial mechanism of farnesol is its 
ability to compromise bacterial membrane function. 
Farnesol has been shown to increase membrane proton 
permeability, leading to disruption of the proton motive 
force. Furthermore, it reduces glycolytic activity, impeding 
the energy production necessary for bacterial growth and 
acidogenesis, which are critical processes in cariogenic 
activity (Jeon et al., 2011). 

While farnesol demonstrates potent standalone 
activity, its efficacy can be enhanced through combination 
with other antimicrobial agents. For example, its co-
application with arachidonic acid (AA) resulted in a 
reduction of both MIC and minimum biofilm inhibitory 
concentration (MBIC) for AA, suggesting a synergistic 
effect (Haj-Yahya et al., 2024). Likewise, combining 
farnesol with fluoride and apigenin significantly enhanced 
biofilm inhibition and reduced acid production by S. 
mutans (Koo et al., 2003; Koo et al., 2005). Moreover, 
combining farnesol with agents like myricetin or fluoride 
has demonstrated enhanced inhibition of mixed-species 
biofilms composed of S. mutans and Candida albicans, 
resulting in more effective suppression of biofilm 
formation and virulence factors than farnesol alone 
(Rocha et al., 2018; Lobo et al., 2021; Rocha et al., 
2022). 

In comparative antimicrobial assays, farnesol efficacy 
against S. mutans has been substantiated in multiple 
studies focused on biofilm and gene regulation. However, 
its antimicrobial effects are concentration-dependent, with 
higher doses required for pronounced biofilm inhibition. 
This limitation indicates the need to balance efficacy and 
biocompatibility in potential clinical applications 
(Unnanuntana et al., 2009; Fernandes et al., 2016). 
Nevertheless, combination with other natural or synthetic 
agents may allow for reduced dosages while maintaining 
antimicrobial effectiveness (Haj-Yahya et al., 2024; Koo et 

al., 2005), thus overcoming some of the practical 
challenges associated with its use. 

Farnesol exerts potent antimicrobial and anti-biofilm 
effects against S. mutans through multiple mechanisms, 
including inhibition of biofilm formation, disruption of 
membrane integrity and regulation of virulence gene 
expression. Its efficacy is further enhanced when used in 
combination with other agents, positioning farnesol as a 
promising candidate for the development of targeted 
therapies for dental caries prevention and treatment. 

 
Physicochemical properties of farnesol relevant to its 
antimicrobial action 

 
Farnesol, a naturally occurring sesquiterpene alcohol, 
exhibits several physicochemical characteristics that 
contribute to its antimicrobial efficacy. One of its primary 
traits is its high hydrophobicity and volatility (Costa et al., 
2021), which contribute to its ability to interact with and 
disrupt microbial membranes, primarily through 
integration into lipid bilayers. Structurally, the aliphatic 
carbon chain of farnesol (Figure 4) enables insertion into 
the cytoplasmic membrane, increasing membrane 
disorder and compromising integrity, ultimately leading to 
leakage of cellular contents and microbial cell death 
(Inoue et al., 2016).  

Moreover, its hydrophobic nature enhances 
membrane permeability, not only facilitating its own 
diffusion but also improving the uptake of co-administered 
antimicrobial agents, making it particularly valuable in 
combination therapies (Namba et al., 2022). It was also 
reported to potentiate the activity of β-lactam antibiotics 
by interfering with bacterial cell wall biosynthesis (Kim et 
al., 2018). However, this hydrophobic nature may limit its 
therapeutic use due to its poor aqueous solubility and 
chemical instability, including susceptibility to oxidation 
and enzymatic degradation (Dižová and Bujdáková, 
2017). To address these limitations, farnesol can be 
incorporated into a nanostructured delivery system. This 
approach may enhance solubility, protect the molecule 
from degradation and enable controlled release, and 
targeted delivery (Costa et al., 2024; Moghadam et al., 
2024), thereby improving its bioavailability and 
therapeutic efficacy against pathogens.  

In terms of its metabolism, farnesol is metabolized into 
farnesyl glucuronide and hydroxyfarnesol in the biological 
system, which may modulate its physiological activity and 
reduce its antimicrobial potency, especially when 
delivered systemically (Staines et al., 2004). Therefore, 
for anti-caries applications, local delivery strategies such 
as oral rinses, varnishes or controlled-release systems 
are preferable, as they maintain farnesol in its active, 
unaltered form at the site of action. In this context, 
nanostructured formulations not only support stability and 
bioavailability but also enhance site-specific retention and 
efficacy at the target site.  

As for its toxicity profile, farnesol preferentially induces 
apoptosis in various tumour cell lines, including human 
lung cancer and colon adenocarcinoma cells, without 
significantly harming healthy cells (Yilmaz Öztürk et al., 
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Table 1: Key virulence-associated proteins of Streptococcus mutans. 
 

Protein Function 

Glucosyltransferase (Gtf) Synthesizes glucans from sucrose; critical for biofilm formation (Tang et al., 

2006) 

SpaP (Antigen I/II, P1, PAc) 

WapA (Wall-associated Protein A) 

SpaP facilitates bacterial adherence and colonization (Yang et al., 2019). 

WapA plays critical roles in biofilm formation, cell chain integrity and adhesion 

to host tissues (Li et al., 2015). 

Glucan-binding protein (Gbp) Binds glucans to support biofilm matrix stability (Tang et al., 2004) 

Competence Stimulating Peptide 

(CSP) 

Mediates quorum sensing and regulates virulence traits (Baker et al., 2020) 

Lactate Dehydrogenase (LDH) Catalyzes lactic acid production, key to acidogenicity (Cui et al., 2022) 

F₁F₀-ATPase Proton pump aiding survival in acidic environments (Matsui et al., 2010) 

 
 

 
 
Figure 4: Chemical structure of farnesol. 
 
 

 
Figure 5: Holistic overview of the anti-cariogenic potential of farnesol against S. mutans (Image generated using 
ChatGPT by OpenAI). 
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2022). This selective toxicity is attributed to its ability to 
induce autophagic and apoptotic pathways (Horn et al., 
2005; Yilmaz Öztürk et al., 2022). In rats, farnesol 
exhibited low toxicity, as even at high doses (up to 1000 
mg/kg/day), it did not cause significant organ damage but 
led to a reversible increase in hepatic and renal drug-
metabolizing enzyme activities, indicating a potential for 
altered drug metabolism rather than direct toxicity (Horn 
et al., 2005). In summary, the unique physicochemical 
properties of farnesol, combined with its potent 
antimicrobial activity and favorable safety profile, highlight 
its potential as an effective therapeutic agent, particularly 
for anti-caries applications. 

 
Limitations and future directions 

 
Despite promising preclinical evidence, the clinical 
translation of farnesol as an anti-cariogenic agent remains 
limited. Most findings were based on in vitro studies using 
monospecies or simplified biofilm models, which do not 
fully reflect the complexity of the oral environment, 
including multispecies interactions, salivary dynamics and 
host immune responses. In addition, there was a lack of 
in vivo and clinical data to confirm its efficacy, safety, 
optimal dosage and long-term effects. Formulation 
challenges also persist due to its hydrophobic nature, 
which may limit stability and bioavailability in conventional 
oral care products. Concerns regarding potential 
cytotoxicity at higher concentrations and its impact on 
overall oral microbiome balance further highlight the need 
for cautious interpretation of existing data. 

Future research should focus on bridging these 
translational gaps through well-designed in vivo studies 
and randomized clinical trials to validate its therapeutic 
potential in real oral conditions. Improvements in drug 
delivery systems, such as nanoformulations or 
encapsulation strategies, may enhance its stability and 
targeted action. In addition, studies integrating 
microbiome profiling could clarify its ecological effects on 
oral microbial communities. Exploring synergistic 
combinations with established preventive agents like 
fluoride or other natural compounds may also strengthen 
its clinical applicability in caries management. Figure 5 
provides a holistic overview of this review, summarising 
the key concepts and highlighting the main research 
themes discussed. 

 
CONCLUSION 
 
Farnesol demonstrates promising potential as an anti-
cariogenic agent targeting S. mutans, primarily through its 
capacity to inhibit key virulence factors and impede 
biofilm development, which are critical in the 
pathogenesis of dental caries. Its mechanisms of action 
include perturbation of bacterial membrane integrity and 
modulation of gene expression involved in quorum 
sensing and adherence. Additionally, farnesol exhibits 
synergistic effects when combined with other 
antimicrobial agents, enhancing its efficacy against 
cariogenic biofilms. Advances in novel delivery platforms, 

including nanotechnology-based systems, have shown 
promise in optimising farnesol’s stability and targeted 
delivery within the oral cavity. Bibliometric analysis 
reveals an expanding body of research focused on 
elucidating the molecular interactions and therapeutic 
applications of farnesol, reflecting a growing scientific 
consensus on its relevance in oral microbiology and 
cariology. Despite these promising findings, 
comprehensive in vivo studies and rigorous clinical trials 
remain imperative to validate its safety profile, 
pharmacokinetics, and therapeutic efficacy in human 
subjects. Ultimately, farnesol represents a viable 
candidate for integration into preventive and therapeutic 
strategies against dental caries, potentially contributing to 
improved management of oral biofilm-associated 
diseases. 
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