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Abstract

Oral diseases remain a major health concern, while the complexity of microbial
communities and the limitations of conventional and antimicrobial agents have
encouraged the exploration of natural sources as alternatives. The Lamiaceae family
represents an important source of bioactive plants and essential oils (EOs), but variations
in chemical composition and analytical approaches can affect the interpretation of their
biological activities. This review aims to summarize the antimicrobial activity of Lamiaceae
plants against oral pathogens, examine the use of gas chromatography-mass
spectrometry (GC-MS) and retention index (RI) for the characterization of volatile
compounds, and assess Pogostemon cablin as a potential source of bioactive EO. Open-
access literature published between 2021 and 2026 was searched through PubMed and
ScienceDirect using combinations of keywords related to Lamiaceae, oral pathogens, and
retention index. Selected studies were grouped according to biological activity and
chemical characterization, then analyzed narratively. Lamiaceae plants have
demonstrated antibacterial, antifungal, and antibiofilm activities against cariogenic
bacteria, periodontopathogens, and oral fungi, with responses varying according to plant
species, preparation method, chemical composition, target microorganism, and assay
parameters. GC-MS combined with Rl provides complementary information for
identifying volatile compounds and comparing species. P. cablin is characterized by a-
sesquiterpene-rich chemical profile, particularly patchoulol, which has demonstrated
antimicrobial activity against certain oral pathogens. However, direct evidence linking the
chemical composition of P. cablin EO to its activity against oral pathogens remains limited.
Further studies integrating standardized GC-MS/RI based chemical profiling with targeted
biological assays are needed to clarify this relationship and evaluate the potential of P.
cablin EO for oral antimicrobial applications.
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Oral diseases are among the most prevalent health
concern on worldwide scales, affecting individuals across
diverse life stages. The World Health Organization

. Introduction

DOI: 10.60084/mp.v5i1.460

reports that approximately 45% of the global population,
equivalent to 3.5 billion people, experience oral health
disorders [1], while the prevalence of dental and oral
health problem in Indonesia reaches 56.9% of the total
population [2]. Dental carries is one of the most prevalent
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oral disease, accounting for 88.80% of all reported oral
disease cases in Indonesia [2]. Other conditions,
including  periodontitis, gingivitis, salivary gland
disorders, and oral cancer, contribute to the overall
burden of oral disease. These conditions can affect
quality of life, child development, self-confidence, and
productivity. This substantial disease burden highlights
the necessity of preventive and therapeutic strategies
that focus on critical factors in the development of oral
diseases [3, 4].

The development of various oral disease is closely
associated with the colonization and activity of
pathogenic microorganism in the oral cavity.
Microorganism commonly associated with oral disease
include Streptococcus mutans, Porphyromonas gingivalis,
Candida albicans, Fusobacterium nucleatum, Prevotella
intermedia, and  Parvimonas micra [5]. These
microorganisms can form biofilms on tooth surface and
soft tissues, enhancing their ability to survive
environmental changes and reducing their susceptibility
to antimicrobial agents. S. mutans causes dental caries by
fermenting carbohydrates into organic acids that
demineralize tooth enamel. P. gingivalis, P. intermedia,
and F. nucleatum contribute to periodontal disease by
causing chronic inflammation and destroying tooth-
supporting tissues. The complexity of these microbial
communities and their ability to form biofilms are
important factors to consider when developing
development antimicrobial agents for oral pathogens [6-
9].

Current management of oral diseases includes
mechanical interventions, antiseptics and antibiotics, and
surgical procedures in certain conditions. Long-term use
of antimicrobial agents has several limitations, including
the development of microbial resistance, potential
adverse effects on oral tissues, and disruption of the oral
microbiota. Biofilm formation can reduce antimicrobial
effectiveness because the microbial community structure
provides protection against exposure to antimicrobials.
These limitations have led to the investigation of other
potential antimicrobial sources, including natural
products such as plant extracts and essential oils (EOs),
that can target oral microorganisms and biofilms. Various
secondary metabolites in these natural products have
been reported to exhibit antibacterial, antibiofilm,
antifungal, anti-inflammatory, and antioxidant activities,
which could contribute to the development of
antimicrobial agents for oral pathogens [9, 10].

The Lamiaceae family comprises aromatic plants that are
rich in secondary metabolites. Many of these plants
produce EOs with diverse biological activities. A plethora
Lamiaceae species, including Origanum vulgare, Salvia

officinalis, Thymus spp., Mentha spp., Lavandula
angustifolia, Rosmarinus officinalis, and Pogostemon cablin,
contain bioactive compounds such as carvacrol, thymol,
linalool, camphor, pulegone, and patchoulol (patchouli
alcohol), which may contribute to antimicrobial activity
[11, 12]. Studies of various Lamiaceae species have
demonstrated activity against cariogenic bacteria,
periodontopathogens, oral fungi, and biofilm formation.
These activities can vary according to plant species, plant
part, extraction method, and the composition of the
recovered secondary metabolites, making chemical
characterization important for understanding the
relationship between composition and biological activity
[5, 13-18]. Such interspecies variation provides a basis for
assessing the Lamiaceae family as a source of natural
antimicrobial agents for oral pathogens and for
identifying species for which scientific evidence remains
limited.

Patchouli (P. cablin) is an important EO-producing plantin
Indonesia, with patchoulol as one of its major
constituents. The EO and compounds found in P. cablin
have been reported to exhibit various biological activities,
including antibacterial, anti-inflammatory, antioxidant,
and anticancer activities. The chemical composition of
patchouli EO can vary according to plant-related factors
and production conditions, so accurate identification of
volatile components is needed to establish a chemical
profile that can be related to biological activity [18-22].
Gas chromatography-mass spectrometry (GC-MS) is
commonly used to characterize volatile components of
EOs and retention index (Rl) provides an additional
identification parameter alongside mass spectra [23-26].
Retention indices, including the Kovats index under
isothermal conditions and the linear retention index
under temperature-programmed identification because
retention times are influenced by column conditions and
analytical parameters [27, 28].

While various Lamiaceae species have shown
effectiveness against oral pathogens, evidence for P.
cablin remains relatively limited compared with that for
other Lamiaceae species. Most studies on P. cablin have
focused on its biological activity against nonoral
microorganisms, while information on its activity
spectrum against oral pathogens and the underlying
mechanisms remains limited. This is an important gap
because the antimicrobial activity of EO does not solely
reflect the complex composition and interactions of
multiple volatile constituents. Therefore, integrating
information on chemical profiles, volatile-compound
identification approaches, and antimicrobial against oral
pathogen activity is necessary to provide a more
comprehensive understanding of P. cablin's potential.
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The aims of this review are to summarize the scientific
evidence on the activity of Lamiaceae plants against oral
pathogens, examine the approaches for the chemical
characterization of EOs, and emphasize GC-MS and Rl as
supporting parameters for compound identification.
Additionally, this review will identify the current position
and evidence gaps regarding P. cablin as a candidate
antimicrobial agent for oral pathogens.

2. Literature Search Strategy

A literature search was conducted using PubMed and
ScienceDirect from May to October 2026 to identify open-
access articles published between 2021 and 2026. The
search covered two areas: the chemical characterization
and retention indices of Lamiaceae species and the
antimicrobial activity against oral pathogens. The search
queries used were “Lamiaceae AND retention index”,
“Lamiaceae AND retention indices”, “Lamiaceae AND oral
bacteria”, and “Lamiaceae AND oral pathogens”. Filters
were applied for publication year, article type, and open-
access availability. The combined searches yielded 576
records, including 492 records for the chemical
characterization and Rl stream, of which 240 were
identified as duplicates, leaving 252 records. Meanwhile,
84 records were identified for further assessment in the
oral antibacterial stream, of which 18 were duplicates,
leaving 66 records. Eligible articles had to address at least
one of the two literature streams and provide relevant
information on the chemical composition, RI, or
antibacterial activity of Lamiaceae species against oral
bacteria. Records outside the scope of the review or
lacking relevant information were excluded.

Sixteen articles were selected for the narrative synthesis,
including nine articles on chemical characterization and
Rl data and seven articles on antibacterial activity against
oral bacteria. Older publications were consulted
separately, where necessary, to provide information or
methodological context. These publications were not
counted among the records retrieved through the formal
literature search. Since the chemical characterization and
biological activity searches were conducted separately,
direct composition-activity interpretations were limited
to studies that reported both analyses for the same
preparation. Rather than establishing direct associations,
comparisons across separate studies were used to
identify potential relationships for further investigation.

3. Chemical Composition and Bioactive Compounds
of Lamiaceae

Various studies have reported GC-MS analyses that
revealed differences in the composition of volatile
compounds among Lamiaceae species. The studies
examined different plant parts, primarily leaves and

other aerial parts (Table 1). Hydrodistillation and steam
distillation were the predominant extraction methods
used. The major compounds identified reflect differences
in chemical profiles, such as pulegone in H. ringens,
eucalyptol in R. officinalis, carvacrol in O. vulgare, thymol
in T. vulgaris, and patchoulol in P. cablin [29-33]. These
patterns indicate that individual species have distinct
dominant constituents despite belonging to the same
family. Such variation in major constituents provides a
basis for comparing the chemical characteristics of
Lamiaceae species.

These differences become more apparent when chemical
profiles are compared across species. For example, O.
vulgare and several Thymus species are characterized by
monoterpene phenolics, particularly carvacrol and
thymol, while L. angustifolia produces higher proportions
of linalool and camphor. Salvia species have eucalyptol,
camphor, and thujone as major constituents, while M.
pulegium has carvone or pulegone as dominant
compounds [13, 30-32]. These patterns demonstrate
that Lamiaceae EO do not share a uniform composition
and that dominant chemical classes vary among species.
These differences are significant because dominant
constituents may explain some of the variation in
biological activity across species.

The volatile components (Table 1) were identified using a
combination of GC-MS and RI data. The studies used
different columns, including HP-5MS, DB-5MS, ZB-5MS,
and BP-1, reflecting variations in chromatographic
conditions. To improve comparability, this review focuses
on Rl values obtained using nonpolar stationary phases.
Reference Rl values available for the same or chemically
comparable stationary phases were compared with the
experimental Rl values. Rl provides an additional criterion
for identifying compounds and strengthening the
characterization of volatile profiles across species, along
with mass-spectral matching against reference libraries
such as NIST, Wiley, and Adams [28].

The extraction methods used to obtain the Lamiaceae
EOs characterized also varied (Table 1). Several species,
including H. ringens, C. serpyllifolium, T. vulgaris, O. vulgare,
and P. cablin, were extracted using hydrodistillation,
whereas steam distillation was used in some studies.
Extraction conditions should be considered when
comparing chemical profiles because the isolation
process can influence the volatile components detected
[34]. Despite the focus on nonpolar stationary phases,
differences in column specifications and other
chromatographic conditions may affect RI values.
Therefore, both extraction methods and analytical
conditions should be considered when interpreting
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Table 1. The progression of antimicrobial research involves samples from patchouli.

. Extraction Major Experimental Rl .
Species Plant Part Methods Instrument Column Corjnpound RI P Literature Library Ref.
Hesperozygis ringens Leaves Hydrodistillation Shimadzu GC2010 Rtx-5MS (30 m x Pulegone 1245 1237 NIST 1.0 and [29]
Plus+GC-MS QP2110 0.25 mm, 0.25 pm) NIST 11
Ultra
Marrubium vulgare Flowering Solvent assisted Agilent GC 7890A+MS HP-5MS (30 m x E-caryophyllene 1423 1463 Adams4 and NIST11 [35]
aerial part hydrodistillation 5975 C MSD 0.25 mm, 0.25 pm)
Clinopodium Leaves Hydrodistillation Thermo Scientific ISQ + 5%Phenyl Pulegone 1630 1663 Wiley9
serpyllifolium subsp. TR-FAME MS Polysilphenylene- [30]
barbatum siloxane
Lavandula angustifolia Linalyl acetate 1548 1554 [30]
Mentha x piperita Linalool 1537 1543 [30]
Mentha pulegium Carvone 1722 1751 [30]
Ocimum basilicum Linalool 1537 1543 [30]
Rosmarinus officinalis Eucalyptol 1231 1231 [30]
Salvia aramiensis Eucalyptol, Camphor 1231, 1521 1231, 1537 [30]
Salvia fruticosa Eucalyptol, Camphor 1231, 1521 1231, 1537 [30]
Satureja thymbra Carvacrol 1788 2140 [30]
Thymbra spicata Carvacrol, p-cymene 1788, 1407 2140, 1437 [30]
Salvia officinalis Thujone 1416 1452 [30]
Ocimum basilicum Leaves Steam distillation Agilent GC 7890A + MS HP-5MS (30 m x Methyl chavicol 1202 1195 NIST and Adams [36]
5975C 0.25 mm, 0.25 pm) 2017
Teucrium marum Leaves Hydrodistillation Perkin Elmer GC-MS BP-1 (50 m x 0.22 Dolichodial, (E)-B- 1253, 1412 NR FFNSC2, Nist11W9, [37]
(Turbomass) mm, 0.25 pym) Caryophyllene Perkin_ff2013, Wiley8
Thymus vulgaris Flowering Hydrodistillation Hewlett Packard GC HP ZB-5HT (30 m x Thymol 1299-1305 NR NIST 11 [32]
Thymus pulegioides aerial part 6890 + MS HP 5973 0.32mm, 0.25um)  a-citral, B-citral 1274,1247 NR [32]
Thymus serpyllum Thymol 1299-1305 NR [32]
Salvia sclarea Linalyl acetate, 1264-1265, NR [32]
linalool 1100
Monarda didyma Thymol 1299-1305 NR [32]
Origanum vulgare Aerial part Hydrodistillation Perkin Elmer 580 GC + DB-5MS (30 m x Carvacrol 1318 1298 Adams, 2017 [31]
Rosmarinus officinalis SQ8S MS 0.25mm, 0.25 ym)  a-pinene, verbenone 930, 1204 932, 1204 [31]
Salvia officinalis Thujone 1107 1103 [31]
Thymus vulgaris Thymol, o-cymene 1296, 1026 1289, 1022 [31]
Pogostemon cablin Leaves Hydrodistillation GC-MS Shimadzu QP ZB-5MS (30 m x Patchouli alcohol 1673 NR NIST 21 and NIST 107 [33]
5050A 0.25 mm, 0.25 pm)
Eplingiella fruticosa Leaves Hydrodistillation Agilent GC-MS 5977B HP-5MS (30 m x Carvacrol, 1,8-cineole, 1293, 1027, 1298,1026,  NIST, Wiley, and [38]
0.25mm, 0.25 pm)  (E)-Caryophyllene 1409 1417 Adams, 2007
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similarities and differences in chemical composition
across species.

P. cablin has a different pattern than several other
Lamiaceae species because its EO profile is dominated by
sesquiterpenes. GC-MS identifies patchoulol as a major P.
cablin  constituent, alongside other  reported
components, including seychellene, a-patchoulene, a-
bulnesene, a-guaiene, pogostol, and B-caryophyllene
[33]. The predominance of patchoulol distinguishes the
chemical profile of P. cablin from species such as O.
vulgare and Thymus spp., which are more strongly
associated with monoterpenes such as carvacrol and
thymol (Table 1). This difference indicates that P. cablin
has a distinct chemical profile that warrants specific
consideration when evaluating its biological activity. The
chemical profile provides a basis for relating EO
composition to activity against oral pathogens, as
discussed in following section.

4. Antimicrobial and Antibiofilm Activity of
Lamiaceae Against Oral Pathogens

The antimicrobial activity against oral microorganisms
varied among the investigated Lamiaceae species and
preparations. This variation was evident in Origanum
vulgare and Salvia triloba, for which aqueous, ethanolic,
and enzymatic extracts produced different responses
against the same bacterial targets [5]. These differences
should be interpreted within the context of each
experimental system rather than used to establish a
general ranking of species. Microbial susceptibility may
depend on the physiological characteristics of the test
organisms, while extraction procedures determine the
constituents recovered from plant tissues. Thus, despite
these factors potentially explaining the observed
variability, the available evidence does not establish a
direct causal relationship between individual chemical
constituents and antimicrobial activity.

The results for O. vulgare suggest that ethanolic extracts
typically produced larger inhibition zones than aqueous
and enzymatic extracts against the tested
microorganisms, especially when 60% ethanol was used
(Table 2). However, the response varied according to the
target microorganism and the endpoint measured. The
enzymatic extract also inhibited several targets, including
P. gingivalis, against which it produced a larger inhibition
zone than the other preparations evaluated in the same
study. S. triloba exhibited a different response pattern,
and the enzymatic extract produced a large inhibition
zone against P. gingivalis, whereas the aqueous and
ethanolic extracts showed different levels of activity
against the other microorganisms (Table 2). These
findings suggest that extraction procedures influence the

biological properties of the resulting preparations.
However, differences in extract composition and
microorganism-specific responses prevent us from
concluding that increasing ethanol concentration
consistently enhances antimicrobial activity.

The findings for Salvia officinalis and Rosmarinus officinalis
further illustrate the importance of preparation type and
experimental endpoint (Table 2). The ethanolic extract of
S. officinalis produced a measurable inhibition zone
against S. mutans but not against C. albicans under the
reported assay conditions [14]. However, the absence of
an inhibition zone does not establish the complete
absence of antifungal activity, particularly since the study
reported minimum inhibitory concentration (MIC) and
minimum bactericidal/fungicidal concentration
(MBC/MFCQ) values. Similarly, the ethyl acetate extract of
R. officinalis was evaluated against several oral
microorganisms using MIC and MBC endpoints. However,
these results cannot be directly compared with
inhibition-zone  measurements  because  diffusion
through the test medium and growth inhibition in a
dilution assay reflect different experimental properties.

Essential oils exhibited variation in antimicrobial activity
(Table 3). O. vulgare, S. officinalis, and M. pulegium were
reported to have different MIC and MBC values against S.
mutans and C. albicans. The EO of O. vulgare generally
exhibited lower MIC values than the EOs of S. officinalis
and M. pulegium under the conditions used in the study.
The EOs' chemical profiles were also characterized.
Carvacrol was identified as the major constituent of O.
vulgare, a-thujone and 1,8-cineole as prominent
constituents of S. officinalis, and pulegone as the major
constituent of M. pulegium [13]. These data provide a
basis for examining the relationship between chemical
composition and antimicrobial activity within the same
study. However, the relative abundance of a compound
does not determine its contribution to the observed
activity, as this may depend on other constituents and
their interactions. In addition to its antimicrobial activity,
S. officinalis was reported no detectable cytotoxic effects
on L929 cells under the tested experimental conditions
[14]. This finding provides preliminary evidence of cellular
compatibility but does not establish safety for oral
applications, which requires further evaluation using
relevant oral cell models.

The findings for Thymus fallax provide further evidence of
essential oil activity against oral pathogens. Its essential
oil inhibited the tested strains at different MIC and
MBC/MFC values, including S. mutans, S. sobrinus, E.
faecalis, and C. albicans (Table 3). The study also
characterized the oil's chemical composition, reporting
thymol as the major constituent [17]. Since chemical
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Species Plant . Extract Target Microorganism Inhibition MIC MBC/MFC Ref.
Preparation Zone (mm)
Origanum Leaves and Water S. mutans 17.1 mm 3.1 mg/mL 6.3 mg/mL [5]
vulgare flowers;
maceration of
water,
ethanol 40%,  Ethanol 17.3 mm 3.1 mg/mL 2.5 mg/mL
ethanol 60%,  409%
enzymatic
Ethanol 28.6 mm 1.6 mg/mL 3.1 mg/mL
60%
Enzymatic 18.8 mm 3.1 mg/mL 6.3 mg/mL
Water P. gingivalis 18.2mm 6.3 mg/mL 25 mg/mL
Ethanol 19.5 mm 6.3 mg/mL 12.5 mg/mL
40%
Ethanol 29 mm 1.6 mg/mL 12.5 mg/mL
60%
Enzymatic 19 mm 0.8 mg/mL 6.3 mg/mL
Water F. nucleatum 15.3 mm 6.3 mg/mL 25 mg/mL
Ethanol 18.1 mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 28.2 mm 0.8 mg/mL 3.1 mg/mL
60%
Enzymatic 18.7 mm 3.1 mg/mL 3.1 mg/mL
Water P. intermedia 16.8 mm 6.3 mg/mL 25 mg/mL
Ethanol 17.1mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 21.9 mm 0.8 mg/mL 6.3 mg/mL
60%
Enzymatic 18.1 mm 3.1 mg/mL 12.5 mg/mL
Water P. micra 16.9 mm 12.5 mg/mL 25 mg/mL
Ethanol 24.2 mm 12.5 mg/mL 25 mg/mL
40%
Ethanol 27.9 mm 0.8 mg/mL 6.3 mg/mL
60%
Enzymatic 18 mm 1.6 mg/mL 6.3 mg/mL
Salvia triloba  Leaves and Water S. mutans 20.7 mm 0.8 mg/mL 6.3 mg/mL [5]
flowers; Ethanol 15.2mm 6.3 mg/mL 25 mg/mL
maceration of  40%
water, Ethanol 16.7 mm 3.1 mg/mL 12.5 mg/mL
ethanol 40%, 60%
ethanol 60%,  Enzymatic 21.5mm 0.8 mg/mL 6.3 mg/mL
enzymatic Water P. gingivalis 20.6 mm 0.8 mg/mL 6.3 mg/mL
Ethanol 14.1 mm 6.3 mg/mL 25 mg/mL
40%
Ethanol 17 mm 6.3 mg/mL 12.5 mg/mL
60%
Enzymatic 28.1 mm 0.8 mg/mL 1.6 mg/mL
Water F. nucleatum 20.7 mm 12.5 mg/mL 50 mg/mL
Ethanol 15.2mm 6.3 mg/mL 12.5 mg/mL
40%
Ethanol 16.7 mm 1.6 mg/mL 3.1 mg/mL
60%
Enzymatic 21.5mm 1.6 mg/mL 1.6 mg/mL
Water P. intermedia 20.6 mm 1.6 mg/mL 12.7 mg/mL
Ethanol 14.1 mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 17 mm 0.8 mg/mL 0.8 mg/mL
60%
Enzymatic 28.1 mm 3.1 mg/mL 6.3 mg/mL
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Species Plant . Extract Target Microorganism Inhibition Mic MBC/MFC Ref.
Preparation Zone (mm)
Water P. micra 20.7 mm 1.6 mg/mL 3.1 mg/mL
Ethanol 15.2mm 1.6 mg/mL 3.1 mg/mL
40%
Ethanol 16.7 mm 0.8 mg/mL 0.8 mg/mL
60%
Enzymatic 21.5mm 0.4 mg/mL 1.6 mg/mL
Salvia Aerial part; Ethanol S. mutans PTCC: 1683 12.16 mm 237.5 pg/mL 0.95x10° pg/mL [14]
officinalis maceration of C. albicans PTCC: 5027 No inhibition 31.25 pg/mL 62.5%10° pg/mL
ethanol
Rosmarinus  Aerial part; Ethyl S. mutans DSM20523 - 0.02 mg/mL 0.08 mg/mL [15]
officinalis UAE of ethyl acetate E. faecalis ATCC29212 - 0.6 mg/mL 1.25 mg/mL
acetate P. micra ATCC23195 0.01 mg/mL 0.02 mg/mL
F. nucleatum 0.15 mg/mL 0.15 mg/mL
ATCC25586
Origanum Leaves and Water S. mutans 17.1 mm 3.1 mg/mL 6.3 mg/mL [5]
vulgare flowers; Ethanol 17.3mm 3.1 mg/mL 2.5 mg/mL
maceration of  40%
water, Ethanol 28.6 mm 1.6 mg/mL 3.1 mg/mL
ethanol 40%,  60%
ethanol 60%,  Enzymatic 18.8 mm 3.1 mg/mL 6.3 mg/mL
enzymatic Water P. gingivalis 18.2 mm 6.3 mg/mL 25 mg/mL
Ethanol 19.5 mm 6.3 mg/mL 12.5 mg/mL
40%
Ethanol 29 mm 1.6 mg/mL 12.5 mg/mL
60%
Enzymatic 19 mm 0.8 mg/mL 6.3 mg/mL
Water F. nucleatum 15.3 mm 6.3 mg/mL 25 mg/mL
Ethanol 18.1 mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 28.2 mm 0.8 mg/mL 3.1 mg/mL
60%
Enzymatic 18.7 mm 3.1 mg/mL 3.1 mg/mL
Water P. intermedia 16.8 mm 6.3 mg/mL 25 mg/mL
Ethanol 17.1mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 21.9 mm 0.8 mg/mL 6.3 mg/mL
60%
Enzymatic 18.1 mm 3.1 mg/mL 12.5 mg/mL
Water P. micra 16.9 mm 12.5 mg/mL 25 mg/mL
Ethanol 24.2 mm 12.5 mg/mL 25 mg/mL
40%
Ethanol 27.9 mm 0.8 mg/mL 6.3 mg/mL
60%
Enzymatic 18 mm 1.6 mg/mL 6.3 mg/mL
Salvia triloba  Leaves and Water S. mutans 20.7 mm 0.8 mg/mL 6.3 mg/mL [5]
flowers; Ethanol 15.2mm 6.3 mg/mL 25 mg/mL
maceration of  40%
water, Ethanol 16.7mm 3.1 mg/mL 12.5 mg/mL
ethanol 40%,  60%
ethanol 60%,  Enzymatic 21.5mm 0.8 mg/mL 6.3 mg/mL
enzymatic Water P. gingivalis 20.6 mm 0.8 mg/mL 6.3 mg/mL
Ethanol 14.1 mm 6.3 mg/mL 25 mg/mL
40%
Ethanol 17 mm 6.3 mg/mL 12.5 mg/mL
60%
Enzymatic 28.1 mm 0.8 mg/mL 1.6 mg/mL
Water F. nucleatum 20.7 mm 12.5 mg/mL 50 mg/mL
Ethanol 15.2mm 6.3 mg/mL 12.5 mg/mL
40%
Ethanol 16.7 mm 1.6 mg/mL 3.1 mg/mL
60%
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Species Plant . Extract Target Microorganism Inhibition Mic MBC/MFC Ref.
Preparation Zone (mm)
Enzymatic 21.5mm 1.6 mg/mL 1.6 mg/mL
Water P. intermedia 20.6 mm 1.6 mg/mL 12.7 mg/mL
Ethanol 14.1 mm 3.1 mg/mL 12.5 mg/mL
40%
Ethanol 17 mm 0.8 mg/mL 0.8 mg/mL
60%
Enzymatic 28.1 mm 3.1 mg/mL 6.3 mg/mL
Water P. micra 20.7 mm 1.6 mg/mL 3.1 mg/mL
Ethanol 15.2mm 1.6 mg/mL 3.1 mg/mL
40%
Ethanol 16.7 mm 0.8 mg/mL 0.8 mg/mL
60%
Enzymatic 21.5mm 0.4 mg/mL 1.6 mg/mL
Salvia Aerial part; Ethanol S. mutans 12.16 mm 237.5 pg/mL 0.95x10° pg/mL [14]
officinalis maceration of PTCC: 1683
ethanol C. albicans PTCC: 5027 Noinhibition ~ 31.25pg/mL  62.5x10° pg/mL
Rosmarinus Aerial part; Ethyl S. mutans DSM20523 - 0.02 mg/mL 0.08 mg/mL [15]
officinalis UAE of ethyl acetate E. faecalis ATCC29212 - 0.6 mg/mL 1.25 mg/mL
acetate P. micra ATCC23195 - 0.01 mg/mL 0.02 mg/mL
F. nucleatum - 0.15 mg/mL 0.15 mg/mL

ATCC25586

Note: MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration, MFC: minimum fungicidal concentration, UAE: ultrasound-assisted
extraction, ATCC: American Type Culture Collection, PTCC: Persian Type Culture Collection, DSM: German Collection of Microorganisms and Cell Cultures; “No
inhibition” indicates that no inhibition was observed despite testing. A dash (-) indicates that the corresponding test was not performed. Bacterial strain
identifiers are provided when specified in the original publication. When strain identifiers were not reported, the testing method or CLSI (Clinical and Laboratory
Standards Institute) standard is indicated if available.

Table 3. Antimicrobial activity of Lamiaceae essential oil against oral pathogens

Species Plant preparation Target Inhibition Mic MBC/MFC Ref.
microorganism zone
Origanum vulgare Herbs; steam distillation S. mutans - 0.05% v/v 0.05% v/v [13]
C. albicans - 0.05% v/v 0.05% v/v
Leaves; steam distillation E. faecalis ATCC29212 7.8 mm - - [16]
C. albicans ATCC10231 18.4 mm - -
Salvia officinalis Herbs; steam distillation S. mutans - 0.25% v/v 0.35% v/v [13]
C. albicans - 0.40% v/v >0.50% v/v
Mentha pulegium Herbs; steam distillation S. mutans - 0.45% v/v 0.45% v/v [13]
C. albicans - 0.25% v/v 0.25% v/v;
Thymus falllax Aerial part; S. mutans ATCC35668 - 0.031 0.062 [17]
hydrodistillation pL/mL pL/mL
S. sobrinus ATCC27607 - 0.031 0.125
pL/mL pL/mL
E. faecalis ATCC51299 - 0.125 0.250
pL/mL pL/mL
C. albicans ATCC10261 - 0.06 yL/mL  0.125
pL/mL
Thymus vulgaris Leaves; steam distillation E. faecalis ATCC29212 8.5 mm - - [16]
C. albicans ATCC10231 17.2mm - -
Lavandula angustifolia  Leaves; steam distillation E. faecalis ATCC29212 No inhibition - - [16]
C. albicans ATCC10231 7.2mm - -
Flowers; hydrodistillation F. nucleatum PK1594 - 4 pL/mL - [39]

Note: MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration, MFC: minimum fungicidal concentration, “No inhibition” indicates
that no inhibition was observed despite testing. A dash (-) indicates that the corresponding test was not performed. Bacterial strain identifiers are provided
when specified in the original publication. When strain identifiers were not reported, the testing method or CLSI standard is indicated if available.

profiling and biological testing were conducted within the
same study, the findings allow the chemical profile to be
considered alongside the activity of that particular oil.
However, the findings do not establish that thymol alone

accounts for the observed effects. These results should

be interpreted in the context of the specific plant
material, chemical composition, test microorganisms,
and experimental conditions, rather than being directly
extrapolated to other essential oils.
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Table 4. Antibiofilm activity of Lamiaceae.

Species Preparation Target Microorganism  Minimum Biofilm Inhibition Concentration Ref.
Lavandula stoechas Ethyl acetate extract; UAE S. mutans 0.15 mg/mL [15]
Thymus fallax Essential oil; hydrodistillation  C. albicans 0.015 pL/m [17]

A complementary pattern was reported for the essential
oils of Thymus vulgaris and Lavandula angustifolia when
evaluated against E. faecalis and C. albicans [16]. T. vulgaris
EO showed a more pronounced response against C.
albicans than against E. faecalis. In contrast, L. angustifolia
EO displayed a more limited response in the disc-
diffusion assay (Table 3). These findings highlight the
importance of considering the assay endpoint when
interpreting antimicrobial activity. Although the response
differed between the two microorganisms, disc diffusion
results alone are insufficient to establish the absence of
activity under other experimental conditions. Therefore,
any MIC findings reported for lavender oil should be
interpreted alongside the corresponding assay results
rather than inferred from the inhibition-zone pattern.
Overall, these studies illustrate that the antimicrobial
response of an essential oil depends on the target
microorganism and the experimental method. This
precludes drawing general conclusions about the oil's
activity across different oral pathogens.

Collectively, these investigations reveal differences in the
antimicrobial reactions of Lamiaceae essential oils
against bacterial and fungal targets. However, since
inhibition-zone diameters and MIC or MBC/MFC values
represent different endpoints, directly comparing themis
not appropriate. Inhibition zones depend partly on the
diffusion of constituents through the test medium. In
contrast, MIC and MBC/MFC values assess growth
inhibition and microbial killing under dilution-assay
conditions. Differences in units, plant material,
distillation methods, chemical profiles, and test
microorganisms also limit direct comparisons across
studies. Accordingly, the results support a descriptive
assessment of each EO's activity against the tested
microorganisms rather than a general ranking of
Lamiaceae species' antimicrobial potency.

Antibiofilm findings provide complementary evidence
because the inhibition of microbial growth does not
necessarily indicate the inhibition of biofilm formation or
the disruption of an established biofilm. Biofilms are
organized microbial communities embedded in an
extracellular matrix that can limit the penetration of
antimicrobial compounds and reduce their effectiveness
[10]. Therefore, antibiofilm activity is an important
additional parameter when evaluating natural products
for oral applications. For example, ethyl acetate extract of
L. stoechas was reported to inhibit S. mutans biofilm

formation. The essential oil of T. fallax also demonstrated
biofilm-inhibitory activity against the microorganisms
(Table 4). These findings suggest that some Lamiaceae
preparations have been studied for their effects on more
than just planktonic cell growth. However, the results
should be interpreted according to the specific biofilm
model and endpoint used in each study because
inhibition of biofilm formation does not necessarily
indicate disruption of an established biofilm. Differences
in assay design also limit direct comparisons of
antibiofilm activity across preparations.

5. Relationship Between Chemical Composition and
Antimicrobial Activity Against Oral Pathogens

The relationship between the chemical composition of
Lamiaceae EOs and their antimicrobial activity against
oral pathogens must be interpreted carefully. The studies
included in this review examined chemical
characterization and biological activity via distinct
literature searches. Consequently, not all chemical
profiles could be directly associated with the reported
antimicrobial outcomes. Comparisons are more
informative when the same EO preparation is
characterized chemically and tested for antimicrobial
activity. Even in such cases, the co-occurrence of major
constituents and antimicrobial activity does not prove
that a specific compound is responsible for the observed
effect.

Some studies reported the chemical profiles and
antimicrobial activity of the investigated EOs. For
instance, studies on O. vulgare, S. officinalis, and M.
pulegium reported the chemical composition alongside
the antimicrobial findings [13]. Similarly, both chemical
characterization and antimicrobial testing were reported
for T. fallax [17]. Other studies reported both
antimicrobial testing and chemical characterization using
GC-MS, but were not characterized using Rl [16, 39].
These studies provide a basis for exploring potential
relationships between the chemical composition of the
preparations examined and their antimicrobial activity.
However, the presence of major constituents, such as
carvacrol or thymol, does not prove that these
compounds individually account for the observed
activity. This activity may reflect interactions among
multiple constituents and differences in the susceptibility
of target microorganisms.
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Comparisons  between  chemical profiles and
antimicrobial findings from separate studies were
treated as hypotheses for further investigation rather
than evidence of a direct association. Results may be
influenced by differences in geographical origin, plant
part, extraction procedure, chemical composition,
microbial strain, and antimicrobial assay conditions.
Although compounds such as carvacrol, thymol, 1,8-
cineole, linalool, and camphor have been discussed in
relation to potential antimicrobial mechanisms [40, 41],
their presence in a particular EO does not, by itself,
establish the mechanism or intensity of its activity against
oral pathogens [42].

The same caution applies to P. cablin, whose EO is
characterized by sesquiterpenes, including patchoulol
[33, 43]. While its chemical profile can be used to identify
compounds of interest, its antimicrobial activity against
oral pathogens must be established through biological
testing of the same preparation. The activity of P. cablin
should not be inferred solely from its chemical
composition or from comparisons with other Lamiaceae
species. More reliable relationships between chemical
composition and antimicrobial activity can be established
through studies that characterize and test the same
preparation under clearly reported experimental
conditions.

6. From Lamiaceae Antimicrobial Activity Against
Oral Pathogens to Pogostemon cablin

Pogostemon cablin (Blanco) Benth., an aromatic plant in
Lamiaceae family, is widely cultivated in tropical Asia,
including Indonesia, for the production of patchouli EO. It
is a perennial herb with aromatic leaves that serve as the
primary plant material for EO production. Patchouli EO is
obtained mainly by hydrodistillation or steam distillation
of the leaves, yielding an oil rich in volatile compounds.
The oil has a characteristic woody and earthy aroma,
making it an important raw material for the perfume,
cosmetic, and fragrance industries. The economic
importance of P. cablin is further enhanced by its
potential as a source of volatile compounds with
biological activity [19, 43-45].

The chemical profile of patchouli oil is mainly
characterized by sesquiterpenes, with patchoulol being
one of its major constituents and has been extensively
studied. P. cablin also contains various other
sesquiterpenes, including a-patchoulene, a-guaiene,
seychellene, B-patchoulene, B-caryophyllene, and their
derivatives. These compounds contribute to the chemical
and aromatic characteristic of oil. The composition can
vary according to the part of the plant, its geographical

origin, the cultivation conditions, the drying process,
fermentation, and distillation method. These factors
underscore the importance of systematically identifying
and quantifying patchouli oil constituents before
interpreting the relationships between composition and
biological activity [46, 47].

GC-MS is one of the main methods used to characterize
the volatile constituents of patchouli EO because it
provides chromatographic profiles and mass spectral
information for individual components. Compound
identification is strengthened by comparing mass spectra
with reference libraries and evaluating Rl values so that
the presence of a constituent is not determined by single
analytical parameter. This approach has been used to
identify various sesquiterpenes in P. cablin oil, including
patchoulol and other sesquiterpene hydrocarbons [33].
GC-MS and RI data also allow for the comparison of
patchouli oil profiles across studies despite differences in
material origin and analytical conditions. This s
important because the chemical composition of a
substance can influence its biological activity [27, 28].

Biological evidence indicates that the potential of P. cablin
extends beyond its activity against oral pathogens.
Patchouli EO has been reported to exhibit antibacterial
and antifungal activity against various microorganisms.
Some studies have shown differences in susceptibility
between Gram-positive and Gram-negative bacteria.
Patchoulol has also been reported to exhibit biological
activity, including antibacterial activity against various
bacterial strains. This indicates that the biological effects
of P. cablin cannot always be simply separated into whole-
oil activity and the contribution of individual constituents.
In addition to its antimicrobial and antibiofilm effects [48,
49], research has revealed aphrodisiac [45], anti-
inflammatory, antioxidant, analgesicc and other
pharmacological properties of the oil, extracts, and
compounds derived from P. cablin [50]. This range of
evidence suggests that the bioactivity of P. cablin is
multidimensional and must be carefully interpreted in
relation to the form of the preparation and the chemical
constituents investigated. The available evidence on
patchoulol relevant to oral health included direct
antimicrobial activity against oral pathogens and host-
modulating effects in an experimental periodontitis
model (Table 5).

Patchoulol has demonstrated antimicrobial activity
against oral health-associated microorganisms, including
C. albicans and S. mutans (Table 5). Patchoulol exhibited
an MIC and an MFC of 64 pg/mL against C. albicans,
indicating antifungal activity under in vitro test
conditions. Against S. mutans, a bacterium associated
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Table 5. Antimicrobial activities of patchoulol relevant to oral health.

Sample Microorganism/ Model Findings Parameters Assessed Type of Evidence Ref

Patchoulol  C. albicans ATCC10231 MIC 64 pg/mL MFC 64 pg/mL  Antifungal and antibiofilm In vitro, direct [49]
activities antifungal evidence

Patchoulol  S. mutans ATCC 25175 MIC 40 pg/mL Antibacterial, antibiofilm, In vitro, direct [51]

MBC 80 pg/mL

and anti-virulence activities  antibacterial evidence

Patchoulol  Experimental
periodontitis in rats

20 and 40 mg/kg/day,

administered by oral gavage

Alveolar bone loss, In vivo, host- [43]
periodontal inflammation modulating effects

with dental caries, patchoulol exhibited an MIC of 40
pg/mL and an MBC of 80 pg/mL. These findings suggest
potential antifungal and anticariogenic activity, although
further research is needed to establish its efficacy and
safety for oral applications.

In addition to its direct antimicrobial activity, patchoulol
was studied in an experimental rat model of periodontitis
at oral doses of 20 and 40 mg/kg/day. The study
evaluated alveolar bone loss, periodontal inflammation,
inflammatory mediators, and related signaling pathways.
This research provides evidence of potential host-
modulatory effects rather than direct inhibition of oral
pathogens (Table 5). Overall, the available evidence
suggests that patchoulol may be relevant to oral health
due to its antimicrobial activity and modulation of the
periodontal response. However, these effects were
studied using different experimental models and should
therefore be interpreted separately.

The available evidence on the antimicrobial activity of P.
cablin against oral pathogens remain limited compared
with  reports involving another microorganism.
Patchoulol has shown antifungal activity against C.
albicans and antibacterial activity against S. mutans, while
an experimental periodontitis model suggested potential
host-modulating effects (Table 5). However, these
findings do not establish equivalent activities for the
whole P. cablin EO or directly link its chemical profile to
activity against oral pathogens. Further studies should
integrate GC-MS and RI-based profiling with standardized
assays against defined oral pathogens to determine
whether the sesquiterpene-rich composition of P. cablin
EO, particularly its patchoulol content, is associated with
specific antimicrobial activity patterns.

7. Conclusions

Lamiaceae represents a potential source of natural
products with antibacterial, antifungal, and antibiofilm
activities against various oral pathogens, but biological
responses vary according to species, preparation,
chemical composition, and assay methodology. GC-MS
supported by RI can serve as a complementary approach
to strengthen characterization of volatile components
and facilitate the interpretation of chemical profiles.
Pogostemon cablin has a distinctive chemical profile

dominated by sesquiterpenes, particularly patchoulol. It
has demonstrated diverse biological activities, though
specific evidence against oral pathogens is limited.
Although patchoulol has shown antimicrobial activity
against certain oral pathogens, direct evidence linking the
chemical composition of P. cablin EO to its activity against
defined oral pathogens remains limited. Therefore, a
direct relationship between patchouli oil composition
and antimicrobial activity against oral pathogen cannot
be established based solely from the presence of
patchoulol as a major constituent. Integrating
standardized chemical profiling with targeted biological
assays is necessary to clarify the potential of P. cablin EO
for antimicrobial applications against oral pathogens.
These conclusions are interpreted within the scope of this
narrative review, which was based on open-access
articles published from 2021 to 2026 and obtained from
PubMed and ScienceDirect. Older publications were
reviewed separately to provide background or
methodological context. Therefore, these findings may
not reflect the full body of available evidence regarding
the Lamiaceae family and oral pathogens.
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