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Abstract

Dental caries and periodontal disease are associated with oral patho-
gens. Several plant derivatives have been evaluated with respect to
their antimicrobial effects against such pathogenic microorganisms.
Lippia sidoides Cham (Verbenaceae), popularly known as “Alecrim-
pimenta” is a typical shrub commonly found in the Northeast of
Brazil. Many plant species belonging to the genus Lippia yield very
fragrant essential oils of potential economic value which are used by
the industry for the commercial production of perfumes, creams,
lotions, and deodorants. Since the leaves of L. sidoides are also
extensively used in popular medicine for the treatment of skin wounds
and cuts, the objective of the present study was to evaluate the
composition and antimicrobial activity of L. sidoides essential oil. The
essential oil was obtained by hydro-distillation and analyzed by GC-
MS. Twelve compounds were characterized, having as major con-
stituents thymol (56.7%) and carvacrol (16.7%). The antimicrobial
activity of the oil and the major components was tested against
cariogenic bacterial species of the genus Streptococcus as well as
Candida albicans using the broth dilution and disk diffusion assays.
The essential oil and its major components thymol and carvacrol
exhibited potent antimicrobial activity against the organisms tested
with minimum inhibitory concentrations ranging from 0.625 to 10.0
mg/mL. The most sensitive microorganisms were C. albicans and
Streptococcus mutans. The essential oil of L. sidoides and its major
components exert promising antimicrobial effects against oral patho-
gens and suggest its likely usefulness to combat oral microbial growth.

Correspondence
M.A. Botelho

Programa de Pós-Graduação em

Ciências Médicas

Faculdade de Medicina, UFC

R. Prof. Costa Mendes, 1608

4º andar

60430-170 Fortaleza, CE

Brasil

Fax: +55-85-3366-8056

E-mail: marcobotelho1@gmail.com

Research supported by CNPq (No.

820370/92-4) and by a grant to

M.A. Botelho (No. 08246) from

Fundação Cearense de Apoio ao

Desenvolvimento Científico e

Tecnológico (FUNCAP).

Received March 3, 2006

Accepted January 12, 2007

Key words
• Lippia sidoides
• Essential oil
• Antimicrobial activity
• Oral pathogens

Introduction

The early stage of dental caries is charac-
terized by a destruction of superficial dental
structures caused by acids which are by-

products of carbohydrate metabolism by cari-
ogenic bacteria (1). Candida albicans is found
in infections of the mouth, vagina, lungs, and
in skin lesions (2). It is by far the fungal
species most commonly isolated from in-
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fected root canals, showing resistance to intra-
canal medication (3). The ability to form a
biofilm and to invade dentinal tubules may
help to explain the association with cases of
persistent root canal infections (3-5).

Bacterial plaque accumulated on dental
surfaces and composed of native oral flora is
the primary etiologic agent of periodontal
disease and dental caries. Colonization of
teeth by cariogenic bacteria is one of the
most important risk factors in the develop-
ment of dental diseases with Streptococcus
mutans being the primary species associated
with the early dental caries process (1).

The prevalence and incidence of oral
diseases, coupled with the resultant social
and economic implications, has led to a con-
stant striving to produce safer substances for
the development of new natural antimicro-
bial agents (6,7). In fact there is an over-
whelming number of studies on the biologi-
cal activities of plants and their natural prod-
uct derivatives (8-10). Essential oils and their
derivatives are one such example (11-13).

In Brazil tooth decay and periodontal
disease are a major public health issue (14)
which, and according to latest WHO report
on dental disorders, affects about 60% of the
world adult population (15).

Natural products have been recently in-
vestigated more thoroughly as promising
agents for the prevention of oral diseases,
especially plaque-related diseases such as
dental caries (10,16). The increasing resis-
tance to available antimicrobials has attracted
the attention of the scientific community
regarding a search for new cost-effective
drugs of natural or synthetic origin (10,11).
Essential oils in general demonstrate antimi-
crobial activity against cariogenic microbes
(12) and fungal filaments as well (17). Some
studies have pointed out that plant-derived
essential oils may be an effective alternative
to overcome microbial resistance (12,13).

Lippia sidoides Cham (Verbenaceae),
popularly known as “Alecrim-pimenta”, is a
typical shrub commonly growing in the

Northeast of Brazil. This species produces
an essential oil rich in thymol and carvacrol,
which has a potent antimicrobial activity
against fungi and bacteria (6,18). This oil is
one of the substances widely used in Brazil-
ian traditional medicine, especially by poor
local communities in the Northeast of Brazil
for skin cuts, insect bites and sore throat (6).

Previous studies have described the lar-
vicidal property of L. sidoides essential oil
(LSEO) (19). Recently, quinones from LSEO
have been described to possess cytotoxic
activity (20). Popular and scientific evidence
also suggests that the essential oil may be
useful for oral hygiene and in the prevention
of dental disorders such as caries and gingi-
vitis (21). However, the in vitro activity of
the oil against pathogens related to caries
and aphthae has not been reported.

Any treatment that would eliminate or
substantially reduce colonization by cari-
ogenic bacteria would be likely to have a
strong impact on caries development (22,23).

The aim of the present study was to in-
vestigate the antibacterial and antifungal ac-
tivity of LSEO and its components thymol
and carvacrol against oral pathogens related
to caries (24) and to oral fungal infection
(2,5), since these organisms have now gained
more importance due to the increased inci-
dence of AIDS/HIV (25). In addition, we
studied the phytochemical composition of
the essential oil by gas chromatography-
mass spectrometry (GC-MS) analysis.

Material and Methods

Plant material

L. sidoides leaves were collected in Au-
gust 2004 in the Medicinal Plants Garden
Prof. Francisco José de Abreu Matos, Forta-
leza, CE, Brazil, with the authorization of
the Federal University of Ceará Ethics Com-
mittee (#551/04). Taxonomic identification
of the plants was performed by botanists of
the Prisco Bezerra Herbarium, Department
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of Biology, Federal University of Ceará,
where a voucher specimen has been depos-
ited (#25149).

Essential oil extraction and compounds
tested

Leaf essential oil was extracted by the
hydro-distillation technique using a modi-
fied Clevenger apparatus (26). After extrac-
tion, the volume of essential oil obtained in
both extractions was measured and the es-
sential oil stored in hermetically sealed glass
containers with rubber lids, covered with
aluminum foil to protect the contents from
light and kept under refrigeration at 8ºC until
used. Carvacrol (W224502) and thymol
(T0501) were purchased from Sigma-Al-
drich Chemical Co., St. Louis, MO, USA.

Gas chromatography-mass spectrometry
analysis

The chemical composition of the essen-
tial oil was determined at the Technological
Development Center (PADETEC) of the
Federal University of Ceará by GC-MS us-
ing a Hewlett-Packard 5971 GC/MS appara-
tus (Avondale, PA, USA) under the follow-
ing conditions: a 0.25 mm x 30 m polydi-
methylsiloxane DB-1 fused silica capillary
column, with a film thickness of 0.10 µm;
helium as the carrier gas helium (1 mL/min),
injector temperature of 250ºC, and detector
temperature of 200ºC. The column tempera-
ture ranged from 35 to 180oC/min, at 4oC V/
min, and then from 180 to 280ºC, at 20oC V/
min; mass spectra were obtained by elec-
tronic impact 70 eV. The constituents were
identified by a computer-based library search,
with retention indices and visual interpreta-
tion of the mass spectra (27).

Antimicrobial assay

Microbial strains. S. mutans ss-980 was
kindly donated by the Brazilian Microbiol-

ogy Institute (Federal University of Rio de
Janeiro, Rio de Janeiro, RJ, Brazil). C. albi-
cans ATCC 10239, donated by FIOCRUZ
(Reference Material Laboratory, São Paulo,
SP, Brazil), was also included in the study.
The other three cariogenic strains (Strepto-
coccus mitis, S. sanguis, and S. salivarius)
were clinically isolated by rubbing a sterile
cotton-tipped swab over the teeth, gums and
tongue of a group of patients at the Dental
Clinics of the Federal University of Ceará.
The swabs were then placed in a glass tube
containing 1 mL phosphate-buffered saline
solution. The tube was mixed thoroughly
using a vortex mixer and the bacterial sus-
pension was inoculated onto a range of se-
lective and non-selective culture media, and
then incubated microaerobically at 37oC for
2 days, with pure cultures being obtained.
Isolates were identified using biochemical
profiles and other standard microbiological
methods (28).

Antimicrobial screening by the disk dif-
fusion method. The antimicrobial activity of
LSEO, thymol and carvacrol against oral
pathogens was determined by standard disk
susceptibility tests (29) in the Department of
Clinical Analysis, Pharmacy College, Fede-
ral University of Ceará.

The clinically isolated bacterial and fun-
gal inoculum of each strain was obtained
from fresh colonies grown on Muller-Hinton
agar plates. Each strain was inoculated into 5
mL of Muller-Hinton broth in order to obtain
a concentration of 1.5 x 108 CFU/mL (0.5
Macfarland). The inoculum was then inocu-
lated into Muller-Hinton agar (Merck, Darm-
stadt, Germany) and Sabouraud agar (Merck),
with a sterile swab.

Sterile filter paper disks (Schleicher,
Schüll, Dassel, Germany, 6 mm in diameter)
were impregnated with 10 µL LSEO, thy-
mol and carvacrol diluted in DMSO at 2%
working concentrations (LSEO 435-6.79,
thymol 400-6.25, and carvacrol 400-6.25
mg/mL). The plates were incubated at 35ºC
for 18 h after standing at ambient tempera-
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ture (28ºC) for 30 min. After incubation, all
plates were examined for any growth inhibi-
tion zones. The diameters of the inhibition
zones were measured in millimeters using a
Fisher-Lilly Antibiotic Zone Reader (Fisher
Scientific Co., Union, NJ, USA). Clear inhi-
bition zones around the discs indicate the
presence of antimicrobial activity. All the
tests were performed in triplicate and the
mean values were calculated. DMSO at 2%
showed no inhibitions in preliminary studies
and therefore was used as negative control.
Vancomycin (3 mg/mL) and ketoconazole
(5 mg/mL) were used as reference antimi-
crobial compounds in order to control the
sensitivity of the bacteria and yeast strains,
respectively. The discs were obtained from
Oxoid (Hampshire, UK).

Determination of minimum inhibitory
concentration, minimum bactericidal
concentration, and minimum fungicidal
concentration

A broth dilution method was used to
determine the minimum inhibitory concen-
tration (MIC), minimum bactericidal con-
centration (MBC), and minimum fungicidal
concentration (MFC) (30). A serial doubling
dilution of LSEO (80-0.625 mg/mL), thy-
mol (10-0.078 mg/mL) and carvacrol (10-
0.078 mg/mL) was prepared. The BHI broth
(Merck) was supplemented with DMSO
(Merck) at a 2% concentration in order to
enhance sample solubility. Antimicrobial
assays were performed with different con-
centrations of LSEO, thymol and carvacrol.
The cultures with visible turbidity adjusted
to approximately 106 CFU/mL in BHI broth
were supplemented with different concen-
trations of the compounds tested and incu-
bated at 35ºC/24 h. To determine MBC/
MFC, 100 µL aliquots of inoculum were
removed aseptically from tubes that had not
presented visible turbidity used to determine
MIC values, and then plated onto agar by the
pour-plate method using Agar Plate Count
(Merck) and incubated for 24 h at 37ºC.
MBC/MFC is defined as the lowest concen-
tration of the essential oil at which 99.99%
or more of the initial inoculum was killed.
The number of surviving organisms was
determined by viability counts. All tests were
performed in triplicate.

Results

Chemical constituents

Analysis of the chemical composition of
the essential oil by GC-MS facilitated the
identification of oil components (Table 1).
The major compounds identified were thy-
mol (56.7%) and carvacrol (16.7%) (Figure
1). The other compounds were p-cymene
(7.1%), ß-myrcene (0.86%), α-terpinene

Table 1. Chemical composition of the essential oil
from Lippia sidoides.

Components Retention Concentration
time (min) (%)

Thymol 23.84 56.67%
Carvacrol 29.45 16.73%
p-Cymene 9.42 7.13%
Thymol methyl ether 9.61 5.06%
Aromadendrene 10.88 2.79%
1.8-Cineol 23.99 2.39%
γ-Elemene 7.99 2.28%
γ-Terpinene 19.75 1.42%
α-Terpinene 5.76 1.12%
ß-Myrcene 5.95 0.86%
α-Thujene 30.26 0.78%
Octen-3-ol 7.37 0.51%

Compounds listed in order of elution from a DB-1
column.

Figure 1. Chemical structures of
the major compounds of Lippia
sidoides essential oil tested. A)
thymol; B) carvacrol.
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(1.1%), and the oxygen-containing com-
pounds thymol methyl ether (5.06%) and
1,8-cineol (2.39%).

Antimicrobial activity

The antibacterial activity of the LSEO
and the phenolic compounds (thymol and
carvacrol) was initially evaluated by the disk
diffusion method using four strains of cari-
ogenic bacteria (S. mutans, S. sanguis, S.
salivarius, and S. mitis) and one yeast strain
(C. albicans). The three tested compounds
exhibited relatively strong antibacterial and
antifungal activity. The results obtained in
the disk diffusion assay regarding the growth
inhibition zones of the tested microbes are
shown in Table 2. The inhibition zones de-
termined by LSEO, thymol and carvacrol
were concentration dependent for all strains.

The inhibition zones for cariogenic bac-
teria ranged from 8.5 to 18.7 mm for LSEO,
7.7 to 16 mm for thymol, and 7.5 to 15 mm
for carvacrol. The inhibition zones for C.
albicans were 10.6 and 9 mm for thymol and
carvacrol, respectively. The LSEO was not
effective in inhibiting bacterial or fungal
growth at the same concentration of the phe-
nolic monoterpenes (which were four times
diluted in comparison to LSEO; Table 2).

The pure major components, thymol and

carvacrol, were more active, with MIC val-
ues ranging from 2.5 to 5.0 mg/mL, com-
pared to LSEO (MIC = 5-10 mg/mL), thus
showing a significant effect against cari-
ogenic bacteria.

Although the MICs and MBCs varied
between test organisms, in most cases the
MIC was close to the MBC, indicating a
good antibacterial action of the phenolic
monoterpene compounds.

Concerning the antifungal property
(against C. albicans), while the MFC value
for LSEO was 5 mg/mL, carvacrol showed a
value two times lower (2.5 mg/mL). The
lowest MBC value obtained with LSEO rep-
resents a significant antimicrobial activity,
similar to those of standard compounds such
as thymol and carvacrol. These results are
presented in Table 3.

The LSEO presented higher MBC values
against cariogenic bacteria (ranging from 20
to 40 mg/mL) when compared to thymol
(MBC = 10.0 mg/mL) and carvacrol (MBC
= 5.0 mg/mL; Table 4).

Discussion

Our data show that the essential oil tested
and its major phenolic compounds (thymol
and carvacrol) showed good antimicrobial
activity against the main group of cariogenic

Table 2. Antimicrobial activity of Lippia sidoides essential oil (LSEO), thymol and carvacrol determined by the
agar dish diffusion method (Ref. 29).

Sample (10 µL) Inhibition zone (mm)

Streptococcus Streptococcus Streptococcus Streptococcus Candida
mutans mitis salivarius sanguis albicans

LSEO (217.5 mg/mL) 18.7 10 8.5 12 34
Thymol (50 mg/mL) 7.8 15 7.7 16 10.6
Carvacrol (50 mg/mL) 8.0 13 7.5 15 9
Vancomycin (3 mg/mL) 20 17 22.7 16 -
Ketoconazole (5 mg/mL) - - - - 27.2
2% DMSO 0 0 0 0 0

Data are reported as mean inhibition growth zone (mm) for three replicates. Vancomycin and ketoconazole
were used as reference antimicrobial compounds and DMSO was used as negative control. Disk diameter =
6 mm. - = test not performed at this concentration; 0 = no growth inhibition.
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bacteria and C. albicans as well. In our
study, among the microorganisms related to
dental caries, S. mutans presented the high-
est sensitivity to the compounds tested. The
yeast C. albicans, frequently associated with
infections in HIV(+) patients, was the most
sensitive among all tested microorganisms.
It is interesting to report that the oil extracted
was collected at noon and therefore its chem-
ical composition showed an appreciable
amount of monoterpenes, a therapeutical
potential that should not be ignored.

Oral pathogens have been recently tested
for antimicrobial susceptibility to a number
of plant extracts and natural substances (7,8).
To the best of our knowledge, this is the first
report on antimicrobial activity of L. sidoides
essential oil against oral pathogens.

Several natural and synthetic agents in-
cluding chlorhexidine, cetyl pyridinium chlo-
ride and phenol derivatives have been used
in dentistry to inhibit bacterial growth. Nev-
ertheless, the dental community is still search-
ing for new therapeutic drugs to prevent or
treat dental plaque-related diseases (9,10).

Individuals heavily colonized by cari-
ogenic bacteria are considered to be at high
risk for dental caries. Hence, eradication of
these microorganisms is important for den-
tal treatment (31).

L. sidoides (Verbenaceae), popularly
known as “alecrim-pimenta”, grows virtu-
ally anywhere in Northeastern Brazil. This
plant has been historically used by indig-
enous people in the treatment of a variety of
human diseases of bacterial and fungal ori-
gin (6). However, few studies have been
conducted on its potential bioactive com-
pounds (18,21). Natural products, such as
LSEO, are receiving increased attention due
to their diverse range of biological proper-
ties, representing sources for the discovery
of novel bioactive compounds (19,20).

Due to its low cost, the use of LSEO in
the prevention and treatment of oral condi-
tions could be of benefit to low-socioeco-
nomic level urban and rural communities. A
mouth rinse formulation may also be advan-
tageous in regions where L. sidoides is a
culturally accepted plant (16).

Table 3. Antimicrobial activity against Candida albicans reported as minimum inhibitory concentration (MIC,
mg/mL) and minimum bactericidal concentration (MBC, mg/mL) of Lippia sidoides essential oil (LSEO),
thymol, carvacrol, and ketoconazole.

Microorganism LSEO Thymol Carvacrol Ketoconazole

MIC MBC MIC MBC MIC MBC MIC MBC

Candida albicans 2.5 5.0 0.625 5.0 1.25 2.5 0.0037 0.0075

Table 4. Antimicrobial activity against cariogenic bacteria reported as minimum inhibitory concentration (MIC,
mg/mL) and minimum bactericidal concentration (MBC, mg/mL) of Lippia sidoides essential oil (LSEO),
thymol, carvacrol, and vancomycin.

Microorganism  LSEO Thymol Carvacrol Vancomycin

MIC MBC MIC MBC MIC MBC MIC MBC

Streptococcus mutans 5.0 20.0 5.0 10.0 2.5 5.0 0.0023 0.018
Streptococcus mitis 10.0 40.0 5.0 10.0 2.5 5.0 0.037 0.075
Streptococcus sanguis 10.0 40.0 5.0 10.0 2.5 5.0 0.037 0.075
Streptococcus salivarius 10.0 40.0 5.0 10.0 2.5 5.0 0.037 0.075
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In previous studies, a mouth rinse pre-
pared with LSEO was able to reduce gingivi-
tis and plaque indexes in humans and dogs
with mild gingivitis (16,21). Within the limi-
tation of the present study, it was demon-
strated that LSEO, thymol and carvacrol are
effective in inhibiting the growth of oral patho-
gens, supporting the traditional use of this
plant in the treatment of oral infections (18).

The present results demonstrate that not
only the essential oil, but also its isolated
phenolic compounds (thymol and carvacrol)
inhibited all the oral pathogens tested with
different levels of activity. A recent study
has suggested an antagonism of the essential
oils with high percentages of p-cymene and
phenolic monoterpenes (thymol and carva-
crol), reducing the antimicrobial activity of
the essential oil (32). This may explain in
part the higher activity of thymol and car-
vacrol when evaluated separately. Our data
show that LSEO has a lower antibacterial
potential when compared to thymol and car-
vacrol, suggesting that the minor compo-
nents may contribute to an antagonistic ef-
fect on the activity of the essential oil.

There are two important differences be-
tween our study and those in which LSEO
was reported to be devoid of antimicrobial
activity (6,18). First, our study focused on a
comparative evaluation of the activity of
separate and combined compounds against
microorganisms related to caries and oral
infection, whereas the previous studies fo-

cused on essential oil activity alone or against
other microorganisms. Second, our study
provides a comparative evaluation of the
antibacterial and antifungal activity of the
tested compounds.

The preventive strategy against dental
disorders is based on an appropriate control
of the pathogens and LSEO seems to be
important for this preventive approach as a
natural compound for a novel mouth rinse
(21,16).

Our results suggest that LSEO, thymol
and carvacrol have antibacterial activity
against S. mutans, one of the most important
cariogenic bacteria which leads to deminer-
alization of dental enamel (1,11), and may
be useful for maintaining oral hygiene by
reducing bacterial growth. Nevertheless, fur-
ther studies are needed to identify and purify
other active LSEO ingredients for future use
in trials using toothpaste and mouth rinse
formulations. In addition, longer-term stud-
ies will be required to evaluate the useful-
ness of these substances.
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