
Antimicrobial resistance in bacteria raises
serious concern for the continued efficacy
of antimicrobial agents in medicine, agri-
culture, and industry (19). With the
increase in the prevalence of microbial
resistance to conventional antiseptics and
antibiotics, attention is now turning to the
use of natural antimicrobial compounds
(5). The escalating demand for new anti-
microbials has prompted several investi-
gations into the antimicrobial effects of
phytochemicals extracted from a range of
botanic origins, most of which have been
used traditionally for many years. Such
sources include Goldenseal (Hydrastis
canadensis) (13), Bakuchiol (Psoralea
corylifolia) (15), and garlic (Allium sati-
vum) (26). Essential oils, the fragrant
component of plants, are secondary
metabolites that contain substantial con-
centrations of isoprene compounds (5).

The antimicrobial properties of essential
oils have been known for many years and
have been used against a wide variety of
bacteria and fungi (14), including oral
pathogens (11, 29, 33). Essential oils have
been formulated into several over-the-
counter oral hygiene products and the
efficacy of the essential oil-containing
mouthrinse, Listerine� has been reported
since the 1890s (18).
Chlorhexidine is one of the most widely

used biocides in antiseptic products, in
both hand washing and oral products and
as a disinfectant and preservative (17).
Chlorhexidine is regarded as the ‘gold
standard’ antiplaque treatment and is par-
ticularly effective against gingivitis and
widely used as an adjunct treatment for
periodontitis (28). However, there are side-
effects to chlorhexidine treatment such as
an objectionable taste, tooth discoloration,

and desquamation and soreness of the oral
mucosa (28). Its activity is pH dependent
and is greatly reduced in the presence of
organic matter (17). Recent reports have
suggested that chlorhexidine was ineffec-
tive against dental caries in clinical trials
(7), and it has been implicated as the
potential cause of the selection and per-
sistence of bacteria with low level antibi-
otic resistance (17, 27).
Preliminary research in this laboratory

indicated that the oil extracted from
Leptospermum scoparium (manuka), a
native New Zealand gymnosperm (Myrta-
ceae), may have the ability to potentiate
the antimicrobial effects of essential oils,
including thymol. The aim of this study
was first to assess the antimicrobial effects
of a range of essential oils and a mouth-
rinse containing essential oils (Cool Mint
Listerine�) against two important
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cariogenic bacteria, Lactobacillus planta-
rum and Streptococcus mutans, in partic-
ular against their biofilm growth. Secondly,
we sought to evaluate the effect of com-
bining these essential oils and mouthrinse
with chlorhexidine with a view to reducing
the concentration of chlorhexidine neces-
sary to achieve a particular level of growth
inhibition against these bacteria.

Material and methods

Bacterial strains and growth conditions

L. plantarum SA-1 and S. mutans ATCC
25175 were grown in TSBYK medium
containing (per liter): 15 g tryptic soy
broth (Beckton, Dickinson and Co.,
Sparks, MD); 18.5 g brain heart infusion
(Difco; Detroit, MI); 10 g yeast extract
(Difco) and 5 mg hemin (Sigma Chemical
Co., St. Louis, MO) autoclaved and sup-
plemented with Vitamin K (4 lg/ml final
concentration) (34). All cultures of
L. plantarum were incubated aerobically.
S. mutans in a 10% CO2 in air atmosphere
at 35�C. L. plantarum was kindly supplied
by Dr. S. Socranksy and Dr. A. Haffajee
from the Forsyth Institute, Boston, MA.

Essential oils

The essential oils (essential oils) were
chosen based on documented and/or anec-
dotal antimicrobial effects. The Leptosper-
mum morrisonii oil and the East Cape
manuka oil (L. scoparium) were provided
by Dr. John van Klink (New Zealand
Institute for Crop and Food Research, Ltd,
Dunedin, New Zealand) and the latter oil
was originally sourced from Tairawhiti
Pharmaceuticals (Te Araroa, New Zealand)
(8). Unless stated, the other essential oils
were sourced from Aromatic and Herbal
Oils Ltd. (Sydney, Australia). The density
of cinnamon, tea-tree, manuka, L. morriso-
nii, arnica, eucalyptus, and grapefruit oils
was calculated by weighing 50 ll of oil at
room temperature (20�C) and prepared as
40 mg/ml stock solutions in 2% twice-
filter sterilized ethanol (0.22 lm Minisart
filter, Sartorius Goettingen, Germany) the
highest ethanol concentration used in the
assay was 0.5%, which did not affect
bacterial growth. The essential oil-contain-
ing mouthrinse, Cool Mint Listerine�

(Listerine�), and two of its essential oil
components, thymol and menthol (Sigma
Chemical Co.) were also evaluated for
antimicrobial activity. Thymol and men-
thol are present in Listerine� at concen-
trations of 0.64 and 0.42 mg/ml,
respectively, and were prepared as tinc-
tures in 2% twice-filter sterilized ethanol.

Chlorhexidine digluconate (chlorhexidine;
Sigma Chemical Co.) was prepared as a
40 lg/ml stock solution in twice-filter
sterilized water. All experiments were
independently repeated a minimum of
three times and duplicate samples were
performed for each test concentration. The
mean data are presented and where appro-
priate ± SE given. The amount of chlorh-
exidine in the essential oil–chlorhexidine
combinations was analyzed for signifi-
cance using a two-sample t-test at 95%
confidence interval with SPSS (v12.0.1 for
Windows, SPSS Inc., Chicago, IL).

Antimicrobial determination of essential

oils alone or in combination with

chlorhexidine against planktonic and

biofilm cultures

Inhibition of planktonic growth was deter-
mined using a microdilution assay in
sterile 96-well microtiter plates (Sarstedt,
Sarstedt Australia Pty Ltd, Ingle Farm,
Australia) (25). The essential oils cinna-
mon, manuka, L. morrisonii, tea-tree,
arnica, eucalyptus, and grapefruit were
tested at concentrations ranging from
10 mg/ml to 0.25 mg/ml; Cool Mint Lis-
terine� at concentrations ranging from
50% to 1.5%, and the essential oil com-
ponents thymol at 0.64–0.01 mg/ml, and
menthol at 0.42–0.006 mg/ml. Chlorhexi-
dine was tested at concentrations ranging
from 10 lg/ml to 0.25 lg/ml. Each well
contained 100 ll twofold serially diluted
test agent, and in the combination assays
50 ll of essential oil and 50 ll chlorhex-
idine, 100 ll double strength TSBYK
growth medium and 20 ll of an overnight
culture of either L. plantarum or S.
mutans, representing approximately
5 · 107 CFU/ml. The controls comprised
inoculated growth medium without test
agents, and sample blanks in growth
medium only. Planktonic growth was esti-
mated spectrophotometrically (A595 nm)
after 24 and 48 h using a microtiter plate
reader (Benchmark, Bio-Rad, Hercules,
CA). The plates were shaken in the plate
reader for 30 s prior to each reading. The
MIC was defined as the minimum concen-
tration of test agent limiting turbidity to
< 0.06 A595 nm, which represented com-
plete growth inhibition or at least growth
inhibition > 70% compared to growth of
the untreated cultures. To assess the pres-
ence of a biofilm formed during planktonic
growth and inhibition of its formation, the
supernatant was gently aspirated and the
remaining bacteria adhered to the base of
microtiter plate were viewed after staining
with 1% alkaline methylene blue (25).

To measure inhibition of biofilm growth,
preformed biofilms of each of the test
bacteria were established in 96-well
microtiter plates by inoculating 20 ll of
overnight cultures in each of the wells,
except the agent control wells, containing
fresh 200 ll TSBYK growth medium and
incubated for 24 h under the appropriate
atmospheric conditions. The plate was
shaken, as above, to remove loosely
attached cells and the supernatant removed
by gentle aspiration (25). The essential oils
cinnamon, manuka, L. morrisonii, tea-tree,
arnica, eucalyptus, and grapefruit were
tested at concentrations of 20–0.25
mg/ml; Cool Mint Listerine� at concentra-
tions of 1.5–50%, the essential oil compo-
nents thymol at 0.04 )1.28 mg/ml, and
menthol at 0.03–0.84 mg/ml. Chlorhexi-
dine was tested at concentrations ranging
from 20 lg/ml to 0.6 lg/ml. The test agents
(100 ll final volume) that were serially
diluted twofold prior to addition to the
wells, and fresh double strength TSBYK
(100 ll) were added. Measurements of
biofilm growth were taken 24 h and 48 h
after aspirating the supernatant and prepar-
ing biofilm cell suspensions by adding
200 ll of 1 m NaOH, mixing by repeated
plunging motion of the pipette (25). The
biofilm suspension was then vigorously
shaken in themicrotiter plate reader for 90 s
prior to reading (A595 nm). The biofilm
MIC was defined as the minimum concen-
tration of test agent that inhibited further
growth of the initial biofilm.
To assess whether the action of cinna-

mon, manuka oils, and chlorhexidine,
separately and in combination, was bac-
teriostatic or bactericidal to biofilms,
20 ll of biofilm culture resuspended in
200 ll sterile water was taken from
concentrations equal to or higher than
MIC and streaked on TSBYK agar plates
supplemented with 5% defibrinated sheep
blood (Invitrogen New Zealand Ltd,
Auckland, New Zealand) and incubated
under the appropriate conditions for 48 h.
Growth at concentrations higher than or
equal to the MIC indicated bacteriostatic
action and no growth indicated bacteri-
cidal action.
Within the limits of a twofold dilution

scheme a Fractional Inhibition Concentra-
tion index (FIC) was estimated for both the
planktonic and biofilm cultures for each
combination to determine the effect of the
combinations (35). Synergy was defined as
an FIC index of 0.5. Nonantagonistic
interactions were defined as an FIC index
of > 0.5 but < 4. Antagonistic interactions
were defined as an FIC index of > 4 (35).
The FIC index was calculated by the

222 Filoche et al.



following: (MIC essential oilcombination/
MIC essential oilalone) + (MIC chlorhexi-
dinecombination/MIC chlorhexidinealone)
where MIC represents either the planktonic
or the biofilm MIC.

Results

Growth inhibitory effects of the essential

oils, Listerine�, and chlorhexidine

The degree of growth inhibition exhibited
by the essential oils, Listerine�, and
chlorhexidine, as measured by a twofold
microdilution assay, depended on species
and growth mode (Tables 1 and 2). The
planktonic cultures of both S. mutans and
L. plantarum were more susceptible to all
the agents tested individually than the
biofilm cultures by at least twofold
(Tables 1 and 2).
Cinnamon oil demonstrated greatest

antimicrobial potency against both plank-
tonic and biofilm growth. The other
essential oils – manuka, L. morrisonii,
tea-tree, and thymol – showed antimicro-
bial activity but to a lesser extent against
biofilm growth (Tables 1 and 2). Biofilm
formation during planktonic growth of
S. mutans and L. plantarum, evaluated
with MB staining, was prevented in the
presence of these oils at the MICs. The
other essential oils did not demonstrate
antimicrobial effects at test concentrations.
At half-strength concentrations, Listerine�

was ineffective in inhibiting the biofilm
growth of either S. mutans or L. plantarum
more than 50%, although growth inhibi-
tion against the planktonic cultures was
� 70% against L. plantarum and � 80%
against S. mutans.

With S. mutans, the amount of chlorh-
exidine required to achieve the same or a
greater level of growth inhibition as
chlorhexidine used alone was reduced in
combination with the essential oils cinna-
mon and L. morrisonii (P < 0.05) and
Listerine�, particularly against the biofilm
cultures. A nonantagonistic antimicrobial
effect was observed with the chlorhexidine
and cinnamon oil combination against
both the planktonic (FIC 0.75) and biofilm
(FIC 0.62 ± 0.05) cultures (Tables 1 and
2). At the biofilm MIC, chlorhexidine was
bacteriostatic only against S. mutans bio-
film cultures. Cinnamon was bactericidal
alone and in combination with chlorhexi-
dine, with the same activity (Tables 1 and
2). An apparent nonantagonistic antimi-
crobial effect was observed with chlorh-
exidine and manuka oil against both the
biofilm (FIC 0.62 ± 0.3) and planktonic
(FIC 1.25) cultures of S. mutans. However,
manuka alone and in combination with
chlorhexidine, even though bactericidal
alone and in combination with chlorhexi-
dine, yielded � 45% growth inhibition
against the biofilm cultures (Table 2).
The activity of L. morrisonii was greater
than manuka oil and a nonantagonistic
effect was achieved in combination with
chlorhexidine against the biofilm culture
only (FIC 0.68; Table 2). A nonantagonis-
tic antimicrobial effect was observed with
chlorhexidine and Listerine� against the
biofilm cultures of S. mutans (FIC
0.58 ± 0.07) and against the planktonic
cultures (FIC 2.25).
With L. plantarum, the amount of

chlorhexidine required to achieve the same
or a greater level of growth inhibition as

chlorhexidine used alone was reduced by
combination with the essential oils cinna-
mon and L. morrisonii and thymol, and by
Listerine� (P < 0.05), particularly against
the biofilm cultures (Tables 1 and 2). A
nonantagonistic antimicrobial effect was
observed with chlorhexidine and cinna-
mon oil against the planktonic (FIC 0.75)
and biofilm (FIC 0.63 ± 0.05) cultures
(Tables 1 and 2). Both cinnamon and
chlorhexidine, alone and in combination,
were bactericidal against the biofilm
cultures of L. plantarum (Table 2). An
apparent synergistic antimicrobial and
bactericidal effect was observed between
chlorhexidine and manuka oil (FIC
0.29 ± 0.04) against the biofilm cultures
of L. plantarum. This interaction was
nonantagonistic against the planktonic
cultures (FIC 1.25). Again, manuka alone
and in combination with chlorhexidine,
though bactericidal, yielded only � 40%
growth inhibition against the biofilm cul-
tures (Table 2). The combination of
L. morrisonii oil and chlorhexidine (FIC
0.5), and Listerine� and chlorhexidine
(FIC 0.5), and thymol and chlorhexidine
(FIC 0.53 ± 0.03) yielded nonantagonistic
antimicrobial effects against the biofilm
cultures of L. plantarum (Table 2).

Discussion

Under the conditions described, this study
has shown that the essential oils, cinnamon
and L. morrisonii, in particular, and to
lesser extent manuka, tea-tree oils, and
thymol exhibited growth inhibitory effects
against two important cariogenic bacteria,
S. mutans and L. plantarum. They inhib-
ited biofilm formation during planktonic
growth and inhibited growth of preformed
biofilms.
Combining chlorhexidine with essential

oils, in particular with cinnamon, L. mor-
risonii, and Listerine�, and manuka oil at a
lower level of inhibition, resulted in a
substantial reduction in the amount of
chlorhexidine required to achieve the same
level of growth inhibition compared to
chlorhexidine used alone. The increased
antimicrobial activity of the essential oil–
chlorhexidine combination was most
apparent against biofilm cultures and
L. plantarum. The combination of cinna-
mon and chlorhexidine resulted in at least
a 10-fold reduction in chlorhexidine con-
centration needed for equivalent inhibition
of both biofilm cultures of S. mutans and
L. plantarum. Although manuka oil dem-
onstrated a lower level of growth inhibi-
tion, � 45% against the biofilm cultures, a
potential for synergistic interactive effects

Table 1. The inhibitory concentrations of essential oils (EO), Cool Mint Listerine� alone and in
combination with chlorhexidine digluconate (CHX) against planktonic cultures of S. mutans and
L. plantarum

Test agent (unit)

S. mutans L. plantarum

MIC alone

MIC
combination

MIC alone

MIC
combination

EO CHX EO CHX

Chlorhexidine (lg/ml) 2.5 – – 2.5 – –
Cinnamon oil (mg/ml) 1.25 0.62 0.62* 1.25 0.62 0.62*
Manuka oil (mg/ml) 0.62 0.62 0.62* 1.25 1.25 1.25
L. morrisonii oil (mg/ml) 0.62 1.25 1.25 1.25 1.25 1.25
Tea-tree oil (mg/ml) 10 2.5 2.5 10 2.5 2.5
Arnica oil (mg/ml) > 10 2.5 12.5 > 10 2.5 2.5
Eucalyptus oil (mg/ml) > 10 2.5 12.5 > 10 2.5 12.5
Grapefruit oil (mg/ml) > 10 2.5 2.5 > 10 2.5 12.5
Listerine� (%) 50 12.5 5 12.5 6.25 2.5
Thymol (mg/ml) 0.64 0.16 2.5 0.64 0.16 2.5
Menthol (mg/ml) > 0.42 2.5 2.5 > 0.42 0.1 2.5

The values represent data obtained from three independent assays after 48 h incubation and where
appropriate the mean ± SE is given.
* Indicates a reduction in the amount of chlorhexidine required to achieve the same or greater level of
growth inhibition compared to chlorhexidine used alone (P < 0.05).
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with chlorhexidine was demonstrated. An
eightfold reduction in the chlorhexidine
concentration was observed when manuka
oil was combined with chlorhexidine.
Although growth inhibition was lower
than with chlorhexidine alone (50–60%),
it yielded the benefit of increased bacteri-
cidal effects, since chlorhexidine at the test
concentrations was not bactericidal against
biofilm cultures of S. mutans. Chlorhexi-
dine activity in vivo is reported as
bacteriostatic (2), and an essential oil–
chlorhexidine combination may prove
more beneficial in terms of its bactericidal
activity.
There have been no reports describing

the antimicrobial effects of combining the
essential oils cinnamon or manuka oils
with chlorhexidine or Listerine� with
chlorhexidine. A combination of thymol
(a component of Cool Mint Listerine�)
with chlorhexidine has been developed as a
commercially available varnish, Cervitec�

(Vivadent, Schaan, Liechtenstein), which
contains 1% w/w chlorhexidine diacetate
and 1% w/w thymol. It has been suggested
that Cervitec� is specifically active against
S. mutans and has demonstrated varying
degrees of success at treating caries in vivo
(1, 12). The results presented here indicate
that L. plantarum is more sensitive to the
thymol–chlorhexidine combination than is
S. mutans.
The antimicrobial effects of cinnamon

oil have been demonstrated against import-
ant food-borne pathogens including
Escherichia coli, Staphylococcus aureus,
and Salmonella enteritidis, with inhibition
concentrations of 30–50 lg/ml against
planktonic cultures (32). The antibacterial
activity of cinnamon has been attributed to
the presence of � 65–75% cinnamalde-

hyde (22, 23). It has been reported recently
that cinnamaldehyde is bactericidal to
Listeria monocytogenes but, in contrast to
our findings with L. plantarum, not inhib-
itory to Lactobacillus sakei (10). However,
little is known about its antibacterial
properties against oral bacteria. The use
of honey, in particular L. scoparium
(manuka), to treat recalcitrant burns and
wounds has been documented (4, 20), and
its success attributed to the triketone
phytochemical components (24). It has
been proposed that manuka honey may be
effective in the treatment of gingivitis and
periodontal disease (9, 21). Preliminary
research from our laboratory has indicated
that manuka honey demonstrated a spe-
cies-specific antimicrobial effect against
Candida albicans in dental plaque micro-
cosms (31). Manuka oil has been used for
respiratory ailments and its activity linked
to the presence of terpenoid compounds,
such as a-terpineol and cineole (3, 8).
Manuka oil has exhibited in vitro antimi-
crobial effects against selected oral patho-
gens (33), although the inhibitory
concentration against planktonic cultures
of Streptococcus mutans JC2 was higher
(2.5 mg/ml) than that reported in this study
(0.62 mg/ml). This may be linked to
growth conditions, strain variation, and
the source of the essential oil (8).
As yet, there is a limited number of

studies describing the mode of action of
many essential oils. Although current
in vitro data suggests that there is a role
for essential oils in treating infections,
their efficacy and toxicity need to be
evaluated first (16). All of the essential
oils used in this study have been incorpor-
ated into a range of over-the-counter
remedies and for well known essential oils

such tea-tree (Melaleuca alternifolia) there
are reports describing its mode of action
(6, 30), and antibacterial activity against
select oral pathogens (33). In this study,
the inhibitory concentration of tea-tree oil
(10 mg/ml) was comparable to activity
reported against S. mutans and Lactoba-
cillus sp. isolated from the human oral
cavity (11) and planktonic cultures of
S. mutans JC2 (33). The antibacterial
properties of tea-tree oil (Melaleuca
alternifolia) have been attributed to the
monoterpenoid, terpinen-4-ol, and since
monoterpenoids are lipophilic, it is thought
to diffuse into and damage cell membrane
structures, causing increased fluidity or
disordering membrane structure and inhi-
bition of membrane-bound enzymes (30).
The principle target of chlorhexidine is the
bacterial cytoplasmic membrane, which
results in the loss of structural organization
and integrity, and coagulation and precipi-
tation of cytoplasmic constituents usually
occurs (17). The possible interactive
effects observed in this study between the
essential oils and chlorhexidine may be
linked to the antibacterial activity of each
being targeted at cell membranes. Identi-
fying the active components of the essen-
tial oils and generating structural analogs
may further exploit such activity.
An anticaries product that contained less

chlorhexidine but still achieved the same
level of antimicrobial potency would be
highly desirable. Lowering the effective
dose of chlorhexidine with the addition of
essential oils may prolong its clinical
efficacy and reduce its associated side-
effects. This study has indicated a potential
role of essential oils in the development of
novel anticaries treatments, either alone or
in combination with chlorhexidine, and

Table 2. The inhibitory concentrations of essential oils (EO), Cool Mint Listerine� and chlorhexidine digluconate (CHX) against biofilm cultures of
S. mutans and L. plantarum

Test agent (unit)

S. mutans L. plantarum

MIC alone

MIC combination

MIC alone

MIC combination

EO CHX EO CHX

Chlorhexidine (lg/ml) 13.3 ± 2.8 – – 16.7 ± 2.9 [20] – –
Cinnamon oil (mg/ml) 2.1 ± 0.4 1.0 ± 0.2 [2.5] 1.0 ± 0.2* [2.5] 2.5 1.25 [2.5] 1.25* [2.5]
Manuka oil (mg/ml) 4.2 ± 0.7 1.6 ± 0.4 [1.25] 1.6 ± 0.4 [1.25] 20 [20] 3.3 ± 0.7 [5] 3.3 ± 0.7* [5]
L. morrisonii oil (mg/ml) 5 2.5 2.5* 20 3.3 ± 0.7 3.3 ± 0.7*
Tea-tree oil (mg/ml) > 20 10 10 > 20 10 10
Arnica oil (mg/ml) > 20 10 10 > 20 10 10
Eucalyptus oil (mg/ml) > 20 10 10 > 20 10 10
Grapefruit oil (mg/ml) > 20 10 10 > 10 10 10
Listerine� (%) 50 12.5 5 50 12.5 5*
Thymol (mg/ml) 1.28 0.64 10 1.28 0.3 ± 0.05 4.2 ± 0.7*
Menthol (mg/ml) > 0.84 10 10 > 0.84 10 10

The values represent data obtained from three independent assays after 48 h incubation and where appropriate the mean ± SE is given.
*Indicates a reduction in the amount of chlorhexidine required to achieve the same or a greater level of growth inhibition compared to chlorhexidine used
alone (P < 0.05). Values in parentheses represent the bactericidal concentration. Chlorhexidine alone was bacteriostatic only against biofilm cultures of
S. mutans.
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warrants further investigation. Although
the main focus of this study was to assess
the antimicrobial effects of essential oils in
combination with chlorhexidine against
oral pathogens, there may be a role for
essential oil–chlorhexidine combinations
in inhibiting nonoral microbes, especially
given the widespread use of chlorhexidine
and the increasing appeal of natural anti-
microbials.
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