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ABSTRACT

Plant extracts and essential oils (EOs) are character-
ized by their antibacterial properties against various bac-
terial pathogens, including staphylococci. Some strains 
of these bacteria are resistant against the adverse effects 
of the environment including antibiotics, e. g. methicil-
lin-resistant Staphylococcus aureus (MRSA). EOs alone 
cannot substitute for antibiotics but their treatment 
may be useful to intensify and strengthen the effects of 
antibiotics on pathogenic staphylococci. In this work, 
we tested the antibacterial effects of the essential oils of 
Mentha species with menthol as one of the effective sub-
stances against different strains of S. aureus. Two in vitro 
methods were used, the qualitative disc diffusion assay 
and the quantitative minimal inhibitory concentration 
(MIC) of selected essential oils. Peppermint oil from 
Mentha piperita, spearmint oil from Mentha spicata 
var. crispa and cornmint oil from Mentha arvensis were 
tested in this study against the various strains of Staphy-
lococcus aureus, including methicillin resistant Staphylo-
coccus aureus (MRSA). The oils were dissolved in DMSO 
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(dimethyl sulfoxide) and diluted at the following ratios: 
1 : 1, 1 : 2, 1 : 5, and 1 : 10. Based on the results determined 
by the agar disc diffusion test, the highest antibacterial 
properties were observed in spearmint oil against S. au-
reus CCM 4223 at 1 : 2 ratio where the inhibition zone 
varied at a range of 35.67 ± 6.81 mm. We determined also 
the MIC of all the oils where concentrations of the oils 
were as follows: 1 %; 0.5 %; 0.25 %; 0.125 % and 0.0625 %. 
The lowest concentrations of essential oils that possessed 
inhibitory effects on the growth of S. aureus varied be-
tween 0.125 % and 0.25 %.
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INTRODUCTION

The essential oils (EOs) are a group of various natural 
chemicals which are characterized by their volatility and 
aroma. The term “essential oil” comes from the times of 
the Middle Ages. At this time, alchemists considered every 
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liquid floating on the water as an oil. After the invention of 
the distillation procedure, they thought that EOs are “the 
essence of life”.

The plants produce EOs for their protection against 
herbivores. EOs can concentrate in a specific plant organ 
or they pervade the whole plant (conifers). Naturally they 
are colourless. At room temperature the majority of EOs 
occurs in liquid form; some are solids (camphora). Mostly 
they have lower density than water, with the except of cin-
namon and clove oils. They dissolve in alcohol and fats. The 
main chemical compounds in EOs are terpenes-monoter-
penes (ocimene, limonene, linalool, α-pinene) and sesqui-
terpenes (β-caryophyllene). More complex terpenes have 
higher molecular weights and because of that, they cannot 
be distilled. Other chemical groups are alcohols (geraniol, 
menthol), aldehydes (cinnamaldehyde, vanillin), ketones 
(carvone), and phenols (eugenol, thymol, carvacrol) [12].

EOs have a wide range of applications. They can be used 
as antiflogistics, stomachics, carminatives, diuretics, seda-
tives, antimycotics, antivirotics, disinfectants, etc. One of 
the main benefit is also their antibacterial effects. EOs act 
by various mechanism on different bacterial structures. The 
structure of gram-positive bacteria facilitates the penetra-
tion of hydrophobic molecules into the cell and act on the 
bacterial wall, cytoplasmic membrane or cytoplasm. At low 
concentrations, they can react with enzymes responsible 
for producing energy, at higher concentration they can de-
naturate proteins. Because of the reduced proton gradient 
by influencing the transfer of H+, essential oils reduce the 
synthesis of adenosine triphosphate (ATP) and thus the in-
tracellular store of ATP. They can cause the degradation of 
bacterial cell walls, damage of cytoplasmic membranes and 
coagulation of the cytoplasm. By damaging the membrane 
proteins, they increase the permeability of the membrane 
and cause leakage of the cell contents [4]. In general, gram-
negative (G–) bacteria are more resistant against EOs in 
comparison to gram-positive (G+) because of the different 
composition of the bacterial cell walls [15]. G– bacteria have 
a thin layer of peptidoglycan and lipopolysaccharide layer 
(LPS) on their outer membrane that is lacking in gram-
positive bacteria. Small hydrophilic molecules can pen-
etrate through the porin proteins of G– bacteria. The porins 
are relatively resistant to hydrophobic molecules, but not 
completely. Some EOs, e. g. from basil, sage or oregano, act 
on E. coli, S. aureus, B. cereus and Salmonella spp. However, 
they are less effective against Pseudomonas spp. because it 

increases its resistency by producing exopolysaccharides 
and by creating biofilms [7]. 

Bacteria of the species Staphylococcus aureus are Gram-
positive, facultative anaerobic and non-motile cocci. They 
cause many diseases in humans and animals that can be 
local or even systemic. Staphylococci can be found on the 
skin, skin wounds or abrasions. The infection can be spread 
by hands or by secretion from the nose or mouth. Some 
S. aureus strains produce at least 11 enterotoxins designated 
SEA to SEJ. Toxin types A and D are most frequently impli-
cated in the outbreaks of food poisoning. These toxins are 
resistant to a temperature of 100 °C within 20 minutes. Bac-
teria are cold resistant, while heating over 60 °C will killing 
them [1]. An intoxication called staphyloccocal enterotoxi-
cosis results from contaminated food where the bacteria are 
spreading and producing the toxins. Pathogenic staphylo-
coccal strains can cause also pneumonia, post-operative in-
fections and nosocomial bacteremia [13]. Methicillin resis-
tant Staphylococcus aureus (MRSA) strains are dangerous, 
because infections caused by these strains cannot be treated 
with many antibiotics (ATB), as they are multiresistant. The 
resistance against ATB is caused by the overuse of ATB or 
inappropriate dosage. Furthermore, many MRSA strains 
produce biofilms. The biofilm is a product of the microbial 
population attached on the substrate or on to another. It is 
a polymeric substance that arises due to a changed bacterial 
fenotype related to its growth, gene expression and synthe-
sis of proteins. The production of biofilm is strictly regulat-
ed by genetic factors. Immune response against the biofilm 
infections is uneffective and leads to chronic diseases [2].

Some of the more popular methods used for testing 
antimicrobial activity of EOs is the disc diffusion method, 
the determination of minimum inhibitory concentration 
(MIC) and the vapour phase method. Additional methods 
are bioautography TLC method for testing the antimicro-
bial activity of individual components of EOs [3].

The purpose of this study was to investigate the antibac-
terial properties of three various species of the mint essen-
tial oils and menthol against Staphylococcus aureus strains 
using two in vitro methods.

MATERIALS AND METHODS

Bacterial strains
All together 4 strains of Staphylococcus aureus were 
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used in this study: S. aureus (clinical isolate from a dog 
wound), S. aureus CCM 4750 (MRSA) and 2 strains of 
S. aureus with the ability to produce biofilms (CCM 3953 
and CCM 4223). The strains with CCM numbers were ob-
tained from the Czech Collection of Microorganisms in 
Brno (Czechia).

Essential oils
Three different species of the mint essential oils and 

menthol were tested in this study. Mentha x piperita L. — 
peppermint oil (Calendula a.s., Nová Ľubovňa) with its 
mayor components L-menthol (40.7 %) and menthone 
(23.4 %). Mentha spicata L. var. crispa — spearmint oil (Ha-
nus s. r. o., Nitra) with its mayor components L-carvone 
(70 %) and limonene (10 %). Mentha arvensis L. — corn-
mint (Hanus s. r. o., Nitra) with its mayor components L-
menthol (28.8—34.7 %), menthone (16.3—1.1 %) and iso-
menthone (6.8—12.1 %). And finally, we used also a pure 
component, L-menthol (Galvex, s. r. o.). 

Growth conditions
Growth media: PYG broth (Pepton Yeast Extract Glu-

cose Broth) was used for overnight cultivation of the bacte-
rial strains. MHA (Mueller Hinton Agar, HiMedia, India) 
was used for the disc diffusion method and also for the 
MIC determinations.

The preparation of the overnight culture: 3 ml of PYG 
broth was inoculated with the various staphylococcal 
strains and incubated on a shaker at 37 °C for 18 h.

Determination of CFU (colony forming units): After 
incubation, the counts of bacteria in overnight culture were 
determined. The results for each strain are shown in Table 1. 

Disc diffusion method

Table 1. Number of CFU.ml–1 after 18 h incubation at 37 °C

Bacterial strain CFU.ml-1

Staphylococcus aureus — clinical dog isolate 3.32 × 1011

Staphylococcus aureus (MRSA) CCM 4750 3.16 × 1012

Staphylococcus aureus CCM 3953 3.31 × 1012

Staphylococcus aureus CCM 4223 9.4 × 1010

This method was used as qualitative method to deter-
mine the antimicrobial activity of selected essential oils. 
0.1 ml of overnight culture was spread onto the surface 

of MHA using a sterile bacteriological spreader. After the 
absorption of inoculum, we transferred the paper discs 
(6 mm, Becton, Dickinson and Company, USA) with ster-
ile needles onto the surface of the inoculated MHA agar 
and applied with a micropipette 10 μl of each EO in sev-
eral dillutions (1 : 1, 1 : 2, 1 : 5, 1 : 10) onto the paper discs. 
Pure concentrated DMSO (dimethyl sulfoxide) was used 
as a negative control and specific ATBs (oxacillin 5 μg/disc 
and  methicillin 5 μg/disc) were used as positive controls. 
The Petri dishes were incubated for 24 h at 37 °C. After 
the incubation time, the diameter of the inhibition zones 
(in mm) around the paper discs were measured. This in vi-
tro test was repeated in triplicate to get an average number 
with the standard deviation as a result.

Determination of MIC 
(Minimal Inhibitory Concentration)

Two-fold dilutions of EOs with concentrations of 1 %, 
0.5 %, 0.25 %, 0.125 % and 0.0625 % in MHA with 0.5 % 
Tween 20 (Sigma Aldrich, Germany) were prepared before 
starting the test. Two μl of overnight culture were inocu-
lated with a micropipette drop by drop onto the surface of 
MHA [11]. Medium without EOs was used as a negative 
control. The Petri dishes were incubated for 24 h at 37 °C. 
The experiments were carried out in triplicate. We deter-
mined the MIC as a minimal concentration of the EOs that 
suppressed the growth of bacteria on the agar dishes.

Statistics
The results obtained by the disc diffusion method are 

reported as an arithmetical average ± standard deviation 
in mm. We considered d > 6 mm as a positive result. The 
statistic software GraphPad Prism version 3 was used and 
the results were evaluated by one-way ANOVA and Tukey‘s 
test with ***P < 0.001 as a  significance level. The results 
obtained by the MIC method were evaluated only as pres-
ence/absence of growth of bacteria on the surface of the 
agar plate.

RESULTS AND DISCUSSION

Disc diffusion method
The evaluation of antibacterial activity of mint essential 

oils showed that they effectively inhibited the staphylococ-
cal strains, hovewer, with different sensitivities.
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Table 2. Clinical isolate Staphylococcus aureus, disc diffusion method (n = 3),
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin 
5 µg/disc

1 : 10 2.33 ± 4.04 7 ± 0 0 ± 0*** 7.5 ± 0 22

1 : 5 9 ± 0*** 9.33 ± 0.58*** 9.33 ± 0.58*** 15.67 ± 4.04 24

1 : 2 18.17 ± 1.26 15.33 ± 2.52 22.33 ± 2.31 20.5 ± 0.87 23

1 : 1 15.5 ± 0.87 16.67 ± 1.16 15 ± 2 15.17 ± 0.29 21

*** — significantly different from Oxacillin (P < 0.001)

Table 3. Methicillin resistant S. aureus (MRSA) CCM 4750, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin
5 µg/disc

1 : 10 0 ± 0 0 ± 0 0 ± 0 0 ± 0 22

1 : 5 5 ± 4.33 4.67 ± 4.04 0 ± 0 8 ± 0 24

1 : 2 10.67 ± 1.53 10.67 ± 2.02 11.33 ± 9.87 12 ± 1 23

1 : 1 11.5 ± 0.5 13.83 ± 3.62 9.33 ± 0.29 10.67 ± 0.29 21

Table 4. Staphylococcus aureus CCM 3953, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin 
5 µg/disc

1 : 10 0 ± 0*** 0 ± 0*** 0 ± 0*** 2.5 ± 4.33*** 15

1 : 5 7.67 ± 0.29*** 7.5 ± 0.5*** 6.5 ± 0*** 9.5 ± 1.32*** 18

1 : 2 17 ± 1 15.83 ± 2.02 15.33 ± 0.58 14.67 ± 1.61 19

1 : 1 12.33 ± 1.53 12.33 ± 1.44 10.83 ± 0.76 12.5 ± 0.5 14

*** — significantly different from Oxacillin (P < 0.001)

Table 5. Staphylococcus aureus CCM 4223, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Methicillin 
5 µg/disc

1 : 10 0 ± 0 a, b 0 ± 0 a, b 0 ± 0 a, b 7.83 ± 0.29 b 20

1 : 5 18 ± 2 10.67 ± 1.26 12.67 ± 1.53 14.33 ± 2.08 15

1 : 2 22.83 ± 0.76 17.67 ± 0.58 c 35.67 ± 6.81 a, b 18 ± 1 18

1 : 1 14.17 ± 0.76 15.5 ± 0.5 a 16.33 ± 0.58 a 12.33 ± 0.29 14

 a — significantly different from L-menthol; b — significantly different from Methicillin
c — significantly different from Mentha spicata (P < 0.001)
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The results of individual dilutions 1 : 1, 1 : 2, 1 : 5, 1 : 10 
are shown in Tables 2—5. The strongest effect was obtained 
with Mentha spicata var. crispa and the highest resistance 
was shown by the MRSA strain. It was interesting that al-
most in every experiment the concentration 1 : 1 exhibited 
lower efficiency in comparison to the concentration of 1 : 2. 
We used L-menthol which exhibited the major efficiency. 
L-menthol was used at the same volume as EOs. The best 
reflection of the effects of L-menthol would be the same 
volume as in the essential oils. But in some EOs, menthol 
did not represent the major part.

Significant differences were detected between Mentha 
spicata var. crispa and menthol and the positive control 
(***P < 0.001).

Determination of MIC
The concentrations which inhibited the growth of staph-

ylococci varied between 0.125 % and 0.25 %. The strongest 
effects against the MRSA was observed for M. spicata at the 
concentration of 0.125 %. M. arvensis was effective at the 
same concentration against both biofilm producing staphy-
lococcal strains (CCM 3953 and CCM 4223) (Table 6).

Table 6. Minimal inhibitory concentration (MIC) [mm]

S. aureus MRSA
CCM 4750

S. aureus
CCM 3953

S. aureus
CCM 4223

M. piperita 0.25 % 0.25 % 0.25 % 0.25 %

M. arvensis 0.25 % 0.25 % 0.125 % 0.125 %

M. spicata 0.25 % 0.125 % 0.25 % 0.25 %

*** — P < 0.001

The antibacterial activity of the essential oils is a topic 
for many investigations. We observed antibacterial activity 
of EOs for 3 different species of Mentha sp. gender and L-
menthol against 4 different strains of Staphylococcus aureus.

Using the disc diffusion method, we observed that the 
highest antibacterial effect was achieved mostly at the con-
centration of 1 : 2, not 1 : 1 as expected. EO from Mentha 
spicata var. crispa showed the strongest activity against the 
clinical isolate of S. aureus at a concentration of 1 : 2. On the 
other hand, the concentration of 1 : 1 was the strongest in 
the case of EO from M. arvensis. The biggest diameter of in-
hibition zones against MRSA were measured with EO from 
M. spicata at the concentration of 1 : 2 and at the concentra-
tion of 1 : 1 with EO from M. arvensis. We tested also 2 spe-

cies of staphylococcal strains producing biofilms. S. aureus 
CCM 3953 was inhibited by EO from M. piperita at the di-
lution of 1 : 2, S. aureus CCM 4223 by EO from M. spicata 
var. crispa at the same dilution. 

For MIC determination we exposed all 4 strains of 
S. aureus to 5 different concentrations of EOs: 1 %, 0.5 %, 
0.25 %, 0.125 % and 0.0625 %. The difference in the sensi-
tivity within staphylococci strains was not so noticeable in 
comparison to the disc diffusion method. The results varied 
between 0.125 % and 0.25 %. The biofilm producing staphy-
lococci CCM 3953 and CCM 4223 were the most sensitive 
to EO from Mentha arvensis. These results were affected 
by the emulgation of the EOs in agar. For better EOs ho-
mogenization, Tween 20 at 0.5 % concentration was used. 
It appears desirable to use different concentrations of an 
emulgator and to compare the results.

In another study it was found that EO from M. spicata 
var. crispa also affected S. aureus. The sizes of the inhibition 
zones in the disc diffusion method were 10 mm at S. aureus 
ATCC 6538 and 8 mm at S. aureus ATCC 25923 despite the 
application of double dose (20 μl) of 100 % EO in compari-
son to a dose 10 μl used in this study [10]. The reason for 
the different results may be caused by the different compo-
sition of EOs. S. aureus ATCC 6538 was inhibited at 0.1 % 
concentration compared to our 0.25 %. In another study, it 
was observed that Mentha piperita also had inhibitory ef-
fects on S. aureus (the strain was not specified) [9]. Using 
the disc diffusion method, the measured inhibition zone 
was 7.6 ± 0.57 mm at 1 : 10 concentration. No inhibition 
zone was observed in our study.

I m a i  et al. [6] confirmed the effectivity of all three spe-
cies of mint against a MRSA strain.

The results of the antimicrobial activity of essential oils 
can be influenced also by various extraction methods and ex-
tracts used for the determination.  P a r a  et al. [8] confirmed 
that among ethanol, methanol, ethyl acetate, chloroform, 
hexane and petroleum ether, the ethyl acetate leaf extract 
of Mentha piperita caused more pronounced inhibition of 
Staphylococcus aureus, Bacillus subtilis and Proteus vulgaris 
than chloroform, petroleum ether or hexane extracts.

The antibacterial activity of M. spicata was confirmed 
also in the study by  G o l e s t a n  et al. [5]. They observed 
that M. spicata EO had the highest inhibition activity 
against S. aureus and Clostridium perfringens.

Z a i d i  and  D a h i y a  [14] used the agar well difusion 
method for the determination of the antimicrobial activity 
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of EOs from Mentha spicata and Mentha piperita against 
11  bacterial and 4 fungal clinical isolates. They reported 
that both of the EOs showed the maximum activity against 
S. aureus, producing a maximum zone of inhibition of 
21 ± 0.09 mm with Mentha spicata and 19.2 ± 0.07 mm with 
Mentha piperita.

CONCLUSIONS 

This study tested the antibacterial activity of EOs from 
Mentha sp. and L-menthol by means of the disc diffusion 
method and the determination of MIC. All three EOs had 
various contents of menthol and exhibited different effects. 
In spearmint oil, the main ingredient was L-carvone and 
not menthol.

The disc diffusion method revealed the strongest effect 
of EO from Mentha spicata var. crispa and the highest re-
sistance of the MRSA strain. The EO from M. spicata var. 
crispa had the strongest effect against S. aureus CCM 4223. 
We noticed that almost in every experiment the 1 : 1 dilu-
tion exhibited lower efficiency than the 1 : 2 dilution. At the 
1 : 2 dilution, EO from Mentha spicata var. crispa exhibited 
stronger or similar effect as the oxacillin/methicillin that 
were used as positive controls. The effect of EO from Men-
tha piperita was stronger against S. aureus CCM 3953.

The values of MIC varied between 0.125 % and 0.25 %. 
The strongest effect against MRSA showed EO from M. spi-
cata var. crispa that inhibited the growth of bacteria even at 
0.125 % concentration. M. arvensis had the strongest effect 
on the biofilm forming staphylococci also at this low con-
centration (0.125 %).

The results from our study indicated that the mint es-
sential oils can be used as a potential source of natural an-
timicrobial compounds against staphylococcal infections.
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