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Abstract
Avrticle Type: Background and objectives: Microbial resistance to antibiotics is one of the most
Original Article common problems in the health care system. Therefore, many efforts have been
Article History: performed to find new compounds as antimicrobial compounds. This study carried out to
Received: 10 May 2019 investigate the in-vitro antibacterial effect of methanolic extract of peppermint on
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Accepted: 10 Sep 2019 aeruginosa strains.

Methods: In this experimental laboratory study, after collecting and performing
*Correspondence: pharmacognosy evaluations, methanolic extract of the peppermint plant was prepared
Abolfazl Jafari-Sales, and its antimicropial effects on several bz.mteria were de.te.rmined- at -cgncentrations of.20
Department of to 400 mg/ml using the agar well diffusion method, minimum inhibitory concentration

(MIC), minimum bactericidal concentration (MBC) methods. The test was repeated five
times for each bacterium and the collected data were analyzed using SPSS software.
Results: The methanolic extract of peppermint had antimicrobial effects against standard
strains of Staphylococcus aureus, Bacillus cereus, Escherichia coli and Pseudomonas
aeruginosa. The highest effect was observed in S. aureus and the least in P. aeruginosa.
MIC and MBC of methanol extract on S. aureus, B. cereus, E. coli, and P. aeruginosa
were 6.5-15.5, 15.5-25, 50-100, and 100-200 mg/ml, respectively.

Conclusion: The results of this study showed that peppermint extract can be considered
as an antibacterial medicinal herb and that if the concentration of the extract increases, its
antibacterial properties will also increase. Thus, it can be used as an alternative to the
usual chemical drugs in the treatment of infections after evaluating their effects in vitro.
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Introduction

The resistance of microorganisms to
antibiotics raises problems that have become
one of the major concerns of human society
and the health care system (1). With the
emergence of antibiotic-resistant, the efficacy
of existing drugs has decreased and this has
increasingly enhanced the failure of
antimicrobial therapies (2). Besides, the
widespread use of industrial-origin drugs as
well as improper use of these drugs can cause
many side effects, sometimes resulting in
more serious toxic effects than the disease
itself (3). One way to prevent the emergence
of antibiotic resistance is to use compounds
that work similar to antimicrobial drugs but
differ from existing industrial sources (4,5).
In fact, due to the increasing incidence of
antibiotic resistance, there is a pressing need
for new antibacterial drugs, and of the
potential sources, such as plants (6). The use
of medicinal herbs has been one of the earliest
human achievements to treat most diseases in
different countries, because the plants make
compounds that are related to the
antimicrobial properties, including alkaloids,
flavonoids, isoflavonoids, tannins, glycosides,
and phenolic compounds. In other words,
secondary metabolites in plants have
antimicrobial properties (7). Mentha includes
more than 25 species, but the most common
species used is Mentha piperita Lamiaceae
(Peppermint). It is one of the most popular
aromatic plants, which have traditionally been
used in folk medicine. Peppermint is a
combination of blue mint and ornamental or
spicy mint (8). It has dark green and fragrant
leaves and grows 60 to 90 cm. Peppermint is
a perennial herbaceous plant whose leaves,
are elliptic, transverse, serrate, slightly
lanceolate, 4-7cm long and 2-3 cm wide.
Peppermint has high menthol content and its
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oil also contains menthone and carboxyl
esters. For this reason, it seems that it can
have antimicrobial properties (9). Today, in
different countries of the world, more than
one thousand tons of oils are produced from
this plant, which shows its importance in
different parts of the world. Much research
has been done on the medicinal properties of
peppermint (10). Hence, the objective of this
study was to assess the antimicrobial
properties of Mentha piperita Lamiaceae on
standard bacteria, including S. aureus, B.
cereus, E. coli and P. aeruginosa in vitro.

Materials and Methods
Preparation of the peppermint plant

Plant samples were collected from natural
areas around Tabriz city, lIran. After
collection and transfer, the samples were
cleaned and dried in a large, well-ventilated
area away from sunlight. First, the samples
were completely dried, aerial organs such as
stems were wounded, and leaves attached to
roots were removed, then they were prepared
for grinding.

Extraction of methanol extract

Soxhlet method was used for extraction so
that 60 g of dried plant powder with 300 ml of
methanol as solvent was placed in Soxhlet
extractor for 8 hours. The solvent evaporated
slowly and was concentrated by using a rotary
apparatus at 40° C. Next, 5% Dimethyl
sulfoxide (DMSQO) was used to prepare the
extracts. The concentrations of the extracts
were 20, 30, 50, and 400 mg/ml for using in
Minimum Inhibitory Concentration (MIC)
and Disc diffusion experiments.
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Preparing the standard microorganisms

The microorganisms studied in this study
were: Staphylococcus aureus ATCC 25923,
Bacillus cereus ATCC 1247, Escherichia coli
ATCC 25922, and Pseudomonas aeruginosa
ATCC 27853. All strains were prepared from
the microbial collection at the University of
Tehran. The culture was performed on the
Muller Hinton agar medium (Merck,
Germany) to obtaining colonies, then, to
prepare microbial suspension from fresh
culture, 4-5 colonies were transferred to
Mueller Hinton Broth medium (Merck,
Germany) and microbial turbidity prepared
according to McFarland standard tube No. 0.5
(1.5x10° CFU/mI). To reach the bacterial
concentration of 1.5x10° CFU/ml, microbial
suspension diluted to 0.5 McFarland tube
equivalents to 0.01 and next, it was checked
by spectrophotometer.

Investigation of the antimicrobial effect of
methanol extract

To investigate the antimicrobial effect of
peppermint methanol extract, concentrations
of 20, 30, 50, and 400 mg/ml of methanol
extract were prepared in 5% DMSO solventin
this study, the agar well diffusion and dilution
test were used to investigate the antimicrobial
effect of methanol extract.

Determination of the antimicrobial effect
by agar well diffusion

In the agar well diffusion method, 500 pl of
the microbial suspension was transferred to
the Muller Hinton agar medium and it was
cultured by sterile swabs in three directions.
Then, wells were made at 6 mm in diameter
and 2.5 cm apart on the culture medium
surface (the bottom of the wells filled with the
medium again). Finally, 100ul of 20, 30, 50,
and 400 mg/ml concentrations of the
methanol extract were loaded into each well.
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The 5% DMSO was used as negative control
and chloramphenicol was used as a positive
control. Plates were then incubated at 37 ° C
for 24h and microbial cultures were measured
for the presence or absence of growth zone in
millimeters.

Determination of MIC and MBC

The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration
(MBC) of methanol extract were determined
by dilution test. In this method, for the
determination of MIC, the methanol extract
was prepared in serial dilutions of 6.25, 12.5,
25, 50, 100, and 200 mg/ml from Mueller
Hinton broth. Then, 1 ml of the active
bacterial suspension (1.5x10® CFU/ml) was
added to each dilution; positive control
(medium containing bacterial and without
extract) and negative control (medium
without bacterial) were used. Finally, the
tubes were incubated at 37 ° C for 24h. After
incubation, the tubes were examined for
turbidity due to bacterial growth; and the last
dilution in which no turbidity was observed
(non-growth) was considered as MIC.

Samples were obtained from all tubes with no
growth. Minimum bactericidal concentration
(MBC) was determined by plate culture.
Plates were incubated for 24 hours at 37° C;
the tube with the lowest concentration of
extract that the bacterial growth was visible
on its plate was considered as MBC of that
substance. Each experiment was repeated 5
times to reduce the error of the experiment.
Statistical analysis was performed using SPSS
software. ANOVA and Chi-square tests were
used to investigate the significant differences
in the results. The difference between groups
was determined.
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Results

According to Table 1, the antibacterial
activity of methanol extract of peppermint in
quantitative and qualitative methods showed
that this extract has a significant inhibitory
effect on S. aureus and B. cereus bacteria.
The inhibitory effect was enhanced by
increasing the concentration of methanolic
extract. This study proved that the inhibitory
effects of peppermint methanolic extract on

gram-positive bacteria were significantly
higher compared to gram-negative bacteria.
MIC and MBC values of methanol extract of
peppermint against the tested bacteria
revealed that, like the well diffusion method,
peppermint extract on gram-positive bacteria
has a higher bactericidal effect than gram-
negative bacteria (Table 2). These results
indicated that there was a significant
difference between the tested bacteria in the
sensitivity of peppermint (p <0.05).

Table 1: Mean diameter of non-growth zone of methanolic extract of peppermint against selected bacteria in

millimeters (mean xstandard deviation)

Concentration of Extract 20 30 50 400 Negative | Positive
control control
Bacteria Strain mg/ml)
S. aureus 9.8+0.83 | 15.2+0.83 20.6 +1.15 25.6 +1.14 -- 23
B. cereus 84+114 | 144+1.14 18.4+0.57 24.4+1.14 -- 21
E. coli 0 11 +0.70 15.2+0.83 19.8 +1.15 -- 25
P. aeruginosa 0 0 9.8+1.30 12.4 +1.67 -- 24

Table 2. MIC and MBC values of methanol extract of peppermint (mg/ml)

Concentration of Extract MIC MBC
Bacteria Strain
S. aureus 6.25 12.5
B. cereus 125 25
E. coli 50 100
P. aeruginosa 100 200

Discussion

Nowadays, bacteria resistance has enhanced
to a variety of antibiotics, therefore, many
efforts have been made to obtain and use new
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compounds. Some of these compounds come
from plants. Plants have played an important
role in maintaining health and improving the
quality of human life for thousands of years
(11). Mentha Piperita that is the most popular
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member of this family, commonly known as
Peppermint, has long been used as an
aromatic and appetizing plant. Medicinal
properties of peppermint include
antispasmodic, anti-vomiting, and anti-
bloating (12). Peppermint is one of the most
widely consumed medicinal plants with an
annual consumption of about 7,000 tons
worldwide (13). Tylor VE in 1993 introduced
peppermint as a rich source of metabolites
that have major nutritional uses and have also
antispasmodic and antibacterial features (14).
Iscan et al. in 2002, found that
lipopolysaccharides in the external membrane
of gram-negative bacteria are responsible for
their higher resistance to antibacterial agents
(15). Dorman HJD et al. stated in their studies
that some essences such as that of peppermint
are highly efficient on E.coli (16). In 2005,
Moreira MR et al. surveyed the antimicrobial
effects of different plants on various species
of E.coli; and the essence of peppermint
showed significant antimicrobial effects (17).
Antibacterial activity of peppermint oil
against E. coli and S. aureus and antioxidant
activity were surveyed by Rasouli et al. in
2008 (18). Another research by Kaur et al. in
2010 reported that the peppermint leaf extract
has antibacterial activity because of tannins
and flavonoids. Further study also confirmed
the antimicrobial effect in the essence of
peppermint (19). Singah et al. Concluded in
2011 that peppermint extract has a greater
effect on gram-positive bacteria than gram-
negative bacteria; the diameter of non-growth
on negative gram-negative bacteria such as E.
coli and Klebsiella pneumonia is 12.4 and 5.1
mm, respectively, while in the case of gram-
positive bacteria such as Streptococcus
pyogenes and S.aureus are 17.2 and 13.1 mm,
respectively (20). In 2012, Pramila DM
examined the antifungal effect of the Mentha
Piperita in his research and was able to
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confirm it (21). Another research done in
2015 approved that previous studies have
verified that thymol, carvacrol, menthol, and
parasiman are the most important components
in the antimicrobial activity of peppermint
essence. Furthermore, it has been confirmed
that as the concentration of these compounds
in peppermint essence becomes greater, its
antimicrobial activity will be more (22).
Moreover, Zaidi et al. studied the
antimicrobial activity of essential oil from
Mentha piperita against 4 fungal and 11
bacterial clinical isolates; it showed the
maximum activity against S. aureus,
producing a zone of inhibition of 19.2 + 0.07
mm (23).

Conclusion

One of the reasons for the difference MIC in
different studies is the differences in the
composition of the extracts. The composition
of the extracts from a species can vary based
on the region's geography, harvest season,
plant age, growth stage, and the method of
drying and extraction. In general, the plant
extract has the highest antimicrobial activity
during flowering or immediately after
flowering. Further, the extracts obtained from
different parts of a particular plant have
different antimicrobial activity. Additionally,
the sensitivity of different bacteria to different
extracts is different. It is evident that the
extract derived from the peppermint plant has
antimicrobial activity against Staphylococcus
aureus, Bacillus cereus, and Escherichia coli,
and it can be used as alternative medicine
after further investigations on laboratory
animals and its side effects.
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