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ABSTRACT

Objective: To find the efficacy of peppermint oil against selected bacterial pathogens and
compare with their susceptibility towards antibiotics. Methods: Peppermint oil was evaluated
for activity against Bacillus cereus, Bacillus subtilis, Escherichia coli, Staphylococcus aureus
(S. aureus), Klebsiella pneumoniae and Pseudomonas aeruginosa. The antibacterial assay was
evaluated using agar well diffusion method and the viability of the organisms (MIC and MBC)
was determined at different concentrations using broth dilution method. Results: Peppermint
oil was found to be effective against all the gram positive and gram negative organisms tested.
A progressive effect of antibacterial activity with increase in concentration of oil was observed.
The test organisms were found to be inhibited by peppermint oil at lower concentration in broth
dilution method as compared with agar diffusion method. When comparing the assessment of the
inhibitory effect of peppermint oil, broth dilution was found to be more effective as compared
with agar diffusion method. Except S. aureus, the remaining organisms tested in the present study
were found to possess multiple drug resistance. However, peppermint oil was found to be effective
against these bacterial strains studied. Conclusions: Hence, with such broad spectrum activity of
peppermint oil, it can be further recommended in the treatment of the infections caused by these
multi—drug resistant bacteria.

1. Introduction

Mentha piperita (M. piperita) is a medicinally important
plant that grows throughout North America, Asia, and
Europe. It is primarily cultivated for its oil which is
extracted from the leaves of the flowering plantlll.
Peppermint oil is used for flavoring pharmaceuticals and
oral preparations, such as toothpastes, dental creams,
and mouth washes. Higher and aromatic plants have
traditionally been used in folk medicine as well as to extend
the shelf life of food, showing inhibition against bacteria,
fungi and yeast. Most of their properties are due to essential
oils produced by their secondary metabolites(2-41.

Peppermint oil is chemo—preventive and anti-mutagenic.
It is helpful in symptomatic relief of the common cold.
It is also used topically as an analgestic and to treat
headache. It is also used to treat many ailments of the skin,
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circulatory system, respiratory system, digestive system,
immune system and nervous system. The principal active
constituents of peppermint are the essential oils, which
comprise about 1% of the herb. Essential oils are dominated
by monoterpenes, mainly menthol, menthone and their
derivatives (e.g. isomenthone, neomenthone, acetylmenthol,
pulegone, menthofuran). These essential oil dilates blood
vessels and inhibits bacteria, especially menthol has a
broad spectrum antibacterial activityl5l. Peppermint oil is
found to be strongly effective against Staphylococcus aureus
(S. aureus), Bacillus cereus (B. cereus), Bacillus subtilis
(B. subtilis), Enterococcus faecium (E. faecium), Klebsiella
pneumoniae (K. pneumoniae), Escherichia coli (E. coli)i6l.
Peppermint is also found to have antiviral and fungicidal
activity. Tt is virucidal against influenza, herpes and other
virusesl7l. Antifungal activity of the essential oil of M.
piperita was also reportedisl.

Medicinal plant oil is a natural alternative to synthetic
drugs particularly against microbial agents. In recent years,
multiple drug resistance developed due to indiscriminate
use of existing antimicrobial drugs in the treatment of
infectious disease. In addition to this, antibiotics are
associated with adverse effects. Therefore, there is a need
to develop alternative antimicrobial medicines for the
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treatment of the infectious diseases from other sources
such as plant. Essential oil derived from plant is safe and
dependable, compared with costly synthetic drugs that have
adverse effect. Hence, peppermint oil was evaluated in the
present study against some multi—drug resistant bacteria.

2. Materials and methods
2.1. Procurement of oil

The oil of peppermint (M. piperita) was obtained from
Central Institute of Medicinal and Aromatic Plant (CIMAP),
Lucknow, India.

2.2. Test organisms

The gram positive and gram negative bacteria viz., B. cereus,
B. subtilis, S. aureus, E. coli, K. pneumoniae and Pseudomonas
aeruginosa (P. aeruginosa) obtained from the Microbial
Culture Collection Bank, Department of Microbiology and
Fermentation Technology, Sam Higginbottom Institute of
Agriculture, Technology and Sciences, Allahabad, India were
used in the present study. The test organisms were periodically
streak inoculated on Muller—Hinton agar slants and incubated
overnight at 37+1) C and maintained under refrigerated
conditions.

2.3. Preparation of concentration of peppermint oil

The different concentrations (v/v) of peppermint oil viz.,
5% (T1), 10% (T2), 15% (T3), 20% (T4), 25% (T5), 30% (T6) were
prepared aseptically in sterilized Tween 80.

2.4. Antibacterial activity assay

The testing of the bacterial cultures for the inhibitory effect
of essential oil of peppermint for different concentrations
(5%, 10%, 15%, 20%, 25%, and 30%) was performed by using
agar well diffusion method91. The Muller—Hinton agar media
containing 0.5% Tween 80 was melted and 20 mL of media
was poured on Petri plate separately and allowed to solidify.
The active cell suspension (1 mL) was spread with the help
of sterile swab on the agar surface uniformly. Three wells
of 5 mm diameter each was made in agar Petri plate of the
solidified agar medium using sterilized cork borer. Measured
quantity (0.03 1) of each concentration was pipette out with
sterilized pipette and filled in the wells aseptically. In the
control plate, the well was added only with Tween 80. The
oil was allowed to diffusing in the well for a period of 1 h
and the plates were incubated at (3711) °C for 24 h. The zone
of inhibition was measured with graduated scale after the
period of incubation.

2.5. Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)

MIC is defined as the lowest concentration of the test
compound to inhibit the growth of microorganisms while
MBC is defined as the lowest concentration of the test
compound to kill the test microorganism. The determination
of MICs of the different concentration of the essential oil of
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peppermint on the test bacterial strain was done by using
broth dilution method(10] with different concentrations of oil.
The test bacterial culture was inoculated onto tryptic soy
broth and incubated overnight at (37+1) °C for 24 h and the
inoculum concentration of Mcfarland standard (0.5) was used
for the assay. The culture tube containing 10 mL of sterilized
tryptic soy broth with 0.5% (v/v) Tween—80 was inoculated
with different concentrations of peppermint oil ranging
from (5-0.15) #L/mL. Tryptic soy broth with 09%—5% (v/v)
Tween—80 without oil was used as positive growth control.
An aliquot of bacterial suspension 25 #1) to each test tube
was added uniformly and incubated at (37+1) °C for 24—48 h
and observed. The lowest concentration at which no visible
growth occurs in either culture tubes was taken as initial
MIC. After 48 h of incubation, the lowest concentration at
which no visible growth occurs was taken as final MIC. Then
the tubes showing no increase in turbidity at each time
interval 24-48 h were streaked onto Muller—Hinton agar
plates to check the growth. Each trial was repeated thrice
and compared with the control tubes.

2.6. Antibiotic susceptibility test

Antibiotic susceptibility of the test organisms were
performed using agar disc diffusion methodi!ll. For this, 1 mL
of overnight broth culture of the test organism was swabbed
on the solidified Muller—Hinton agar plates and the antibiotic
discs (azithromycin 15 1 g; cefiriaxone 30 +g; chloramphenicol
30 rg; ciprofloxacin 5 ©g; clindamycin 2 1 g; co—trimoxazole
25 1+ g; erythromycin 15 #g; gentamycein 10 © g; ofloxacin 5 ¢ g;
penicillin—G 10 units) of Hi-media Laboratories, Mumbai, India
were impregnated onto the surface plates. The plates were then
incubated at 37=1) °C for 24 h to 48 h. The zone of inhibition
was recorded in mm diameter and the data were interpreted
using CLST standards.

2.7. Statistical analyss

The data on the zone of inhibition of peppermint oil
obtained against different bacterial pathogens were
statistically analyzed by three way classification and tested
with F—test and significance was evaluated at 5% level. The
correlation coefficient followed by T—test was applied to
analyze the significance between the values of MIC and MBC
and the conclusion was drawnl12].

3. Results

3.1. Antibacterial activity of peppermint oil against selected
pathogenic bacteria

Peppermint oil was found to effectively inhibit the
organisms tested. Gram positive organisms (S. aureus,
B. subtilis and B. cereus) were found more susceptible
than gram negative organisms (E. coli, K. pneumoniae, P.
aeruginosa). Among gram positive organisms, S. aureus and
B. subtilis were found more susceptible to peppermint oil as
compared with B. cereus. Among gram negative organisms,
E. coli was more sensitive as compared with K. pneumoniae
and P. aeruginosa. The antibacterial activity was found
progressively increasing with the increase in concentration
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of oil. The maximum effect was found at 30% concentration
and minimum effect was observed at 5% concentration of
oil (Table 1). Among the gram positive bacteria, peppermint
oil showed maximum activity against S. aureus, producing
the maximum zone of inhibition (24.33 mm), followed by
B. subtilis (21.66 mm) and B. cereus (20.66 mm). Among the
gram negative bacteria tested, E. coli (16 mm) was found to
be the most susceptible to peppermint oil as compared with
K. Pneumoniae (14.66 mm) and P. aeruginosa (10.33 mm)
(P<0.05).

3.2. MIC and MBC of peppermint oil

The bacterial pathogens were found to be inhibited
by peppermint oil in broth dilution method at very low
concentration as compared with the higher concentration
required in agar well diffusion method. The diffusion of
oil was found to be less as compared with broth dilution
method, this is due to the inefficient penetration of oil in
agar medium and hence a higher concentration of oil was
required to inhibit the growth of pathogenic bacteria in agar
well diffusion method.

Gram positive organisms were more susceptible against
peppermint oil as compared with gram negative organisms.
S. aureus and B. subtilis were found to be most sensitive
among test organisms and were inhibited by peppermint
oil at a concentration of 0.03 ©L/mL (initial MIC) then at
0.06 ~L/mL (final MIC) with a similar final MIC and MBC. B.
cereus was found inhibited by peppermint oil at 0.06 +L/mL
concentration initial and final MIC. MBC was found at 0.012
#L/mL. E. coli was found inhibited at 0.12 #L/mL (initial
MIC) and 0.25 #L/mL (final MIC) and MBC was recorded at
0.50 #L/mL. K. pneumoniae was found inhibited at 0.25 ©
L/mL (initial MIC). Final MIC and MBC were recorded at
the concentration of 0.50 #L/mL. P. aeruginosa was found

Table 1
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inhibited at a higher concentration of 50 »L/mL initial.
However, the final MIC and MBC were recorded at 100 L/
mL. A positive significant correlation of the initial MIC and
MBC was observed (P<0.05) i.e., as the initial MIC increased
there was simultaneous increase in MBC. However, between
the final MIC and MBC no correlation in the data was
observed.

3.3. Antibiotic susceptibility pattern against test organisms

Varying degree of antibiotic susceptibility was recorded
against various antibiotics tested in the present study. Gram
positive organisms were found to be more susceptible as
compared with gram negative organisms. S. aureus was found
to be sensitive to all the antibiotics except penicillin and
with chloromphenicol intermediate resistance was recorded.
B. subtilis was also found sensitive to all the antibiotics
except azithromycin and erythromycin and with penicillin
it was found to show intermediate resistance. B. cereus was
found resistant against azithromycin, chloromphenicol,
gentamycin and intermediate against penicillin was
recorded (Table 2). S. aureus exhibited minimum antibiotic
resistance (10%) while B. subtilis and B. cereus exhibited
antibiotics resistance of 20% and 30%, respectively. And E.
coli, K. pneumoniae and P. aeruginosa showed antibiotics
resistance of 50%, 60% and 609%, respectively.

Gram negative organisms showed maximum resistance
to antibiotics with E. coli being resistant to azithromyein,
clindamycin, co—trimoxazole, erythromycin and penicillin.
K. pneumoniae was found to be resistant to all antibiotics
except ciprofloxacin, chloromphenicol with ofloxacin and
co—trimoxazole an intermediate resistance was observed. P.
aeruginosa exhibited maximum antibiotics resistant except
being sensitive to ciprofloxacin, and ofloxacin. Similarly
with choloromphenicol and gentamycin an intermediate

Inhibitory activity of peppermint oil against selected pathogenic bacteria (Mean=SD) (mm*).

Zone of inhibition

Test organisms 5% 10%

Gram positive S. aureus 12.0040.81 12.66+0.46
B. subtilis 11.00+0.81 12.334-0.46

B. cereus 9.664-0.46 11.334+0.46

Gram negative E. coli 9.334-0.46 11.00+0.81
K. pneumoniae 7.334-0.47 9.004-0.81

P. aeruginosa 6.00-£0.00 6.331+0.46

Results Sensitive Sensitive

15% 20% 25% 30%
15.3340.46 17.66+0.46 19.00+0.81 24.33+1.70
14.334+1.24 16.66+0.47 18.66+0.46 21.66+0.46
13.661+0.94 16.33+2.05 18.33+1.24 20.66+0.46
13.0040.00 13.66+0.47 14.3340.46 16.00--0.81
10.00+0.81 11.00+0.81 12.00+0.81 14.66+0.46

8.00+0.00 8.6640.46 9.664-0.46 10.33+0.47
Sensitive Sensitive Sensitive Sensitive

*: Includes well size of 5 mm; P<0.05.

Table 2

Effect of peppermint oil in comparison with antibiotics against selected pathogenic bacteria.

Antibiotics

Organisms Azithromycin Ceftriaxone  Ciprofloxacin ~ Chloramphenicol Clindamycin Co-trimoxazole Erythromycin Gentamycin Ofloxacin  Penicillin M. piperita oil
15 1g) (30 1 g (5 rg) (30 g 2 rg 25 g 15 r+g) (10 »+g) (5 rg (100 units)
S. aureus ++ ++ ++ + ++ ++ ++ ++ ++ - ++
B. subtilis - ++ ++ ++ ++ ++ - ++ ++ + +
B. cereus - ++ ++ - ++ ++ ++ - ++ + ++
E. coli - ++ ++ ++ - - - ++ ++ - ++
K. pneumoniae — - + + - " - - ++ - ++
P. aeruginosa - - + ¥ - - - + ++ - +

++: Sensitive; +: Intermediate; —: Resistant.
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resistance was observed. Among gram negative organisms,
P. aeruginosa (60%) and K. pneumoniae (60%) exhibited
maximum antibiotic resistant followed by E. coli (50%).
Except S. aureus, the remaining gram positive and gram
negative organisms tested in the present study were found to
show multiple drug resistance (Table 2).

3.4. Comparative analysis of peppermint oil and antibiotics
against the test organisms

A comparative study was done between the antibiotics
and M. piperita oil and it was observed that M. piperita
oil showed higher pattern of sensitivity against the test
pathogens. Minimum percentage of resistance was found
against S. aureus followed by B. subtilis, B. cereus and E.
coli. K. pneumoniae and P. aeruginosa exhibited maximum
percentage of resistance towards antibiotics. The tested
organisms particularly gram negative organisms had shown
high resistance towards different antibiotics whereas they
were found to be inhibited by peppermint oil even at low
concentration in broth dilution method. Peppermint oil was
found to be effective against even the multi—drug resistant
strains. In broth dilution method, peppermint oil inhibited
all the organisms at <5 ¢ L/mL except P. aeruginosa which
was found to be less sensitive.

4. Discussion

The antibacterial activity of M. piperita oil observed in
the present study is comparable with the reports of Gupta et
all13]. Further, the present study findings with respect to the
data on E. coli, K. pneumoniae, P. aeruginosa are highly in
accordance with the reports of Saeed and Rusenova et all2.14].
However, reports of Saeed et all15] on the effectiveness of
peppermint oil against P. aeruginosa (18.11 mm) followed
by K. pneumoniae (17.00 mm) and E. coli (16.38 mm). Slight
variations in the effectiveness of peppermint oil against P.
aeruginosa, K. pneumoniae and E. coli was reported in the
studies of Saeed and Tariql151.

The antimicrobial activity of peppermint oil is due to the
presence of terpenoides menthol, menthone, 1-8—cineole,
methyl acetate, menthofuran, isomenthone, limonene,
b—pinene, germacerene—d, trans—sabinene hydrate and
pulegonel6l. The inhibition zone among the observation of
difference workers may differ due to many factors. First, the
composition of plant oils is known to vary according to local
climate and environmental conditions[16.17]. Furthermost,
some oils with the same common name may be derived
from different plant species. Secondly, the method used
to assess antimicrobial activity, strains and the choice
of test organisms, varies between different studies. The
usefulness of this method is limited to the generation of
preliminary, qualitative data only, as the hydrophobic
nature of most essential oils prevents the uniform diffusion
of these substances through the agar mediuml4l. Hence these
variations in the activity between different organisms were
observed.

The results MIC observed in the present study are in fair
correlation with the studies of Fabio et all3] where the MIC
values of peppermint oil was reported to range between
1.25 #L/mL (E. colt) and 3.125 ¢ 1/mL (K. pneumoniae). The
present study results are also in accordance with those of
Sartoratto et all6] who have also reported that gram positive
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organisms were found to be inhibited by peppermint oil
at very low concentration. However, a contrast in the MIC
values of peppermint oil for E. coli was 0.5% and for S.
aureus 0.4% was reported in the studies of Mohsenzadeh(71.
The MBC of peppermint oil reported for E. coli and S.
aureus is comparable with the findings of Rusenova and
Parvanovl(14l. Similarly, the MIC values reported for S. aureus,
E. coli, P. aeruginosa, K. pneumoniae were in highly in
agreement with the present study findings.

In the present study, gram positive bacteria are known
to be more susceptible to essential oils than gram negative
bacteria. The weak antibacterial activity against gram
negative bacteria could be ascribed to the presence
of an outer membrane which possessed hydrophilic
polysaccharide chains as a barrier to hydrophobic
essential oil. According to Kim et al(18], the mode by which
microorganisms are inhibited by essential oils and their
chemical compounds seem to involve different mechanisms.
It has been hypothesized that the inhibition involves
phenolic compounds, because these compounds sensitize
the phospholipid bilayer of the microbial cytoplasmic
membrane causing increased permeability, unavailability of
vital intracellular constituents and impairment of bacterial
enzymes systems.

The results obtained by each of these methods may
differ as many factors vary between assays. These include
differences in microbial growth, exposure of microorganisms
to plant oil, the solubility of oil or oil components and
the use and quantity of an emulsifier{4l. These and other
elements may account for the large differences in MIC's
obtained by the agar and broth dilution methods in this
study.

The antibiotic susceptibility pattern of the test organisms
observed in the present study was in agreement with the
studies of Brooks et all19] where a difference in the sensitivity
pattern of E. coli, P. aeruginosa, S. dysenteriae and S. typhi
was reported. In a similar study of Ates and Erdogruli2o]
B. cereus, B. subtilis, K. pneumoniae, P. aeruginosa were
reported to show resistance against cefuroxime, oxacillin,
erythromycin, azithromycin and sensitive to ofloxacin,
tobramycinb and vancomycin, which is comparable
with the present study. However, the findings of Fabio et
ali3] demonstrated that S. aureus exhibited resistance to
ofloxacin, gentamycin, tobramycin and erythromycin which
is in contrast with the present study findings. The results
of present study are in fair correlation with the study of
Hashemi et all21]1 where E. coli, S. aureus and B. subtilis were
reported to show sensitive against gentamycin, clindamycin,
cephalothin and resistance against tetracycline, penicillin
and erythromycin.

Gram negative bacteria are more resistant to antibiotics
than gram positive bacteria due to permeability barrier
provided by the cell accumulation mechanism. An important
characteristic of essential oils and their components is their
hydrophobicity, which enables them to partition the lipids
of the bacterial cell membrane and mitochondria, disturbing
the cell structure and rendering them more permeable(22.23).
Extensive leakage from bacterial cells or the exit of critical
molecules and ions will lead to death(24]. The study of
Bupesh et all25] showed the antibacterial activity of M.
piperita along with chloramphenicol against pathogenic
bacteria like B. subtilis, P. aeruginosa. Only synergistic
studies are found in this aspect. However, no comparative
study with antibiotics was found, hence the data could not



Ebenezer Jeyakumar et al./Asian Pacific Journal of Tropical Biomedicine (2011)S253-5257

be compared.

In conclusion, the present study confirms the broad-
spectrum antibacterial activity of peppermint oil with
potent activity against even the multi—drug resistant strains.
Considering the attribute and broad spectrum activities,
successful development of antimicrobial substance would
not only provide a potent tool for the control of various
diseases, but also could promise success in multipurpose
biorational alternatives to antibiotics for the management
of diseases caused by these organisms. Some of these
pathogens are also related to food—borne diseases. Hence,
a potential application of this oil as food preservative could
also be recommended.

However, this study further requires in vivo extension
to find appropriate doses of essential oils showing both
antimicrobial activity and very low detrimental effect on
eukaryotic cells. The investigation on the incorporation
of peppermint oil into appropriate food formulations and
evaluation of flavor, chemical changes and antimicrobial
effect in the whole food system for extension of shelf life
as well as prevention of food deterioration is also a pre—
requisite. Although the present study provides enough
evidence of peppermint oil with broad—spectrum activity,
there is the need to address the issues of safety and
toxicity before it could be recommended for preservation or
medicinal purposes.
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