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Abstract

Background: Side effects of chemical preservatives and drug resistance have raised interests in the use of natural preservatives
derived from plants.

Objectives: The aim of this study was to examine possible antibacterial effects of Mentha spicata L., Cuminum cyminum L. and Mentha
longifolia L. essential oils (EOs) individually and in combination with sodium benzoate against Escherichia coli 0157:H7 and Listeria
monocytogenes.

Methods: In this experimental study, the EOs were obtained and analyzed by gas chromatography mass spectrometry. Disc diffusion
and broth microdilution methods were used for in vitro antibacterial screening in triplicate. Data analysis was performed by the
SPSS software using ANOVA and independent sample t-test.

Results: Statistical analysis showed a significant difference between different antibacterial effects of EOs individually and in com-
bination with sodium benzoate. Considering the individual effects of these factors, the antibacterial effect of sodium benzoate and
Cuminum cyminum essential oil were the highestagainstE. coli 0157:H7 and L. monocytogenes, respectively. These results are relatively
consistent with the disc diffusion test. The antibacterial effects of sodium benzoate in combination with EOs showed significant
differences in comparison to sodium benzoate effect individually in most situations (P < 0.05).

Conclusions: The results indicated that these EOs have a good antibacterial activity and combined with sodium benzoate could
reduce the use of sodium benzoate as a chemical preservative in food, cosmetic, and drug products, which can decrease the possible

side effects of it.

Keywords: Antibacterial, Essential Oil, Sodium Benzoate, Escherichia coli 0157:H7, Listeria monocytogenes

1. Background

Most of the consumers concern that the side effects
of chemical and synthetic preservatives and calls for a re-
placement with their natural counterparts are increasing.
The resistance of pathogens to antimicrobial compounds
has lethal effects as the development of drug resistance
outpaces the development of new drugs (1). Recently, there
has been much interest in novel biological active and anti-
microbial active extracts of natural products, particularly
those found in medicinal plants (2). Essential oils (EOs) are
volatile aromatic components that are obtained from dif-
ferent parts of plants (3). Many researchers have reported
the antimicrobial, antifungal, and antioxidant properties

of EOs (1, 2, 4). The action mechanism of the EOs relates to
their chemical components that have the ability to easily
diffuse across the cell membrane to induce biological reac-
tions. Also, the hydrophobicity of the EOs is the main prop-
erties responsible for the distribution of bacterial struc-
tures, increasing their permeability. Therefore, EOs are
valuable natural products that can be used as raw mate-
rials in many fields, including perfumes, cosmetics, aro-
matherapy, phytotherapy, spices, and nutrition (5). Men-
tha spicata (Lamiaceae family) grows all over the world and
this plant is widely employed as a flavoring agent in sev-
eral foods, also cosmetic, confectionary, and pharmaceuti-
cal industries (6). The wild mint (Mentha longifolia L. fam-
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ily Lamiaceae) is an herb with a wide range of pharmaco-
logical properties such as antimicrobial properties, and ef-
fects on gastrointestinal and nervous system (7). Cuminum
cyminum (cumin or Jeera) is another medicinal herb be-
longing to the Apiaceae family, which is commonly used
for flavoring foods and medical preparation. It has excel-
lent antioxidant, antibacterial, and antifungal properties
(8-10). Sodium benzoate is commonly used as a preser-
vative in liquid pharmaceutical preparations and food in-
dustry as antimicrobial agents (11). The majority of preser-
vatives used today are artificial rather than natural. Sev-
eral of them are toxic and several others have potentially
life-threatening side effects (12). Benzoates have been sus-
pected to cause allergies, asthma, and skin rashes (13). Ow-
ing to the harmful effects of artificial preservatives, the use
of natural preservatives has been recommended for better
therapeutic efficacy and safety. Natural substances such
as EOs can serve as beneficial alternatives (12). L. mono-
cytogenes is one of the most food-borne pathogens and
one of the major causes of infections in developing coun-
tries that has been found in different environments (14). E.
coli 0157:H7 has emerged in recent years as an important
pathogen that can cause diarrhea or hemorrhagic colitis
in humans. Owing to the morbidities and mortalities, this
pathogen is now considered a major public health prob-
lem in the world (15). Essential oils have already proven to
exert strong synergistic effects when used in combination
with artificial and less effective preservatives (16).

2. Objectives

Therefore the objective of this study was to evaluate
the effects of the EOs individually and in combination with
sodium benzoate against E. coli O157:H7 and L. monocyto-
genes.

3. Methods

3.1. Preparation of Essential Oils and Microbial Strains

The EOs were obtained from Barij Esans Company
(Kashan, Iran). Lyophilized bacterial strains of E. coli
0157:H7 ATCC 43895 and L. monocytogenes ATCC 19113 were
purchased from Pasteur Institute (Tehran, Iran). The
lyophilized culture was grown in a tube containing brain
and heartinfusion (BHI) broth (Merck, Germany) twice and
incubated at 37°C for 24 hours.

3.2. Chemical Analysis of Essential Oils

The EOs were analyzed by gas chromatography
(GC) (Agilent 7890S, UK) and also analyzed by gas
chromatography-mass spectrometry (GC-MS) (5975C,

UK) equipped with an HP-5MS capillary column (30 m x
0.25 mm ID x 0.25 pm film thickness). The helium was
the carrier gas with 1 mL/min split ratio. The column tem-
perature was at first 40°C, and then gradually increased
to 300°C at a 5°C/min rate and held for 1 min. The MS was
scanned in the electron impact way using 70e-V ionization
energy. The detection of the major compounds of EOs was
based on the comparison between their retention indices,
standard mass spectral fragmentation pattern, and the
National Institute of Standards and Technology. Then the
percentage of them was calculated from GC peak areas

17).

3.3. Disc Diffusion Assay

The antibacterial activity of EOs and sodium benzoate
was investigated by agar disc diffusion assay, according
to the guideline of the Clinical and Laboratory Standards
Institute (CLSI) (18). Sterile blank discs (Padtan Teb, Iran)
6 mm in diameter were impregnated with 30 uL of es-
sential oil and sodium benzoate (equivalent to minimum
inhibitory concentration) and aseptically placed on the
inoculated Mueller-Hinton agar (MHA, Quelab, Canada)
medium with the bacteria, which their turbidity were
equal to 0.5 McFarland. The solvent of EOs (dimethyl sul-
foxide (DMSO)) only was used as negative control. Ery-
thromycin (15 pg/disc), streptomycin (10 ¢g), gentamicin
(10 pg), and ciprofloxacin (5 p1g) (Padtan Teb, Iran) were
used as the positive control. The inoculated plates were
incubated overnight at 37°C for 24 hours. The antibacte-
rial effect was evaluated by measuring the inhibition zone
against the organisms (mm). Each experiment was per-
formed in triplicate.

3.4. Micro-Well Dilution Assay

For the preparation microbial inoculants of bacteria (5
x 10® CFU[mL), one isolated colony of each bacterium were
inoculated into a tube containing 5 mL of Mueller-Hinton
Broth (MHB, Quelab, Canada) medium and incubated at
37°C for 20 hours. The second transfer of 0.1 mL of cultures
in 5 mL of MHB was grown at 37°C for 20 hours. After twice
incubation, the number of bacterial colonies was enumer-
ated by serial dilution and plating on MHA medium in trip-
licate. The broth microdilution assay was used to examine
the minimum inhibitory concentration (MIC)and the min-
imum bactericidal concentration (MBC) in sterile 96-well
microplates in triplicate (19, 20). First, 10% (v/v) dimethyl
sulfoxide (DMSO) (Samchun, South Korea) as an emulsifier
of the EOs was added to Mueller-Hinton Broth medium.
Different concentrations of the EOs (0.01% to 4.4%) were set
up in MHB medium, containing DMSO. in brief, 160 L of
MHB containing DMSO, 20 uL of different concentrations
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of the EOs or sodium benzoate (0.01% to 4.4%) and 20 uL
of inoculum diluted in MHB with 5 x 10° CFU/mL of the
bacteria were added to each well to achieve a concentra-
tion of 10° CFU|well. The last well containing 180 uL of MHB
containing DMSO and 20 ;L of bacterial inoculum without
essential oil or sodium benzoate was designed as the pos-
itive control sample. For negative control, un-inoculated
MHB containing DMSO was used. The contents of each
well were mixed on a shaker rotator at 300 rpm for 20 sec-
onds and incubated at 37°C for 24 hours. The plates were
placed in a wet container to ensure that the bacteria did
not get dehydrated during incubation. To determine com-
bination effects of sodium benzoate with EOs, the proce-
dure presented above was used, but 140 uL of MHB con-
taining DMSO, 20 pL of different concentrations of sodium
benzoate (0.01% to 4.4%) with 20 pL of equivalent of % MIC
of the EOs for each bacterium and 20 pL of the bacterial in-
oculum were added to each well. The concentration of the
first well without turbidity was reported as MIC. The MIC
was defined as the lowest concentration of the essential oil
or sodium benzoate that prevented the growth of the in-
oculated bacteria. To determine MBC, the contents of the
non-growth wells were cultured on MHA plates and incu-
bated at 37°C for 24 hours. The MBC was considered the
lowest concentration in which no bacterial growth was de-
tectable on the plates.

3.5. Statistical Analysis

All data were declared as means = standard deviations
(SD) of triplicate measurements. Statistical analysis of data
was performed using analysis of variance (ANOVA) by SPSS
16 software and mean comparison was done by Duncan
test. Differences were considered significant when P <
0.05. Also, Independent Sample t-test was used to compare
the results of E. coli O157:H7and L. monocytogenes to each
other.

4. Results

4.1. Chemical Composition of Essential Oils

The oils were liquid and their odors were acceptable.
Results of GC-MS analyses (Table 1) showed that the chemi-
cal compositions of them were totally different. The main
components were Cumin aldehyde (28.24% of the total
essential oil), carvone (58.89%) and pulegone (66.95%) in
C. cyminum, M. spicata and M. longifolia essential oils, re-
spectively. These results were reported also by some re-
searches (21-24). It can be observed that monoterpenes
(74.17%) are majority compound in C. cyminum. Also, oxy-
genated monoterpenes were found as the majority com-
pound in M. spicata (63.06%) and M. longifolia (89.47%) EOs.
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4.2. Antibacterial Activity

The results of the antibacterial activity of the EOs and
sodium benzoate on E. coli O157:H7and L. monocytogenes
by the disc diffusion method are shown based on the di-
ameter of the inhibition zone in Table 2. The results of
broth microdilution method are presented in Tables 3 and
4, and Figure 1 shows means and standard deviations of
MIC and MBC of the EOs individually and in combination
with sodium benzoate, respectively. Statistical analysis us-
ing analysis of variance showed a significant difference
between different antibacterial effects of EOs individually
and in combination with sodium benzoate on tested bac-
teria. Considering the individual effects, the antibacterial
effect of sodium benzoate against E. coli O157:H7 was the
highest and then Mentha longifolia, Cuminum cyminum, and
Mentha spicata essential oils indicated antibacterial activ-
ity, respectively. These results are relatively consistent with
the disc diffusion test. However, the growth inhibitory
zone of sodium benzoate was lower that may be because
sodium benzoate placed on the disc was obtained from
MIC dilution, while the oils were placed directly. Also, the
combined effect of sodium benzoate with Mentha longifo-
lia essential oil was the strongest against E. coli. The ef-
fects of sodium benzoate combined with Mentha longifolia
and Mentha spicata essential oils on E. coli showed signif-
icant differences compared with sodium benzoate effect
individually (P <0.05). About L. monocytogenes, given the
individual effects of affected factors, Cuminum cyminum es-
sential oil was the highest and then Mentha spicata, Men-
tha longifolia, and sodium benzoate indicated antibacte-
rial activity, respectively. These results are relatively consis-
tent with the disc diffusion test. Moreover, the combined
effect of sodium benzoate with Cuminum cyminum essen-
tial oil was strong against L. monocytogenes. The effects
of sodium benzoate in combination with EOs on L. mono-
cytogenes showed significant differences compared with
sodium benzoate effect individually (P < 0.05). The com-
parison of the results of two bacteria using independent
sample t-test showed effects of Mentha spicata, Cuminum
cyminum essential oils individually and sodium benzoate
in combination with Cuminum cyminum on L. monocyto-
genes is significantly higher than E. coli (P < 0.05). On the
other hand, effects of sodium benzoate alone and in com-
bination with Mentha longifolia and Mentha spicata essen-
tial oils on E. coli is significantly higher than L. monocyto-
genes. However, the effect of Mentha longifolia essential oil
on studied bacteria was not significant (P> 0.05). Based on
the results of MBC (Tables 3, 4), these factors in the studied
concentrations had not bactericidal effect against L. mono-
cytogenes, especially individually. Nevertheless, sodium
benzoate in combination with oils showed a synergistic
inhibitory effect. The results showed the medicinal plant
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Table 1. Chemical Composition of Cuminum cyminum (A), Mentha longifolia (B), and Mentha spicata (C) Essential Oils

Component Composition, %

KI* A B C
Sabinene 975 0.38 0.35
[3-Pinene 979 9.14 0.7 0.73
B-Myrcene 991 0.51 0.25 0.47
a-Terpinene 1017 0.17
o-Cymene 1025 13.78
Limonene 1029 1.07 27.34
(-phellandrene 1030 0.6
1, 8-Cineole 1031 0.04 4.06 0.3
Trans-Para-2, 8 Menthadien 138 0.07
~y-Terpinene 1060 21.39 0.04 0.04
3, 8-Menthadien 1073 0.42
a-Terpinolene 1089 0.07 0.02
Menthone 163 271
Menthofuran 164 10.89
Borneol 169 0.69
Cis-isopulegon 172 130
Menthol 172 0.06
4-Terpineole 177 0.1 0.11 0.1
Dihydrocarvone 193 1.07
Myrtenol 196 0.04
Trans-Pulegone 1215 0.19
Cic-Pulegone 1229 0.2
Pulegone 1237 66.95 2.81
Cumin aldehyde 1242 28.24
Carvone 1243 0.63 58.89
Cic-Piperitenone oxide 1254 0.54
Bornyl acetate 1289 0.06
Carvacrol 1299 0.17
«-Cubebene 1351 0.02
Piperitenone oxide 1369 12
Trans-3-Damascenone 1385 0.02
Cis-Jasmone 1393 0.05
Trans-Caryophyllene 1419 0.2 0.84 1.85
Trans-c-Bergamotene 1435 0.06
o-Humulene 1455 03
Trans-(3-Farnesene 1457 0.27
(B-Acoradiene 1471 1.68
Curcumene 1481 0.04
Germacrene-D 1485 03 0.1
Caryophyllene-oxide 1583 0.12 0.15
Bicyclogermacrene 1500 0.17
Carotol 1595 0.43
A-Amorphene 1512 0.01
Monoterpenes 7417 2.97 29.02
Oxygenated monoterpenes 0.08 89.47 63.06
Sesquiterpenes 2.27 131 2.41
Oxygenated sesquiterpenes 0.58

*Kovats index on HP-5MS column.

EOs could prevent the growth of the bacteria. However,  to obtain more potent synergistic effects, a combination
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of sodium benzoate with EOs and other natural antimicro-
bials is suggested.

5. Discussion

In the recent years, owing to the high interest and de-
mand of consumers to use natural sources from the indus-
tries of pharmaceutical and cosmetics, fragrance, and food
flavoring manufacturers, the use of medicinal plants, espe-
cially herbal EOs has gained huge attraction (25). The indis-
criminate use of chemical antimicrobial drugs for micro-
bial infections has developed multiple resistances. There-
fore, nowadays natural products are used in medicine and
food industry as antimicrobial activities (26). Plant EOs are
potential sources of new antimicrobial compounds (27).
The composition of herbal EOs can be variable depending
on several factors such as geographic region, harvest time,
variety, age of the plant, extraction method, and the type
of culture (28). Variation in the chemical compound of
EOs could affect their biological activities. Therefore, de-
spite the various studies on the chemical composition and
antimicrobial effect of the EOs, it was important to deter-
mine the chemical compounds of EOs to correlate with
their antimicrobial effects (29). The profiles of the stud-
ied EOs about most abundant chemical compounds were
in agreement with previous studies (21-24). Monoterpenes
and oxygenated monoterpenes were the main compounds
of the studied EOs. The results of previous researches have
shown that these compounds have a degree of antibac-
terial activities (30, 31). In spite of the strong inhibitory
effects of EOs against bacterial pathogens, the antimicro-
bial effects of EOs in food and oral drugs can change the
taste of them. Thus its application as a preservative is lim-
ited (32). Leistner and Goris recommended that food and
drug preservation by several preservatives in low amount
is better compared to preservation by a high amount of
a single preservative (33). Therefore, to establish the effi-
ciency of natural antimicrobials, they must be evaluated
alone and in combination with other antimicrobial agents
to detect whether there are synergistic effects (34). Nowa-
days, extensive efforts have been taken to use the lowest
concentrations of EOs with other antimicrobial agents to
receive more strong synergistic effects (16, 17, 35). For ex-
ample, the antibacterial effect of M. spicata essential oil
and nisin has previously been reported against L. monocy-
togenes (17). In a study, monolaurin spearmint oil combi-
nation has been indicated synergistic inhibitory effect on
E. coli 0157:H7 (35). In this study, we found a significant (P
< 0.05) synergistic inhibitory effect of the EOs and sodium
benzoate againstE. coli O157:H7 and L. monocytogenes. There
is evidence that Gram-positive bacteria are more sensitive
to plant oils than Gram-negative bacteria. Results obtained
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in this study showed that the EOs do not have selective an-
timicrobial activity on the basis of the cell-wall differences
of the bacteria as reported previously (36). This variation
in sensitivity between the two bacteria may be a result of
differences in the cell membranes or metabolism system
(16). This result is supported by findings of Niksic et al. that
proved the strongest antibacterial activity effect of M. longi-
folia oil was against Gram-negative strains, includingE. coli,
P. aeruginosa, and S. enterica (37). Moreover, Gulluce et al.
indicated the essential oil of M. longifolia collected from
Turkey had strong antibacterial activity against numerous
bacteria such as L. monocytogenes, S. typhimurium, and E.
coli 0157:H7 (38). According to Steffanini et al. essential oil
of C. cyminum was active against different Gram-negative
bacteria, including E. coli, P. aeruginosa and Salmonella sp.
(39). Furthermore, previous antibacterial studies showed
that M. spicata EO had an antibacterial effect on the growth
of Gram-negative and Gram-positive bacteria (40). The an-
tibacterial activity could be influenced by terpene hydro-
carbons, but other components can contribute to this ac-
tivity (24). The antimicrobial activity of the M. spicata es-
sential oil could be associated to carvone and limonene.
The mechanism of carvone action is related to the destabi-
lization of the phospholipid bilayer structure, interaction
with enzymes and proteins of the membrane, and actsasa
proton exchanger to reduce the pH among the membrane
(17). Also, pulegone and cumin aldehyde, the main com-
pounds of the M. longifolia and C. cyminum, respectively
are chiefly responsible for most of their antibacterial activ-
ity and pharmacological effects (21-24). Nonetheless, other
important compounds may be found in EOs that are not
abundant (24). The results of this study demonstrate more
efficient antimicrobial action of preservatives when used
in combination with other preservatives than when used
individually, which indicates the possibility of avoiding
the use of higher concentrations of sodium benzoate that
could lead to accumulation of toxic products. Therefore, to
observe a significant effect on E. coli 0157:H7 and L. mono-
cytogenes, a combination of EOs with other antimicrobials
such as sodium benzoate is suggested. However, further in
vivo studies are necessary for pharmaceuticals and natural
therapies of infectious diseases in the human.
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Table 2. Antibacterial Effect of the Essential Oils, Sodium Benzoate, and Standard Antibiotic Discs by Agar Disc Diffusion Assay

Inhibition Zone Cuminum Mentha longifolia Mentha spicata Sodium Benzoate Erythromycin, 15 Strep in, 10 Cip in,5 G icin, 10 DMSO
in Diameter, mm cyminum (MIC) g ng s ng

E. coli 0157H7 1 14 10 3 12 2 31 15 R

L. monocytogenes 14 9 n 12 28 18 30 31 R

Abbreviation: DMSO, dimethyl sulfoxide; MIC, minimum inhibitory concentration; R, resistant.

Table 3. Mean and Standard Deviation of MIC and MBC of the Essential Oils and Sodium Benzoate Against E. coli 0157:H7 and L. monocytogenes®

Bacteria Essential Oils
Cuminum cyminum Mentha longifolia Mentha spicata Sodium Benzoate
E. coli O157H7
MIC, % 193 £ 0.11 14+ 0.0 226+ 0.1 1.06 £ 0.11
MBC, % 2.4+ 0.0 N 3.66 £ 0.11 426 011
L. monocytogenes
MIC, % 113 + 0.1 153 £ 0.1 133+ 011 1.8 £ 0.0
MBC, % NP NP NP N°

Abbreviations: MBC, minimum bactericidal concentration; MIC, minimum inhibitory concentration.
*Values are expressed as mean = SD.

PN, not observed up to %4.4.

Table 4. Mean and Standard Deviation of MIC and MBC of Sodium Benzoate Individually and in Combination with Essential Oils Against E. coli 0157:H7 and L. monocytogenes®
Bacteria

Sodium Benzoate + % MIC of Essential Oils

Sodium Benzoate Sodium Benzoate + % MIC of Sodium Benzoate + % MIC of Sodium Benzoate + % MIC of
Cuminum cyminum Mentha longifolia Mentha spicata
E. coli 0157H7
MIC, % 1.06 £+ 0.1 0.93 £ 0.1 0.46 + 0.1 0.6 = 0.0
MBC, % 426 £ 011 42+ 0.0 4.06 £ 0.1 3.26 0.1
L. monocytogenes
MIC, % 1.8+ 0.0 0.36 & 0.05 0.93 & 0.11 113+ 011
MBC, % N® 326+ 011 NP 326+ 011

Abbreviations: MBC, minimum bactericidal concentration; MIC, minimum inhibitory concentration.
*Values are expressed as mean =+ SD.
PN, not observed up to %4.4.
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Figure 1. Mean and standard deviation of MIC of essential oils and sodium benzoate individually and combined against E. coli 0157:H7 and L. monocytogenes. 1, Mentha spicata;

2, Cuminum cyminum; 3, Mentha longifolia; 4, sodium benzoate; 5, sodium benzoate + /% MIC of Mentha spicata; 6, sodium benzoate + % MIC of Cuminum cyminum; 7, sodium
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