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Abstract

Introduction: In many parts of the world, a rich tradition of using herbal medicine have been formed through history for treating many infectious
diseases. Because of the side effects and the resistance that pathogenic microorganisms build against the antibiotics, much recent attention
has been paid to extract biologically active compounds from plant species used in herbal medicine. The aim of this study was to determine the
antibacterial activity of four medicinal plants’ essential oils from Labiatae family — Salvia macrosiphon, Rosmarinus officinalis, Dracocephalum
polychaetum, and Origanum vulgare — on four pathogenic bacteria as well as identify their chemically active compound.

Materials and Methods: The essential oil was extracted using hydro-distillation method. Then, analyzed by gas chromatography (GC) and gas
chromatography-mass spectrometry (GC/MS) and compounds were identified. The antibacterial activity of the oil was evaluated using agar disc
diffusion method. Minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined in a broth dilution
assay.

Results: Most of the evaluated bacteria species were sensitive to the oils. MICs and MBCs showed that these 4 plants relatively had high efficacy
against bacteria. More than 90% of the chemical contents of the oils was determined.

Conclusions: The obtained results suggest and justify using the indigenous plants’ essential oils in traditional medicine as a treatment for microbial

infections or as a preservative in food.
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Introduction

The increasingly growing rate of bacteria resistance to
the antibiotics requires developing and searching for
new antimicrobial agents.! Compounds derived from the
medicinal plants have gained widespread interest in respect
to the search of alternative antibacterial agents. The reason
is this perception exists that they are safe and have a long
history of being used in folk medicine for treating infectious
diseases.>® Natural products of higher plants may possess
a new source of antibacterial agents with possibly novel
mechanisms of action. Organized and methodical screening
of them may result in discovering novel active compounds.*
Essential oils of the aromatic plants are compounds with
different therapeutic characteristics, including antimicrobial
effects.” Besides, essential oils have also shown to exert
antiviral,® antimycotic,” antitoxigenic,® antiparasitic,’ and
insecticidal activities,'” which are attributed to the function of
their special compounds.

As it mentioned, the increasing microbial resistance against
antibiotics has naturally led to search for new antimicrobial
agents.' Labiatae or Lamiaceae, also called as the mint family,
is a family of flowering plants. The enlarged Labiatae contains
about 236 genera and 6900-7200 species. The largest genera
are respectively Salvia (900), Scutellaria (360), Stachys (300),
Plectranthus (300), Hyptis (280), Teucrium (250), Vitex (250),
Thymus (220) and Nepeta (200)." In Iran, the Lamiaceae family
is represented by 46 genera and 410 species/subspecies, of
which 74 species have been mentioned as the medicinal plant
in ancient Iranian medicinal literature.'? It is well recognized
that some plants belonging to the Labiatae family possess
suitable medicinal properties which are generally attributed
to the presence of essential oils.”” Salvia genus includes
around 58 species in Iran.! Namely, Salvia macrosiphon is
native to Iran, Iraq, Pakistan, Afghanistan, Transcaucasia, and
Turkey.”” Rosmarinus officinalis is thought to be originated
in the Mediterranean region as a wild, strewing evergreen
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perennial shrub.'®'” R. officinalis has been hailed since ancient
times for its medicinal properties. Rosemary is used topically
for preventing and treating baldness, toothache, eczema,
muscle pains such as myalgia, intercostal neuralgia, cough,
headache, high blood pressure, loss of appetite, in-bath
therapy (balneotherapy), as well as for reducing age-related
memory loss and wound healing.'®'® Dracocephalum is a
genus of about 60 to 70 species of flowering plants in Labiatae
family.?** Dracocephalum polychaetum is found abundantly
in southwestern Asia, including Iran which is one of the
indigenous species of Dracocephalum genus.” D. polychaetum
has been used as a herbal medicine for several years due to
its therapeutic properties such as antihyperlipidemic and
immunomodulatory effects, and as a flavoring in foods.?>*
Origanum vulgare is a common species of Origanum, a
genus from Labiatae.” Totally, 38 Origanum species are
documented in the world. O. vulgare L. is the only species of
the Origanum genus growing wild in Iran. It can grow to 80
cm in height. Leaves are dark green, oval, and opposite. O.
vulgare has been used as a culinary and medicinal herb for
thousands of years. It has a beneficial effect on the digestive
and respiratory systems.* The leaves and flowering stems are
strongly antiseptic, antispasmodic, carminative, cholagogue,
diaphoretic, ~emmenagogue, expectorant,  stimulant,
stomachic, and mildly tonic.”” The principal objective of the
present study was focused on the chemical composition and
antibacterial potential of essential oils of S. macrosiphon, R.
officinalis, D. polychaetum, and O. vulgare against 4 bacteria
causing food poisoning in human (ie., Staphylococcus
aureus, Bacillus cereus, Salmonella enterica, and Listeria
monocytogenes).

Materials and Methods

Plant Materials and Essential Oil Extraction

Aerial parts of 4 medicinal plants from Labiatae family
including S. macrosiphon, R. officinalis, D. polychaetum,
and O. vulgare were collected from Hezar Mountain located
in Rayen, Kerman province, Iran. Essential oils were
extracted from 200 g of air-dried aerial parts of the plants by
hydrodistillation method using Clevenger-type apparatus for
3 hours. The obtained oil was dried over anhydrous sodium
sulfate and put in sealed vials at 4°C.*

Bacterial Strains and Antibacterial Assay

Cultures of S. aureus PTCC 1431 (Persian Type Culture
Collection), B. cereus PTCC 1015, S. enterica PTCC 1709,
and L. monocytogenes ATCC 7644 (American Type Culture
Collection) were used for antibacterial assessment of the
essential oils. All strains were routinely grown aerobically
in Trypticase soy broth (TSB) medium (Merck, Germany)
with shaking for 24 hours at 37°C. Antibacterial activity
was assessed in the presence of different concentrations of
the essential oils by serial dilution method using dimethyl
sulfoxide/methanol (1:1 v/v) solvent.” In the present study,
the antibacterial activity was evaluated using agar disc
diffusion method.*® The bacterial suspension of 1.5x10°
cells/mL in sterile normal saline (adjusted to 0.5 McFarland
standard) was prepared and inoculated on Muller-Hinton

agar medium (Merck, Germany) by sterile cotton swab.”!
Essential oils were assayed in triplicate. Each microbial
inoculum was spread evenly on to the surface of Muller-
Hinton agar (Merck, Germany) plates with a sterile swab.
Then, the sterilized blank discs were placed in the center of
every inoculated agar plate. 20 uL of essential oil with 80 mg/
mL concentration was infused in the filter paper discs (6 mm
size).* Dimethyl sulfoxide/methanol (1:1 v/v) was used as
the negative control, while broad-spectrum antibiotics such
as Amikacin was used as the positive control for obtaining
comparable results. All plates were incubated for 24 hours
at 37°C. Following the incubation, antibacterial activity was
determined by measuring the inhibition zone around the
discs in mm.

Determination of Minimum Inhibitory Concentration

In order to determine the minimum inhibitory concentration
(MIC), two-fold dilution series (80, 40, 20, 10, 5, 2.5, and 1.25
mg/mL) of each essential oil were prepared and bioassayed in
broth dilution method.**** The least concentration at which
no visible growth was obtained in agar plates was considered
as MIC.

Identification of the Oil Components

The oil composition was analyzed by GC and GC/MS. The
GC analysis of the volatile components was carried out
using a Hewlett-Packard 6890 instrument coupled to a flame
ionization detector (FID). Compounds were separated on
an HP-5 capillary column (30 m x 0.25 mm, film thickness
0.25 pm. The oven temperature was programmed as follows:
60°C to 220°C at 3°/min, injector temperature of 250°C;
detector temperature of 270°C; and helium (1 mL/min) as
the carrier gas. A mixture of aliphatic hydrocarbons (C_-
C,,) in hexane was directly injected into the GC injector
under the above temperature program in order to calculate
the retention indices of each compound. Retention indices
were determined using the retention times of n-alkanes
(C,-C,,) that were injected after the essential oil under the
same chromatographic conditions. The retention indices for
all components were determined according to the method
using n-alkanes as standard. GC/MS analysis was performed
using an Agilent 5975C mass spectrometer coupled to an
Agilent 7890A gas chromatograph equipped with an HP-
5MS capillary column (30 m x 0.25 mm, film thickness 0.25
um). The carrier gas was helium, and the chromatographic
conditions were as above. The spectrometer was scanned over
the 40-400 amu range with an ionization voltage of 70 eV
and an ionization current of 150 pA. The compounds were
identified by comparison of retention indices (RI, HP-5) with
those reported in the literature and by comparing their mass
spectra with the Adams and Wiley libraries as well as those
stored in NIST library.

Results

The essential oil composition of the 4 evaluated medicinal
plants from the Labiatae family, including S. macrosiphon,
R. officinalis, D. polychaetum, and O. vulgare, was analyzed
by GC-MS. From the GC-MS analysis, 11 compounds
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representing 93.9% of the total essential oil composition
of Salvia macrosiphon was identified (Table 1, Figure 1).
Linalool (54.8%) and manool (27.3%) were introduced as
the principal components of S. macrosiphon essential oil.
Fourteen compounds representing 91.0% of the total essential
oil composition of R. officinalis were identified based on
GC-MS analysis (Figure 2, Table 2). a-Pinene (15.5%),
verbenone (14.3%), 1, 8- cineole (12.4%), camphor (11.9%),
bornyl acetate (7.9%), borneol (6.5%), and camphene (5.8%)
were the major components. Through the GC-MS analysis,
five compounds representing 92.8% of the total essential oil
composition of D. polychaetum was identified (Figure 3, Table
3). The main components of the essential oil were Methyl-
Cyclo geranate (69.9%) and Limonene (19.9%). Major
components constituted up to 90% of the D. polychaetum
essential oil, whereas other components were present only
as a trace. Finally, twenty components were identified in
the essential oil of O. vulgare based on the GC-MS analysis
(Figure 4, Table 4). Thymol (27.4%), y-terpinene (12.1%),
terpinene-4-OL (11.6%), trans-sabinene hydrate (5.9%),

Table 1. Chemical Composition of Salvia macrosiphon Essential Oil

Peak No. Compound RI Peak Area %
1 Hexanol 871 1.4
2 1,8-Cineole 1031 1.1
3 Fenchone 1087 1.1
4 Linalool 1097 54.8
5 Terpinene-4-OL 177 1.0
6 a- Terpineole 1189 1.7
7 Methyl chavicol 1196 1.1
8 Spathulenol 1578 1.7
9 a- Murolol 1646 1.4
10 Manoy! oxide 1998 1.3
11 Manool 2057 27.3
Total percentage - 93.9
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Figure 1. GC-MS Analysis of the Essential Oils From Salvia macrosiphon.

and trans-anethole (3.6%) were the major constituents of O.
vulgare essential oil.

As mentioned before, the antimicrobial activity of the
oils was evaluated using the dilution method. Based on the
obtained results, all of the bacteria were sensitive to the S.
macrosiphon essential oil in the lowest concentration. The
essential oil from R. officinalis exhibited antibacterial activity
against the three non-spore forming tested bacterial strains.
The spore-forming bacteria, B. cereus, was resistant to all
concentration of the rosemary oil. The oil of D. polychaetum
inhibited all the tested gram-positive and gram-negative
bacteria from growing. The most sensitive bacteria to this oil
was B. cereus (PTCC 1015). Based on the obtained results,
the Gram-positive bacteria were more susceptible to the D.
polychaetum essential oil compared to the gram-negative
bacterium, S. enterica. The essential oil of O. vulgare also
showed antibacterial activity against all tested bacterial strains.
L. monocytogenes (ATCC 7644) was the most susceptible
bacteria in comparison with the other three species. The MIC
and MBC of the essential oils for all tested bacterial species
are summarized in Table 5.

Discussion

The antimicrobial effects of medicinal plant essential oils
and extracts justify them to be used in many fields such as
medicine, food industry, and pharmacy. Medicinal plants
have constantly been used as sources for finding new drugs.*
Numerous investigations have been conducted about the
application of essential oils as antimicrobial agents and
shown to increase the safety and shelf life of food products
beside being used as a flavoring agent in foods.>*” The first
investigation on the antibacterial properties of plant essential
oils has been carried out by Dla Croix in 1881.° Regarding
the understanding of the biological potentials inherent in
the essential oils of plants, their chemical constituents are
determined to elucidate the effectiveness of their bioactive
compositions. Essences or essential oils are aromatic oily
liquids extracted from various aromatic plants’ materials

Table 2. Chemical Composition of Rosmarinus officinalis Essential Oil

Peak No. Compound RI Peak Area %
1 a- Pinnene 939 15.5
2 Camphene 954 5.8
3 3-Octane 984 3.9
4 B-Myrcene 991 2.3
5 Ortho-Cymene 1026 1.6
6 1,8-Cineole 1031 12.4
7 Linalool 1097 4.1
8 Camphor 1146 11.9
9 Borneol 1169 6.5
10 Terpinene-4-OL 177 1.5
11 a-Terpineole 1189 1.7
12 Verbenone 1205 14.3
13 Bornyl Acetate 1289 7.9
14 Trans-Caryophyllene 9141 1.6
Total percentage - 91.0
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Figure 2. GC-MS Analysis Of Essential Oils From Rosmarinus officinalis.
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Figure 3. GC-MS Analysis of Essential Oils From Dracocephalum polychaetum.

such as flowers, buds, seeds, leaves, twigs, bark, herbs, wood,
fruits, and roots.” The most interesting area for application
of essential oil is the growth inhibition and reduction in
numbers of more dangerous foodborne pathogens such as

Salmonella spp., Escherichia coli O157:H7, L. monocytogenes,
S. aureus, and B. cereus in foods.”® Based on our results, one
of the investigated herbs, S. macrosiphon, was rich in a wide
variety of secondary metabolites. In addition, the minimum
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Table 3. Chemical Composition of Dracocephalum polychaetum Essential Oil

Peak No. Compound RI Peak Area %

1 Sabinene 975 0.5

2 Limonene 1029 19.9

3 Linalool 1097 0.5

4 Methyl-Cyclogeranate 1198 69.9

5 p-Menth-1-En-9-OL 1295 2.0
Total percentage - 92.8

Table 4. Chemical Composition of Origanum vulgare Essential Oil

Peak No. Compound RI Peak Area %
1 Thymol 1290 27.4
2 y-Terpinene 1060 12.1
3 Terpinene-4-OL 1177 11.6
4 a-Terpinene 1017 6.4
5 trans-Sabinene hydrate 1098 5.9
6 Carvacrol 1299 5.3
7 p-Cymene 1025 5.2
8 trans-Anethole 1285 3.6
9 o-Thujene 930 2.8
10 Trans-Caryophyllene 1419 2.5
11 o-Terpinolene 1089 2.4
12 cis-Sabinene hydrate 1070 1.9
13 a-Terpineole 1189 1.8
14 Sabinene 975 1.7
15 Borneol 1169 1.2
16 B-Myrcene 991 1.1
17 Carvacrol Methyl Ether 1245 1.0
18 a-Eudesmole 1654 0.8
19 B-Eudesmole 1651 0.7
20 a-Pinnene 939 0.7
Total percentage - 96.1

inhibitory and bactericidal concentration results showed that
its essential oil represented a significant antibacterial activity
against both gram-positive and gram-negative bacteria.
In agreement with this, the antimicrobial activity of many
species of Salvia plants against several microorganisms has
been documented for decades and has been attributed to the
presence of 1,8-cineole, P-thujone, camphor, borneol, and
p-cymene.”® Also, in another investigation, the composition
of the essential oil of S. macrosiphon has been investigated
by GLC and GC-MS. The main constituents of the oil were
reported as linalool (26.3%), hexyl hexanoate (9.6%), hexyl
isovalerate (9.3%), hexyl-2-methyl-butanoate (8.9%), sclareol
(7.2%), and hexyl octanoate (6.1%).* In a similar study, the
chemical constituents of the essential oil from S. macrosiphon
were identified, and the major components of the S.
macrosiphon oil contained a-gurjunene (11%), B-cubebene
(10.6%), and germacrene-B (7%).** Also, identification of
some flavonoids has been reported from the aerial parts of S.
macrosiphon grown in Lorestan province, Iran." In another
study, 24 volatile compounds were identified in S. macrosiphon
essential oil. The major components were reported to be
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Figure 4. GC-MS Analysis Of Essential Oils From Origanum vulgare.

Table 5. MIC and MBC (mg/mL) of 4 Essential Oils Against Bacterial Tested

Bacteria

Essential oil S.aureus  B.cereus L.monocytogenes S.enterica
s ioh MIC: 2.5 MIC* MIC: 5 MIC: 5

SMACTOSIPION—MBC: 5 MBC* MBC: 10 MBC: 10
R officinalis MIC: 2.5 MIC: 10 MIC: 0.6 MIC: 5

’ MBC: 5 MBC: 10 MBC: 0.6 MBC: 10
D. polychaetum MIC: 5 MIC: 0.6 MIC: 10 MIC: 5

- poly MBC: 10 MBC: 0.3 MBC: 20 MBC: 10
0. vuleare MIC: 0.15  MIC: 0.3 MIC: 0.3 MIC: 0.6

- vuig MBC: 0.3 MBC: 0.3 MBC: 0.6 MBC: 1.25

* No antibacterial activity against B. cereus.

linalool, hexyl isovalerate, hexyl 2-methyl butyrate, and
§-cadinen.* Our study showed that S. macrosiphon essential
oil was effective against 4 human bacterial pathogens. This
could provide a potential source of new antibacterial agents,
which is valuable for clinical trials and the food industry.
It was also shown that the effective antibacterial activity of
the oil could be related to its main constituents, i.e., linalool
(54.8%) and manool (27.3%).

In the present work, the major compounds of R. officinalis
essential oils were a-pinene (15.5%), verbenone (14.3%), 1,
8-cineole (12.4%), and camphor (11.9 %); and the oil had the
best activity on the 3 non-spore forming bacteria. R. officinalis
essential oils from other geographical locations have been
extensively studied as well. In a study conducted by the Balkan
Peninsula, the main compounds of R. officinalis essential oil
were 1,8-cineole, camphor, a-pinene, and borneol.”’ In another
investigation, the most important constituents of the Iranian
rosemary were shown to be 1,8-cineole, a-pinene, berbonone,
and camphor.* Similar investigation showed that 1,8-cineole
and a-pinene were major constituents of the rosemary oil.*
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Antimicrobial activity of the positive enantiomers of pinene
has been shown against Candida albicans, Cryptococcus
neoformans, Rhizopus oryzae, and methicillin-resistant
Staphylococcus aureus (MRSA).* In similar studies, the
antimicrobial activity of 1,8-cineole has been identified.*”*¢ In
another study, the essential oil of Feverfew plant (Tanacetum
parthenium) was rich in camphor and was considered as an
anti-bacterial agent in drug and food industries.*” Another
experimented herb in this investigation, D. polychaetum,
was rich in a wide variety of secondary metabolites such as
Methyl-Cyclo geranate (69.9%) and limonene (19.9%).

In addition, the MIC results showed that the essential oil of
D. polychaetum presented a significant antibacterial activity
against gram-positive bacteria. The antibacterial activity of
the oil can be attributed to its main constituents. Methyl-
Cyclo geranate is used in fragrances and cosmetics including
in shampoos, soaps, and body deodorants; and Limonene is
employed as a flavoring agent in perfumes, creams, soaps, and
in some food products. In addition, limonene has been found
to possess antifungal and antimicrobial effects.” In the present
study, S. enterica was considered less susceptible than gram-
positive bacteria to the D. polychaetum oil. It is suggested that
gram-negative bacteria possess cell membrane restricting the
diffusion of hydrophobic compounds through their outer
membrane envelope.> About the other studied essential oil,
extracted from O. vulgare, all tested bacteria were susceptible
to the oil and L. monocytogenes (ATCC 7644) was the most
susceptible bacteria. In addition, thymol (27.4%), terpinene-
4-0l (11.6%), y-terpinene (12.1%), a-terpinene (6.4%), trans-
sabinene hydrate (5.9%), and p-cymene (5.2%) were the
main components of the oil. Thymol exerts antimicrobial
activity because of its phenolic structure.’ It is also used as
a preservative, and as an active antiseptic ingredient in some
kinds of toothpaste which are used to reduce plaque and
gingivitis.”® In another study, the antibacterial activity of the
essential oil of O. vulgare L. on multi-resistant bacteria isolated
from biological materials was assessed. Their results showed
that 4 samples of E. coli, Enterococcus faecalis, and MRSA,
three samples of Acinetobacter baumannii, and a sample of
Klebsiella pneumoniae were inhibited by the essential oil at
the concentration 0.125%, 0.125%, and 0.5%, respectively.”
In a similar research, the antimicrobial activity of oregano
essential oil in a food system was evaluated, and results
showed that the addition of oregano essential oil to sausage
could be a promising route as its bacteriostatic effect. In the
same report, analysis of the oil identified that terpinen-4-ol
and y-terpinene were the major components.® Pirigharnaei
et al showed that the oregano essential oil is composed
of carvacrol, thymol, and linalool as major components,
followed by y-terpinene, p-cymene, linalool, terpinen-4-ol,
and sabinene hydrate as the second main components of O.
vulgare.®>* The difference between the types and percentages
of chemical compositions of the essential oils can depend
on the season of harvesting, geographical situation, ground
conditions, genetic factors, part of the plant, etc, and hence,
to the phenological stage of the plant as well as the method
of essential oil extraction.® The level of the antibacterial
activities of the essential oil could also be attributed to the

hydrophobicity of the constituents allowing the oil to disturb
the lipids of the bacterial cell membrane, making them more
permeable and causing leakages of cellular components and
ions.***” Also, some oil constituents are able to infiltrate the
cells; then, involve in some cellular metabolic mechanisms,
interfere with active sites of some enzymes, and intervene
some other cellular metabolisms.” Totally, the extracted oils
of these 4 plants showed relatively high MIC against B. cereus,
S. aureus, L. monocytogenes, and S. enterica.

Conclusions

The present study suggests the studied essential oils as a
potential source for antibacterial compounds confirming
them as sources of antibacterial agent required for therapeutic
and food preservative applications.
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