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Abstract
Satureja bachtiarica Bunge (local name: Marzeh-eKoohi) is an endemic specie plant that widely
distributed in the Central Zagros Mountains, Iran.
This study was designed to examine the chemical
composition and antibacterial activity of the
essential oil of Satureja bachtiarica Bunge
(Lamiacae). The essential oil of Bakhtiari savoury
was analyzed by GC/MS, and also tested for
antibacterial activity of the essential oil was tested
by agar disc diffusion and serial dilations assay
against four positive-Gram (Bacillus cereus,
Staphylococcus aureus, Streptococcus agalactiae
and Listeria monocytogenes) and two negativeGram
(Proteus
vulgaris
and
Salmonella
typhimurium) bacteria strains. The results showed
that the major components of the oil were carvacrol
(44.8%), ɣ-terpinen (18.7%) and thymol (14.95%).
The essential oil of S. bachtiarica has strong
antibacterial against bacteria strains, especially S.
agalactiae, S. typhimurium and P. vulgaris. MICs of
the essential oil against B. cereus = 31.25 µg/ml, S.
aureus = 250 µg/ml, S. agalactiae = 31.25 µg/ml, L.
monocytogenes = 62.5 µg/ml, P. vulgaris = 62.5
µg/ml and S. typhimurium = 16 µg/ml were
determined. Finally, the essential oil of S.
bachtiarica aerial parts could be suitable for
application in the food industry and pharmaceutical.

of economic importance since they have been used
as culinary herbs, flavoring agents in perfumery and
cosmetics. The leaves, flowers and stems are used
for herbal tea and, in traditional medicine, to treat
various ailments, such as cramps, muscle pains,
nausea, indigestion, diarrhea and infectious
diseases [3]. It has been reported that there are
marked differences between and within the
subspecies of Satureja essential oil composition [4].
The essential oils isolated from various species of
Satureja have biological properties such as antibacterial [5-7], anti-fungal [8-9], anti-viral [8,10], antioxidant [11], antispasmodic, anti-diarrheal, antinociceptive and anti-inflammatory [12], anti-HIV-1 [8]
and immunomodulatory effects [13].
Satureja bachtiarica Bunge (local name: Marzehe-Koohi) is an endemic plant that widely distributed
in the Central Zagros Mountains, Iran [14]. In the
folk medicine, this plant has been used as analgesic
and antiseptic by Bakhtiari and Chaharmahali tribes
of Iran [15]. The major components of S. bachtiarica
were p-cymene, carvacrol and thymol [16].
The aim of this study was to evaluate the in vitro
antibacterial activity and phytochemical properties of
essential oil of Bakhtiari savoury collected from
Central Zagros Mountains.

2. Materials and Methods
Plant material

Keywords: Bakhtiari savoury, thymol, carvacrol,
antibacterial activity.
Abbreviation:
MIC
Minimum
inhabitation
concentration, GC gas chromatography, MS Mass
spectrometry.

1. Introduction
The genus Satureja (Lamiaceae) constitutes about
200 species of herbs and shrubs, widely distributed
in Mediterranean area, Asia and boreal America [1].
Twelve species of this genus are growing wild in
western and northern parts of Iran [2]. Some of the
species of Satureja for example S. hortensis L. are
ISSN 1860-3122

The aerial parts (500 g) of wild population of S.
bachtiarica Bunge were collected from Boldaji
(latitude. 31° 58´ N, longitude. 51° 06´ E,
altitude.2400 m above sea level), Chaharmahal va
Bakhtiari province, Iran at June 2011. The sample of
the plant (Figure 1) was identified by regional floras
and authors with floristic and taxonomic references
[2], and voucher specimen was deposited at the
Herbarium of Research Centre of Agricultural of
Chaharmahal va Bakhtiari province, Iran (No. CHB1999).
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prepared with 10 ml agar inoculated with 1 ml of
each bacterial suspension. Sterile paper discs (6
mm in diameter) were impregnated with 60 μl of
dilutions of known essential oil concentrations (2500 μg/disc) and incubated at 35 °C for 18 h.
Bacterial growth inhibition was determined as the
diameter of the inhibition zones around the discs
(mm). The growth inhibition diameter was an
average of three measurements, taken at three
different directions. All tests were performed in
triplicate.

Figure 1. Areal parts of S. bachtiarica Bunge.

Sample preparation
Dried plant material were powered (100 g) and
subjected to hydro-distillation (1000 ml distillated
water) for 3 h using a Clevenger- type apparatus
according to the method recommended in British
pharmacopoeia [17]. Samples were dried with
anhydrous sodium sulphate and kept in amber
vials at 4 °C prior to use.
Antibacterial test
Four
positive-Gram
(Bacillus
cereus,
Staphylococcus aureus, Streptococcus agalactiae
and Listeria monocytogenes) and two negativeGram
(Proteus
vulgaris
and
Salmonella
typhimurium) bacterial strains were clinical isolates
obtained from Food Microbiology Laboratory,
Veterinary Medicine Faculty, Islamic Azad
University, Iran, and identified using conventional
morphological as well as biochemical tests. Stock
cultures of bacteria were kept in 20% glycerol PBS
(phosphate buffered saline) at -70 °C. Active
cultures were generated by inoculating 100 μl of the
thawed microbial stock suspensions into 5ml
nutrient broth (Merck, Germany) followed by
overnight incubation at 37 °C. An initial bacterial
7
suspension containing 10 CFU/ml was made from
the flask broth culture. Subsequent dilutions were
made from the above suspension, which were then
used in tests. The density of bacteria culture
required for the test was adjusted to 1.0 McFarland
7
standards, (1.0 x 10 CFU/ml) measured using the
spectrophotometer (Eppendorf, AG, Germany).
Absorbance at 600 nm of known bacterial densities
was determined to obtain a standard calibration
curve. Subsequent dilutions were made from the
above suspension, which were then used in tests.
The disc diffusion method of Iennette (1985) was
used with some modification to determinate rate of
inhibition growth of bacteria by plant essential oil
[18]. BHI agar (Merck, Germany) was used to
prepare the culture medium and autoclaved at
121 °C for 15 min. The plates (8-cm diameter) were
ISSN 1860-3122

The MIC values were evaluated using the broth
serial dilution method according to standard
methods [19]. Bacterial strains were cultured
overnight at 37 °C in Muller Hinton Broth (MHB,
Oxoid). Stock solution of the essential oil was
prepared in 5.0% (v/v) dimethyl sulfoxide (DMSO).
Dilution series, using MHB, were prepared from 8 to
500 mg/ml. After incubation at 37 °C for 24 h, the
microorganism growth inhibition was evaluated by
measuring absorbance at 630 nm, using a
spectrophotometer. Experiments were performed in
triplicate but at three different times.
Gas
chromatography/mass
(GC/MS) analysis

spectrometry

The essential oil was analyzed using an Agilent
7890 A gas chromatograph (Agilent Technologies,
Palo Alto, CA, USA) with a HP-5MS 5%
phenylmethylsiloxane capillary column (30.00 m x
0.25 mm, 0.25 µm film thickness). Oven
temperature was kept at 60 °C for 4 min initially, and
then raised at the rate of 4 °C/min to 260 °C. Injector
and detector temperatures were set at 290 and
300 °C, respectively. Helium was used as carrier
gas at a flow rate of 0.8 ml/min, and 0.5 µl samples
were injected manually in the splitless mode. Peaks
area percents were used for obtaining quantitative
data. The GC/MS analyses were carried out using
an Agilent 5975 C (Agilent Technologies, Palo Alto,
CA, USA) with a HP-5MS 5% phenylmethylsiloxane
capillary column (30.00 m x 0.25 mm, 0.25 µm).
Mass range was from m/z 50–550 amu.
Identification of oil components was accomplished
based on comparison of their retention times with
those of authentic standards and by comparison of
their mass spectral fragmentation patterns
(WILLEY/ChemStation data system) [20].
Statistical analyses
The data was statistically analyzed using one-way
ANOVA by the program SPSS version 17.0.

3. Results and Discussion
Essential oil yield and chemical composition
The yellow oil of S. bachtiarica was obtained by
hydro-distillation in the yield of 1.78% based on dry
weight. The chemical constituents identified by
GC/MS, the results concerning the qualitative
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and quantitative analysis of the essential oil are
presented in Figure 2 and Table 1. Eighteen
compounds were identified, representing 97% of the
essential oil, in which the major components of the
essential oil of S. bachtiarica  were  carvacrol
(44.8%), γ-terpinen (18.7%) and thymol (14.95%).
The main constituent groups in S. bachtiarica
essential
oil
were
monoterpenes
and
sesquiterpenes (Table 1). In 2000, Sefidkon &
Jamzad [16] reported that the main components of
the essential oil of S. bachtiarica were thymol
(44.5%), γ-terpinene (23.9%), p-cymene (7.3%), βcaryophyllene (5.3%) and borneol (4.2%). The
results of other study showed that the main
components of the essential oil of S. bachtiarica
were carvacrol (49.3%), p-cymene (12.7%) and
trans-α-bergamotene (5.8%) for Fars population
and, carvacrol (66.5%), p-cymene (15.2%) and
linalool (4.6%) for Yazd population [21].
Antibacterial test
Four of the six bacteria used (B. cereus, L.
monocytogenes, S. agalactiae and S. aureus) were
Gram-positive and two (P. vulgaris and Salmonella

typhimurium) were Gram-negative. There was a
significant variation in the antibacterial activities (DIZ
values) of essential oil (Table 2). For B. cereus, the
DIZ values of different concentrations were between
9.3 mm and 30.0 mm. For S. aureus, concentrations
of S. bachtiarica essential oil (8-500 µg) exhibited
inhibitory activity. For L. monocytogenes, all
concentrations had inhibitory activity. For S.
agalactiae, all concentrations of S. bachtiarica
essential oil exhibited high inhibitory activity. Of the
two Gram-negative bacteria tested, for P. vulgaris,
the DIZ values varied from 9.3 mm to 30.7 mm.
Various concentrations of S. bachtiarica essential oil
exhibited inhibitory activity against S. typhimurium.
In general, a total of S. bachtiarica essential oil
showed relatively high inhibitory activities against
the six food-borne pathogenic bacteria tested (Table
2). Percentage inhibition increased with the
concentration. At concentrations of 16 and 32 µg,
bacterial were moderately inhibited, while at
concentrations of 250 and 500 µg, the crude
essential oil completely inhibited the growth of the
bacteria strains.

Figure 2. Typical TIC-GC/MS chromatograms of S. bachtiarica essential oil analyzed on 5MS 5%
phenylmethylsiloxane capillary column.
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Table 1. Main components of S. bachtiarica essential oil detected by GC–MS.
Components

Molecular formula

Structure

%

β- myrcene

C10H16

6.642

1.27

α-terpinene

C10H16

7.432

2.22

p-Cymene

C10H14

7.651

7.94

γ-Terpinene

C10H16

8.625

18.7

Linalool

C10H18O

9.717

1.83

Borneol

C10H18O

11.669

2.57

Thymol

C10H14O

14.815

14.95

Carvacrol

C10H14O

15.118

44.87

β-Caryophyllene

C15H24

17.842

2.35

Total
†

RI † (Min)

96.7

Retention time
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Table 2. Antibacterial activity of the essential oil of S. bachtiarica.
Concentrations (µg/mL)
Strain
500

250

125

62.5

31.5

15

8

Bacillus cereus

30.0

28.0

25.3

22.3

21.3

15.7

11.3

Streptococcus agalactiae

30.7

29.0

29.0

25.3

23.7

19.7

17.0

Staphylococcus aureus

27.3

25.0

16.7

16.3

15.3

14.7

13.0

Listeria monocytogenes

30.3

28.3

27.3

26.3

15.3

14.3

12.6

Salmonella typhimurium

31.3

27.7

26.3

24.3

23.0

20.7

10.7

Proteus vulgaris

30.7

28.3

26.3

24.3

22.0

18.0

15.7

ANOVA

NS

NS

p ≤ 0.01

p ≤ 0.01

p ≤ 0.05

p ≤ 0.05

p ≤ 0.05

The MIC values of the essential oil against bacteria
are presented in Figure 3. Of the Gram-negative
bacteria tested, S. typhimurium was the most
sensitive. Of the Gram-positive bacteria tested, S.
aureus was the most resistant of the tested
organisms.

plants essential oil for example S. bachtiarica
contained high levels of phenolics and exhibited
antimicrobial activity. The results of this study
showed that carvacrol (45%) and thymol (15%),
which are the main components of S. bachtiarica
essential oil, have been considered as biocidal,
resulting in bacterial membrane perturbations that
lead to leakage of intracellular ATP and potassium
ions and ultimately cell death [25-27].
Ghasemi Pirbalouti et al. (2010) reported that the
strongest activity (MIC=39 µg/ml) was shown by
essential oil of S. bachtiarica against B. cereus and
C. albicans. Also, their results showed that essential
oils were significantly more active against Grampositive bacteria and yeast (MICs ranging from 39 to
100 µg/ml) than against Gram-negative bacteria
(MICs >250 µg/ml) [5].

4. Conclusions

Figure 3. MICs of essential oil of S. bachtiarica
against six bacteria strians
The result of identification of phenolic
compounds using HPLC showed that the major
components of S. bachtiarica were carvacrol and
thymol [22]. Shan et al. (2007) reported that a total
of 46 spice and herb extracts from different regions
contained high levels of phenolics and exhibited
antibacterial activity against foodborne pathogens
[23]. They suggested that there were highly positive
2
relationships (R =0.73–0.93) between antibacterial
activities and phenolic content of the tested extracts
against each bacterium. Some studies claim that
the phenolic compounds present in spices and
herbs might also play a major role in their
antimicrobial effects [24].
The phenolic compounds, such as thymol and
carvacrol, are widely reported to possess high
levels of antimicrobial activity [24]. Many aromatic

GC-MS analysis showed that that major compounds
in S. bachtiarica essential oil were carvacrol, γterpinen and thymol. In the present study we
demonstrated, the potent antibacterial activity of S.
bachtiarica against food-borne pathogens strains,
which justifies the large use of this plant in
traditional medicine. However, essential oil of S.
bachtiarica is accessible and with optimization of the
concentration can be used in food and food
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