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1. Introduction
 
   A large portion of the world’s population currently uses 
traditional medicines and herbal therapy, which mainly 
involves the use of the aqueous extract of a plant in the form 
of an herbal tea. Although herbal medicines are regarded to 
have therapeutic potential against several diseases, neither 
their active components nor their mechanisms of action are 
fully understood. In recent decades, herbal therapy widely 
employ for treatment of several of human diseases. For 
example, essential oils or natural products derived from 
numerous traditional herbs have been examined for their 
antioxidant, antibacterial, antiparasitic and antifungal, 
antiviral and cytotoxic activities and for food preservation 
and for food safety[1-5].

   Zataria multiflora Boiss, known as Avishan Shirazi in 
Persian, grows only in warm parts of Iran, Afghanistan and 
Pakistan. This aromatic plant belongs to the Lamiaceae 
family and is used in flavoring and preserving food 
and drinks for its antiseptic, analgesic and carminative 
properties in Iranian traditional medicine. The radical 
scavenging, antibacterial, antifungal, immunomodulatory  
and radio-protective activities of this plant has been 
reported in previous studies[6-11]. Even though the 
composition, antiviral, antifungal and antibacterial activities 
of the essential oil of many other medicinal and aromatic 
species have been previously studied, there is still very 
little information about the biological activity of essential 
oil and its main constitute of this plant. Thus, in the present 
study, the effect of Z. multiflora essential oil and its main 
components on the inhibition of selected bacteria and 
fungi was investigated. Differences between the biological 
activity of the essential oil and the main components for 
the first time were assessed. In addition compounds which 
responsible to antimicrobial activities of the essential oil 
was identified.
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Objective: To evaluate the antimicrobial activities of essential oil from Zataria multiflora and 
its main components against four Gram-positive bacteria, three Gram-negative bacteria and two 
fungi. Methods: The essential oil was prepared by water-distillation, and its composition was 
analyzed by GC-MS. Antibacterial and antifungal activities of the essential oil, thymol, carvacrol, 
p-cymene and 毭-terpinene were assessed by the agar disk diffusion test. Results: Carvacrol 
(29.2%), thymol (25.4%), p-cymene (11.2 %), linalool (9.6 %) and 毭-terpinene (8%) were detected 
as the main components of the oil. At concentration of 25-100 毺g/mL essential oil, thymol and 
carvacrol significantly inhibited Salmonella typhi, Klebsiella pneumonia, Escherichia coli, 
Staphylococcus aureus, Staphylococcus epidermis, Bacillus subtilis, Aspergilus niger and Candida 
albicans with a similar manner. There were no any significant differences between essential oil, 
thymol and carvacrol. However, p-cymene and毭-terpinene could not show any such activity 
at used concentrations. Pseudomonas aeroginosa was resistance to all of tested compounds. 
Conclusions: The present study provides an additional data for supporting the use of thymol 
and carvacrol bearing essential oils as a safe and effective antimicrobial agent in traditional 
reminders for the treatment of infective disease.
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2. Materials and methods

2.1. Plant materials and essential oil preparation

   The aerial parts (leaves) of Z. multiflora were obtained 
from wild plants in mountains of Arsenjan (Fars, Iran). 
The plant was taxonomically identified by a senior plant 
taxonomist, Prof. Ahmad Reza Khosravi at the Department 
of Biology, Shiraz University, Shiraz, Fars Province, Iran. A 
voucher specimen (24985) was deposited at the Herbarium 
of the Department of Biology, Shiraz University. The leaves 
of the plant (5 years-old) were separated from the stem and 
dried for 72 h in the shade. The air-dried leaves (100 g) were 
hydro-distilled for 3 h using an all-glass Clevenger-type 
apparatus according to the method outlined by the British 
Pharmacopeia[12]. The essential oil thus obtained was dried 
over anhydrous sodium sulphate (Sigma-Aldrich) stored 
in sealed vial at -20 曟 before gas chromatography - mass 
spectrometry (GC-MS) analysis and further experiments. 

2.2. Essential oil analysis and identification

   GC analysis was carried out using a Agilent-technology 
chromatograph with HP-5 column (30m×0.32 mm i.d.×0.25 
毺m). Oven temperature was performed as follows: 60 曟 to 
210 曟 at 3 曟/min; 210 曟 to 240 曟 at 20 曟/min and hold for 
8.5 min, injector temperature 280 曟; detector temperature, 
290 曟; carrier gas, N2 (1 mL/min); split ratio of 1:50. GC-MS 
analysis was carried out using a Agilent 7890 operating at 70 
eV ionization energy, equipped with a HP-5 MS capillary 
column (phenyl methyl siloxane, 30m×0.25 mm i.d. 25 毺
m.) with He as the carrier gas and split ratio 1:50. Retention 
indices were determined using retention times of n-alkanes 
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. The compounds were identified 
by comparison of retention indices (RRI, HP-5) with those 
reported in the literature and by comparison of their mass 
spectra with the Wiley GC/MS Library, Adams Library, Mass 
Finder 2.1 Library data published mass spectra data[13,14].

2.3. Antibacterial and antifungal activities assay

   All microorganisms were obtained from the Persian 
type culture collection (PTCC), Tehran, Iran. Essential 
oil, thymol (Fluka, purity> 98%), carvacrol (Fluka, purity> 
98%), p-cymene (Fluka, purity> 97%) and毭-terpinene 
(Fluka, purity> 97%) were individually tested against 
four gram negative bacteria (Pseudomonas aeruginosa 
PTCC 1074 (ATCC 9027), Salmonella typhi PTCC 1609 (Iran 
isolate), Klebsiella pneumoniae PTCC 1053 (ATCC 10031) 
and Escherichia coli PTCC 1330 (ATCC 8739)), three Gram-
positive bacteria (Staphylococcus aureus PTCC 1112 (ATCC 
6538), Staphylococcus epidermi PTCC 1114 (ATCC 12228) 
and Bacillus subtilis PTCC 1023 (ATCC 6633)), and two fungi 
(Aspergillus niger PTCC 5010 (ATCC 9142) and Candida 

albicans PTCC 5027 (ATCC 10231)). Microorganisms were 
cultured in Luria and Bertani (LB) medium at 37 曟 for 16-24 
h. Antimicrobial tests were carried out by the disk diffusion 
method  in which a microbial suspension (50 毺L of 1×108 
colony-forming units (CFU/mL) was spread on a nutrient 
agar plate (Farazbin, Iran)[15]. The disks (Whatman No. 1, 6 
mm diameter, Padtan Teb, Iran) were impregnated with 20 毺l 
of different concentrations of essential oil, thymol, carvacrol, 
p-cymene and毭-terpinene (0, 25, 50, 100 毺g/mL) and 
placed on the inoculated agar. The inoculated plates were 
incubated at 37 曟 for 24 h. DMSO was used as the negative 
control. Positive control disks included (all at 10 mg/plate 
and purchased from Padtan Teb) Gentamicin, Ampicillin and 
Ketoconazole for Gram-negative bacteria, Gram-positive 
bacteria and fungi, respectively. All tests were performed in 
triplicate. Antibacterial activity was evaluated by measuring 
the zone of inhibition of bacterial or fungal growth. 

2.4. Statistical analysis

   All data are expressed as the means plus standard 
deviations of at least three independent experiments. The 
significant differences between treatments were analyzed by 
one-way analysis of variance (ANOVA) test at P<0.01 using 
statistical package for the social sciences (SPSS, Abaus 
Concepts, Berkeley, CA, version 16) and Prism 5 (Graph 
Phad, San Diego, USA) software.

3. Results

3.1. Chemical composition 

   The essential oil was prepared by water-distillation, and 
its chemical composition was analyzed by GC-MS. GC-MS 
analysis of the essential oil indicated the main components 
are; carvacrol (29.2%), thymol (25.4%), p-cymene (11.2 %), 
linalool (9.6 %) and 毭-terpinene (8%). The yield of essential 
oil from leaf material was 2.2% (w/w) (Table1). 

3.2. Antibacterial Activity

  The antibacterial activity was assessed by measuring the 
zone of bacterial growth inhibition. Our results indicated 
that, essential oil at concentrations of 25-100 µg/mL 
significantly (P<0.01) inhibited the growth S. typhi, K. 
pneumonia, E. coli, S. aureus, S. epidermi and B. subtilis 
significantly (Table 2). Carvacrol at concentrations of 25-100 
µg/mL significantly (P<0.01) inhibited the growth S. typhi, 
K. pneumonia, E. coli, S. aureus, S. epidermi and B. subtilis 
significantly (Table 3). Thymol at concentrations of 50-100 
µg/mL significantly (P<0.01) inhibited the growth S. typhi, 
K. pneumonia, E. coli, S. aureus, S. epidermi and B. subtilis 
significantly (Table 4). However, P. aeroginosa is resistance 
(P>0.01) to essential oil, carvacrol and thymol. Accordingly, 
essential oil and thymol at concentration of 25-100 µg/mL 
and carvacrol at concentration of 50-100 µg/mL significantly
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inhibited bacterial growth with a similar manner. However, 
p-cymene and γ-terpinene cannot show any such activity 
at used concentrations.

3.3. Antifungal 	 activity

   Antifungal activity was evaluated by measuring the zone of 
fungi growth inhibition. Our results indicated that, essential 
oil at concentrations of 25-100 毺g/mL significantly (P<0.01) 
inhibited the growth A. niger and C. albicans significantly 
(Table 2). Carvacrol at concentrations of 50-100 毺g/mL 
significantly (P<0.01) inhibited the growth A. niger and C. 
albicans significantly (Table 3). Thymol at concentrations of 
25-100 毺g/mL significantly (P<0.01) inhibited the growth A. 

niger and C. albicans significantly (Table 4). Accordingly, 
essential oil and thymol at concentration of 25-100 毺g/mL 
and carvacrol at concentration of 25-100 毺g/mL significantly 
inhibited fungi growth with a similar manner. However, 
p-cymene and 毭-terpinene cannot show any such activity 
at used concentrations.

Table 3
Antibacterial and antifungal activity of thymol against selected 
bacterial strains.

Zone of inhibition in diameter (mm)

Microorganism 0 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL GM/AM/KN
P. aeroginosa 5.9 暲 0.8 6.0 暲 0.5 6.5 暲 0.5 7.0 暲 1.0 14.6暲1.0
 S.  typhi 5.9 暲 0.8 16.8暲0.5 22.5暲0.5 26.5暲0.8 14.6暲1.0
K. pneumonia 5.9 暲 0.8 17.9暲0.8 22.5 暲1.3 27.1暲3.0 14.6暲1.0
 E . coli 5.9 暲 0.8 13.3暲1.2 20.6暲0.9 40.0暲1.7 14.6暲1.0
 S. aureus 5.9 暲 0.8 13.8 暲 2.7 22 暲 2.4 26.5暲2.8 14.6暲1.0
S. epidermis 5.9 暲 0.8 13.5 暲 1.3 22.5暲2.1 29.0暲2.4 14.6暲1.0
 B. subtilis 5.9 暲 0.8 18.8暲1.7 27.4暲1.4 42.7暲1.7 14.6暲1.0
 A. niger 5.9 暲 0.8 165.8暲1.6 30.8 暲1.8 37.0暲2.7 14.6暲1.0
 C. albicans 5.9 暲 0.8 19.0 暲 2.5 32.4 暲2.4 40.6暲1.3 14.6暲1.0
   The antibacterial and antifungal activity was assessed by measuring 
the zone of microbial growth inhibition. Data are expressed as means 
暲 SD of inhibition zone diameter (mm) for different concentration of 
carvacrol against selected microbial strains. Gm = Gentamicin, AM 
= Ampicilin, KN = Ketoconazole. Carvacrol at all used concentration 
significantly (P<0.01) inhibits all microbial strain except P. aeroginosa.

Table 4.
Physico-chemical properties of carvacrol, thymol, p-cymene, 
γ-terpinene and linalool from Z. multiflora essential oil.
Properties Carvacrol Thymol p-

Cymene
Linalool γ-

Terpinene
Percentage in 
oil

29.2 25.4 11.2 9.6 8.0

Physical 
occurrence

liquid crystalline liquid liquid liquid

Furmula C10H14O C10H14O C10H14 C10H18O C10H16
Molar mass (D) 150.22 150.22 134.24 154.25 136.24
Density (g/mL) 0.977 0.960 0.857 0.860 0.853
Melting point 
(曟)

< -20 51 < -20 < -20 < -20

Boiling point 
(曟)

233 232 177 198 183

Water solubility
 (g/L)

830 846 6 754 1

Octanol 
solubility 

soluble soluble soluble soluble soluble

P(o/w) 3.6 3.3 4.1 3.8 4.5
Phenol content Yes Yes No No No
H-band 
capacity

Yes Yes No Yes No

4. Discussion

   In Iran Z. multiflora is used in traditional medicine for its 
antiseptic, analgesic and carminative properties. Despite its 
remarkable array of medical applications, to our knowledge, 
little research has been carried out on the biological activity 

Table 1
Antibacterial and antifungal activity of essential oil against selected 
bacterial strains.

Zone of inhibition in diameter (mm)

Microorganism 0 毺g/mL 25 毺g/mL 50 毺g/mL 100 毺g/mL GM/AM/
KN

P. aeroginosa 5.9暲0.8 6.2暲0.5 6.5暲0.7 6.65暲1.0 14.6暲1.0
S. typhi 5.9暲0.8 21.0暲3.6 30.0暲2.7 36.4暲1.3 14.6暲1.0
K. pneumonia 5.9暲0.8 22.3暲2.2 30.6暲1.7 39.3暲2.4 14.6暲1.0
E . coli 5.9暲0.8 22.0暲3.3 30.7暲4.1 42.0 暲 3.0 14.6暲1.0
S. aureus 5.9暲0.8 30.9暲4.1 38.4暲4.0 43.6暲2.8 14.6暲1.0
S. epidermis 5.9暲0.8 25.85暲2.5 32.5暲2.9 43.4暲2.2 14.6暲1.0
B. subtilis 5.9暲0.8 36.7暲3.9 42.1暲3.2 48.5暲4.0 14.6暲1.0
A. niger 5.9暲0.8 13.6暲0.9 22.8暲1.8 33.2暲1.7 14.6暲1.0
C. albicans 5.9暲0.8 14.2暲0.8 23.8暲0.5 30.0 暲 1.0 14.6暲1.0
   The antibacterial and antifungal activity was assessed by measuring 
the zone of microbial growth inhibition. Data are expressed as mean 
暲 SD of inhibition zone diameter (mm) for different concentration of 
essential oil against selected microbial strains. Gm = Gentamicin, 
AM = Ampicilin, KN = Ketoconazole. Essential oil at all used 
concentration significantly (P<0.01)  inhibits all microbial strain 
except P. aeroginosa.

Table 2.
Antibacterial and antifungal activity of carvacrol against selected 
bacterial strains.

Zone of inhibition in diameter (mm)

Microorganism 0 毺g/mL 25 毺g/mL 50 毺g/mL 100 毺g/mL GM/AM/
KN

P. aeroginosa 5.9 暲 0.8 6.0 暲0.5 6.5 暲 0.5 7.0 暲 1.0 14.6暲1.0
S. typhi 5.9 暲 0.8 16.8暲0.5 22.5暲0.5 26.5 暲 0.8 14.6暲1.0
K. pneumonia 5.9 暲 0.8 17.9暲0.8 22.5 暲1.3 27.1 暲 3.0 14.6暲1.0
E. coli 5.9 暲 0.8 13.3暲1.2 20.6暲0.9 40.0 暲 1.7 14.6暲1.0
S. aureus 5.9 暲 0.8 13. 0暲2.7 22.0 暲 2.4 26.5 暲 2.8 14.6暲1.0
S. epidermis 5.9 暲 0.8 13.5暲1.3 22.5 暲 2.1 29.0 暲 2.4 14.6暲1.0
B. subtilis 5.9 暲 0.8 18.8暲1.7 27.4暲1.4 42.7 暲 1.7 14.6暲1.0
A. niger 5.9 暲 0.8 165.8暲1.6 30.8 暲1.8 37.0 暲 2.0 14.6暲0.6
C. albicans 5.9 暲 0.8 19.0暲2.5 32.4 暲 2.4 40.6 暲 1.3 14.6暲0.6
   The antibacterial and antifungal activity was assessed by measuring 
the zone of microbial growth inhibition. Data are expressed as means 
暲SD of inhibition zone diameter (mm) for different concentration of 
carvacrol against selected microbial strains. Gm = Gentamicin, AM 
= Ampicilin, KN = Ketoconazole. Carvacrol at all used concentration 
significantly (P<0.01) inhibits all microbial strain except P. 
aeroginosa.
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of the essential oil and its main components of this plant. 
The composition of essential oils depends on the species, 
climate, and altitude, time of recollection and stage of 
growth. Accordingly, the composition of Z. multiflora 
from different parts of Iran with different climate is very 
variable. The main components of the various essential 
oils were thymol (5.5-56%) and carvacrol (4-78%) with a 
high percentage and few other compounds[6-11]. However, 
in our study the main components were carvacrol, thymol, 
p-cymene, linalool and 毭-terpinene. Thus, the plant 
analyzed in the research is a new chemotype of Z. multiflora 
that analyzed previously.
   The antibacterial assay indicated that, among these 
compounds only essential oil, thymol and carvacrol have 
showed strong antibacterial activity with a similar manner. 
At concentration of 25-100 毺g/mL essential oil, thymol 
and carvacrol significantly inhibited bacterial growth with 
a similar manner. There is no any significant difference 
between essential oil, thymol and carvacrol. Both p-cymene 
and 毭-terpinene cannot show any such activity at 
used concentration. These antibacterial activities which 
recognized in the essential oils from several medicinal 
plants established that the most effective individual 
antimicrobial agent was phenolic monoterpenes carvacrol 
and thymol [16-21]. In addition, carvacrol and thymol could 
inhibit the growth of bacteria through permeabilization and 
depolarization the cytoplasmic membrane [22,23]. 
   Antifungal activity indicated that, among these compounds 
only essential oil, thymol and carvacrol have showed 
strong antifungal activity with a similar manner. At 
concentration of 25-100 毺g/mL essential oil, thymol and 
carvacrol significantly inhibited fungi growth with a similar 
manner. There is no any significant difference between 
essential oil, thymol and carvacrol. However, p-cymene 
and 毭-terpinene cannot show any such activity at used 
concentration. The antifungal activities of the essential oils 
from several medicinal herbs were evaluated against A. 
flavus and A. niger, C. albicans. The essential oil samples 
generally displayed potent fungicidal activity and antifungal 
potencies varied and appeared to be intensified by 
increasing carvacrol and thymol contents[24,25]. In addition, 
carvacrol and thymol could inhibit the growth of fungi 
through permeabilization and depolarization the cytoplasmic 
membrane which, ultimately leading to cytoplasmic 
membrane disruption, induction of dose-dependent Ca2+ 
bursts  and cell death[26-29]. 
   Generally, the main components of Zataria oil are 
phenolic monoterpenes (carvacrol and thymol). They 
are biosynthesized from-terpinene through p-cymene. 
Therefore, these two compounds are always present in oils 
containing carvacrol and thymol. All of these compounds 
are monoterpenic nature containing methyl and isopropyl 
function groups in para position to each other. The main 
difference between 毭-terpinene or p-cymene and carvacrol 
or thymol is the substitution of hydroxyl group on the phenol 
ring in the thymol and carvacrol and the only difference 
between carvacrol and thymol is the position of hydroxyl 

group[30]. However, the antimicrobial activity of these 
compounds is very different. The extent of antibacterial 
activity induced by monoterpenes can be related to intrinsic 
hydrophobicity. The hydrophobicity index can be determined 
experimentally by its partition coefficient in octanol/water 
(Po/w). Carvacrol, thymol, p-cymene and 毭-terpinene have 
a log Po/w of 3.3, 3.64, 4.1 and 4.7, respectively[30,31]. However, 
thymol and carvacrol could successfully diffuse through 
the cell membrane and disrupt cells. Thus in addition to 
carbon skeleton the hydroxyl group is required for biological 
activity[31,32]. Collectively, it was concluded that essential oil 
bearing thymol and carvacrol might exhibit its antimicrobial 
activity through cytoplasmic damages and membrane 
depolarization. The main driving force for ATP synthesis is 
transmembrane electric potential and proton-motive force 
across cytoplasmic and mitochondrial membranes. Phenolic 
monoterpenes pass through cytoplasmic membranes, 
disrupts the structure of lipid bilayer and change membrane 
permeability[22-25]. Permeabilization of membrane enhances 
the leakage of proton from cell, disrupt membrane electric 
potential, and reduce proton motive force and finally ATP 
synthesis. In addition reduction of membrane potential 
enhances the leakage of ions, ATP, amino acids and proteins 
from the cell. The leakage of ions out of the cell is a clear 
indication of membrane damage and cell death. In addition 
essential oil bearing thymol and carvacrol might specifically 
upregulate metabolic and energy pathways, stress response, 
autophagy, and drug efflux which mediate cell death[26-29]. 
   Accordingly, these results indicated that essential oils 
bearing thymol and carvacrol have antimicrobial activities 
and can inhibit pathogenic bacteria and fungi. However, 
further study is also necessary to confirm antimicrobial 
activities of the phenolic monoterpenes in vivo conditions. 
Thus, the present study is provided an additional data for 
supporting the use of phenolic monoterpenes and essential 
oil bearing thymol and carvacrol as safe and effective 
source of natural antimicrobial agents in additive foods and 
traditional remedies for the treatment of infectious disease. 
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