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1. Introduction

  Since ancient times the crude herbal extract and 
essential oil of aromatic plants have been in use for 
different purposes, such as food, drugs and perfumery [1]. 
Over the past 20 years, there has been a lot of interest in 
the investigation of natural materials as sources of new 
antibacterial agents [2]. In the essential oil of aromatic 
plants, there are many compounds such as monoterpenes, 
sesquiterpenes, alcohols, aldehydes, phenols, esters, and 
ether, sulphurous and nitrogenous substances [3,4].
  The genus Salvia with over 900 species is probably the 
largest member of the family Lamiaceae and is found in 
both subtropical and temperate parts of the world. Two 
largest centers of the genus are in America and in South-
West Asia [5].
  In Iran There is a high diversity of salvia species and 
accessions which includes 70 species that 40% of them are 
endemic [6]. S. urmiensis Bunge is an aromatic perennial 

woody sub-shrub of these species that are found in their 
natural in Iran. S. urmiensis Bunge is considered one of the 
most important Salvia species for medical (antimicrobial and 
antipestic) purposes [7]. Several reports have been published 
in recent years on the antimicrobial activity of some extracts 
and essential oils obtained from some species of Salvia [3, 
8-10]. Many reports was shown the effectiveness of traditional 
herbs against microorganisms, as a result, plants are one of 
the bedrocks for modern medicine to attain new principles 
[11]. The literature on the chemical constituents of the genus 
Salvia gave information for compounds such as germacrene, 
linalool, 1,8-cineole (eucalyptol), borneol, α-pinene, 
β-pinene, camphor and camphene [3,9]. There are no data 
concerning the essential oil composition and antimicrobial 
activity of S. urmiensis Bunge. The aim of this paper is to 
demonstrate the compounds and antimicrobial activities of 
essential oil, ethyl acetate and ether extract of S. urmiensis 
Bunge.

2. Materials and methods

2.1. Plant material

  The aerial parts of S. urmiensis Bunge were collected from 

ARTICLE INFO                           ABSTRACT

Article history:
Received 7 August 2012
Received in revised from 18 September 2012
Accepted 10 December 2012
Available online 28 December 2012

Keywords:
Salvia urmiensis Bunge
Essential oil
extract
Antibacterial activity
antifungal activity

Objective: In this study, antimicrobial activity of essential oil, ethyl acetate and ether extracts 
of S. urmiensis Bunge were screened against some species of bacteria and fungi. Also, the 
essential oil of the aerial part of S. urmiensis Bunge was examined by GC and GC-MS. Methods: 
The oils obtained by hydrodistillation in a Clevenger apparatus from fresh and dried aerial 
parts of S. urmiensis Bunge were analyzed by GC and GC-MS to investigate the variations of 
oil components. Ethyl acetate and ether extracts of S. urmiensis Bunge were obtained using 
powdered aerial part and appropriate amounts of each solvent (ethyl acetate, ether) by maceration 
method. The minimum inhibitory concentration (MIC) of essential oil and extracts against the 
bacteria and fungi was determined using broth microdilution method. Results: In the essential 
oil of S. urmiensis Bunge 27 Compounds have been identified. Benzyl benzoate (60.3 %), n-hexyl 
benzoate (16.7 %), Amyl benzoate (5.2 %) and 2- octyl benzoate (4.2 %) were the main components 
of the essential oil. The essential oil analysis showed greatest antimicrobial activity against 
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wild plant in Ardebil city (Northwest of Iran). The voucher 
specimen (No.7812) is deposited in the Herbarium of Science 
and Research Branch of Islamic Azad University, Tehran, 
Iran. The aerial parts were cut into pieces and air-dried for 
10 Days at room temprature.70 g aerial parts were powdered, 
mixed with 500 ml of distilled water and the essential oil 
hydrodistilled in a Clevenger apparatus according to the 
British method for 3h. Ethyl acetate and ether extracts of 
S. urmiensis Bunge were obtained using 40 gr of powdered 
aerial part and150 ml of each solvent (ethyl acetate, ether) by 
maceration method.

2.2. Gas chromatography

  GC analysis of the oil was conducted using a Thermoquest-
Finnigan Trace GC instrument equipped with a DB-1 fused 
silica column (60 m x 0.25 mm i.d., film thickness 0.25 毺
m). Nitrogen was used as the carrier gas at the constant flow 
of 1.1 mL min-1. The oven temperature was held at 60曟 
for 1 min, then programmed to 250曟 at a rate of 4曟 min-1 
and then held for 10 min. The injector and detector (FID) 
temperatures were kept at 250 and 280曟, respectively.

2.3. Gas chromatography-Mass spectrometry

  GC-MS analysis was carried out on a Thermoquest- 
Finnigan Trace GC-MS instrument equipped with a DB-1 
fused silica column (60 m x 0.25 mm i.d., film thickness 
0.25 毺m). Helium was used as a carrier gas at a flow rate of 
1 mL/min. The oven temperature was raised from 60 to 250
曟 at a rate of 5曟 min-1 and then held at 250曟 for 10 min.; 
transfer line temperature was 250曟. The quadrupole mass 
spectrometer was scanned over the 45-465 amu with an 
ionizing voltage of 70 eV and an ionization current of 150 毺
A.
  Identification of the components was based on comparison 
of their retention indices (RI), obtained using n-alkanes 
(C6-C25), and comparison of their mass spectra with those of 
Wiley library spectra and literature data. Additionally, the 
identity of all compounds was confirmed by comparison of 
the expected molecular weights with the results of available 
authentic samples.

2.4. Microorganisms

  Five strains of bacteria and two strains of fungi were 
studied including Bacillus subtilis  (ATCC 127111), 
Enterococcus faecalis (ATCC 29737), Staphylococcus aureus 
(ATCC 29737), Staphylococcus epidermidis (ATCC 12229), 
Klebsiella pneumoniae (ATCC 10031), Candida albicans 
(ATCC 10231) and Saccharomyces cerevisiae (ATCC 9763). 
Bacterial strains were cultivated on Mueller Hinton broth 
(Merck, Germany) and fungi were cultivated on Sabouraud 
liquid Medium broth (Merck, Germany). The minimum 
inhibitory concentration (MIC) of essential oil and extracts 
against the bacteria and fungi was determined using broth 
microdilution method.

3. Result 

  The essential oil of the aerial part of S. urmiensis Bunge 
was examined by GC and GC-MS. The constituents of the 
oil are showed in table 1. In the essential oil, 27 Compounds 

have been identified. Benzyl benzoate (60.3 %), n-hexyl 
benzoate (16.7 %), Amyl benzoate (5.24 %), 2- octyl benzoate 
(4.2 %) were the main components of the essential oil. 
According to the data shown in table 2, the essential oil of 
S. urmiensis Bunge had antimicrobial activity against all 
tested microorganisms. The MIC ranged from 5.3 to 298.7 
毺g/ml with highest inhibition values observed against S. 
epidermidis, B. subtilis (5.3 毺g/ml) and S. cerevisiae (9.3 毺
g/ml) among bacteria and fungi. The antimicrobial activity 
against S. epidermidis (5.3 毺g/ml) and S. cerevisiae (9.3 毺
g/ml). B. subtilis (170.7 毺g/ml) and C. albicans (85.3 毺g/
ml) showed the greatest level of resistance to essential oil. 
The essential oil showed more antimicrobial activity on 
bacteria and fungi than ethyl acetate and ether extract. The 
ethyl acetate showed greatest antimicrobial activity against 
B. subtilis (5.3 毺g/ml), C. albicans (106.7 毺g/ml) and ether 
extract showed greatest antimicrobial activity against K. 
pneumoniae (10.7 毺g/ml) and S. cerevisiae(10.7 毺g/ml). S. 
epidermidis(149.3 毺g/ml) and S. cerevisiae (298.7 毺g/ml) 
showed the highest resistance to ethyl acetate extract and 
S. epidermidis(106.7 毺g/ml) and C. albbicans (149.3 毺g/ml) 
showed the highest resistance to ether extract. The observed 
antimicrobial (antibacterial and antifungal) effect of S. 
urmiensis Bunge against Bacteria and fungi is according to 
previous reports for other species of Salvia [3, 8-10].

Table 1
Chemical composition of identified compounds in the oil of Salvia 
urmiensis Bunge
No Compound RI %

1 Benzyl aldehyde 932 0.1
2 Linalool 1082 2.2
3 2- Methyl butyl isovalerate 1089 0.1
4 2- Methyl propanoate 1128 0.5
5 Acetic acid octyl ester 1187 0.1
6 2- Methyl butanoate 1217 1.0
7 Hexyl isovalerate 1221 1.2
8 Benzyl isobutanoate 1267 0.3
9 Isobutyl benzoate 1301 0.3
10 n- Butyl isovalerate 1318 0.1
11 n- octyl isobutirate 1323 0.1
12 n- Butyl benzoate 1345 0.4
13 Benzyl valerate 1357 0.3
14 Benzyl isovalerate 1363 1.1
15 Amyl benzoate 1411 5.2
16 Isopentyl benzoate 1446 0.2
17 Germacrene D 1479 0.4
18 E,E- α-farnesene 1490 0.5
19 Benzyl hexanoate 1510 0.2
20 2-Allylpent-4, enoic acid, benzyl ester 1513 0.1
21 n- Hexyl benzoate 1553 16.7
22 β-Eudesmol 1639 0.4
23 α-Eudesmol 1644 0.1
24 Tert-butyl benzoate 1651 0.4
25 Benzyl benzoate 1738 60.3
26 2- ocetyl benzoate 1756 4.2
27 Bergamotol 1814 2.1
  RI: Linear retention indices on column
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Table 2
The minimum inhibitory concentration (MIC, 毺g/ml) of essential 
oil, ether ethyl acetate extract of Salvia urmiensis Bunge against 
microorganisms

Microorganism Extract
Essential oil Ether Ethyl acetate

Enterococcus faecalis 106.7 74.7 42.7
Staphylococcus aureus 85.3 37.3 21.3
Staphylococcus epidermidis 5.3 106.7 149.3
Bacillus subtilis 170.7 85.3 5.3
Klebsiella pneumoniae 125 10.7 74.7
Candida albicans 85.3 149.3 106.7
Saccharomyces cerevisiae 9.3 10.7 298.7
The results are the conclusion of three replicate 

4. Discussion

  In the literature, the antimicrobial activity of some genus 
Salvia essential oils against microbes has been reported [3, 

12]. It is due to the presence of chemical components that 
have antimicrobial activity such as germacrene, linalool. 
Germacrene is an important sesquiterpenes that occur 
widely in nature [13]. Antibacterial and antifungal activities 
of germacrene have been reported in previous studies 
[13,14]. Linalool is a major constituent of essential oil of 
some plants such as genus Lavandula. This componund 
has been used as an antimicrobial agent in some countries 
such as Greece [15,16]. The antibacterial and antifungal 
activity of terpenes such as linalool and germacrene has not 
been exactly understood but these compounds may cause 
disruption in membrane by lipophylic reactions [4]. It is very 
difficult to contribute antimicrobial activity of the essential 
oils to a few compounds because those contain different 
chemical compounds [17]. In conclusion, we suggest that the 
antimicrobial activity of S. urmiensis Bunge may be due to 
its content of germacrene and linalool.
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