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ABSTRACT 
 

The chemical composition of essential oil isolated by hydrodistillation from the aerial parts of Salvia 
mirzayanii (Lamiaceae family) was determined using GC and GC/MS. Fifty one components were identified in 
the essential oil of S. mirzayanii, which represented 99.97% of the oil. The major components were 5-neo-
cedranol (16.33%), α-terpinyl acetate (9.51%), 1,8-cineol (9.36%), bicyclogermacrene (8.03%), δ-cadinene 
(7.45%), Globulol (5.44%), α-cadinol (4.34%), tau-cadinol (3.70%), 7-epi-α-selinene (3.23%), Linalyl acetate 
(2.91%), Linalool (2.53%), β-Elemene (2.19%), γ-cadinene (2.15%) and α-guaiene (2.03%). Antimicrobial 
activity of the essential oil was evaluated using the disc diffusion method. The oil showed good antimicrobial 
activity against Fusarium solani, Staphylococcus aureus and Candida albicans.  
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Introduction 
 

The use of traditional herbs and medicinal plants 
has become very popular because of the presence of 
natural products with biological properties and plants 
as important sources of new pharmaceuticals and 
healthcare products [18].  

The lamiaceae family includes about 250 genera 
and 6700 species and plants spread in the warm and 
temperate region all over the world [17].  

The genus Salvia is the largest one among the 
most important genera of the lamiaceae family 
consisting of about 900 species, of which 58 are 
distributed in Iranian flora, 17 of which are endemic. 
Salvia mirzayanii Rech. f. & Esfand. is a endemic 
plant which is only distributed in south of Iran [20].  

Salvia mirzayanii is a perennial and bushy 
aromatic herb (20-40 cm high) with multiple stems 
covered with white trichomes and blue white colored 
flowers, flowering occurred in Mars to Apr. This 
species grows wild on the limestone slopes and 
mountainous rock in Lar region on Fars province, 
southern Iran [20]. 

The aerial parts of S. mirzayanii are used in 
Iranian traditional medicine as antistomachache, 
antidiabetes and spasmolytic [24]. 

Some members of this genus have been widely 
used as herbal tea and flavor component as well as in 
folk and traditional medicine, perfumery and 
pharmaceutical purposes [12,14].  

Previous reports on Salvia species revealed that 
they exhibited various biological activities, such as 
antimicrobial, antiviral, antioxidant, cardiovascular, 
anticancer, anti-inflammatory, antidiabetic, 
spasmolytic, antiseptic and sedative properties 
[5,6,7,8,11,13,15,16,21].  

The information on the essential oil of S. 
mirzayanii is very scarce. Javidnia et al., [9]. 
reported that, spathulenol, δ-cadinene, linalool, α-
terpinyl acetate, α-cadinol, β-eudesmol, cubenol and 
linalyl acetate were the main components of S. 
mirzayanii essential oil. In another study by Yamini 
et al., [23] linalyl acetate, 1,8-cineole, linalool and 8-
acetoxy linalool were reported to be the major 
components in S. mirzayanii essential oil. Therefore 
the results of essential oil composition in S. 
mirzayanii are so different. 

In our continuing research on the essential oil 
composition and biological activities in Iranian 
medicinal and aromatic plants, we have evaluated 
essential oil composition and antimicrobial property 
of S. mirzayanii in an attempt to contribute to use of 
these as alternative products for food and medicinal 
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uses.  
 

Materials and Methods 
 

Plant material: 
 
The aerial parts of S. mirzayanii were obtained 

at pre- flowering stage from its wild habitat in Lar 
region on Fars. The plant material was identified and 
authenticated by Dr. Alizadeh in the Herbarium of 
Medicinal and Aromatic Plants of Estahban Branch, 
Islamic Azad University, Estahban, Iran. Harvested 
Plants were dried at room temperature for 15 days. 

 
Essential oil extraction: 

 
Essential oil was obtained from dried aerial 

parts (100 g) from S. mirzayanii by hydro-distillation 
using all glass Clevenger type apparatus during 
approximately 3 hours. The distilled yellow essential 
oil was dried with anhydrous sodium sulfate. The 
essential oil was weighted and stored in sealed 
amber flasks at 4°C until analysis. 

      
Essential oil analysis: 

 
Gas chromatographic analysis was performed 

using an Agilent Technologies gas chromatographer 
(series ІІ, model 7890, USA) equipped with a flame 
ionization detector and an HP-5 capillary column (30 
m  0.25 mm, 0.25 µm film thickness). The 
chromatographic conditions were as follows; the 
oven temperature increased from 60 °C to 240 °C at 
a rate of 3 °C/min. The injector and detector 
temperatures were 240 °C and 250 °C, respectively. 
Helium used as the carrier gas was adjusted to a 
linear velocity of 32 cm/s. The samples were injected 
using split sampling technique by a ratio of 1:20. 
Quantitative data was obtained from electronic 
integration of peck areas without the use of 
correction factors. 

The identification of chemical components of 
the essential oil was also analyzed by Agilent 
Technologies GC-MS (model 5975 C) operating at 
70 eV. ionization energy, equipped with a HP-5 MS 
capillary column phenyl methyl siloxane (30 m  
0.25 mm, 0.25 µm film thickness) with Helium as 
the carrier gas and a split ratio of 1:20. The retention 
indices for all the components were determined 
according to the Van Den Doll [22] 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 also by 
comparison of their mass spectra with the Wiley and 
mass finder 3 libraries or with the published mass 
spectra [1].  

 
Microorganisms: 

 

Standard strain of Candida albicans (ATCC No. 
10231), Gram-positive bacteria Staphylococcus 
aureus (ATCC 6538) and Fusarium solani were 
obtained from Persian Type Culture Collection 
(PTCC) in Iranian Research Organization for 
Science and Technology.   

 
Determination of Antimicrobial activity: 

 
In vitro antimicrobial activity of the essential oil 

of S. mirzayanii was evaluated by disc diffusion 
method, with determination of inhibition zones (IZ), 
according to the National Committee for Clinical 
Laboratory Standards [19] using 100 μl of each 
suspension of the tested microorganisms containing 
2.0 × 106 CFU/ml for bacteria and 2.0 × 105 CFU/ml 
(0.5 McFarland) spore for fungi strain. The bacteria 
inocula were prepared by suspending overnight 
colonies from sabouraud dextrose agar (SDA) media 
and the C. albicans was prepared by suspending 
colonies from 48h old potato dextrose agar (PDA) 
cultures respectively. Fungal or bacterial suspension 
were seeded into Petri dishes (9cm) containing 20 ml 
sterile sabouraud dextrose agar (SDA) or potato 
dextrose agar (PDA) using a sterile cotton swab. The 
sterile paper discs (6 mm in diameter) were 
individually impregnated with 20 μl of the oil and 
then placed on the agar plates which had previously 
been inoculated with the tested microorganisms. The 
plates were inoculated with bacteria incubated at 37 
°C for 24 h and at 30 °C for 48 h for the C. albicans 
strain. After incubation, the mean inhibition zone 
diameter for each concentration was measured in 
millimeters. All the studies were performed in 
triplicate. Blank discs containing 20μl DMSO were 
used as negative controls. Tetracycline (30 μg/disk), 
Gentamicine (30 μg/disk), Oxacillin (1 μg/disk), 
Ketoconazole (20 μg/disk) Amoxicilin (10 μg/disk) 
and Benomil(20 μg/disk) were used as positive 
reference standards to determine the sensitivity of 
the microorganisms. The assessment results shown 
were resistant (lower than 7mm in diameter), dose-
dependent (7-11mm in diameter) and sensitive 
(larger than 11mm in diameter).  

A serial dilution method was used to determine 
the minimum inhibitory concentration (MIC) and 
minimum bactericidal or fungicidal concentration 
(MBC/MFC) according to the National Committee 
for Clinical Laboratory Standards [19]. The essential 
oil was dissolved in dimethylsulfoxide (DMSO), and 
diluted in a twofold manner to make the 
concentrations of 10, 5, 2.5, 1.25, 0.625, 0.312 and 
0.156 μl/disc. The sabouraud dextrose agar (SDA) 
containing varying amounts (logarithmic, serially 
and 2-fold diluted) of S. mirzayanii oil and the 
various controls were inoculated with actively 
dividing microorganism cells. The cultures were 
incubated for 24 and 48 h at 30°C. The MIC is 
defined as the lowest concentration of the essential 
oil at which the microorganism does not demonstrate 
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visible growth. The MBC/MFC is defined as the 
lowest concentration of the essential oil at which 
inoculated microorganisms were completely killed. 
Minimum bactericidal or fungicidal concentration 
(MBC/MFC) was determined by sub-culturing a 
0.01 ml aliquot of the medium drawn from the 
culture tubes showing no macroscopic growth at the 
end of 48 h of culture on sabouraud dextrose agar 
(SDA) plates.  

 
Results and Discussion 
 
Chemical composition of the essential oil: 

 
The essential oil isolated by hydro distillation of 

the aerial parts of S. mirzayanii was a purple yellow 
oil, with a yield of 1.6 % (w/w), based on dry 
weight. In total, 51 components were identified in 
the essential oil of S. mirzayanii that represented 
99.97%- of the oils. The major components were 5-
neo-cedranol (16.33%), α-terpinyl acetate (9.51%), 
1,8-cineol (9.36%), bicyclogermacrene (8.03%), α-
cadinene (7.45%), Globulol (5.44%), α-cadinol 
(4.34%), tau-cadinol (3.70%), 7-epi-α-selinene 
(3.23%), Linalyl acetate (2.91%), Linalool (2.53%), 
β-Elemene (2.19%), γ-cadinene (2.15%) and α-
guaiene (2.03%).Other components were present in 
amounts less than 2% (Table 1). In our study the 
number of major components in S. mirzayanii 
essential oil was higher than previous reports in this 

plant. Also the main components observed in the 
essential oil of S. mirzayanii were different to those 
obtained by Javidnia et al., [9] and Yamini et al., 
[23]. However, some major components as, linalool, 
linalyl acetate, α-terpinyl acetate, 1,8-cineole, α-
cadinol and δ-cadinene, were common between all 
studies. These differences in the essential oil 
compositions can be attributed to several 
environmental factors such as climatic, seasonal and 
geographical or ontogenesis variations [2].  

 
Antimicrobial activity: 

 
The antimicrobial activity of S. mirzayanii 

essential oils was evaluated against a Gram-positive 
bacteria Staphylococcus aureus (ATCC 6538), 
Candida albicans (ATCC 10231) as a yeast and 
Fusarium solani as plant pathogen fungi using the 
microdilution method. The results show that S. 
mirzayanii essential oils have significant 
antimicrobial properties against three 
microorganisms compared to the positive standard 
antibiotics (Table 3,4). The maximum antimicrobial 
activity was observed on S. aureus. The 
antimicrobial activities of the essential oil of S. 
mirzayanii on F. solani and C. albicans were similar 
(Table 3). In all treatments, the inhibitory effect of 
the essential oil increased when the concentration of 
essential oil was increased. 

  
Table 1. Essential oil composition of S. mirzayanii 

No Compound RIa Percentage in Oil 
1 α-thujene 925 0.13 
2 α-pinene 932 0.44 
3 camphene 946 0.01 
4 Sabinene 971 0.31 
5 β-pinene 975 0.81 
6 Myrcene 989 0.80 
7 p-cymene 1023 0.25 
8 limonene 1027 0.24 
9 1,8-cineol 1031 9.36 
10 cis- β -ocimene 1035 0.07 
11 trans- β -ocimene 1045 0.14 
12 γ-terpinene 1056 0.12 
13 trans-linalool oxide 1070 0.20 
14 Terpinolene 1087 0.23 
15 Linalool 1099 2.53 
16 trans-pinocarveol 1136 0.19 
17 camphor 1142 0.22 
18 α -terpineol 1164 0.61 
19 terpinene-4-ol 1175 0.33 
20 α-terpineol 1189 1.72 
21 Myrtenol 1194 0.20 
22 trans-carveol 1216 0.21 
23 Nerol 1226 0.2 
24 Linalyl acetate 1255 2.91 
25 n-Decanol 1269 0.66 
26 δ-Elemene 1335 1.34 
27 α-terpinyl acetate 1350 9.51 
28 Neryl acetate 1363 0.29 
29 α copaene 1373 0.26 
30 Geranyl acetate 1382 0.66 
31 β -Elemene 1391 2.19 
32 α-gurjunene 1407 1.61 
33 (E)-caryophyllene 1417 1.32 
34 Aromadendrene 1436 0.57 
35 α-guaiene 1439 2.03 
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36 allo-Aromadendrene 1457 1.35 
37 γ-gurjunene 1474 0.65 
38 β-Selinene 1483 1.05 
39 bicyclogermacrene 1496 8.03 
40 α -Muurolene 1498 1.17 
41 γ-cadinene 1512 2.15 
42 7-epi- α -selinene 1519 3.23 
43 δ-cadinene 1524 7.45 
44 Globulol 1575 5.44 
45 Viridiflorol 1589 0.37 
46 tau-cadinol 1640 3.70 
47 β-Eudesmol 1648 1.54 
48 α -cadinol 1654 4.34 
49 5-neo-cedranol 1694 16.33 
50 Manoyl oxide 2011 0.25 
51 Kaurene 2034 0.25 
 Oil Yield (%w/w)  1.60 
 Total  99.97 
 
Table 2 Antimicrobial activities of the essential oil of S. mirzayanii  
  Inhibition  Zone (mm)    
Microorganisms  S.  mirzayanii 

Essential oil (μl/ml) 
   

 200 100 50 25 12.5 6.25 3.125 1.562 
F. solani 28 24 21 18 14 11 8 -- 
S. aureus 42 36 30 22 18 15 12 9 
C. albicans 27 24 20 17 12 10 7 -- 

Each value in the table was obtained by calculating the average of three experiments.  
Diameter of inhibition zone including disc diameter of 6mm. 
 
Table 3: Antimicrobial activity of the standard antibiotics 

   Inhibition  Zone 
(mm) 

  

Microorganism Oxacillin 
(1 μg/disk) 

Tetracycline 
(30 μg/disk) 

Benomil 
(20 μg/disk) 

Amoxicilin 
(10 μg/disk) 

Ketoconazol 
(20 μg/disk) 

F. solani NA NA 20 21 NA 
S.  aureus NA 20 NA 17 NA 
C.  albicans 30 NA NA NA 32 

Each value in the table was obtained by calculating the average of three experiments.  
Diameter of inhibition zone including disc diameter of 6mm. 
NA, not active. 

 
Recent studies on the essential oils of many 

Lamiaceae show that, these plants have a broad 
range of biological activities, notably their 
antimicrobial potency [4], and this activity is 
generally correlated to the chemical composition of 
the oil. Thus, this biological difference can be partly 
explained by the variation in their chemical 
composition. According to our observation, essential 
oil composition of S. mirzayanii showed good 
antimicrobial activity against three experimental 
pathogens which could be attributed to high amount 
of major components as 5-neo-cedranol, α-terpinyl 
acetate, 1,8-cineol, bicyclogermacrene, α-cadinene 
and other valuable components in oil. Several studies 
have focused on the antimicrobial activity of the 
essential oils of Salvia species. The essential oils of 
Salvia officinalis and Salvia triloba showed 
antibacterial activity [3,5]. Kabouche et al., [10], 
reported essential oil obtained from roots of Salvia 
jaminiana has antibacterial activity. Similarly, the 
essential oil of Salvia tomentosa showed 
antibacterial activity against eight microorganisms 
[8]. 5-neo-cedranol, α-terpinyl acetate, 1,8-cineol, 
bicyclogermacrene, δ-cadinene, Globulol, α-cadinol, 
tau-cadinol, 7-epi-α-selinene, Linalyl acetate, 
Linalool, β-Elemene, γ-cadinene and α-guaiene were 

the main constituent of the essential oil of S. 
mirzayanii considered as an antimicrobial. However, 
it was also considered that, other components, as 
well as a possible interaction between the substances 
could also affect the antimicrobial activities. In fact, 
the antimicrobial activity of essential oils may well 
be due to the presence of synergy, antagonism or 
additive effects of the other components of the oil, 
which possess various potencies of activity. 
Antimicrobial properties of the essential oil of S. 
mirzayanii show that the plant has potential for use 
in aromatherapy and pharmacy. 

 
Conclusion: 

The results of this study suggest that the 
essential oil of S. mirzayanii possesses high 
antimicrobial activities in vitro against three 
important pathogens, and it can be used in 
aromatherapy and pharmacy, and also in pathogenic 
systems to prevent the growth of microbes. 
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