
Introduction

The genus L. belongs to the Nepetoideae subfamily of Thymus 

Lamiaceae family is a well-known aromatic herb and consists of 

about 215 species of herbaceous perennials and small shrubs in 

the world. , with the common Persian name of “Avishan Thymus

or Azorbe,” encompasses 14 species in the Iranian flora,  Thymus 

four of those are endemic (Mozaffarian, 2008; Zarshenas and 

Krenn, 2015). In Iran, leaves and flowering parts of Thyme 

plants are traditionally used for various medical purposes, , e.g.

as an antispasmodic, antitussive, expectorant, carminative, anti-

inflammatory or tonic agent (Zargari, 1990).

Secondary compounds, including terpenes have multiple 

ecological functions. Many species in the genus Thymus show   

evidence of polymorphic variation in monoterpene production 

(Stahl-Biskup, 2002).

Ghasemi Pirbalouti et al. (2013) reported the main 

constituents of the oil were thymol (33.9–70.3%), carvacrol 

(4.0–24.8%), -terpinene (3.9–10.4%) and p-cymene 

(4.8–8.6%) in , and thymol (35.5–44.4%), T. daenensis

carvacrol (4.4–16.1%), -terpinene (10.5–11.9%) and p-

cymene (8.5–16.1%) in . Golparvar and T. vulgaris

Hadipanah (2013) reported the major components of T. 

vulgaris cultivated in Isfahan climatic conditions were; -

terpinene (42.35%), thymol (14.18%), α-thujene (10.74%), 

linalool (5.42%), caryophyllene (2.942%), borneol (2.48%) 

and carvacrol (1.07%). Ozcan and Chalchat (2004) reported 

of the main elements of the essential oil, as Thymus vulgaris 

follows; thymol (46.2%), γ-terpinene (14.1%), p-cymene 

(9.9%), linalool (4.0%), myrcene (3.5%), α-pinene (3.0%) 

and α–thujene (2.8%). Asllani and Toska (2003) reported 

thymol (60-21%), p-cymene (43–7%) and γ-terpinene (27-

4%) as the main constituents. Unsuitable environmental 

conditions may limit photosynthesis in plants and alter 

nutrient uptake and carbon, sugar, amino acid and inorganic 

ion fluxes. 

The polymorphic fungus, , is a constituent Candida albicans
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of the normal human microbiome. This fungus, together with 

other family members, is present on the skin and in the Candida 

oral cavity and gastrointestinal and urogenital tracts of most 

healthy individuals. This fungus can also cause superficial 

infections, such as oral or vaginal candidiasis, or life-threatening 

systemic infections (Odds, 1988; Yehuda et al., 2010). Plant oils 

and extracts have been used for a wide variety of purposes for 

many thousands of years. In particular, the antimicrobial activity 

of plant oils and extracts has formed the basis of many 

applications, including raw and processed food preservation, 

pharmaceuticals, alternative medicine and natural therapies. 

Plant compounds are expected to be far more advantageous than 

synthetic fungicides for sheer magnitude of complexity, 

diversity and novelty of chemicals, reactions and phenomenon 

as they are biodegradable in nature, nonpolluting and posses no 

residual or phytotoxic properties (Daferera et al., 2003).

Pervious works (Ghasemi Pirbalouti et al., 2009a) showed that 

essential oils of and leaves Thymus daenensis Thymbra spicata 

and flowers exhibited antibacterial activities against Listeria 

monocytogenes from chicken meat. 

Many authors have reported antimicrobial, antifungal, 

antioxidant and radical-scavenging properties of essential oils. 

Thyme essential oils were reported to have antimicrobial 

activities (Beera et al., 2007). In another research, aqueous and 

ethanolic extracts (10-200 mg/ml) of  inhibited Thymus capitatus

the growth of several bacteria and fungi (Kandil and Radwan, 

1994). The main purpose of this study was antimicrobial activity 

and chemical composition of  and  Thymus vulgaris Thymus 

daenensis essential oils.

Materials and methods

Plant material

The aerial parts of  and were collected T. vulgaris T. daenensis 

from stages beginning of blooming set at Isfahan province in 

center Iran (34  48 ′N and 48  31 ′E, 1550 m above sea level), ° °

during 2014.

Essential oil extraction

Fifty grams of the powdered sage leaves were submitted to 

water-distillation in a Clevenger type apparatus with 500 mL 

water for 3 hrs using a Clevenger-type apparatus according to the 

method recommended in BP (British Pharmacopoeia, 1988). 

Samples were dried with anhydrous sodium sulfate and kept in 

amber glass vials at 4 C ± 1 C until use.◦ ◦

Identification of the oil components

Compositions of the essential oils were determined by GC–MS. 

The GC/MS analysis was carried out with an Agilent 5975 GC-

MSD system. HP-5MS column (30 m x 0.25 mm, 0.25 μm film 

thickness) was used with helium as carrier gas with flow rate of 

1.0 mL/min. The oven temperature was kept 20 C at 50 C ° °

for 4 min and programmed to 280 C at a rate of 5 C /min, and ° °

kept 20 C constant at 280 C for 5 min, at split mode. The ° °

injector temperature was at 20 C at 280 C. Transfer 20 line ° °

temperatures 280 C. MS were taken at 70 eV. Mass range °

was from 35 to 450. Identification of the essential oil m/z 

components was accomplished based on comparison of 

retention times with those of authentic standards and by 

comparison of their mass spectral fragmentation patterns 

(WILLEY/ChemStation data system) (Adams 2007).

Antimicrobial test

The tested microorganism included one fungal strain 

( ATCC 10231) were collected from Candida albicans 

Jahrom (Fars province). For the experiments, antimicrobial 

activity of the crude extract was investigated against C. 

albicans fungal strains the disc diffusion method and agar- 

well diffusion method with some modification. The yeast 

was cultured overnight at 30°C in Sabouraud dextrose agar 

(SDB) (Merck, Germany). The extracts were dissolved in 

dimethyl sulfoxide (DMSO, 20 μl) before testing for 

antimicrobial activity. Normal saline was used for the 

preparation of inoculants having turbidity equal to 0.5 

McFarland standards. Disc assay was applied on nutrient 

agar media with adjusting pH at 7.0. The fungus was 

maintained on Potato Dextrose Agar (PDA) at 25 ± 1ᵒC. 

Disks were placed onto Mueller Hinton  and LB broth Broth

(MILLER) medium. Plates were then examined for the 

presence of growth inhibition zones, and diameters were 

measured, if any. Oxacillin disks (1 μg), vancomycin disks 

(30 μg), ketoconazole disks (20 μg) as well as methicilin 

disks (5 μg) were used as positive controls, where 

appropriate. Means of the traits were compared by 

Duncan's multiple range test at p < 0.05 level. 

Results and discussion

Qualitative and quantitative analysis of the essential oils 

volatile profile are listed in Table 1. The yellow essential 

oils yield of studied were 1.65% and 1.13% (v/w) were 

identified in  and  oil, respectively. T. vulgaris T. daenensis

In  oil, 31 components were identified, which T. vulgaris

represented about 98.26% of the total detected constituents. 

The oil of  components corresponding to and T. vulgaris

consisted mainly of oxygenated monoterpenes (73.74%) 

and monoterpene hydrocarbons (18.96%) with a small 

amount of sesquiterpene hydrocarbons (5.48%). The major 

constituents of the  oil were; thymol (54.14%), -T. vulgaris

terpinene (10.67%), linalool (7.64%), carvacrol (6.23%) 

and thymyl methyl ether (4.31%) (Table 1). In  T. daenensis

oil, 33 components were identified, which represented 
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about 99.45% of the total detected constituents. The oil of T. 

daenensis components corresponding to and consisted mainly of 

oxygenated monoterpenes (84.67%) with a small amount of 

monoterpene hydrocarbons (10.88%) and sesquiterpene 

hydrocarbons (5.08%). The major constituents of the T. 

daenensis oil were; thymol (80.24%), -terpinene (3.51%), p-

cymene (2.15%), and carvacrol (1.72%) (Table 1). 

The results of antimicrobial activity of the essential oils obtained 

from  and are shown in (Table 2 and 3). T. vulgaris T. daenensis 

The obtained data showed that the tested oil was active against all 

the tested.

Correlation coefficient between essential oil concentration and 

diameter of inhibition zones by agar-well diffusion the 

method in was 96% of  oil and  Candida albicans T. vulgaris

T. daenensis oil (  2). Correlation coefficient between Figure

essential oil concentration and diameter of inhibition zones 

by disc diffusion method in were 97% and  C. albicans the 

95% of  oil and  oil respectively T. vulgaris T. daenensis

(  3).Figure

The results of antimicrobial activity of the essential oils 

obtained from  and  determined by T. vulgaris T. daenensis

Mueller Hinton Broth and LB broth (MILLER) medium 

shown in (Table 4 and 5). According to these results, MIC & 

MBC of  oil and  oil on T. vulgaris T. daenensis C. albicans 
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S. No Compounds RI T. vulgaris (%) T. daenensis (%)

1 a- Thujene 932 0.12 0.36

2 a-Pinene 938 0.45 0.65
3 Camphene 948 0.59 0.71
4 Sabinene 974 0.13 0.38
5 b-Pinene 980 0.54 0.91
6 Myrcene 994 0.48 1.21
7 a-Phellandrene 1004 0.31 0.12
8 ? -3-Carene 1010 0.61 0.41
9 a-Terpinene 1016 0.94 0.35
10 P-Cymene 1027 3.12 2.15
11 1,8-cineol 1031 0.14 0.38
12 g-Terpinene 1065 10.67 3.51
13 (E)- Sabinene hydrate 1071 0.02 0.17
14 Terpinolene 1089 0.98 0.25
15 linalool 1098 7.64 0.65
16 Camphor 1143 0.02 0.14
17 Borneol 1167 0.31 0.53
18 Terpin-4-ol 1180 0.05 0.18
19 Thymol methyl ether 1235 4.31 0.31
20 Carvacrol methyl ether 1244 0.85 0.51
21 Thymol 1291 54.14 80.24
22 Carvacrol 1298 6.23 1.72
23 β-Bourbonene 1391 0.05 0.01
24 β-Caryophyllene 1414 3.23 0.96
25 Aromadendrene 1442 0.24 0.01
26 α-Humulene 1447 0.18 0.87
27 Germacrene-D 1478 0.85 0.74
28 β-Bisabolene 1509 - 0.01
29 γ-Cadinene 1521 0.02 0.05
30 ? -Cadinene 1529 0.15 0.25
31 E-α-Bisabolene 1545 0.81 0.41
32 Spathulenol 1577 - 0.06
33 Caryophyllene oxide 1580 0.08 0.24

Monoterpene hydrocarbons 18.96 10.88
Oxygenated monoterpenes 73.74 84.67
Sesquiterpene hydrocarbons 5.48 3.6
Oxygenated sesquiterpenes 0.08 0.3

Total 98.26 99.45

Oil yield (%) 1.65 1.13

Table 1. Chemical composition of essential oils of  and T. vulgaris T. daenensis

RI = Retention indices in elution order from DB-5 column
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were estimated 0.1 to 0.2 micro l/ml respectively.

Table 2. Antimicrobial activity of the essential oil of  T. vulgaris

and  determined by agar-well diffusion methodT. daenensis the 

Figure 1. Correlation between essential oil concentration and diameter 

of inhibition zones by the agar-well diffusion method (a) (b) T. daenensis 

T. vulgaris

Table 3. Antimicrobial activity of the essential oil of  T. vulgaris

and  determined by disc diffusion methodT. daenensis the 

Table 4. Antimicrobial activity of the essential oil of  T. vulgaris

and  determined by Mueller  mediumT. daenensis Hinton Broth

Figure 2.  Correlation between essential oil concentration and 

diameter of inhibition zones by disc diffusionthe  method (a) T. 

daenensis T. vulgaris (b) 

The dominant monoterpene produced in glandular 

trichomes on the surface of the leaves, geraniol (G), -α

terpineol (A), thuyanol-4 (U), linalool (L), carvacrol (C), 

and thymol (T), is named after its dominant monoterpene. 

The six monoterpenes are all produced from geranyl 

pyrophosphate  a series of changes in configuration and via

hydroxylation and have fairly similar molecular structures 

(  3). A major distinction is the phenolic nature of Figure

carvacrol and thymol, and the nonphenolic nature of the 

four other monoterpenes (Passet, 1971; Thompson et al., 

2003).  species of different origins contains almost Thymus

the same components, and differences are found in the 

percentage of components. 

Figure 3. The predicted biosynthetic chain of monoterpene 

production (Modified from Passet, 1971)

In the present work, thymol, -terpinene, p-cymene and   

carvacrol were the major components of  species Thymus

oil. Medicinal plants are no exception and their yield and 
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Plants Essential oil concentration (μl/disc)

0.625 1.25 2.5 5 10 20

Thymus daenensis 18c 30b 41ab 45ab 60a 80a

Thumys vulgaris 15b 23b 42ab 44ab 59a 80a

a

b

Plants Essential oil concentration (μl/disc)

0.625 1.25 2.5 5 10 20

Thymus daenensis 14b 19b 41ab 60a 60a 80a

Thumys vulgaris 11c 16c 28b 44ab 60a 80a

Plants Essential oil concentration (μl/disc)

0.05 0.1 0.2 0.5 1 2 4 8

Thymus daenensis 2.3 ?107 0 0 0 0 0 0 0

Thumys vulgaris 2.1 ?107 4.37 ?105 0 0 0 0 0 0
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composition of their essential oil are influenced by management 

practices such as harvest time as well as ecological and climatic 

conditions (Ozguven and Tansi, 1998). For example, Letchamo 

et al. (1995) concluded that higher altitude and variation in soil 

type had profound effect in the spread and amount of volatile 

constituents of . The variability of thymol Thymus serpylloides

and carvacrol contents in the essential oils that obtained from T. 

daenensis cultivated can be attributed mainly to environmental 

conditions as well as agronomic management including 

irrigation, plant density and soil tillage (Lubbe and Verpoorte, 

2011). For example, Golparvar et al. (2015) reported the highest 

thymol content (84.1%) cultivated in Isfahan T. daenensis 

obtained at the stage of before blooming and Salehi et al. (2014) 

reported the highest thymol content (74.8 %) was T. vulgaris 

obtained at the stage of beginning of blooming.

Table 5. Antimicrobial activity of the essential oil of  T. vulgaris

and  determined by LB broth (MILLER) mediumT. daenensis

Table 6. Antimicrobial activity of 4 antibiotics

Ghasemi Pirbalouti et al. (2013) reported that the altitude showed 

be considered as a major factor influencing the chemical of 

( Celak) altitude seems affecting essential oil Thumys daenensis 

content of only oil rich and oil-intermediate aromatic plants. 

Safaei et al. (2012) indicted that in of different T. daenensis 

harvesting stages in Isfahan, the highest amount of thymol was 

obtained from beginning of flowering stage (85.9%) and the 

highest amount carvacrol at fruit set. The maximum amount of P-

cymene, 1,8-cineole and -terpinene were recorded at 50% 

flowering stage (3.4, 1.4 and 1.8% respectively). McGimpsey et 

al. (1994) have shown that seasonal variation has a significant 

effect on the yield and composition of thyme (Thymus vulgaris 

L.) essential oil. 

Biological activity of essential oils depends on their chemical 

composition which is determined by the genotype and influenced 

by environmental and agronomic conditions. The antifungal and 

antibacterial activity exhibited by Thymus genus essential oil has 

been demonstrated by several researchers (Rasooli and 

Mirmostafa, 2003). The antifungal and antibacterial 

activity exhibited by the extracts and essential oils of 

medicinal plants has been demonstrated by several 

researchers (Ozcan and Erkmen, 2001; Delgado and Palop, 

2004). Carvacrol and thymol are structural isomers and 

have a phenolic hydroxyl at a different location on the 

phenolic ring. The hydroxyl group increased their 

hydrophilic ability, which could help them dissolve in 

microbial membrane and impair them (Sikkema et al., 

1995). The presence of the hydroxyl group on carvacrol and 

thymol plays an important role to depolarize membrane 

potential. The structure of cymene was like carvacrol, but 

lacked the hydroxyl groups. It also could decrease the 

membrane potential; however, higher concentrations were 

needed to obtain the same reduction as that obtained with 

carvacrol (Ultee et al., 2002). It was shown that the presence 

of free hydroxyl group is essential for antimicrobial activity 

of carvacrol and that this compound could act as a 

protonophore (Arfa et al., 2006). It gets inserted in 

cytoplasmic membrane, changes the membrane physical 

and chemical properties and affects both lipid ordering and 

stability of bilayer, resulting in an increase of proton passive 

flux across the membrane. The bacteriostatic properties of 

this oil are suspected to be associated with the carvacrol 

content, which has been tested previously and was found to 

have a significant antibiotic activity. Also, synergism 

between carvacrol and its precursor p-cymene has been 

noted. P-cymene is a very weak antibacterial, and swells 

bacterial cell membranes to a greater extent than carvacrol 

does. By this mechanism p-cymene probably enables 

carvacrol to be more easily transported into the cell so that a 

synergistic effect is achieved when the two are used 

together (Ultee et al., 1999). 

Studies showed that the essential oil and extract from T. 

daenensis exhibited antimicrobial activities against 

Candida albicans  (Ghasemi Pirbalouti et al., 2009b), 

Campylobacter jejuni Campylobacter coli and (Ghasemi 

Pirbalouti et al., 2010). The antimicrobial activity of T. 

daenensis essential oil against two Gram-positive and 

Gram-negative bacteria as well as three fungi. The essential 

oil showed the most pronounced antibacterial activity 

against and antifungal activities Staphylococcus aureus 

against fungi , and Aspergillus niger Candida albicans 

Saccharomyces cerevisiae (Teimouri, 2012). The 

antimicrobial activity of essential oil was T. daenensis 

assessed on different microbial strains. The MICs against C. 

albicans E. coli S. aureus , and were 40, 80 and 160 μg/mL, 

respectively (Dadashpour et al., 2011). In our study, the 

results obtained indicated that  oil had a Thymus daenensis
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Plants Essential oil concentration (μl/disc)

0.05 0.1 0.2 0.5 1 2 4 8

Thymus daenensis 2.8 ?107 1.6 ?101 0 0 0 0 0 0

Thumys vulgaris 2.9 ?107 5.1 ?105 0 0 0 0 0 0

Microorganism Methicillin

(5 μg/disk)

Vancomycin

(30 μg/disk)

Oxacillin

(1 μg/disk)

Ketoconazole

(20 μg/disk)

Candida

albicans

NA NA 32 35

Advance Pharmaceutical Journal 2016; 1(4): 101-107



high suppressing & fatal effects, these results agree with those 

reported by other authors (Ghasemi Pirbalouti et al., 2009b and  

Dadashpour et al., 2011). 
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