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Introduction

Asteraceae is the largest plant family; its many genera 
and species, worldwide distribution, and the fact that it 
comprises many useful plants have made it the subject of 
many studies (Funk et al., 2009). Tanacetum is one of the 
most important genera. Tanacetum species are aromatic 
perennial plants, widely distributed in the northern 
hemisphere (Salamci et al., 2007). They have also been 
cultured in gardens and used in salads, omelets, and 
cakes (Grieve, 1984). Some members of this genus have 
traditionally been used in insecticides, cosmetics, bal-
sams, dyes, medicines, and preservatives (Grieve, 1984).

According to recent studies, essential oils and extracts 
of some members of the genus Tanacetum exhibit 
anti-inflammatory (Brown et al., 1997), antibacterial 
(Holopainen & Kauppinen, 1989; Hethelyi et al., 1991; 
Neszmelyi et al., 1992; Nori-Shargh et al., 1999; Akpulat 
et al., 2005; Salamci et al., 2007), and antifungal effects 
(Hethelyi et al., 1991; Neszmelyi et al., 1992). The chemi-
cal composition of essential oils of various Tanacetum 
species was reported by some earlier researchers (Nori-
Shargh et al., 1999; Baser et al., 2001; Goren et al., 2001; 
Akpulat et al., 2005; Salamci et al., 2007). Camphor and 
chrysanthenyl acetate were determined as the main 
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components of the essential oil of T. parthenium Schultz 
Bip. originated from England and Netherlands, whereas 
camphene, p-cymene and (E)-chrysanthenol were found 
together with the previous compounds in other studies 
(Hendriks et al., 1996; Christensen et al., 1999; Salamci 
et al., 2007). Several studies have also shown that there 
are high quantities of sesquiterpenes, lactones, parthe-
nolides, and flavonoids in T. parthenium, which exhibit 
strong antibacterial activity (Smith & Burford, 1992; 
Awang, 1998; Jain & Kulkarni, 1999; Williams et al., 1999; 
Long et al., 2003; Salamci et al., 2007).

The above mentioned studies display the different oil 
chemotypes, which strongly correlate with a different 
geographical origin, the plant material, the vegetative 
period, and the method used for isolating the essen-
tial oils. In this research work, we studied the chemical 
composition of the hydrodistilled oils of T. parthenium 
of Iranian origin that were collected in the three growth 
stages, pre-flowering, flowering and post-flowering to 
compare the results with the previous reports. We also 
tested the antibacterial activity of prepared essential oils 
from the species against some bacterial strains.

Material and methods

Plant materials
Aerial parts of Tanacetum parthenium were collected 
from naturally growing area in Hamedan (west of Iran) in 

August 2007 at the three developmental stages including 
pre-flowering, flowering and post-flowering, and dried in 
the shade. Herbarium vouchers of the species are depos-
ited in the local herbarium in the Department of Biology, 
Faculty of Science, Bu-Ali Sina University, Iran. The plant 
materials were authenticated by Prof. Shahin Zarre who 
is a botanist in Tehran University. The location informa-
tion is as following:

Tanacetum parthenium Schultz Bip.
Iran, Hamedan, Road of Hamedan to Imamzadeh 

Mohsen, Soulan village, 2500 m (Figure 1), Chehregani & 
Hajisadeghian, 10. 8. 2007, n = x =  9, 2n = 2x = 18.

Isolation procedure
The dried plant samples (500 g) were subjected to direct 
hydrodistillation (plant material in boiling water) using 
a Clevenger type apparatus for 4 h. The oils were dried 
over anhydrous Na

2
SO

4
. Hydrodistillation of T. parthe-

nium yielded 0.85, 1.02 and 0.75% (v/w) of essential 
oils in the pre-flowering, flowering and post-flowering 
stages, respectively. The yields were based on dry mass 
of the plant samples. The procedure was repeated three 
times and data were presented as the mean of the three 
samples.

Identification of components
Essential oil components were identified by gas 
 chromatography-mass spectrometry via peak matching 
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and by utilizing their retention indices on an Innowax 
FSC column. n-Alkanes (C9-C20) were used as refer-
ence points in the calculation of retention indices (RI) 
(Curvers et al., 1985). Computer matching against 
commercial libraries (Wiley and Mass Finder Ver. 
2.1) (McLafferty & Staffer, 1989; Joulain et al., 2001), 
“Baser Library of Essential Oil Constituents” which was 
built from genuine compounds and components of 
known oils, and the reported MS literature library data 
(Jenning & Shibamoto, 1980; Joulain & Koenig, 1998; 
E.S.O., 2000) were utilized in the final characterization 
of oil components. The experiments were repeated 
three times and the data represented as the mean of 
three samples.

Test organisms for antibacterial assay
The standard strains of the following microorganisms 
were used as test organisms. Enterobacter aerugenes 
(PTCC 10009), Serratia marcescens (PTCC 1330), Proteus 
vulgaris (Lio), Citrobacter amalonaticus (Lio), Bacillus 
cereus (ATCC 7064), Basilus megaterium (PTCC 1672), 
Staphylococcous subrogation (Lio), Staphylococcous 

aureus (ATCC 6633). Some microorganisms were 
obtained from Persian Type Culture Collection, Tehran, 
Iran and others locally isolated (Lio). The organisms were 
sub-cultured in nutrient broth and nutrient agar (Oxiod 
Ltd.) for using in experiments, while diagnostic sensitiv-
ity test agar (DST) (Oxoid Ltd.) was used in antibiotic 
sensitivity testing.

Sensitivity testing
For bioassays, suspension of ~1.5 × 108 cells per mL 
in sterile normal saline was prepared as described by 
Forbes et al. (1990). The sensitivity testing was deter-
mined using agar-gel diffusion method (Russell and 
Furr, 1977; Chehregani et al., 2010). In each disk 30 µL 
essential oil were loaded. The minimum inhibitory con-
centration (MIC) of essential oils was also determined 
using a twofold dilutions method (NCCLS, 2008). The 
isolated bacterial strains were first grown in nutrient 
broth for 18 h before use. The inoculum suspensions 
were standardized and then tested against the effect of 
the essential oils at amount of 30 µL for each disk in DST 
medium. The plates were later incubated at 37 ± 0.5°C for 

Table 1. Chemical composition of aerial parts of T. parthenium in three developmental stages. Amounts were expressed as percentage*.
 Post-flowering Flowering Pre-flowering RI Compound
3 0.40 0.62 0.69 924 Tricyclene
1 0.75 0.90 1.20 930 α-Thujene
4 0.56 0.92 0.63 935 α-Pinene
5 9.50 13.74 11.12 947 Camphene
6 0.48 0.46 0.66 974 β-Pinene
9 0.56 0.68 0.47 1013 α-Terpinene
7 1.96 2.10 2.29 1017 p-Cymene
8 1.45 1.12 0.86 1025 Limonene
10 0.38 0.50 0.58 1031 1,8-Cineole
13 0.36 0.20 0.62 1113 p-2-menthen-1-ol
11 12.65 18.94 16.75 1143 Camphor
12 8.70 10.93 11.84 1166 Broneol
15 1.26 1.40 1.26 1177 Terpinen-4-ol
24 1.28 1.67 1.54 1186 p -Methyl acetophenone
2 0.00 0.45 0.42 1189 α−Terpinol
25 0.55 0.72 0.65 1229 Cumin aldehyde
14 11.48 18.35 14.31 1285 bornyl acetate
16 1.14 1.36 1.96 1291 Terpinen-4-yl acetate
22 0.89 0.92 1.06 1414 β-Caryophyllene
17 0.75 0.88 0.64 1478 Germacrene-D
18 3.26 3.15 2.62 1500 Bornyl isovalerate
19 2.86 4.25 3.98 1526 δ-Cadinene
21 0.78 1.24 0.86 1589 (E)-β-Ionone
23 1.65 1.23 2.70 1596 Caryophyllene oxide
26 1.96 2.65 2.45 1660 10-epi-γ-Eudesmol
27 5.26 6.23 4.71 1674 Juniper Camphor
20 1.65 1.60 2.93 1714 cis-Ascaridole
28 1.65 1.97 3.16 1837 6,10,14-Trimethyl pentadecan-2-

one
29 0.47 0.94 0.76 1882 z-Hexadecen-1-ol
30 1.24 0.93 1.58  Others
31 75.88 98.05 95.30  Total
*Each datum represented the mean of three samples.
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24 h after which they were observed for zones of inhibi-
tion. The effects were compared with the standard anti-
biotic chloramphenicol at a concentration of 1 mg/mL 
(Khan & Omosto, 2003). The MICs of essential oils were 
also determined by tube dilution techniques in Mueller–
Hinton broth (Merck) according to NCCLS (2008). The 
experiments were repeated at least three times for each 
organism and the data were presented as the mean ± SE 
of 3–5 samples.

Cytotoxicity assay
A monocyte cell line THP-1, derived from acute mono-
cyte leukemia, was obtained from cell line bank of 
Pasture Institute, Tehran, Iran. Cells were cultured in 
RPMI-1640 culture medium (Sigma-Bio Sciences, St. 
Louis, MO) supplemented with 10% fetal bovine serum, 
penicillin (100 U/mL) and streptomycin (100 U/mL). 
Cell cultures were maintained at 37°C in a humidified 
atmosphere of 5% CO

2
. After incubation for 10 min at 

room temperature, the effect of the different concentra-
tions (5, 10 and 15% v/v) of essential oils on THP-1 cells 
were evaluated by 0.2% (final concentration) Trypan 
blue dye exclusion analysis. Briefly, the cell number 
was determined by counting the viable cells in a hemo-
cytometer. The percentage of viable cells from each 
well after incubation with essential oil was obtained by 
applying the following equation: % viable cells = (VC/
TC) × 100, where VC = viable cells counted and TC = total 
cells counted (stained plus unstained cells). The experi-
ments were repeated at least three times for each organ-
ism and the data were presented as the mean ± SE of 3–5 
samples.

Statistical analysis
The differences between the control and experimental 
groups were analyzed statistically by the Kruskal–Wallis 
and Mann–Whitney tests (SPSS version 10.0; SPSS Inc., 

Chicago, IL). A P value < 0.05 was considered statistically 
significant.

Results

The essential oil yields (v/w, on dried mass basis) of 
Tanacetun parthenium were 0.85, 1.02 and 0.75% in 
the pre-flowering, flowering and post-flowering stages 
respectively. The results of the analysis of essential oils 
are present in Table 1. Results showed that totally 29 
compounds were identified in the oils of T. parthenium 
in all above mentioned stages; nevertheless results 
indicated that there are some differences between the 
stages. In the stage of pre-flowering, camphor (16.75%) 
and bornyl acetate (14.31%) were in higher percent-
age than the other compounds. The presence of cam-
phene (11.12%), juniper camphor (4.71%) and bornyl 
isovalerate (2.62%) is also important for the oil profile. 
Our results showed that the amounts of the most com-
pounds were increased in the flowering stages. Camphor 
(18.94%) and bornyl acetate (18.35%) are the major 
compounds of essential oil in this stage. The amounts of 
some chemicals were decreased in the flowering time in 
comparison to the pre-flowering stage. They are includ-
ing to α-thujene, β-pinene, broneol, cis-p-menth-2-en-
1-ol, terpinen-4-ol, ascaridole and 6,10,14-trimethy 
l-2-pentadecanone. In the stage of post-flowering, the 
amounts of most compounds were decreased in the 
essential oils. However, comphore (12.65%) and bornyl 
acetate (11.48%) are the prominent chemicals in this 
stage, too.

Antibacterial activities of the oils were studied against 
8 bacterial strains (Table 2). The oils inhibited the growth 
of bacterial strains producing a zone diameter of inhibi-
tion from 12.0 to 29.0 mm, depending on susceptibility of 
the tested bacteria. For the oil of flowering stage, the inhi-
bition zones against some bacterial strains (Citrobacter 

Table 2. Antibacterial activity of the essential oil of T. parthenium that was expressed as diameter of inhibition zone (mm) and minimum 
inhibitory concentration (MIC).

Essential oils 
bacterial strains Pre-flowering Flowering Post-flowering N-Hexane Chloramphenicol

MIC
EOa (µL/mL) STDb (µg/mL)

Citrobacter 
amalonaficus

15 ± 3 16.5 ± 2 13 ± 3.5 — 13 ± 4 25 8

Proteus vulgaris 16 ± 4 21 ± 5 17 ± 4 — 35 ± 8 20 4
Serratia 
marcescens

14 ± 2 18 ± 4 13 ± 2 — 22 ± 5 25 4

Enterobacter 
aerogenes

13 ± 3 17 ± 3.5 13 ± 4 — 22 ± 3 38 4

Staphylococcus 
aureus

18 ± 2.5 24 ± 4 22 ± 4 — 25 ± 3.5 8 2

Staphylococcus 
subtilis

12 ± 2 24 ± 4.4 18 ± 3 — 25 ± 4 4 4

Bacillus 
megaterium

25 ± 3 29 ± 6 26 ± 3.5 — 18 ± 2.5 20 1

Bacillus cereus 14 ± 2 18 ± 2 15 ± 4 — 17 ± 3 16 1
aEssential oil.
bChloramphenicol standard.
Each datum represented the means ± SE of five samples.
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amalonaficus, Bacillus megaterium, Bacillus cereus) were 
even greater than those of chloramphenicol, and showed 
a wide inhibition zones at a very low concentration.

Since the comparison of the size of inhibition zones 
merely is not trustworthy, the MIC of the plant oils was 
also determined according to the method of NCCLS 
(2008). Results indicated that the MIC of plant oils 
against the tested organisms varied between 4 against 
Staphylococcus subltilis and 38 Enterobacter aerogenes 
µL mL−1. The standard chloramphenicol had MIC values 
varying between 1 and 8 µg mL−1. The results indicated 
that standard antibiotic chloramphenicol had stranger 
activity than plant oil against some bacterial strains. 
Antibacterial effect of the oils is also notable. The lowest 
MIC (4 µL mL−1) was detected for T. parthenium against 
Staphylococcus subltilis and for other bacterial strains 
were as 8 (St. aureus), 16 (Bacilus cereus), 20 (B. mega-
terium and Proteus vulgaris), and 25 (Citrobacter ama-
lonaficus and Serratia marcescens) (Table 2).

The cytotoxic effect of the studied essential oil was 
studied by Trypan blue dye exclusion technique (Costa 
et al., 1999) and results are shown in Figure 2. The results 
showed that cell viability was not affected by differ-
ent concentration of essential oil (5, 10 and 15%) when 
compared to the control groups. Cell viability was evalu-
ated 91%, in the control group, after 24 h incubation of 
THP-1 cells with Trypan blue dye. The lowest cell viability 
(79%) was evaluated for the group that treated with 15% 
v/v essential oil. Statistical analysis indicated that the 

reduction of cell viability in the oil-treated groups is not 
significant (P ≤ 0.05).

Discussion

The essential oil yields (v/w, on dried mass basis) 
of Tanacetun parthenium were 0.85, 1.02 and 0.75% 
in the pre-flowering, flowering and post-flowering 
stages, respectively; close to those reported for T. argy-
rophyllum C. Koch (0.96–1.03%) and T. parthenium 
(0.30–0.83%) (Hendriks et al., 1996; Goren et al., 2001). 
Twenty-nine compounds were identified in the oil of 
Tanacetum parthenium, at all the above mentioned 
stages. In the stage of pre-flowering, camphor was 
determined to be present at a high percentage (16.75%) 
but it was increased in flowering stage (18.94%) and 
then was decreased in post-flowering stage (12.65%). 
Similar data was reported for Artemisia vulgar Linn. 
(Asteraceae) that showed to have 15.7–23% camphor 
at pre-flowering stage and 38.7% at flowering stage. It 
seems that camphor is an essential factor for flowering 
process in plants (Haider et al., 2003). But there is only 
a different report that showed camphor is decreased 
at flowering stage in compared to pre-flowering stage 
in Salvia officinalis L. (Labiateae) (Stancheva et al., 
2010).

A similar pattern was observed for some other com-
pounds. For example bornyl acetate and camphene was 
determined as 14.31 and 11.12%, in pre-flowering stage; 
they were increased up to 18.3 and 13.74% in flowering 
stage, and then decreased to 11.8 and 9.50% in post-
flowering stage. The higher percentages of bornyl acetate 
and camphene in the flowering and post-flowering than 
pre-flowering stage was reported in the oil of Salvia 
bracteata Banks et Sol. (Labiateae) (Amiri, 2007a) that is 
accordance with our data. Instead, the amounts of some 
chemicals were decreased in the flowering time in com-
parison with pre-flowering stage. They are α-thujene, 
β-pinene, broneol, cis-p-menth-2-en-1-ol, terpinen-4
-ol, ascaridole and 6,10,14-trimethyl-2-pentadecanone 
that is accordance with the finding of some prior reports 
(Amiri, 2007a). Unfortunately, the reason for these differ-
ences was not clear in the previous literature.

Results of this research work showed that 
 trans-chrysanthenyl acetate was not detected in the 
oil of T. partheium. However, this component together 
with camphor has been considered as the characteris-
tic constituents of essential oil in T. parthenium (Smith 
& Burford, 1992; Hendriks et al., 1996). This difference 
should be due to different geographical location of the 
studied species. Our data were also differed from those 
of T. parthenium oil from Danish origin, which con-
tained  trans-chrysanthenol (7.2%), trans-chrysanthenyl 
acetate (15.7%) and more amounts of camphor (26.7%) 
(Christensen et al., 1999). Camphor (11–16%) also char-
acterizes the essential oils of T. armenum and T. harad-
jami, whereas it ranged between 0.06 and 73.02% (Baser 
et al., 2001; Keskitalo et al., 2001) in 20 genotypes of T. 
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Figure 2. Effect of 24-h incubation of essential oil obtained from 
T. parthenium, at flowering stage, on THP-1 cells by Trypan blue 
dye exclusion assay expressed as percentage of viable cells in 
control and test groups. Results indicated that the oil has not 
significant toxic effect (P ≤ 0.05). 1, Control; (A) the group treated 
with 5%; (B) the group treated with 10%; (C) the group treated with 
15% essential oil. Each datum represented the means ± SE of five 
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vulgare collected from different geographical locations 
in Finland. The oil obtained from the dried leaves of T. 
argyrophyllum is reported to contain a high percent-
age of 1,8-cineole (Goren et al., 2001) but its amounts 
were few in the our studied plants (0.38–0.58%). Some 
reports indicated that the genus Tanacetum, rich in 
cis-thujone (T. praetheritum subsp. massicyticum) and 
trans-thujone (T. vulgare) (Goren et al., 2001; Keskitalo 
et al., 2001) but they was absent in the oil profile of the 
our studied plants. Considerable amounts of cis-thujone 
(about 12%) have also been found in the essential oils of 
T. argenteum subsp. canum var. canum and T. balsamita 
(Goren et al., 2001; Baser et al., 2001). In conclusion, this 
study demonstrates the occurrence of camphor/bornyl 
acetate chemotype of T. parthenium in western region of 
Iran. This is also the first report of oil composition of T. 
parthenium in different developmental stages.

Antibacterial activity of the oils was studied against 
eight bacterial strains and results indicated that the oils 
obtained from the all stages, were able to inhibit the 
growth of studied bacterial strains. The oil obtained from 
flowering stage, had the highest inhibition zones. For 
example, the inhibition zones against Citrobacter ama-
lonaficus, Bacillus megaterium, and Bacillus cereus were 
even greater than standard chloramphenicol. The MIC 
of the oils, against the tested organisms, varied between 
4 and 38 µL mL−1. The results indicated that although 
the activity of standard antibiotic chloramphenicol is 
stranger than to plant oil, against some bacterial strains 
but antibacterial activity of the oils is also considerable. 
The lowest MIC (4 µL mL−1) was detected for the oil 
against Staphylococcus subltilis. Results were also indi-
cated that the oil of flowering stage was more effective 
than the oils of two other stages. It seems that the reason 
of is the presence a higher percentage of camphor and 
bornyl acetate (18.94 and 18.35%) at the flowering stage. 
Antibacterial effect of camphor was reported previously 
(Amiri, 2007b). Although there are several reports on the 
analysis of essential oils from Tanacetum species in the 
literature, but there are few reports about antibacterial 
effects of Tanacetum oils against only a limited number 
of bacteria (Kalodera et al., 1997; Nori-Shargh et al., 1999; 
El-Shazly et al., 2002; Amiri, 2007b). Oxygenated monot-
erpenes such as camphor, camphene and borneol, which 
were detected in the oils of T. parthenium, have been also 
demonstrated to exhibit antibacterial activity (Amiri, 
2007b). Antibacterial effect of essential oils containing 
1,8-cineole, camphor, borneol and terpinene-4-ol was 
reported, previously (Kordali et al., 2005). Therefore, the 
broad spectrum antibacterial activity of T. parthenium 
oils may be attributed to these major components.

The Trypan blue dye exclusion technique was chosen 
for cytotoxicity assay because it is easy to perform and 
allows for distinguishing non-viable cells from viable ones 
by microscopic analysis. Although accurate procedures 
for determination of cell viability are reported in litera-
ture (Costa et al., 1999), the analysis by Trypan blue assay 
reveals the disruption of cell membrane integrity. Trypan 

blue staining of non-viable cells is a common procedure 
used in cell culture research, and it relies on the premise 
that vital cells will not allow the stain to penetrate through 
cell membranes (Freshney, 2000). Results of the cytotox-
icity assay showed that the toxicity of the studied essential 
oil is not significant at concentrations of 5–15% (v/v).

Conclusion

This study demonstrates the occurrence of camphor/bor-
nyl acetate chemotype of T. parthenium in western region 
of Iran. We can also conclude that the essential oil of T. 
parthenium have relatively good antibacterial activities 
without significant toxicity, at the applied concentration, 
and thus have great potentiality to be used as a resource for 
natural health products. The antibacterial activity of the oil 
that obtained from flowering stage is greater than others 
due to greater amounts of camphor and bornyl acetate.
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