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Abstract

The aim of this study was to investigate and compare the chemical composition of essential oils obtained by Clevenger-type
apparatus from capitula (TCC) and aerial parts including leaves and stems (TCA) of Tanacetum cilicicum (Boiss.) Grierson from
Turkey. TCC and TCA essential oils were separately analysed by GC-FID and GC/MS. Forty and thirty-two compounds were
identified, representing 99% and 94.4% of the oils of TCC and TCA essential oils, respectively. The main constituents of the oil of the
TCC were camphor (28.8%), (E)-nerolidol (16.9%), trans-chrysanthenyl acetate (12.8%) and 1,8-cineole (8.9%), whereas the oil from
TCA comprised mainly trans-chrysanthenyl acetate (22.2%), borneol (19.4%), camphor (11.2%), 1,8-cineole (10.2%) and (E)-
nerolidol (9.2%). The results showed that TCC and TCA essential oils were rich in oxygenated monoterpenes and oxygenated
sesquiterpenes. This study is the first to study the essential oil composition of different parts of Tanacetum cilicicum separately.
Also, to the our best of our knowledge, (E)-nerolidol was found in the Tanacetum species as the major compound for the first time.

Keywords: Tanacetum cilicicum, essential oil, 1,8-cineole, borneol, camphor, (E)-nerolidol, trans-chrysanthenyl acetate

Introduction

The genus Tanacetum comprises forty-six species in Turkey and nineteen of which are endemic (NGBB,
2019). Tanacetum species are used in the treatment of abdominal pain, ulcer, lung diseases, colds,
shortness of breath, bronchitis, flu, throat diseases, hoarseness, diabetes, scabies, boils, inflammatory skin
diseases, itching, kidney stone, rheumatism, migraine, infertility, menstrual disorders and also as
carminative, facilitating digestion appetizing, expectorant, wound healing, antipyretic, tonic, anthelmintic.
Some Tanacetum species have been reported to possess anticancer, antimicrobial, anti-inflammatory and
antioxidant activities (Mantle et al., 2000; Rosselli et al., 2012). Tanacetum species contain essential oils
(Table 1), flavonoids and sesquiterpene lactones as secondary metabolites (Tabanca et al., 2007; Goren et
al., 2002; Polatoglu et al., 2010a).

Previous phytochemical studies reported that Tanacetum cilicicum, known as “Kaba pireotu” in Turkey,
contained phenolic compounds [p-Coumaric acid, ferulic acid, gallic acid, gentisic acid, chlorogenic acid,
chrysin, galangin, quercetin, naringenin, catechin] and essential oils [Bicyclo (3,1,1) hept-2-en-4-ol,
camphor, 1,8-cineole, 1,6,10-dodecatrien-3-ol, linalool, sesquisabinene hydrate] (Gecibesler et al., 2016;
Ulukanli et al., 2017). Also, this species was found to have antioxidant (Gecibesler et al., 2016; Arituluk et
al., 2016; Yildirim et al., 2019), anti-inflammatory (Yildirim et al., 2019), cholinesterase inhibitory (Orhan et
al., 2015), antimicrobial (Ulukanli et al., 2017) and phytotoxic (Ulukanli et al., 2017) activities.

Although there are reports on the chemical composition of essential oil obtained from the aerial parts of
Tanacetum cilicicum, the current study was aimed to investigate comparatively for the first time the
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chemical composition of essential oils obtained separately from capitulum and aerial parts excluding

capitulum.

Table 1. Previous studies on essential oil of Tanacetum species from Turkey

Senetal.

Tanacetum species

Part distilled

Main components (%)

Reference

T. cilicicum (Boiss.) Grierson

T. cilicicum (Boiss.) Grierson

T. mucroniferum Hub.-Mor. & Grierson

T. nitens (Boiss. & No&) Grierson

T. argenteum (Lam.) Willd. subsp. argenteum (L.)

All

T. argenteum (Lam.) Willd. subsp. flabellifolium

(Boiss. & Heldr.) Grierson

T. kotschyi (Boiss.) Grierson

T. tomentellum (Boiss.) Grierson

T. zahlbruckneri (Nab.) Grierson

T. tabrisianum (Boiss.) Sosn. & Takht.

T. alyssifolium (Bornm.) Grierson

T. argenteum (Lam.) Willd. subsp. flabellifolium
(Boiss. & Heldr.) Grierson

T. chiliophyllum (Fisch. & Mey.) Schultz Bip. var.
chiliophyllum (Fisch. & Mey.) Schultz Bip. from

Aerial parts

Aerial parts

Capitula

Aerial parts

Aerial parts

Aerial parts

Capitula

Stem

Aerial parts

Capitula

Capitula

Stem

Aerial parts

Aerial parts

Capitula

19

Bicyclo(3,1,1)hept-2-en-4-ol
(21.9%)

Camphor (15.6%)
1,8-cineole (13.5%)
1,6,10-dodecatrien-3-ol (7.9%)
Eucalyptol (5.1%)

Linalool (7.0%)
Sesquisabinene hydrate (6.9%)
1,8-cineole (21.9%)
Camphor (6.4%)

1,8-cineole (27.6%)
a-pinene (27.9%)
Santolinatriene (8.8%)
1,8-cineole (6.8%)
B-thujone (47.1%)

a-pinene (19.1%)

a-thujone (10.5%)
Artemisia ketone (54.6%)
Longiverbenone (vulgarone B)
(9.2%)

Artemisia ketone (26.5%)
Longiverbenone (vulgarone B)
(8.9%)

Artemisia alcohol (5.2%)
Intermedeol (9.0%)
Camphor (9.4%)

Linalool (7.6%)

a-terpineol (7.1%)
Trans-pinocarveol (5.3%)
Germacrene D (29.7%)
Spathulenol (12.0%)
1,8-cineole (17.6%)
Hexadecanoic acid (10.3%)
Decanoic acid (5.8%)
Trans-linalooloxide acetate
(5.3%)

1,8-cineole (22.5%)
Hexadecanoic acid (8%)
Borneol (35.2%)

a-thujone (24.6%)

Camphor (12.4%)
B-eudesmol (6.1%)
a-Pinene (29.0%)
(E)-sesquilavandulol (16.0%)
Camphor (14.0%)

Camphor (32.5%)
Chamazulene (9.2%)

(Gecibesler et al.,
2016)

(Ulukanli et al., 2017)

(Polatoglu et al.,
2012a)

(Bagci et al., 2010)
(Bagci et al., 2010)

(Kose et al., 2017)

(Polatoglu et al.,
2011a)

(Tabanca et al., 2016)

(Polatoglu et al.,
2011b)

(Polatoglu et al.,
2011b)

(Kandemir et al.,
2008)

(Tabanca et al., 2007)

(Polatoglu et al.,
2012b)
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Muradiye sample 1

T. chiliophyllum (Fisch. & Mey.) Schultz Bip. var.
chiliophyllum (Fisch. & Mey.) Schultz Bip. from
Muradiye sample 1

T. chiliophyllum (Fisch. & Mey.) Schultz Bip. var.
chiliophyllum (Fisch. & Mey.) Schultz Bip. from
Glizeldere

T. densum (Labill.) Sch.Bip. subsp. eginense
Heywood

T. parthenium (L.) Sch.Bip. (Sample 1)

T. parthenium (L.) Sch.Bip. (Sample 2)

T. argyrophyllum (C. Koch) Tvzel. var.
argyrophyllum (C. Koch) Tvzel.

T. argyrophyllum (C. Koch) Tvzel. var.
argyrophyllum (C. Koch) Tvzel.

T. argenteum (Lam.) Willd. subsp. canum (C.
Koch) Grierson var. canum (C. Koch) Grierson

T. praeteritum (Horwood) Heywood subsp.
praeteritum (Horwood) Heywood

T. praeteritum (Horwood) Heywood subsp.
massicyticum Heywood

Stem

Capitula

Stem

Capitula

Stem

Capitula

Stem

Leaf

Capitula and
stem

Capitula and
stem

Leaf

Capitula

Leaf

Aerial parts

Aerial parts

20

1,8-Cineole (16.1%)
Camphor (36.2%)
1,8-Cineole (12%)
p-Cymene (5.4%)
Terpinen-4-ol (10.3%)
(E)-Sesquilavandulol (5.8%)
1,8-Cineole (18.4%)
p-Cymene (5.4%)
Terpinen-4-ol (9.0%)
a-Pinene (5.3%)
1,8-Cineole (22.1%)
Terpinen-4-ol (6.5%)
1,8-Cineole (28.9%)
Terpinen-4-ol (5.6%)
Camphor (30.9%)
1,8-Cineole (12.4%)
Camphene (10.6%)
a-pinene (7.0%)
Neodihydrocarveol (5.1%)
An unidentified compound
(11.5%)

Camphor (25.7%)

Bornyl acetate (9.4%)
Borneol (5.1%)

An unidentified compound
(27.2%)

Camphor (27.7%)
Camphene (7.0%)

Bornyl acetate (11.8%)
a-pinene (5.3%)

Borneol (5.2%)

An unidentified compound
(20.5%)

Camphor (49.0%)

Trans-chrysanthenyl acetate
(22.1%)

Camphene (9.4%)
Camphor (60.8%)
Camphene (6.8%)
1,8-Cineole (11.1%)
a-Thujone (51.8%)
a-Thujone (62.8%)

a-Thujone (11.9%)
B-Caryophyllene (5.1%)
Caryophyllene oxide (12.6%)
B-Pinene (5.7%)

1,8-Cineole (12.3%)

Bornyl acetate (10.0%)
Terpinen-4-ol (7.1%)
Borneol (28.1%)

a-Thujone (51.1%)
B-Thujone (10.0%)

Senetal.

(Polatoglu et al.,
2012b)

(Polatoglu et al.,
2012b)

(Polatoglu et al.,
2012c¢)

(Polatoglu et al.,
2010b)

(Goren et al., 2001)
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T. argenteum (Lam.) Willd. subsp. argenteum (L.)

All

T. densum (Labill.) Sch.Bip. subsp. amani
Heywood

T. macrophyllum (Waldst. & Kit.) Sch. Bip.
T. armenum (DC.) Sch.Bip.

T. armenum (DC.) Sch.Bip.

T. balsamita L.

T. chiliophyllum Fisch. & Mey.) Schultz Bip. var.
chiliophyllum Fisch. & Mey.) Schultz Bip.

T. haradjani (Rech.fil.) Grierson

T. cadmeum (Boiss.) Heywood (using Direct
Thermal Desorption Technique- DTD)

T. cadmeum (Boiss.) Heywood (using Direct
Thermal Desorption Technique- DTD)

T. cadmeum (Boiss.) Heywood (using
hydrodistillation-HD)

T. cadmeum (Boiss.) Heywood subsp. orientale
Grierson

T. macrophyllum (Waldst. & Kit.) Sch.Bip.

T. argyrophyllum (C. Koch) Tvzel. var.
argyrophyllum (C. Koch) Tvzel.

T. argyrophyllum (C. Koch) Tvzel. var.
argyrophyllum (C. Koch) Tvzel.

Leaf

Leaf

Aerial parts

Leaves

Aerial parts

Aerial parts

Capitula

Leaves

Leaves

Capitula

Leaves and
capitula

Aerial part

Aerial part

Capitula

Stem
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a-Pinene (36.7%)

B -Pinene (27.5%)
1,8-Cineole (9.8%)
a-Pinene (9.7%)

B -Pinene (27.2%)
1,8-Cineole (13.1%)
p-Cymene (8.9%)
Lavandulyl acetate (8.1%)
B-eudesmol (89.5%)
1,8-Cineole (31.3%)
Camphor (8.6%)
a-Terpineol (5.5%)
1,8-Cineole (11.3%)
Camphor (26.7%)
Borneol (10.6%)
y-Eudesmol (5.5%)
a-Thujone (11.7%)
Carvone (52.4%)
a-Thujone (12.5%)
Camphor (16.8%)
cis-Chrysanthenyl acetate
(16.3%)

1,8-Cineole (10.0%)
Camphor (15.9%)
Terpinen-4-ol (6.7%)
p-Cymene (11.9%)
Eucalyptol (27.0%)
Ascaridol (22.4%)
Unknown (5.0%)
2-Carene (6.2%)
p-Cymene (9.3%)
y-Terpinene (15.3%)
Ascaridol (39.8%)
p-Cymene (7.2%)
Eucalyptol (12.0%)
Verbenone (5.7%)
Ascaridol (46.0%)
Unknown (5.2%)
1,8-Cineole (18.9%)
p-cymene (15.7%)
Terpinen-4-ol (14.8%)
Borneol (9.8%)
Camphor (5.8%)
cis-chrysanthenol (12.0%)
Copaborneol (5.6%)
B-eudesmol (21.4%)
1,8-Cineole (8.4%)
Camphor (29.7%)
Bornyl acetate (6.1%)
Borneol (12.0%)
1,8-Cineole (17.5%)
Camphor (26.6%)

Senetal.

(Polatoglu et al.,
2010a)

(Javidnia et al., 2010)
(Baser et al., 2001)

(Gogus et al., 2009)

(Ozek et al., 2007)

(Demirci et al., 2007)

(Polatoglu et al.,
2010¢)
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Borneol (15.0%)

T. macrophyllum (Waldst. & Kit.) Sch.Bip. Capitula (E)-Sesquilavandulol (20.3%) (Polatoglu et al.,
y-Eudesmol (21.5%) 2015)
Copaborneol (8.5%)
Leaf 1,8-Cineole (11.0%)

B-Thujone (9.0%)
Bornyl acetate (9.6%)
Borneol (6.3%)
Copaborneol (14.1%)

Materials and Methods

Plant material

Aerial parts of plant were collected in the flowering period from Pulimir district of Tunceli province of
Turkey in 2017 and identified by one of us (AD). Voucher specimens were deposited in the Herbarium of
the Faculty of Pharmacy, Marmara University (MARE No: 17768).

Isolation of essential oil

Capitula (100 g) and aerial parts including leaves and stem (200 g) were separately hydrodistilled for 4
hours using a Clevenger apparatus. The essential oils obtained were stored at 4°C in the dark until analysed.

GC and GC-MS conditions

The oils were analysed by Gas Chromatography-Flame lonization Detector (GC-FID) and Gas
Chromatography-Mass Spectrometry (GC/MS) using an Agilent GC-MSD system (Mass Selective Detector-
MSD).

GC-MS analysis

The GC-MS analysis was carried out with an Agilent 5975 GC-MSD system (Agilent, USA; SEM Ltd., Istanbul,
Turkey). Innowax FSC column (60m x 0.25mm, 0.25um film thickness) was used with helium as carrier gas
(0.8 mL/min). GC oven temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of
4°C/min, and kept constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. Split
ratio was adjusted 40:1. The injector temperature was at 250°C. The interphase temperature was at 280°C.
MS were taken at 70 eV. Mass range was from m/z 35 to 450.

GC-FID analysis

GC-FID analyses were performed using an Agilent 6890N GC system. FID temperature was set to 300°C and
the same operational conditions were applied to a triplicate of the same column used in GC—MS analyses.
Simultaneous auto injection was done to obtain equivalent retention times. Relative percentages of the
separated compounds were calculated from integration of the peak areas in the GC-FID chromatograms.

Identification of compounds

The components of essential oils were identified by comparison of their mass spectra with those in the
Baser Library of Essential Oil Constituents, Adams Library (Adams, 2007), MassFinder Library (Hochmuth,
2008), Wiley GC/MS Library (McLafferty & Stauffer, 1989) and confirmed by comparison of their retention
indices. These identifications were accomplished by comparison of retention times with authentic samples
or by comparison of their relative retention index (RRI) to a series of n-alkanes. Alkanes (Cs-Cy9) were used
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as reference points in the calculation of relative retention indices (RRI) (Curvers et al.,, 1985). Relative
percentage amounts of the separated compounds were calculated from FID chromatograms. The analysis
results are expressed as mean percentage + standard deviation (SD) (n = 3) as listed in Table 2 and 3.

Results and Discussion

The aim of our study was to comparatively investigate the chemical composition of water-distilled essential
oils obtained from capitula (TCC) and aerial parts including leaves and stems (TCA) of Tanacetum cilicicum
(Boiss.) Grierson from Turkey.

Forty and thirty-two compounds were identified, representing 99% and 94.4% of the oils of TCC and TCA,
respectively. The main compounds of the oil of the TCC were identified as camphor (28.8%), (E)-nerolidol
(16.9%), trans-chrysanthenyl acetate (12.8%) and 1,8-cineole (8.9%), whereas trans-chrysanthenyl acetate
(22.2%), borneol (19.4%), camphor (11.2%), 1,8-cineole (10.2%) and (E)-nerolidol (9.2%) were found as
major compounds in the essential oil of TCA (Table 2 and 3).

Table 2. Essential oil composition of capitula of Tanacetum cilicicum

No RRI Compounds % e I!VI
Identification method

1 1014 Tricyclene 0.1+0.0 MS
2 1032 a-Pinene 09+0.1 tg, MS
3 1035 a-Thujene 0.2+0.0 MS
4 1076 Camphene 20+0.1 tg, MS
5 1118 B-Pinene 0.4+0.0 tg, MS
6 1132 Sabinene 0.8+0.0 tr, MS
7 1188 a-Terpinene 0.1+£0.0 tg, MS
8 1203 Limonene 0.6+0.0 tr, MS
9 1213 1,8-Cineole 89+0.1 tg, MS
10 1255 y-Terpinene 0.3+0.0 tg, MS
11 1280 p-Cymene 0.7+0.0 tr, MS
12 1445 Filifolone 0.2+0.0 MS
13 1484 trans-Chrysanthenol 2.7+0.0 MS
14 1532 Camphor 28.8+0.1 tg, MS
15 1538 trans-Chrysanthenyl acetate 12.8+0.1 MS
16 1553 Linalool 2.7+0.0 tg, MS
17 1590 Bornyl acetate 0.3+0.1 tr, MS
18 1611 Terpinen-4-ol 1.6+0.0 tr, MS
19 1667 cis-Verbenol 04+0.1 MS
20 1683 trans-Verbenol 1.5+0.0 MS
21 1706 a-Terpineol 29+0.1 tr, MS
22 1719 Borneol 39+0.1 tr, MS
23 1747 p-Mentha-1,5-dien-8-ol 0.6+0.1 MS
24 1772 6-Cadinene 0.4+0.0 tg, MS
25 1783 Campholene alcohol 0.4+0.0 MS
26 1875 Benzyl 2-methylbutyrate 0.4+0.0 MS
27 1916 Benzyl isovalerate 0.6+0.0 tg, MS
28 1988 Nerolidol oxide | 0.5+0.0 MS
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Senetal.

29 2008 Caryophyllene oxide 0.6+0.1 tg, MS
30 2016 Nerolidol oxide Il 0.5%0.1 MS
31 2041 (E)-nerolidol 16.9+0.2 tr, MS
32 2096 Elemol 1.0+0.1 MS
33 2174 Fokienol 0.3+0.0 MS
34 2187 y-Eudesmol 1.0+0.1 MS
35 2191 T-Cadinol 1.1+0.1 MS
36 2246 a-Eudesmol 0.5%0.0 MS
37 2255 a-Cadinol 0.6+0.1 tr, MS
38 2256 B-Eudesmol 0.5+0.1 MS
39 2273 Selina-11-en-4a-ol 0.6+0.1 MS
40 2296 Decanoic acid 0.2+0.0 MS

Total identified compounds (%) 99.5

Monoterpene hydrocarbons 6.1

Oxygenated monoterpenes 67.7

Sesquiterpene hydrocarbons 0.4

Oxygenated sesquiterpenes 24.1

Aromatic ester 1.0

Saturated fatty acid 0.2

RRI; Relative retention indices calculated against n-alkanes C8-C29. %,; calculated from the FID chromatograms and expressed as
mean + SD (n = 3). tr; Trace (<0.1 %); tg, identification based on the retention times (tg) of genuine compounds on the HP Innowax
column; MS, identified on the basis of computer matching of the mass spectra.

Table 3. Essential oil composition of aerial parts including leaves and stem of Tanacetum cilicicum

No RRI Compounds % " I,M
Identification Method
1 1014 Tricyclene 0.1+0.0 MS
2 1032 a-Pinene 1.1+0.0 tr, MS
3 1035 a-Thujene 0.2+0.0 MS
4 1076 Camphene 1.8+0.0 tr, MS
5 1118 B-Pinene 19+0.0 tg, MS
6 1132 Sabinene 0.7+0.0 tr, MS
7 1203 Limonene 0.5+0.0 tr, MS
8 1213 1,8-Cineole 10.2+0.1 tr, MS
9 1255 y-Terpinene 04+0.1 tg, MS
10 1280 p-Cymene 0.6+0.0 tr, MS
11 1484 trans-Chrysanthenol 1.7+0.0 MS
12 1532 Camphor 11.2+0.1 tg, MS
13 1538 trans-Chrysanthenyl acetate 22.2+0.1 MS
14 1553 Linalool 0.5+0.0 tg, MS
15 1586 Pinocarvone tr MS
16 1590 Bornyl acetate 22+0.1 tr, MS
17 1611 Terpinen-4-ol 1.4+0.0 tr, MS
18 1667 cis-Verbenol tr MS
19 1683 trans-Verbenol 1.5+0.0 MS
20 1706 a-Terpineol 2.9+0.0 tr, MS
21 1719 Borneol 19.4+0.1 tr, MS
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22 1772 6-Cadinene 04+0.1 tg, MS
23 1786 ar-Curcumene 0.4+0.1 MS
24 1988 Nerolidol oxide | tr MS
25 2008 Caryophyllene oxide 1.8+0.0 tr, MS
26 2016 Nerolidol oxide Il tr MS
27 2041 (E)-Nerolidol 9.2+0.2 tg, MS
28 2191 T-Cadinol 1.6+0.0 MS
29 2246 a-Eudesmol tr MS
30 2255 a-Cadinol 0.3+0.1 tg, MS
31 2256 B-Eudesmol 0.7+0.1 MS
32 2273 Selina-11-en-4a-ol 1.1+0.1 MS

Total identified compounds (%) 96.0

Monoterpene hydrocarbons 7.3

Oxygenated monoterpenes 73.2

Sesquiterpene hydrocarbons 0.8

Oxygenated sesquiterpenes 14.7

RRI; Relative retention indices calculated against n-alkanes C8-C29. %; calculated from the FID chromatograms and expressed as
mean + SD (n = 3). tr; Trace (<0.1 %); tg, identification based on the retention times (tg) of genuine compounds on the HP Innowax
column; MS, identified on the basis of computer matching of the mass spectra.

The terpenoids consist of the main portion of essential oils and oxygenated monoterpenes (67.7%) were
the main group of constituents of TCC oil, followed by oxygenated sesquiterpenes (24.1%), monoterpene
hydrocarbons (6.1%), aromatic ester (1%), sesquiterpene hydrocarbons (0.4%), saturated fatty acid (0.2%).
The major groups of compounds of TCA oil were oxygenated monoterpenes (73.2%), followed by
oxygenated sesquiterpenes (14.7%), monoterpene hydrocarbons (7.3%), sesquiterpene hydrocarbons
(0.8%) (Table 2 and 3).

There are only two reports on the composition of essential oil of Tanacetum cilicicum. In these studies, the
chemical content of the essential oils obtained from the aerial parts containing the capitulum, stem and
leaves of the plants was studied. Gecibesler et al. (2016) found bicyclo (3,1,1) hept-2-en-4-ol (21.9%),
camphor (15.6%), 1,8-cineole (13.5%), 1,6,10-dodecatrien-3-ol (7.9%) as major compounds in oil, while
Ulukanli et al. (2017) reported 1,8-cineole (eucalyptol) (5.1%), linalool (7.0%), sesquisabinene hydrate
(6.9%) as major compounds. Contrary to these studies, in our current study, the chemical analysis of the
essential oils T. cilicicum was performed separately for capitula and aerial parts (stem and leaves).
However, similar to previous studies, camphor and 1,8-cineole were found to be major compounds in the
essential oils (Gecibesler et al.,2016). The plant materials used in both studies were collected from the
same areas. This may explain the similarity of chemical compositions of both oils.

In addition, the major components of T. cilicicum essential oils have also been previously reported from
other Tanacetum species. Briefly, camphor in the essential oils of T. mucroniferum (Polatoglu et al., 2012a),
T. tomentellum (Tabanca et al.,, 2016), T. alyssifolium (Kandemir et al., 2008), T. argenteum subsp.
flabellifolium (Tabanca et al., 2007), T. chiliophyllum var. chiliophyllum (Polatoglu et al., 2012b; Baser et al.,
2001), T. densum subsp. eginense (Polatoglu et al., 2012c), T. parthenium (Polatoglu et al., 2010b), T.
armenum (Baser et al., 2001), T. haradjani (Baser et al., 2001), T. macrophyllum (Demirci et al., 2007), T.
argyrophyllum var. argyrophyllum (Polatoglu et al., 2010c); trans-chrysanthenyl acetate in the essential oil
of T. parthenium (Polatoglu et al., 2010b); 1,8-cineole in the essential oil of T. mucroniferum (Polatoglu et
al., 2012a), T. nitens (Bagci et al., 2010), T. argenteum subsp. argenteum (Bagci et al., 2010), T. tabrisianum
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(Polatoglu et al., 2011b), T. chiliophyllum var. chiliophyllum (Polatoglu et al., 2012b), T. densum subsp.
eginense (Polatoglu et al., 2012c), T. argyrophyllum var. argyrophyllum (Goéren et al., 2001), T. praeteritum
subsp. praeteritum (Géren et al., 2001), T. argenteum subsp. argenteum (Polatoglu et al., 2010a), T.
densum subsp. amani (Polatoglu et al., 2010a), T. armenum (Baser et al., 2001), T. haradjani (Baser et al.,
2001), T. cadmeum (Gogus et al., 2009), T. cadmeum subsp. orientale (Ozek et al., 2007), T. argyrophyllum
var. argyrophyllum (Polatoglu et al., 2010c), T. macrophyllum (Polatoglu et al.,, 2015); borneol in the
essential oils of T. alyssifolium (Kandemir et al., 2008), T. densum subsp. eginense (Polatoglu et al., 2012c),
T. praeteritum subsp. praeteritum (Goren et al., 2001), T. armenum (Baser et al., 2001), T. cadmeum subsp.
orientale (Ozek et al., 2007), T. argyrophyllum var. argyrophyllum (Polatoglu et al., 2010c), T. macrophyllum
(Polatoglu et al., 2015) have been found in previous studies. On the other hand, although (E)-nerolidol was
found as a minor compound in the essential oil of different Tanacetum species (Ulukanli et al., 2017,
Polatoglu et al., 2012a; Polatoglu et al., 2012b; Baser et al., 2001; Ozek et al., 2007; Demirci et al., 2007;
Polatoglu et al., 2010c; Baser et al., 2001), it was found to be a major compound in the current study.
Generally, essential oils of Tanacetum species are characterized by high amounts of monoterpene
compounds (Table 1). The essential oil of T. cilicicum in our current study was found to be rich in
monoterpene compounds.

Conclusion

The present study showed that essential oils of TCC and TCA were rich in oxygenated monoterpenes and
oxygenated sesquiterpenes. Also, the results showed that (E)-nerolidol was found, for the first time, as a
major compound in the Tanacetum oils.
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