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Abstract: In the present work, Microsteam distillation - Solid phase microextraction (MSD-SPME) and
hydrodistillation (HD) techniques were applied to obtain volatiles from Achillea sivasica, an endemic species from
Turkey. GC-FID and GC/MS analysis revealed that 1,8-cineole (22.1%) and o-pinene (9.3%) were the main
constituents of the hydrodistilled flower volatiles. (Z)-B-Farnesene (23.9%), decanoic acid (10.1%), B—eudesmol
(8.0%), tricosane (7.3%) and hexadecanoic acid (7.2%) were the main volatiles obtained from flowers by MSD-
SPME. The leaf volatiles obtained by HD contained camphor (9.0%), B-pinene (6.9%), 1,8-cineole (6.7%), a-pinene
(6.7%) and a-bisabolol (6.6%) as the main constituents while the leaf volatiles obtained by MSD-SPME technique
were rich in (E)-geranyl acetone (10.5%), (E)-B-ionone (10.3%), camphor (10.2%), 1,8-cineole (9.6%),
longiverbenone (7.9%), B-eudesmol (7.5%), isopropyl myristate (6.7%) and epi-a-bisabolol (6.4%). The root volatiles
were rich in longiverbenone (14.1%), (E)-geranyl acetone (9.3%), nonanol (12.1%) and decanol (12.5%). The
enantiomeric distribution of the major volatile constituents was analyzed by using different B-cyclodextrin chiral
columns. (/R)-(+)-a-Pinene, (1S)-(-)-B-pinene, (4R)-(+)-limonene, (IR,3S,5R)-(-)-trans-pinocarveol, (I1S,2R,4S)-(-)-
borneol, (25)-(-)-a-bisabolol were detected as dominant enantiomers. The lipids extracted from the flower and leaf
with Folch method and methylated with BF; reagent contained common acids: linolenic, linoleic, hexadecanoic acids.
Oleic and stearic acids were detected particularly in high amount in the flower lipids.

Keywords: Achillea sivasica; volatiles; enantiomer; fatty acids; MSD-SPME; GC/MS. © 2018 ACG Publications. All
rights reserved.

1. Introduction

The genus Achillea L. (Asteraceae) is a perennial herb and comprise about 140 species around the
worldwide [1, 2]. The name of Achillea originates from the Trojan warrior Achilles, who used yarrow
(Achillea millefolium) on soldiers for wound healing [3].
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Achillea species are used as traditional treatment for analgesic purposes at abdominal pain, menstrual
pain, headache, theumatics pain. They are used for ulcer, appetizing, carminative, diuretic and against fleas
as insecticidal [4-7] 4. millefolium reviewed by German Commission E advert to its astringent, cholerethic,
antibacterial, antispasmodic effects [8]. In literature survey, the essential oil of Achillea species showed
antioxidant [9-11], antimicrobial and antifungal [12-16], antimelanogenesis [17], antiinflammatory and for
healing [18, 19], cytotoxic and insecticidal activities [20-22].

The survey of previous studies on essential oil contents revealed that main (major) volatile
components of Achillea species are oxygenated monoterpenes, mostly 1,8-cineole and camphor. Essential
oil contents from literature survey are summarized in Table 1.

Table 1. Essential oil compositions of Achillea species (literature survey).

Species Main compound, % Location Ref.
A. abrotanoides 1,8-cineole +camphor 32.7 [23]
(Vis.) Vis
A. aleppica DC. camphor 34, 1,8-cineole 20, p-cymene 14.2 Turkey (Elazig /Hazar)  [24]
camphor 33, 1,8-cineole 26.1, a-pinene 4 Turkey (Elazig/Keban)  [24]
A. asplenifolia Vent. B-caryophyllene 17.6, germacrene-D 15.6 Yugoslavia [25]
chamazulene 13.3
A. biebersteinii Afan. B-eudesmol 19.1, piperitone 9.2, camphor 4.2 Turkey (Ankara Beynam [26]
borneol 3.3 forest)
piperitone 31.1, camphor 12.5, 1,8-cineole 10.9 Turkey (Erzurum) [27]
1,8-cineole, 30.6 piperitone, 28.9, camphor, 11.7  Turkey (Agri Mountain)  [28]
1,8-cineole 31.1, camphor 14.4 Turkey (Dumluca— [28]
Sivas)
1,8 cineole 38.1, camphor 23.6, borneol 5.8 Turkey (Erzurum) [29]
A. biserrata M. Bieb.  camphor 36.8, 1,8-cineole 19.4, camphene 16.4, Turkey (Gilimiishane, [13]
artemisia alcohol 14.3 Trabzon)
A. boissieri Hausskn. 1,8-cineole 27.4, camphor 25.3, caryophyllene Turkey (Elbistan) [30]
Ex Boiss oxide 4.60
A. clavennae L. camphor 29.5, myrcene 5.5, 1,8-cineole 5 Montenegro (Velebit [31]
Mountain, Dalmagya)
camphor 46.9, 1,8-cineole 43.9, caryophyllene Serbia (Stara Planina [32]
oxide 2.25 eastern)
A. collina Becker chamazulene 30-67 in flower, B-caryophyllene 2- [33]
17, B-cubebene 1-9
A. coarctata Poir. 1,8-cineole 20.1, camphor 15.6, viridiflorol 11.8  Turkey (South Anatolia) [34]
A. cretica L. caryophylladienol-1I 13.4, B-maaliene 6.1, Turkey (Mugla/Datga) ~ [35]
neointermedeol 6.0
A. cucullata Bornm. camphor 32.6, 1,8-cineole 29.2, isoborneol 3,5 Turkey (Malatya) [24]
A.distans W.&K. 1,8-cineole 16.8, trans-thujone 9.8, sabinene 8.2 [36]
A. eriophora DC. 1,8-cineole 34, a-pinene 7.6, B-pinene 6.2 Iran (Badjgah) [37]
A. falcata L. 1,8-cineole 14-24, camphor 4-24, a-pinene 2-12  Turkey (Antalya-Elmali, [38]
Antalya-Anamur)
A. filipendulina Lam. 1,8 cineole 22.9, 2,7 dimethyl octa-3,6dien-2-ol, Turkey (Diyarbakir) [11]
21.9, borneol 8.1
A. formosa (Boiss.) borneol 12.8, hexadecanoic acid 11.6, Turkey (Osmaniye) [39]
Sch. Bip. subsp. caryophyllene oxide 5.5
amanica (Rech. f)
Ehrend & Y.P. Guo
A. goniocephala camphor 32.6, 1,8-cineole 23.2 Turkey (Kahraman [40]
Boiss. et Bal. Maras: Goksun-
Yesilkent)
A. gypsicola Hub- camphor 40.2, 1,8-cineole 22, piperitone 11.3 Turkey (Corum) [41]
Mor.
A. hamzaoglui 1,8-cineole 24.1, linalool 12.2, camphor 6.7 Turkey (Kirsehir) [42]
Arabaci & Budak
A. holosericea Sibth 1,8-cineole 47.4, camphor 23.5, borneol 17.11 Macedonia (Ohrid) [32]
& Sm.
A. ketenoglui H. 1,8-cineole 13.8, borneol 14.1, camphor 13.4 Turkey (Ankara) [43]
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Duman terpinen-4-ol 14.5, trans-sabinene hydrate 10.9, Turkey (Eskisehir)
cis-sabinene hydrate 5.9
A. kotschyi 1,8-cineole 22.5, caryophyllene oxide 10.1, p- Yozgat [42]
Boiss.subs. kotschyi cymene 8.4
A. ligustica All. leaf: 4-terpineol 19.3, carvone 8.9, y-terpinene 7.2 Sicily (Liguria) [44]
flower: 4-terpineol 12.0, carvone 10.0, Sicily (Liguria) [44]
B-phellandrene 5.4
santolina alcohol 21.1, borneol 15.0 Italy (Sardina) [45]
A. lingulata W&K. T-cadinol 22.4, caryophyllene oxide 16.6, Macedonia (Ohrid) [32]
a-bisabolone oxide 12.79
A. lycaonica Boiss & camphor 43.19 [46]
Heldr. trans-sabinene hydrate 9.3, terpinen-4-ol 9 Turkey (Karaman) [43]
caryophyllene oxide 7.2
A. millefolium L. 1,8-cineole 6.6, d-cadinol 6.2, caryophyllene Turkey (Erzurum) [29]
epoxide 5.6
B-pinene 10.6, 1,8-cineole 3.0, borneol 0.2 Himalaya [47]
B-pinene 17.7, 1,8-cineole 15.1, borneol 12.1 Himalaya [47]
1,8-cineole, 5.2 germacrene D 14.1 Iran [48]
artemisia ketone14.9, camphor 11,6, linalyl [17]
acetate 11.5
B-pinene 32.6, B—caryophyllene 16.5, sabinene River Nisava Eastern [32]
11.5 Serbia
Achillea millefolium 1,8 cineole 24.6, camphor 16.7, a-terpineol 10.2 Turkey (Sivas/Kizildag) [14]
subsp. millefolium 3-cyclohexen-1-one 21.6, linalool 14.3, 1,8- Turkey (Elazig) [49]
Afan. cineole 12.7
A. millefolium subs. chamazulene 48.9, isoborneol 10.2, camphor 9.5 [50]
elborsensis
A. monocephala Bois. camphor 30.2, borneol 15.6 Turkey [51]
Bal. (Cukurova/Adana)
camphor 34.6, borneol 23.6, 1,8-cineole 12.4 Cukurova/Adana [51]
A. multifida (DC.) a-thujone 60.9, B-thujone 9.1, sabinene 4.1, Turkey (Uludag/Bursa)  [12]
Boiss. camphor 3.7
A. nobilis L. subsp. fragranyl acetate 32, fragranol 24, 3-eudesmol 8 Turkey (Beysehir) [10]
neilreichii (Kerner)
A. odorata L. var. camphor 26.3, 1,8-cineole 17.8, a-pinene 12.5 Algeria [52]
microphylla (Willd.)
Willk
A. odorata L. subsp. camphor 22.9, 1,8-cineole 15.7, o—pinene 11.3 Algeria [52]
pectinata (Lamk) var
microphylla (Wild.)
Wilk.

A. oligocephala DC 1,8-cineole 18.6, a-terpineol 6.8, linalool 6.0 Turkey (South Anatolia)  [34]
A. phrygia Boiss. & cis-piperitol 11.2, trans-p-menth-2-en-1-0l 11.0, Turkey [53]
Bal. cis-p-menth-2-en-1-0l 7.2, 1,8-cineole 9.1 (Seyitgazi/Eskigehir)

cis-piperitole 31.2, trans-p-menth-2-en-1-ol 14.7,  Turkey (Alpu/Eskisehir)  [53]
cis-p-menth-2-en-1-01 9.9, 1,8-cineole 9.9

camphor 14.5, linalool 9.9 Turkey (Mihalli¢gik/ [53]

Eskisehir)
camphor 35.6, 2-furaldehyde 16.6, 1,8-cineole Turkey (Nevsehir, [54]

10.1 Avanos)
A. salicifolia subsp. camphor 55.3, 1,8-cineole 22.8, camphene 3.2 Turkey (Gole/Ardahan)  [13]

salicifolia
A. sieheana Stapf. camphor 43.3, artemisia ketone 25.9, 1.8-cineole Turkey (eveli, [55]
6.3, camphene 4.8 Sindelhdyuk, Kayseri)
A. sieheana Stapf. camphor 39.9, 1,8-cineole 15.5, camphene 8.3 Turkey (Kayseri/Develi)  [56]
A. schischkinii Sosn. 1,8- cineole 31.0, camphor 20.0 Turkey (Kizildag [57]
Imranli/ Sivas)

A. sintenisii Hub.- camphor 14.8, 1,8 cineole 12.9, B-pinene 12.8, Turkey (Sivas) [58]

Mor.

borneol 10.8
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Species Main compound, % Location Ref.
A. taygetea 1,8-cineole 26.6, camphor 24.7 Taygetos [59]
Boiss&Heldr
A. teretifolia Wild. piperitone 21.4, linalool 19, 1,8-cineole 6.8 [60]
1,8-cineole 34, camphor 11, terpinen-4-ol 8.0, Turkey (Beysehir) [10]
a-thujone 5
1,8-cineole 15.9, borneol 8.1, camphor 7.0 Turkey (Dumluca— [28]
Sivas)
3-cyclolohexen-1-on 21.6, linalool 14.3, 1.8- Turkey (Elazig) [49]
cineole 12.7
A. vermicularis Trin. 1,8-cineole 29.2, camphor 25.8, borneol 5.2 Turkey (Van—Muradiye) [28]
A. wilhelmsii C. camphor 39.6 [46]
Koch. carvacrol 22.5, dihydrocarvone 13.2, linalool 12, Iran (Golmakan, [61]
1,8-cineole11.42 Horasan Razavi)
camphor 46.6, 1,8-cineole 14.4 Iran [62]

Several methods are applied to obtain volatiles from plant material. Nowadays, simple, rapid, cheap
and “green” techniques which require small amount of plant materials for analysis are in demand. There is
increasing requirement for fast, safe and repeatable extraction techniques which give possibility to obtain
volatiles within a short period of time. MSD-SPME technique is such a technique combining solid phase
microextraction with hydrodistillation [63]. The technique gives us the possibility to obtain the volatiles in
a short time from a small amount of sample [64, 65]. In this context, the tandem of MSD-SPME method
with GC-FID and GC/MS techniques was applied for the analysis of the volatiles obtained from the flower,
leaf and root of A. sivasica. MSD-SPME technique combined with GC-FID and GC/MS methods has
earlier been successfully applied for the extraction of volatiles from diverse species such as Salvia rosifolia
Sm. [66], Heracleum spp. [67], Prangos turcica [68], Xanthogalum purpurascens Lallem. [69] and
Angelica sylvestris var. sylvestris [70].

It is known that the quality of flavoring components is dependent on enantiomeric profile. Chiral
capillary GC (CC-GC) has proven to be a convenient method for characterizing enantiomeric profile of
essential oils. CC-GC technique allows to differentiate natural flavors from those of synthetic origin. Chiral
compounds from natural origins usually exist as one predominant optical isomer [71]. Also, the inspection
of enantiomeric ratios can characterize regional differences between oils. Enantiomers are important in the
determination of essential oils’ sensorial properties such as smell and flavor. On the other hand, they may
have different biological activity and toxicity properties. For example, (S)-(+)-carvone inhibited Fusarium
spp. fungi and the elongation of the potato sprouts [72], while (R)-(-)-carvone showed important toxicity
properties [73]. Variations in enantiomeric ratios of specific components which may be related to sensory
characteristics, indicate substitution or adulteration, or improper storage and handling of the material.
Therefore, investigation of enantiomeric distribution is important. In scope of the present work, the
volatiles of A. sivasica were separated on chiral column to obtain information about the distribution of
major enantiomeric compounds.

Hence, we aimed to carry out comprehensive investigation of the flower, leaf and root volatiles of 4.
sivasica. In scope of the present work, we attempted to evaluate the enantiomeric distribution of the major
volatile constituents of 4. sivasica by separating them on B-cyclodextrin chiral columns. In addition, we
investigated the lipid composition, namely chemical composition of fatty acids which were extracted with
Folch method for subsequent analysis of their composition after methylation with Boron trifluoride reagent
(BF3). So, the present work is the first comprehensive investigation of the volatiles from flower, leaf and
root of Achillea sivasica using a tandem of MSD-SPME, GC-FID and GC/MS techniques. The
enantiomeric distribution of major volatiles, and chemical composition of the fatty acids of 4. sivasica
were carried out for the first time.
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2. Materials and Methods

2.1. Chemicals

Boron trifluoride reagent (BF3), hydrochloric acid, n-hexane (Sigma-Aldrich, Germany), calcium
chloride, anhydrous sodium sulfate (Fluka, Germany), diethyl ether (JT Baker, Holland), chloroform
(Sigma-Aldrich, France), methanol (Sigma-Aldrich, Poland) were of analytical grade. Standard compounds
of definite enantiomeric purity were used to assess the enantiomeric ratios. (1R)-(+)-a-Pinene, (15)-(-)-o-
pinene, (1R)-(+)-B-pinene, (1S5)-(-)-B-pinene, (4R)-(+)-limonene, (4S5)-(-)-limonene, (4R)-(+)-terpinen-4-ol,
(4S5)-(-)-terpinen-4-ol, (18,3R,5S)-(+)-trans-pinocarveol, (1R,3S,5R)-(-)-trans-pinocarveol, (1R,2S,4R)-(+)-
borneol, (IS,2R,4S)-(-)-borneol, (2R)-(+)—a-bisabolol, (25)-(-)-a-bisabolol were purchased from Sigma-
Aldrich (USA). A Cs—Cao n-alkane standard solution was purchased from Fluka (Buchs, Switzerland).

2.2. General

Agilent 5975 GC-MSD system (Agilent, USA; SEM Ltd., Istanbul, Turkey) was equipped with the
HP-Innowax FSC column (60 m % 0.25 mm id with 0.25 pm film thickness, Agilent, USA). The GC-FID
analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM Ltd., Istanbul,
Turkey). Separation of enantiomer was performed with an Agilent 5975 inert MSD with Triple-Axis
Detector and Agilent 7890A GC systems (Agilent, USA; SEM Ltd., Istanbul, Turkey). The manual SPME
holder (57330-U, Supelco, Bellefonte, PA) and the device for MSD-SPME system were used for MSD-
SPME experiments.

2.3. Plant Material

Plant material of 4. sivasica was collected in Sivas province of Turkey: Kangal to Giiriin, 8. km,
calcarecous area, 39°07'56.3"N, 37°13'48.0"E, on June 10, 2015. The herb was dried under the shade.
Botanical identification was performed by Dr. M. Tekin (Trakya University). Voucher specimen is
deposited at the Herbarium of Cumhuriyet University, Faculty of Science (CUFH) under the voucher
number M. Tekin 1570.

2.4. Hydrodistillation of Essential Oil

A. sivasica flowers and leaves were separately subjected to hydrodistillation in a Clevenger type
apparatus to yield essential oils (3 hours) [74].

2.5. Microsteam Distillation - Solid Phase Microextraction (MSD - SPME)

Microsteam distillation - solid phase microextraction of the volatiles was carried out using an
assembly reported previously [66]. MSD-SPME involved concurrent solid-phase microextraction combined
with continuous hydrodistillation of the volatiles. This method significantly makes shorter the time required
for the isolation of volatiles. It should be noted that this technique allows the isolation of volatiles from a
very small amount of plant material. Tandem of MSD-SPME with GC-FID and GC/MS techniques is
simple, sensitive, rapid, solvent-less and non-toxic technique for analysis of the volatile compounds at
microscale level. Briefly, the ground plant material (0.3 g) was placed in 25 mL round bottom flask along
with 10 mL of water. The flask was fitted with a Claisen distillation head with plug and a condenser set up
for refluxing rather than distillation. The threaded plug was used for SPME fiber assembly. A manual
SPME holder (57330-U, Supelco, Bellefonte, PA) and the PDMS-DVB 65 um fiber “blue type” were used
for the extraction of volatiles. Previously, the fiber was conditioned at 250 °C for 10 min before the
experiment. After the SPME needle pierced the plug, the fiber was expressed through the needle and
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exposed to the headspace above the plant sample. Different extraction periods were applied to optimize
experiment conditions. The extraction time for leaf and flower volatiles was 3, 5, 8, 10 min, while the roots
were extracted for 5, 8, 10 and 15 min. After trapping of the volatiles, the loaded SPME fiber was
withdrawn into the needle, and then the needle was removed from the plug and subsequently used for
GC/FID and GC/MS analyses. Thermal desorption of analytes from the fiber coating was performed by
injection of the fiber in the injection port (at 250°C) for 5 min. Experiments were performed in triplicate.

2.6. Fatty Acid Extraction and Derivatization

The ground plant material was subjected to maceration with chloroform: methanol (2:1) at room
temperature for 24 h. The extract was filtered and the residue material was macerated twice (for 30 min)
more with new portions of the solvent. All filtrates were combined and half of the solvent was evaporated
under vacuum in a rotary evaporator. Then, half amount of chloroform was added into the extract. The
obtained extract was washed (three times) with CaCl, solution (0.4%) in separatory funnel. At the end of
the procedure, the chloroform extract was filtered through anhydrous sodium sulfate to remove moisture,
then chloroform was removed under vacuum. The dried extract was subjected to saponification. To do this,
the crude extract was boiled in KOH-H,O-MeOH (1:1:8) solution for 2 hours in a refluxing system. After
the saponification process, 1-2 mL of n-hexane was added to remove non-saponified compounds [75]. The
fatty acids were extracted with diethyl ether after acidification of the extract with HCI (15% solution). The
methylation of the free fatty acids was performed using BF; reagent [76]. The fatty acids methyl esters
were subjected to analysis with GC/MS and GC/FID techniques.

2.7. Gas Chromatographic Analysis

The GC/MS and GC-FID analyses were carried out with the HP-Innowax FSC column (60 m x 0.25
mm id with 0.25 pm film thickness, Agilent, USA) in conditions reported earlier [77].

2.8. Enantioselective GC Analysis

Enantioselective GC analyses were performed with GC/MS and GC-FID systems, Agilent 5975 inert
MSD with Triple-Axis Detector and Agilent 7890A GC systems (Agilent, USA; SEM Ltd., Istanbul,
Turkey) equipped with three different chiral columns to determine enantiomeric distribution of the
constituents. The scanned mass spectra were recorded at 70 eV. The acquisition mass range was from m/z
35 to 450 amu. The temperature conditions of chromatographic separation and column types are given in
Table 2.

2.9. Ildentification and Quantification of Compounds

Identification of the individual compounds was based on the following: (i) comparison of the
GC/MS Relative Retention Indices (RRI) of the compounds on polar column determined relative to the
retention times of a series of n-alkanes (Cg-Cao), with those of authentic compounds or literature data; (ii)
computer matching with commercial mass spectral libraries: MassFinder software 4.0, Adams Library,
Wiley GC/MS Library (Wiley, New York, NY, USA) and Nist Library, and comparison of the recorded
spectra with literature data [78, 79]. Confirmation was also achieved using the in-house “Baser Library of
Essential Oil Constituents” database, obtained from chromatographic runs of pure compounds performed
with the same equipment and conditions [80]. Percent composition was obtained for each constituent on the
basis of GC-FID analyses of the oils
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Table 2. Chromatographic separation conditions applied for the separation of enantiomers (experimental

data).
Method 1 Method 2 Method 3
Enantiomers o-Pinene Terpinen-4-ol, borneol B 5 Pinene, 11monege, o
bisabolol, trans-pinocarveol
Lipodex-G (25 m x 0.25 mm  Rt™-B-DEXse (25 m X Rt™-B-DEXse (25 m x 0.32
id, 0.125 pm film thickness)  0.32 mm id, 0.25 um film mm id, 0.25 pm film
Column (6-methyl-2,3-pentyl-y- thickness) (6-tert- thickness) (6-tert-
cyclodextrin), (60% in butyldimethylsilyl-2,3- butyldimethylsilyl-2,3-
polysiloxane PS086) diethyl-B-cyclodextrin) diethyl-B-cyclodextrin)
Carrier gas Helium (5 mL/min) Helium (5 mL/min) Helium (7 mL/min)

Flow rate average

Temperature Program

Injection Mode

Injection Temperature

77.985 cm/sec.

50 min@35°C; 40°C/min at
200°C; 10.875 min @
200°C; Total: 65 min

Split (10:1)

250°C

63.943 cm/sec.

0 min@40°C; 2°C/min at
200°C; Total: 80 min

Split (40:1)

250°C

63.943 cm/sec.

10 min@35°C; 2°C/min at
130°C; 57.5 min@ 130°C;
40°C/min with 230°C; 2.5
min@230°C; Total: 120 min.
Split (40:1)

250°C

3. Results and Discussion
3.1. Composition of Volatiles

In the course of our ongoing studies on Turkish aromatic plants, we report here on the composition
of endemic 4. sivasica essential oil, determined by means of GC-FID and GC/MS techniques. The flower
and leaf oils were obtained with conventional hydrodistillation method. Yields of the essential oils of A.
sivasica were calculated on moisture free basis: flower (0.048%) and leaf (0.036%). Additionally, the
volatiles of the flower, leaf and root were obtained with modern rapid MSD-SPME technique and
subsequently analyzed with GC-FID and GC/MS. Table 3 lists the detected compounds with their RRI
values, relative percentages and methods of identification. 1,8-Cineole (22.1%) and a-pinene (9.3%) were
found to be the main constituents of the flower volatiles obtained with HD. In the flower volatiles obtained
with MSD-SPME, (Z)-B-farnesene (23.9%), decanoic acid (10.1%), f—eudesmol (8.0%), tricosane (7.3%)
hexadecanoic acid (7.2%), 1,8-cineole (5.3%), epi-a-bisabolol (4.9%) and germacrene D (4.7%) were
found as the main constituents. Hence, MSD-SPME technique was more sensitive in trapping flower
volatiles rich in sesquiterpenes.

Camphor (9.0%), B-pinene (6.9%), 1,8-cineole (6.7%) a-pinene (6.7%), a-bisabolol (6.6%) and
longiverbenone (4.9%) were found to be the main constituents of the leaf volatiles obtained with HD.
MSD-SPME technique trapped leaf volatiles rich in (E)-geranyl acetone (10.5%), (E)-B-ionone (10.3%),
camphor (10.2%), 1,8-cineole (9.6%), longiverbenone (7.9%), B-eudesmol (7.5%), isopropyl myristate
(6.7%), epi-a-bisabolol (6.4%), and borneol (5.9%). Similar to the flowers, MSD-SPME technique
extracted leaf volatiles particularly rich in sesquiterpenes. The root volatiles were rich in the
sesquiterpenes, longiverbenone (14.1%) and (E)-geranyl acetone (9.3%) as well as in aliphatic alcohols,
nonanol (12.1%) and decanol (12.5%).
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Table 3. A. sivasica essential oil composition.

%"
Flower Leaf 00t?
No RI? RRI”  Compound IV
HD MSD- HD MSD- MSD-
SPME SPME SPME

1. 1032 1032[81] o-Pinene 9.3 2.0 6.7 4.3 - o.h9
2. 1076 ~ 1076[81] Camphene 0.5 1.2 e), D), g)
3. 1118 1118[81] B-Pinene 3.0 - 6.9 2.1 - e),h,g
4. 1132 1132[81] Sabinene 1.7 1.0 e), 1), g
5. 1188 1188[81] a-Terpinene 0.5 0.2 e), 1), g
6. 1203 1203[81] Limonene - 1.4 e), ), g)
7. 1213 1213[82] 1,8-Cineole 22.1 53 6.7 9.6 - e), ), g
8. 1255  1256[82] v-Terpinene 1.1 0.7 e), ). g
9. 1280  1278[82] p-Cymene 0.5 0.2 e), ), g
10. 1290  1290[81] Terpinolene 0.2 0.2 e), ), g
11. 1474 1474[81] trans-Sabinene hydrate 2.1 0.6 e), ), g)
12. 1480  1469[81] o-Longipinene - 0.2 e), ), g
13. 1492 1492[83] Cyclosativene t - e), ), g
14. 1497  1497[81] a-Copaene 2.8 0.7 e), ), g
15. 1499  1496[84] o-Campholene aldehyde - 0.1 e), ), g
16. 1506 1510[82] Decanal - 0.1 e), D), g)
17. 1512 Longicyclene - t e), ), g
18. 1532 1532[82] Camphor 4.1 1.3 9.0 10.2 - e), ), g
19. 1549 1547[85] PB-Cubebene t - e), ), g
20. 1556  1555[85] cis-Sabinene hydrate 0.6 - e), ), g
21. 1562 Isopinocamphone t - e), ), g
22. 1563 1557[86] Octanol - - 41 e),f),g
23. 1570 trans-p-Ment-2-en-3-ol t - e), ), g
24. 1586 1590[87] Pinocarvone 2.5 1.3 e), ), g)
25. 1611 1611[82] Terpinen-4-ol 32 1.1 1.4 - - e), ), g
26. 1628  1628[85] Aromadendrene - t e), 1), g
27. 1638  1628[83] P-Cyclocitral - t e), ). g
28. 1648  1648[85] Myrtenal 0.6 0.5 e), ), g
29. 1664 Nonanol - - 12.1 e),f), 9
30. 1668  1666[88] (Z)-B-Farnesene 25 239 - 12 - e,hg
31. 1670 1671[87] trans-Pinocarveol 2.0 1.6 e), ), g)
32. 1682  1687[87] &-Terpineol - t e), ), g
33. 1683 1685[82] trans-Verbenol 0.1 0.3 e), ), g)
34. 1686 Lavandulol 0.9 0.3 e), ), g
35. 1704 a-Terpinyl acetate - t - t e), ). g
36. 1706  1706[85] a-Terpineol 0.3 t e), ), g
37. 1719  1719[85] Borneol 3.7 - 2.0 5.9 - e), ), g
38. 1726  1726[85] Germacrene D 3.5 4.7 2.0 - - e), ), g
39. 1765 1755[89] Geranyl acetate 0.2 0.6 e), D), g)
40. 1766 Decanol - - 125 e), 1), g
41. 1733 1729[82] Neryl acetate - - t t e), ), g
42. 1740 1740[85] o-Muurolene 0.5 t e), ), g
43, 1742 Geraniol - t e), ), g)
44. 1755 1756[85] Bicyclogermacrene 0.3 0.4 e), 1), g
45. 1773 1773[85] &-Cadinene 0.6 1.2 0.5 - - e),Dg
46. 1776 1776[85] y-Cadinene 0.3 t e), 1), g
47. 1786 1786[85] ar-Curcumene - t e), 1), g
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%"
Flower Leaf 00t
No RIa) RRIb) Compound IM*
HD MSD- HD MSD- MSD-
SPME SPME SPME

48. 1779 1779[85] (E,Z)-2,4-Decadienal t - e), ), g)
49. 1804 1804[85] Myrtenol 1.0 0.5 e), ), g
50. 1830 Tridecanal t - e), ), g
51. 1838 2-Phenylethyl acetate t 0.4 1), g)
52. 1857 1857[85] Geraniol e 0.5 e), ), g)
53. 1868 1868[85] (E)-Geranyl acetone 0.2 - 1.1 10.5 93 e),f),g
54. 1871 p-Mentha-1,8-dien-10-yl - e), ), g

acetate
55. 1882 1-Isobutyl-4-isopropyl-3- - - 0.2 2.1 - g)

isopropyl-2,2-dimethyl

succinate
56. 1889 Myrtanol - 0.5 e), ), g)
57. 1896 Phenylethyl isobutyrate 0.8 2.2 - - - e), 1), g
58. 1900 Nonadecane t - e), ), g
59. 1941 1941[81] a-Calacorene - t e), ), g
60. 1957 Cubebol 1.1 0.3 e), 1), g
61. 1958 1957[81] (E)-B-lonone - - 04 103 - e),h)g
62. 1973 Dodecanol - - 1.5 e),f),g
63. 1988 2-Phenylethyl-2- 0.3 - f)

methylbutyrate
64. 1992 2-Phenylethyl-3- - - t t 2)

methylbutyrate
65. 2008 2008[90] Caryophyllene oxide 0.2 0.4 e), ), g)
66. 2037 2037[81] Salvial-4(14)-en-1-one t t f), g)
67. 2041 Pentadecanal 0.3 0.3 e), ), g
68. 2050 2050[82] (F)-Nerolidol - 0.2 e), ), g
69. 2052 Isopropyl myristate - 6.7 - e), 1), g
70. 2088 1-epi-Cubenol - 2.4 - - - e), ), g
71. 2090 Isogymnomitrol - 0.3 e), ), g)
72. 2094 1,10-di-epi-Cubenol 0.3 0.7 e), ), g
73. 2096 2096[81] Elemol - 0.3 e), ), g
74. 2100 Heneicosane 0.4 - e), ), g
75. 2131 2131[81] Hexahydrofarnesyl acetone 0.4 0.4 e), ), g)
76. 2144 2136[87] Spathulenol 1.1 3.8 0.5 - - e), ), g
77. 2178 (Z)-3-Hexen-1-ol benzoate - - f), g)
78. 2179 3,4-Dimethyl-5-pentyliden- - 0.4 1), g)

2(5H)-furanone
79. 2187 2185[82] T-Cadinol 1.5 3.9 1.0 4.3 - e), 1), g
80. 2192 Muurola-4,10(14)dien-1-ol 0.3 4.2 - - - e), ), g
81. 2194 3,4-Dimethyl-5-pentylidene- - 4.1 - ), g)

2(5H)-furanone
82. 2198 2187[44] Thymol 0.2 0.2 e), 1), g
83. 2209 2209[82] T-Muurolol - - t t e), 1), g)
84. 2214 2214[81] ar-Turmerol - - t t e), ), g
85. 2222 2208[91] Copaborneol 0.4 0.4 e), ), g
86. 2232 2236[85] a-Bisabolol 4,3 6.6 e), 1), g
87. 2255 B-Sinensal 0.6 0.9 e), ). g
88. 2256  2245[82] epi-a-Bisabolol 4.9 6.4 - €), ), g
89. 2257 2258[81] PB-Eudesmol 3.9 8.0 3.6 7.5 - e), 1), g
90. 2262 2278[92] Torilenol 2.1 - - e), ), g
91. 2265 Longiverbenone 1.0 - 4.9 7.9 14.14 e), 1), g)
92. 2298 2285[83] Decanoic acid 10.1 - - e), ), g
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%9
Flower Leaf 00t
No RIa) RRIb) Compound IM*
HD MSD- HD MSD- MSD-
SPME SPME SPME
93. 2300 2300[81] Tricosane 2.6 7.3 - - - e), ), g
94. 2353 (6S-7R)-Bisabolone 0.5 0.3 e), 1), g
95. 2392 Eudesma-4(15),7-dien-1-p-ol - 0.6 e), 1), g)
96. 2400 2400[81] Tetracosane 0.2 - e), ), g
97. 2411 Hexyl cinnamic aldehyde - 0.3 g)
98. 2415 2389[83] Farnesyl acetone - 0.6 e), ), g)
99. 2430 Chamazulene t - e), ), g)
100. 2500 2500[81] Pentacosane 0.8 0.4 e), 1), g
101. 2622 2606[88] Phytol - 2.8 f), g)
102. 2670 Tetradecanoic acid - 0.7 e), ), g
103. 2683  2655[81] Benzyl benzoate - 0.2 e), ), g)
104. 2700 2700[85] Heptacosane 0.6 0.6 e), ), g
105. 2766 Phenylethyl benzoate 0.2 - e), ), g
106. 2900 2900[85] Nonacosane 0.3 4.5 e), ), g
107. 2931 2931[81] Hexadecanoic acid 1.0 7.2 4.5 6.8 15.1 e), 1), g
Total 942 956 873 999  68.7

RRI: Relative retention indices; *IM: Identification Method ® RRI calculated against n-alkanes (Co-Ca0) on polar HP-
Innowax column; ® RRI on polar column reported in literature © Percent composition was obtained for each constituent on
the basis of GC-FID analyses of the oils; 9 The root volatiles were obtained only with MSD-SPME technique; ©
Identification based on retention index of genuine compounds on the HP-Innowax column; ? Identification on the basis of
computer matching of the mass spectra from Baser, Adams, MassFinder, Wiley, and NIST libraries; ® Tentative identified
on the basis of computer matching of the mass spectra from Wiley Library.

Distribution of the major compound groups in the flower, leaf and root volatiles obtained with
hydrodistillation (HD) and MSD-SPME techniques from A. sivasica is presented on Figure 1.

In hydrodistilled flower and leaf oils, oxygenated monoterpenes predominated constituting 43.6%
and 26.1% of the oil, respectively. Application of MSD-SPME technique to the flowers and the leaves
resulted in the extraction of oxygenated sesquiterpenes ranging from 15.8% to 29.3% and 22.8% to 36.6%,
respectively. In the leaf oils, total amount of the sesquiterpene hydrocarbons was scarce. It was interesting
to note that MSD-SPME extracted volatiles with lower percentage of the oxygenated monoterpenes (7.7%)
from flowers. The root volatiles obtained with MSD-SPME technique were found as rich in aliphatic
alcohols (30.1%) and oxygenated sesquiterpenes (23.4%). The monoterpenes have not been detected in the
roots at all.

50 B Monoterpene hydrocarbons

5 W Oxygenated monoterpenes

Alcohols

Sesquiterpene hydrocarbons
40 W Oxygenated sesquiterpenes
35 M Fatty acids
30
25
0 I_ J
HD HD

MSD-SPME MSD-SPME MSD-SPME

=
v o v o

Flower Leaf Root

Figure 1. Distribution of the major compound groups in the flower, leaf and root volatiles obtained with
hydrodistillation (HD) and MSD-SPME techniques from A. sivasica.
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Figure 2. Representative chromatogram of A4, sivasica flower essential oil and separation of major
enantiomers: 1) a-pinene; 2) B-pinene; 3) limonene; 4) terpinen-4-ol; 5) trans-pinocarveol; 6) borneol; 7)
a-bisabolol.

3.2. Enantiomeric Distribution

Stereochemical configurations of the major volatile constituents were measured by chiral GC-FID
and GC/MS using three different chiral stationary phases. Chiral gas chromatography is the most popular
method for the enantioselective determination of volatile phytochemicals. In scope of the present work, the
essential oils of A. sivasica were analyzed by GC-FID and GC/MS using a split injection onto a capillary
column with a stationary phase containing derivatized cyclodextrin macromolecules, achieving optimum
separations of enantiomers. Before analyzing the oils, the chromatographic separation was optimized. The
parameters were selected based on the information provided in the “Restek Guide to the Analysis of Chiral
Compounds by GC”’[93]. Representative chromatogram of separated enantiomers in the flower oil of 4.
sivasica 1s presented in Figure 2.

The enantiomeric ratios of certain enantiomeric compounds in the essential oil were determined, (-)-
a-bisabolol and (-)-borneol were identified by 100% purity, o-pinene, B-pinene, limonene, trans-
pinocarveol, terpinen-4-ol compound are presented by enantiomer pairs. Percentage distribution of the
enantiomeric compounds in 4. sivasica oils is presented in Table5.

In the literature, there is scarce information about enantiomeric distribution of Achillea volatiles. The
enantiomeric distribution of 1S-(-)-camphor was measured as 93.3% and 99.6% in A. falcata from two
localities [38]. The enantiomeric distribution of 8 chiral constituents in A. ligustica were determined by
GC-MS using two enantioselective stationary phases (DIME-a-CD and Lipodex-E) [94].
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Table 4. Enantiomeric distribution of major volatiles from 4. sivasica

No Enantiomer Flower oil Leaf oil
1 (1R)~(+)-a-Pinene 95 98
2 (15)-(-)-a-Pinene 5 2
3 (IR)-(+)-B-Pinene 21 14
4 (18)-(-)-B-Pinene 79 86
5 (4R)-(+)-Limonene 66 80
6 (45)-(-)-Limonene 34 20
7 (4R)-(+)-Terpinen-4-ol 57 66
8 (45)-(-)-Terpinen-4-ol 43 34
9 (1S,3R, 5S5)-(+)-trans-Pinocarveol 7 21
10 (IR,3S,5R)-(-)-trans-Pinocarveol 93 79
11 (IR,2S,4R)-(+)-Borneol - -
12 (1S,2R,4S)-(-)-Borneol 100 100
13 (2R)-(+)—a- Bisabolol - -
14 (28)-(-)-a-Bisabolol 100 100

3.3. Fatty Acid Contents

As part of our research on the phytochemical profile of essential oil bearing plants, A. sivasica was
investigated also for its fatty acid composition. The present work is the first fatty acid analysis report on A.
sivasica. Liquid-liquid extraction with subsequent methylation and GC-FID and GC/MS analyses revealed
that A. sivasica fatty acids are comprised of 16 compounds representing 99.7% of the flower and 13
compounds representing 97.7% of the leaf lipids.
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Table 5. Fatty acid composition of 4. sivasica

Flower Leaf

No Compound*

%
1 C8:0 Methyl octanoate 0.1 -
2. C10:0 Methyl decanoate (=Methyl caproate) 1.5 -
3 C12:0 Methyl dodecanoate (=Methy laurate) 0.2 -
4 C14:0 Methyl tetradecanoate (=Methyl myristate) 0.9 0.5
5 C15:0 Methyl pentadecanoate 0.2 0.1
6. C16:0 Methyl hexadecanoate (=Methyl palmitate) 22.2 17.3
7 C16:1 D-7 cis (Z2)-7-Methyl hexadecenoate 0.1 0.2
g C16:1 D-9 cis (Z2)-9-Methylhexadecenoate (= Methyl palmitoleate) 0.2 0.2
9 C17:0 Methyl heptadecanoate - 0.3
10. C18:0 Methyl octadecanoate (=Methyl stearate) 6.3 0.7
11. C18:1 D-9 cis (Z2)-9-Methyl octadecenoate (=Methyl oleate) 20.9 3.9
12. C18:1 D-7 cis (Z)-7-Methyl octadecenoate 2.1 0.7

(Z,2)-9,12-Methyl octadecadienoate
C18:2 D-9,12 cis 26.9 16.9

13. (=Methyl linoleate)

14. C18:1 D-9 cis Ethyl linoleate 2.6 -
15. C18:3 D-9,12,15 cis  Methyl linolenate 13.2 56.2
16. C20:0 Methyl eicosanoate (=Methyl arachidate) 1.2 0.3
17. C22:0 Methyl docosanoate (=Methyl behenate) 1.1 0.4

Total 99.7 97.7

Seventeen fatty acids in total were identified and quantified in the flower and the leaf lipids. Fatty
acids were classified as total saturated (SFA), unsaturated (UFA), monounsaturated (MUFA) and
polyunsaturated (PUFA) fatty acids. Among SFAs, palmitic (22.2% and 17.3%) acid was found to be the
main constituent in the flower and the leaf lipids, respectively. It was followed by stearic acid (6.3% and
0.7%). Eight SFA, C8:0, C10:0, C12:0, C14:0, C15:0, C17:0, C20:0 and C22:0 were detected in smaller
amounts (0.1-1.5%). Oleic acid (20.9% and 3.9%) was detected as the major representative of MUFA in
the flower and the leaf oils, respectively. PUFA fraction was presented by linoleic (26.9% and 16.9%) and
linolenic (13.2% and 56.2%) acids. Over half of the leaf lipids consisted of linolenic acid. The ratio of
PUFA/SFA ranged between 1.18 and 3.7, while the ratio of UFA/SFA was 1.95 and 3.98 in the flower and
the leaf oils, respectively. Fatty acid chemical contents are summarized in Table 6.

In literature, there is scarce information about fatty acids of Achillea species. Oleic (34.7%), palmitic
(23.1%) and linoleic (20.6%) acids were determined as the main fatty acids in A. cappadocica Hausskn, et
Bornm, (whole plant) [95]. Achene fatty acids composition data for A. biebersteinii Hub.-Mor., A.
bisserata M,Bieb., A. multifida (DC) Griseb., A. wilhelmsii K. Koch and A. millefolium L. were reported
recently [96]. A. millefolium was characterized by low amounts of C16:0 (4%), C18:2 (5,6%) and C18:3
(10,68%) [97], In contrast, A. sivasica was characterized by extremely high percentage of C18:3 fatty acid.
A paper reported the occurrence of 24.3%-25.9%, 21.6%-16.8% and 41.3%-7.4% C18:2 and C18:3 in 4.
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linguata, A. nobilis and A. crithmifolia, respectively [98]. A. tenuifolia L. was characterized with high
contents of linoleic C18:2 (69.4%), oleic C18:1 (14.5%) and linolenic C18:3 (1.7%) acids in the seed oil
[99].

4. Conclusion

In scope of the present work, essential and fatty oils from different parts of A. sivasica obtained
variously by conventional hydrodistillation, rapid MSD-SPME and solvent extraction (Folch method)
techniques were analyzed by GC/MS and GC-FID. Enantiomeric distribution of main components was
investigated with capillary enantioselective gas chromatography. This is the first contribution on chemical
profile of 4. sivasica volatiles, enantiomers, essential and fatty oils.
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