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The genus Salvia is represented in Turkey by 95 species, of which 48 are endemic. Salvia ceratophylla
L. was collected from Kayseri, Elazig and Adiyaman in Turkey. The volatile components obtained from
three samples by using microdistillation were analyzed by GC and GC/MS systems simultaneously. 30,
35 and 27 components of S. ceratophylla from Kayseri, Elazig and Adiyaman were indentified
representing 94.5%, 95.5% and 92.0% of the samples, respectively. The major components of the
Kayseri sample were o-pinene (27.0%), B-pinene (16.3%) and B-caryophyllene (10.6%). The major
components of the Elazig sample were a-pinene (24.6%) and B-pinene (10.3%). The major components
of the Adiyaman sample were a-pinene (23.7%), 1,8-cineole (8.9%) and borneol (7.0%). Pinenes were
observed as main constituents in all samples.
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Tiirkiye’de Farkh Bolgelerden Toplanan Salvia ceratophylla’nin Ucucu
Bilesiklerinin Karsilastirilmasi

Salvia cinsi 48’1 endemik olmak tizere 95 tiir ile Tiirkiye’de temsil edilmektedir. Salvia ceratophylla L.
tirline ait ornekler Kayseri, Elazig ve Adiyaman’dan toplanmistir. Mikrodistilasyon yontemi
kullanilarak bu ii¢ 6rnegin ugucu bilesikleri elde edilmis, es zamanli olarak gaz kromatografisi (GK) ve
gaz kromatografisi/kiitle spektroskopisi (GK/KS) sistemleri ile analiz edilmistir. Kayseri, Elaz1g ve
Adiyaman Orneklerinden sirasiyla 30, 35, 27 bilesik %94.5, %95.5 ve %92.0 verimle tanimlanmuistir.
Kayseri orneginin ana bilesikleri a-pinen (%27.0), B-pinen (%16.3) ve B-karyofillen (%10.6); Elazig
orneklerinin ana bilesikleri a-pinen (% 24.6) ve -pinen (%10.3); Adiyaman 6rneklerinin ana bilesenleri
ise a-pinen (%23.7), 1,8-sineol (%8.9) ve borneol (%7.0) olarak bulunmustur. Pinenler, tiim drneklerde
ana bilesik olarak bulunmustur.

Anahtar kelimeler: Salvia ceratophylla, Mikrodistilasyon, Pinen, GK/KS.
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INTRODUCTION thyme, mint, rosemary and is a rich source of
essential oils for the perfume and flavoring
Salvia is one of the most important and the industry. Lamiaceae is the third largest family
largest genus of Lamiaceae family. Lamiaceae  in Turkish Flora (1-3).
family has worldwide distribution and The genus Salvia includes nearly 900
includes over 250 genera and about 7000 species spread throughout the world and
species. Also this family is known for its fine ~ Turkey is a diversity centre for Salvia in Asia.
herbs like lavender, sage, basil, oregano,

53



Kemal Hiisnii Can BASER, Hale Gamze AGALAR, Ferhat CELEP, Ahmet KAHRAMAN, Musa DOGAN, Betiil DEMIRCI

The genus Salvia is represented in Turkey by
95 species, of which 48 are endemic (4-7).
Salvia species are commonly used in
traditional medicine all around the world,
possessing antibacterial, antioxidant, positive
effects on memory, antitumor, astringent and
spasmolytic properties (8-11). In addition,
many of the herbs and essential oils are often
used in the food, drug, cosmetic and
perfumery industries. They are well known
among people and widely used as flavour or
fragrance and for medicinal purposes (12-16).
Salvia ceratophylla L. is a biennial herb.
The aerial parts of Salvia species usually yield
triterpenic compounds and flavonoids, while
the roots contain diterpenoids. The identified
diterpenoids in Turkish Salvia species include
mainly abietane, rarely pimarane and labdane
type structures (17). Goren et al. (2002), have
obtained four known and two new
diterpenoids from the roots of S. ceratophylla.
In addition, ursolic acid and oleanolic acid,

sitosterol and the flavone salvigenin were
obtained from acetone extract of the roots
(17). In previously studies, composition of
essential and fixed oils, and also antioxidant,
anticholinesterase and antimicrobial activies
of S. ceratophylla were reported (14, 18-20).
At the present work, we determined the
volatile compounds of S. ceratophylla and
compared the samples collected from different
regions in Turkey.

EXPERIMENTAL

Plant material

Aerial parts of the plants were collected
from the following regions of Turkey by the
authors. Voucher specimens were deposited at
the Laboratory of Plant Systematics &
Taxonomy, Department of Biology, ODTU.
Detailed information on the plant materials
used is given in Table 1.

Table 1. Information on of Salvia ceratophylla samples

1
Sample Collection place Altitude(m)  Collection date
Code
Develi to Bakirdag, between Kilickaya
A 1421 .06.2
to Bakirdag ca. 2km, Kayseri 09.06.2006
B Elaz1g to Baskil, above Kayabeyi 1600 07.07.2006
c 3 km from Gerger to Kasyazi, Adryaman 876 19.05.2007

Isolation of the volatile components

The volatile components were obtained by
microdistillation of the dried, ground plant
materials (50 mg) wusing an Eppendorf
MicroDistiller® with 10 mL distilled water
per sample vial. The sample vial was heated
to 108°C at a rate of 20°C/min and kept at this
temperature for 90 min, then heated to 112°C
at a rate of 20°C/min and kept at this
temperature for 30 min. The sample was
subjected to a final post-run for 2 min under
the same conditions. The collecting vial,
containing a solution of NaCl (2.5 g) and
water (0.5 mL) plus n-hexane (350 pL) to trap
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volatile components, was cooled to -5°C
during distillation. After the distillation, the
organic layer in the collection vial was
separated and analyzed by gas
chromatography (GCO) and gas
chromatography/mass spectrometry (GC/MS)
systems, simultaneously.

GC analysis

GC analyses were performed using an
Agilent 6890N GC system. FID detector
temperature was set to 300 °C and the same
operational conditions were applied to a
duplicate of the same column used in GC/MS
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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

GC/MS analysis

The GC/MS analyses were done with an
Agilent 5975 GC/MSD system. An Innowax
fused silica capillary (FSC) column (60 m X
0.25 mm, 0.25 um film thickness) was used
with helium as the carrier gas (0.8 mL/min).
Oven temperature was kept at 60 °C for 10
min, then programmed to 220 °C at a rate of 4
°C/min, then adjusted to 220 °C for 10 min,
and finally programmed to 240 °C at a rate of
1 °C/min. Injector temperature was set at 250
°C. Split flow was adjusted at 50:1. Mass
spectra were recorded at 70 eV with the mass
range m/z 35 to 450.

Identification of volatile components
Identification of the volatile components
was carried out by comparison of their
relative retention times with those of authentic
samples or by comparison of their relative
retention index (RRI) to series of n-alkanes.
Computer matching against Wiley GC/MS
Library, Adams Library, MassFinder 3
Library (21, 22) and “Baser Library of
Essential Oil Constituents” built up by
genuine compounds and components of
known essential oils, as well as MS literature
data (23-25) were used for the identification.

RESULTS AND DISCUSSION

The volatile components were obtained by
microdistillation from air dried aerial parts of
S. ceratophylla collected from different
regions in Turkey. The volatile components
were subsequently analyzed by GC and
GC/MS and the individual identified
components and their relative percentages are
given in Table 2.

30 volatile components of the Kayseri
sample were identified representing 94.5% of
the sample and the major compounds were a-
pinene (27.0%), P-pinene (16.3%), PB-
caryophyllene  (10.6%).  Other  major

compounds were bornyl acetate (5.9%),
linalool (4.0%), borneol (3.7%), carvacrol
(3.6%) and camphene (3.6%).

35 volatile components of the Elazig sample
were detected representing 95.5% of the total
components. The major compounds were a-
pinene (24.6%), B-pinene (10.3%) and other
major compounds were 1,8- cineole (6.6%),
a-terpineol  (6.4%), camphene (4.7%),
spathulenol (4.4%) and sabinene (3.7%).

27 volatile components of the Adiyaman
sample were identified representing 92.0% of
the detected constituents and the major
compounds were o-pinene (23.7%), 1,8
cineole (8.9%), borneol (7.0%), camphene
(5.9%), PB-pinene (5.3%) and spathulenol
(5.1%). 1,8- cineole, camphor, thujenes and
pinenes have previously been reported as
main constituents of Salvia essential oils (26-
30). According to our findings, pinenes were
observed as the main components in all three
samples. Pinene-rich oil containing Salvia
species are also consumed in Turkey as herbal
tea.

CONCLUSION

According to literature survey, there is only
one study on the essential oil from aerial parts
of S. ceratophylla collected from B5 Kayseri-
Incesu highway in 2009 reported by Giirsoy et
al (2012). The essential oil obtained by hydro-
distillation using Clevenger type apparatus
yielding 0.8%. 53 volatile compounds were
identified in the essential oil representing
95.8% of the total oil. y-Muurolene (11.4%)
and a-pinene (7.6%) were found as major
compounds (31).

In our present study, we aimed to evaluate
the volatile compositions of three samples of
S. ceratophylla collected from different
regions in Turkey. According to our results,
Kayseri sample was found to be richer in
pinenes than the other samples. Baser reported
in 2002, Salvia species rich in pinenes: S.
tomentosa essential oil contains a-pinene (6-
29%) and B-pinene (5-33%), S. wiedemannii
essential oil a-pinene (23-33%) and B-pinene
(14-30%), S. potentillifolia essential oil a-
pinene (10%) and B-pinene (8%) (32).
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Table 2. The composition of the volatile compounds of Salvia ceratophylla samples

RRI  Compounds A (%) B (%) C Identification
(%)
1032  o-Pinene 27.0 24.6 23.7 trr, MS
1076  Camphene 3.6 4.7 5.9 fr, MS
1118  pB-Pinene 16.3 10.3 53 tr, MS
1132  Sabinene <0.1 3.7 2.6 tr, MS
1203  Limonene 0.9 1.5 1.8 tr, MS
1213 1,8-Cineole 2.9 6.6 8.9 tr, MS
1255  y-Terpinene <0.1 <0.1 - fr, MS
1280 p-Cymene <0.1 1.3 1.9 tr, MS
1360  Hexanol <0.1 <0.1 - MS
1497  a-Copaene - 0.9 - MS
1532  Camphor - 0.9 3.6 fr, MS
1553  Linalool 4.0 2.8 3.1 trr, MS
1586  Pinocarvone - 0.9 <0.1 tr, MS
1591 Bornyl acetate 5.9 3.2 1.7 fr, MS
1611  Terpinen-4-ol 1.0 1.3 0.8 fr, MS
1612  B-Caryophyllene 10.6 2.8 1.6 fr, MS
1648  Myrtenal <0.1 <0.1 0.9 MS
1670  trans-Pinocarveol 1.0 1.3 1.6 tr, MS
1683  trans-Verbenol 0.2 1.7 2.7 tr, MS
1687  o-Humulene 1.2 1.0 - trr, MS
1706  a-Terpineol 0.7 6.4 - fr, MS
1718  p-Menth-4-en-3-one - 0.5 0.9 MS
1719  Borneol 3.7 1.0 7.0 tr, MS
1725  Verbenone <0.1 0.9 0.9 trr, MS
1763  Naphthalene 2.1 <0.1 1.5 MS
1804  Myrtenol <0.1 0.8 0.5 MS
1868  (E£)-Geranyl acetone 1.0 <0.1 1.3 MS
1953  Palustrol 1.4 1.3 1.4 MS
1958  (E)-B-lonone 3.1 2.9 - MS
2008  Caryophyllene oxide 0.6 2.9 3.6 fr, MS
2071  Humulene epoxide-II - 0.2 - MS
2104  Viridiflorol - 1.3 1.9 MS
2131 Hexahydrofarnesyl acetone 1.5 <0.1 - MS
2144  Spathulenol 2.2 4.4 5.1 MS
2239  Carvacrol 3.6 34 1.8 trr, MS
2308  Methyldihydrojasmonate <0.1 - - MS
Total 94.5 95.5 92.0

RRI, Relative retention indices calculated against n-alkanes % calculated from FID data; Identification
method, #g, identification based on the retention times of genuine compounds on the HP Innowax column;
MS, identified on the basis of computer matching of the mass spectra with those of the Wiley, Adams and
MassFinder libraries and comparison with literature data. (A), Kayseri sample; (B), Elaz1ig sample; (C),
Adiyaman sample.
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