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Abstract
This study was carried out upon chemical researches of three species Crocus L. that distribute in Central Anatolia (Eskişehir), Turkey.
The volatile compounds were obtained by microdistillation of the stylus, stigma-tepal parts of three critically endangered and
endemic species of the genus Crocus L., viz. C. chrysanthus (Herb.) Herb., C. antalyensis B. Mathew and C. ancyrensis (Herb.) Maw,
and the stylus, stigma parts of C. sativus L. and the volatiles were analyzed by GC-FID and GC-MS, simultaneously. Ethyl cinnamate
(14.8%), heptanal (14%), and hexahydrofarnesyl acetone (12.8%) of C. chrysanthus. Hexanal (17.7%), nonanal (17.1%), and undecanal
(14.7%) of C. antalyensis. β-Isophorone (14.4%), heptanal (11.5%), and heneicosane (8.5%) of C. ancyrensis. Safranal (77.9%), αisophorone (13.5%), and β-isophorone (2.2%) were detected as main constituents in sample of C. sativus. In addition, chemical
structures of C. ancyrensis, C. chrysanthus and C. antalyensis are given in this study for the first time.
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Introduction
Turkey is a rich country regarding the species occurrence of Crocus L. (Iridaceae). Crocus is distributed mainly
in the Mediterranean region and includes 80 species worldwide (Mathew, 1984). There are 70 taxa (including
subsp. and var.) of Crocus in Turkey (Güner et al 2000). Thirty-one of these are endemics for Turkey (Erol,
2011). Many species of the family Iridaceae are grown in parks and gardens as ornamental plants due to their
beautiful flowers (Baytop, 1999).
The known chemical components of C. sativus can be listed as follows. Crosetins: crosin-1, crosin-2, crosin-3,
crosin-4, crocetin, protocrosin, picrosin, safranal Flavonoids: camphorol, astragalin, helicrisoside, crosatoside
A, camphorol 3-O-β-D-glucopyranosyl (1→2) β-D-glucopyranoside, camphorol-3-O-β-D-glucopyranosyl
(1→2)
β-D-6-acetylglucopyranoside,
quercetin-3-O-β-D-glucopyranoside,
isorhamnetin-3-O-β-Dglucopyranoside Pigments: carthamin, precaharthamine, safflor yellow A, B, β-carotene, zeaxanthin,
lycopene Phenolic compounds: chlorogenic acid, caffeic acid, catechol, crosatoside B, 3,8-dihydroxy-1methylantraquinone-2-carboxylic acid Triterpenes: ursolic acid, oleanolic acid, β-sitosterol, campesterol,
stigmasterol Amino acids: 3,4-dihydroxyphenylalanine, proline, asparagine, arginine, glutamine, glutamic
acid Organic acids: palmitic acid, palmitoleic acid, oleic acid, linoleic acid, linolenic acid Other components:
mangicrosine, nonacosane ( Bensky et al. 2004). Saffron's yellow-orange color crosin, sharp taste picrocrosin,
aroma comes from safranal (Gruenwald et al. 2007).
Some Crocus species were used for medicaments making dye and perfume ((Abdullaev, 2003). The saffron
(Crocus sativus L.) was the first to be cultivated and has been grown for economic purposes since ancient
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times (Abdullaev, 2003) pointed out that the saffron could be useful in cancer chemoprevention in the
immediate future. (Özdemir et al. 2006).
The Crocus is regarded as an ornamental plant as they grow like tulipa and flower in different colours.
Because of these properties the Crocus species can sustain their life forms when they are cultivated in parks
and gardens. It is estimated that the Crocus which affects people positively with their lovely flowers is going
to be of an important economic value in the near future. Some studies reported that the Crocus species have
antitumor, antimutagenic, cytotoxic activities and inhibits nucleic acid synthesis in human (Kravkaz et al.
2006; Fatehi et al. 2003).
The species known as endemic C. ancyrensis (Herb.) Maw “Ankara Çiğdemi”, C. chrysanthus (Herb.) Herb.,
“Sarı Çiğdem”, endemic C. antalyensis B. Mathew “Antalya Çiğdemi” and C. sativus L. “Safran, Çiğdem” in
Anatolia (Guner et al. 2012).
The aim of this study to investigate chemical characteristics of C. ancyrensis, C. chrysanthus, C. antalyensis
and C. sativus. In addition, volatile compositions of C. ancyrensis, C. chrysanthus and C. antalyensis are given
in this study for the first time.

Materials and Methods
Plant material
Plant materials were collected from different localities in Eskişehir, Turkey and they were identified as
herbarium materials (Table 1). Voucher specimens are kept at the Herbarium of the Faculty of Pharmacy,
Anadolu University (ESSE) in Eskişehir, Turkey.
Table 1. Information on the plant materials.
Species

Collection
date

Collection site

Voucher specimens
no (ESSE)

C. ancyrensis

10.03.2013

B3:Eskişehir: Bozdağ, 39° 56’ 32’’ K - 030° 30’ 54’’ D, 1079 m

14623

C. chrysanthus

10.03.2013

B3:Eskişehir: Hekimdağ,39°54’34’’K-030° 33’13’’D, 1289 m

14625

C. antalyensis

10.03.2013

B3:Eskişehir: Bozdağ,39°56’32’’K-030° 30’54’’D, 1079 m

14624

C. sativus

20.042013

Eskişehir Geçit Kuşağı Tarımsal Araştırma Enstitüsü (TAGEM)

15406

Isolation of volatile components
Microdistillation
The volatiles were obtained after microdistillation of the plant material (650 mg) using an Eppendorf
MicroDistiller® containing 10 mL of distilled water per sample vial. The sample vial was heated to 108 °C at a
rate of 20 °C/min for 90 min followed by heating at 112 °C at the rate of 20 °C/min 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) n-hexane (350 μL) to trap volatile components, which were cooled
to -5°C during distillation. Thereafter, the organic layer in the collection vial was separated and analyzed by
gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) simultaneously.
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GC-FID and GC-MS analyses
Gas Chromatography-Flame Ionization Detection (GC-FID) and Gas Chromatography-Mass Spectrometry (GCMS) analyses processes were performed with reference to Demirci et al., (2017).

Results and Discussion
In this study, the stylus-tepal parts of C. chrysanthus, C. antalyensis, C. ancyrensis and the stigma parts of C.
sativus were distilled using Eppendorf Microdistiller® and analyzed by GC-FID and GC-MS. Ethyl cinnamate
(14.8%), heptanal (14%), hexahydrofarnesyl acetone (12.8%) were detected as main constituents in sample
of C. chrysanthus, hexanal (17.7%), nonanal (17.1%), undecanal (14.7%) of C. antalyensis, β-Isophorone
(14.4%), heptanal (11.5%), heneicosane (8.5%) of C. ancyrensis. In the oil of C. sativus safranal (77.9%) αisophorone (13.5%), and β-isophorone (2.2%) were detected as main constituents (Table 2).
There is a lot of works available in the literature related volatile and non-volatile components of the Crocus
sativus. In previous work, volatile and colour compounds of Crocus sativus stigmas were obtained by
microdistillation and extraction techniques, respectively. The samples were analyzed by GC-FID, GC-MS, HPLC
systems (Başer et al. 2007). Previously, safranal, α-isophorone and β-isophorone were reported as the main
components for C. sativus flowers by microdistillation method (Başer et al. 2007). Caballero-Ortega et al.
have investigated and compared active compounds with the HPLC technique on 11 C. sativus samples
obtained from different sites and sources (Caballero-Ortega et al. 2007). Zheng et al. have reported on
chemical composition determination studies using the GC-MS method in their study of different parts of C.
sativus such as stigma, stamen, and periant (Zheng et al. 2011). Maggi et al. conducted chemical composition
studies on 418 C. sativus samples obtained from various sources around the world and found that saffronspecific aromatic properties originate from the safranal named compound in their research and comparison
with the volatile compounds they obtained with the GC-MS technique (Maggi et al. 2009). Zhu et al. have
comparatively examined the specimens in their study of the volatile oil composition they made on the C.
sativus corm extract and stigma sections (Zhu et al.2008). Esmaeili et al. have identified phenolic compounds
of C. sativus by GC-MS method (Esmaeili et al 2011). In a study by Campo et al. the content of picrocrosin on
345 C. sativus samples obtained from various sources was comparatively determined (Campo et al. 2010).
Masuda et al. performed comparative volatile compound analysis on the corms in their study with C. sativus
and C. vernus (Masuda et al.2012). Esmaeilian et al. have reported on chemical composition determination
with GC-MS on C. sativus stigmas obtained at different harvest times. Esmaeili et al. conducted studies on
antioxidant activity and identification of phenolic compounds on C. sativus (Esmaeilian et al. 2012). Goupy et
al. have done studies to identify flavonol, anthocyanin, luteindiesters on C. sativus tepals (Goupy et al. 2013).
Norbaek et al. were found in C. chrysanthus flowers in the anthocyanidins by HPLC method. Obtained
anthocyanins are: 3-O- (6-O-malonyl-β-D-glucosyl) -7-O- (6-O-malonyl-O-malonyl- β-D-glucoside) -7-O- (6-Omalonyl-β-D-glucoside). Obtained camphorol, quercetin and myricetin flavonoids from C. chrysanthus
periant segments and nine flavonol glycosides in their study on C. antalyensis flowers (Norbaek et al. 19981999). Norbaek et al. anthocyanins such as delfinidine, petudine and petunidine in the C. antalyensis periant
segments (Norbaek et al. 1999).
To the best of our knowledge, this is the first report describing the volatile compositions of C. ancyrensis, C.
chrysanthus and C. antalyensis. In this study these compounds are encountered in the samples and it is
thought that the samples may be alternative sources to C. sativus.
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Table 2. The volatile composition of the Crocus species.
No

RRI

Compounds

C.ancyrensis C. chrysanthus
%
%

C. antalyensis C. sativus
%
%

1

1093

Hexanal

--

--

17.7

--

2

1194

Heptanal

11.5

14.0

--

--

3

1400

Nonanal

8.2

--

17.1

--

4

1400

Tetradecane

--

5.6

--

--

5

1415

β-Isophorone

14.4

4.8

--

2.2

6

1503

2,6,6-Trimethyl-1,4-Cyclohexadiene-1Carboxaldehyde

--

--

--

1.9

7

1548

(E)-2-Nonenal

5.2

--

7.1

--

8

1600

α-Isophorone

5.8

4.1

--

13.5

9

1617

Undecanal

--

--

14.7

--

10

1661

Safranal

2.3

5.3

--

77.9

11

1700

Heptadecane

--

1.5

--

--

12

1714

6-Oxoisophorone

--

2.5

--

1.2

13

1719

Borneol

--

tr

--

--

14

1793

Dihidro-4- Oxoisophorone

--

--

--

0.3

15

1800

Octadecane

2.4

2.8

1.8

--

16

1900

Nonadecane

4.2

3.0

5.7

--

17

1958

(E)-β- Ionone

--

--

--

0.5

18

1960

4-(2,2,6-trimethylcyclohexan -1-yl)-3buten-2-one

--

--

--

0.9

19

2000

Eicosane

--

--

9.2

--

20

2100

Heneicosane

8.5

6.4

--

--

21

2131

Hexahydrofarnesyl acetone

--

12.8

9.9

--

22

2157

(E)-Ethyl cinnamate

--

14.8

--

--

23

2174

Fokienol

--

1.4

--

--

24

2300

Tricosane

3.4

3.1

--

--

25

2400

Tetracosane

--

2.8

--

--

26

2500

Pentacosane

--

4.2

--

--

27

2700

Hexacosane

--

6.8

--

--

Total

65.9

95.9

83.2

98.4

RRI: Relative retention indices calculated against n-alkanes. % Calculated from FID data. Tr Trace (|<0.1 %).

ACKNOWLEDGMENT
The authors are grateful to İsmail Kara for collecting the C. sativus. Part of this work was the MSc thesis project of Melike
Sayarer (2015). Anatomical, morphological and chemical research on some Crocus L. species in Eskişehir.

REFERENCES
Abdullaev, F.I. (2003). Crocus sativus against cancer. Archives of Medical Research, 34(4), 354.
Başer, K.H.C., Koşar, M., Demirci, B. & Kara, İ. (2007). Chemical composition and free radical scavenging activity of
saffron, Planta Medica, 73, 7.
Baytop, T. (1999). Türkiye’de bitkiler ile tedavi: geçmişte ve bugün, Nobel Tıp Kitabevleri, İstanbul, Türkiye, p.360.

37

Nat. Volatiles & Essent. Oils, 2019; 6(1): 34-39

Küçük et al.

Bensky, D., Clavey, S., Stöger, E. (2004). Chinese herbal medicine, Materia Medica. Third edition, Eastland Press, Seattle,
USA. Gruenwald J, Brendler T, Jaenicke C. PDR for Herbal Medicines. 4th ed., Montvale, N.J. 2007, 653-654.
Caballero-Ortega, H., Pereda-Miranda, R., Abdullaev, F.I. (2007). HPLC quantification of major active components from
11 different saffron (Crocus sativus L.) sources. Food Chemistry, 100, 1126–1131.
Campo, C., Carmona, M., Maggi, L., Kanakis, C.D., Anastasaki, E.G., Tarantilis, P.A., Polissiou, M.G., Alonso, G.L. (2010).
Picrocrocin content and quality categories in different (345) worldwide samples of saffron (Crocus sativus L.). Journal of
Agricultural and Food Chemistry, 58(2), 1305-1312.
Davis, P.H. (1984). Flora of Turkey and the East Aegean Islands. Vol. 8. Univesity Press. Edinburgh.
Demirci, B., Yusufoglu, H. S., Tabanca, N., Temel, H. E., Bernier, U. R., Agramonte, N. M., Alqasoumi, S. I., Al-Rehaily, A.
J., Başer, K.H.C., Demirci, F. (2017). Rhanterium epapposum Oliv. essential oil: Chemical composition and antimicrobial,
insect-repellent and anticholinesterase activities, Saudi Pharmaceutical Journal, 25, 703-708.
Erol, O., Şık, L., Kaya, H.B., Tanyolaç, B., & Küçüker, O. (2011). Plant Systematic Evolution, 294, 281-287.
Esmaeili, N., Ebrahimzadeh, H., Abdi, K., Safarian, S. (2011). Determination of some phenolic compounds in Crocus
sativus L. corms and its antioxidant activities study. Pharmacognosy Magazine, 7(25), 74-80.
Esmaeili, N., Ebrahimzadeh, H., Niknam, V., Mirmasoumi, M., Abdi, K., Safarian, S. (2013). The study on phenolic
compounds in Iranian Crocus sativus L. corms by GC-MS analysis. ISHS Acta Horticulture 850: III International Symposium
on Saffron: Forthcoming Challenges in Cultivation. Research and Economics.
Esmaeilian, Y., Galavi, M., Ramroudi, M., Mashhadi, M., Boojar, A. (2012). Diurnal variability of stigma compounds of
saffron. Annals of Biological Research, 3(3), 1562-1568.
Güner, A., Özhatay, N., Ekim, T., & Başer, K.H.C. (2000). Flora of Turkey and The East Aegean Islands; Univ. Press:
Edinburgh. 364-367, 514.
Guner, A., Aslan, S., Ekim, T., Vural, M., & Babac, M.T. (2012). List of Turkish Flora (Vascular Plants). Publication of
Nezahat Gokyigit Botanical Garden and Flora Research Founda-tion; 888.
Fatehi, M., Rashidabady, T., & Hassanabad, F. (2003). Effects of Crocus sativus extract on rat blood pressure and on
response induced by electrical field stimulation in rat isolated vas defens and guinea-pigileu, Journal of
Ethnopharmacology. 84, 199-203.
Goupy, P., Vian, M.A., Chemat, F., Veyrat, C. (2013). Identification and quantification of flavonols, anthocyanins and
lutein diesters in tepals of Crocus sativus by ultra-performance liquid chromatography coupled to diode array and ion
trap mass spectrometry detections. Industrial Crops and Products, 44, 496-510.
Joulain, D., & Koenig, W. A. (1998). The Atlas of Spectra Data of Sesquiterpene Hydrocarbons, EB-Verlag, Hamburg.
Kravkaz, I. S., Vurdu, H., & Türkyılmaz, E. (2006). Colchicums (Crocus ssp.) as a potential or ornamental plant, Gazi Univ.
Kastamonu Journal of Forest Faculty. 6,135-140.
Mathew, B. (1984). Crocus L In: Davis PH (eds), Flora of Turkey and The East Aegean Island, Edinburg at the University
Press, Edinburg, 8, 413-438.
Maggi, L., Carmona, M., Campo, C.P., Kanakis, C.D., Anastasaki, E., Tarantilis, P.A., Polissiou, M.G., Alonso, G.L. (2009).
Worldwide market screening of saffron volatile composition. Journal of the Science of Food and Agriculture, 89(11),
1950-1954.
Masuda, A., Mori, K., Miyazawa, M. (2012). Comparative analysis of volatile compounds from corms of Crocus sativus
and Crocus vernus. Chemistry of Natural Compounds, 48(2), 319-321.
Norbaek, R., Kondo, T. (1998). Anthocyanins from flowers of Crocus (Iridaceae). Phytochemistry, 47(5), 861-864.

38

Nat. Volatiles & Essent. Oils, 2019; 6(1): 34-39

Küçük et al.

Norbek, R., Kondo, T. (1999). Flavonol glycosides from flowers of Crocus speciosus and C. antalyensis, Phytochemistry.
51, 1113-1119.
Norbek, R., Kondo, T. (1999). Further anthocyanins from flowers of Crocus antalyensis (Iridaceae). Phytochemistry, 50,
325-328.
Norbaek, R. Nielsen, J.K., Kondo, T. (1999). Flavonoids from flowers of two Crocus chrysanthus-biflorus cultivars: “Eyecatcher” and “Spring Pearl” (Iridaceae). Phytochemistry, 51, 1139-1146.
Özdemir, C., Barana, P., & Akyol, Y. (2006). The Morphology and Anatomy of Crocus flavus Weston subsp. flavus
(Iridaceae). Turkish Journal of Botany, 30, 175-180.
Zheng, C.J., Li, L., Ma, W.H., Han, T., Qin, L.P. (2011). Chemical constituents and bioactivities of the liposoluble fraction
from different medicinal parts of Crocus sativus. Pharmaceutical Biology, 49(7), 756-763.
Zhu, Y., Han, T., Hou, T.T., Hu, Y., Zhang, Q.Y., Rahman, K., Qin, L.P. (2008). Comparative study of composition of essential
oil from stigmas and of extract from corms of Crocus sativus. Chemistry of Natural Compounds, 44(5), 666-667.
Received : 08.04.2019
Accepted: 20.05.2019

39

