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Abstract
In this study, we report the isolation of volatile constituents of Peucedanum chryseum (Boiss. et Heldr.) Chamberlain fruits collected
from Honaz, Denizli in Turkey. The volatile constituents obtained from whole fruits by micro-hydrodistillation were analyzed by GC
and GC/MS, simultaneously. Thirty nine components of the whole fruits were characterized representing 99.4% of the sample. The
major components of the whole fruits were α-pinene (72.8%) and β-pinene (20.4%). Monoterpene hydrocarbons were observed as
the main constituents in the sample.
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Introduction
Peucedanum L. belongs to the family Apiaceae and comprises about 200 species, which occur largely in
Europe, Asia and Mediterranean region (Zargari, 1993). Davis, (1972) reported that the genus Peucedanum
was represented in Turkey by 16 taxa of which 5 were endemic. But recent studies have shown that
Peucedanum species in the Turkish flora are represented by 23 taxa of which 9 are endemic (Davis, 1972;
Duran, 2014). The genus Peucedanum is rich in aromatic plants, but taxonomically many of its species are
still unresolved. Because characterization of each Peucedanum species by anatomical and morphological
features is difficult, chemical analysis of essential oils has played an important role in identifying
chemotaxonomic markers (Skalicka-Wozniak, Los, Glowniak, & Malm, 2008; Sarkhail, 2014).
Fruits of several members of the family Apiaceae are used as carminatives as they are rich in essential oil and
have an antispasmodic effect. Many of these species are also important as spice or condiment (Heinrich,
Barnes, Gibbons, & Williamson, 2004; Tanker, Koyuncu, & Coşkun, 2007). Some Peucedanum species have
been used in local medicine to treat various conditions, including sore throat, coughs, colds, headaches,
asthma, angina, cramps, epilepsy, gastrointestinal disorders, rheumatism, gout, and cardiovascular
problems, and as a chemopreventive agent and antifebrile (Sarkhail, 2014). Because of extensive uses in folk
medicine, the phytochemical studies are still promising for these species.
Coumarins (Chen et al., 1996; Urbain, Marston, & Hostettman, 2005; Skalicka-Wozniak, Mroczek, Garrard, &
Glowniak, 2009; Yu et al., 2012) and essential oils (Fraternale, Giamperi, Ricci, & Manunta, 2000; Rustaiyan,
Komeilizadeh, Mojab, & Khazaie, 2001; Cisowski, Sawicka, Mardarowicz, Asztemborska, & Luczkieewicz,
2001; Masoudi, Akhgar, & Rustaiyan, 2004; Skalicka-Wozniak, Los, Glowniak, & Malm, 2009) are considered
to be the main constituents in nearly all Peucedanum plants and can be responsible for many of their
biological and pharmacological activities. According to the published data, P. chryseum was studied for its
fatty acid composition by Akpınar et al. (2012). But the volatile composition of P. chryseum has never been
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studied before. Our results can be useful for the chemotaxonomic point of view of Peucedanum species
(Akpinar et al. 2012; Sarkhail, 2014).

Materials and Methods
Plant Material
The fruits of P. chryseum (2 g) were collected from Honaz, Denizli, Menteş Village in Turkey on 17th July 2008
(GPS data: 37 44 147 N, 29 20 026 E). The plant was identified by one of us (AD). Voucher specimens are kept
at the Herbarium of Selçuk University, Konya, Turkey (AD 8068).

Isolation of the volatile compounds
The whole fruits were subjected to micro-hydrodistillation. Micro-hydrodistillation method which is
applicable to very small amounts of plant material (<1 g of material), is reliable and faster than other classical
techniques. It is also used for the isolation of volatiles for subsequent analysis of aromatic materials in minute
amounts (Bicchi, D’amato, Nano, & Frattini, 1983; Baser, Demirci, Demirci, Kirimer, & Hedge, 2001). The
microscale hydrodistillation of the sample is performed using a 20 mL crimp-cap glass vial with a Teflon®lined rubber septum containing 10 mL water and <1 g of material to be investigated. This vial, which is placed
in a heating block, is connected with a cooled receiver vial by a 0.32 mm I.D. fused silica capillary. By
temperature-programmed heating of the sample vial, the water and the volatile constituents are vaporized
and passed through the capillary into the cooled receiver vial. There, the volatiles as well as water are
condensed and the essential oil collected in n-hexane for further analysis. The received analytical results have
been compared to results from identical samples obtained by conventional hydrodistillation showing a good
correlation of the qualitative and quantitative composition (Kubeczka, 2010).
The distillation procedure is described at below:
The volatiles were obtained by microdistillation of dry whole fruits (500 mg) using an Eppendorf
MicroDistiller® with 10 mL distilled water per sample vial (See in Figure 1). 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 sodium chloride (2.5 g) and water
(500 µL) plus n-hexane (350 µL) to trap volatile components, was cooled to –5°C during distillation. After the
distillation was completed, the organic layer in the collection vial was separated and analyzed by gas
chromatography (GC) and gas chromatography/mass spectrometry (GC/MS) systems, simultaneously. The
distillation procedure was duplicate.

GC and GC/MS analyses
The GC analysis was carried out using an Agilent 6890N GC system. Flame ionization detector (FID)
temperature was 300°C. To obtain the same elution order with GC/MS, simultaneous auto-injection was
done on a duplicate of the same column applying the same operational conditions. Relative percentage
amounts of the separated compounds were calculated from FID chromatograms.
The GC/MS analysis was carried out with an Agilent 5975 GC-MSD system. Innowax FSC column (60 m x 0.25
mm, 0.25 µm 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 at 40:1. The injector
temperature was set at 250°C. Mass spectra were recorded at 70 eV. Mass range was from m/z 35 to 450.
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Identification of the volatile compounds
The components of the sample 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 (C8-C21) were used as
reference points in the calculation of relative retention indices (RRI) (Curvers, Rijks, Cramers, Knauss, &
Larson, 1985). Relative percentage amounts of the separated compounds were calculated from FID
chromatograms.

Results and Discussion
Thirty eight components of the whole fruits were characterized representing 99.4% of the sample. The major
components were α-pinene (72.8%) and β-pinene (20.4%). The detailed information is given in Table 1. Table
1 summarizes the identified compounds with their retention indices and relative percentages of the total
volatile compounds. Monoterpene hydrocarbons were observed as the main constituents in the sample.
Literature research indicated that the essential oil composition of the genus Peucedanum is important to
reveal chemotaxonomic variations. In P. scoparium oil collected from Sanandaj to Divandareh, province of
Kordestan, 33 components, which represented about 99.3% of the total composition of the oil, were
identified. The oil of P. scoparium consisted mainly of 12 monoterpene hydrocarbons (86.8%), 11 oxygenated
monoterpenes (8.3%) and 10 sesquiterpenes (4.2%). α-Pinene (39.6%), β-pinene (23.9%) and β-phellandrene
(9.5%) were the major components (Masoudi, Akhgar, & Rustaiyan, 2004). An analysis of leaf and fruit
essential oils of P. austriacum from Serbia by GC and GC/MS resulted in identification of 141 different
components, representing 93.6% and 96.1% of the total oils. The most abundant class of compounds in fruit
essential oil was monoterpenoids (64.0%) and in the leaf essential oil sesquiterpenoids (82.0%). The major
contributors of fruit essential oil were β-phellandrene (45.2%) and α-pinene (10.1%). The major constituents
of leaf essential oil were caryophyllene oxide (23.1%), germacrene D (12.2%) and (E)-caryophyllene (10.2%)
(Jovanovic et al. 2013). The oils constituents from rhizomes, leaves and fruits of P. petiolare (DC.) Boiss.
collected from Tehran province have been studied, the major constituents of rhizome oil were found to be
β-bisabolene (31.3%), (E)-sesquilavandulol (20.5%), geranyl acetate (5.7%), citronellyl acetate (5.2%) and
sabinene (5.2%); the main components of leaf oil were sabinene (42.3%), α-pinene (42.6%) and limonene
(2.6%) and in the fruits, α-pinene (47.3%) and sabinene (45.9%) were the major volatile compounds (Mirza,
Navaei, & Dini, 2005). Rustaiyan et al. (2001) reported essential oil of the aerial parts of P. petiolare. Among
the ten components (97.6%) which he identified in this oil, sabinene (57.8%) and δ-3-carene (36.2%) were
found to be the major constituents (Rustaiyan et al. 2001). A very recent study reported the chemical
composition of P. longifolium Waldst. & Kit. essential oil and headspace (HS) volatiles obtained from the fresh
aerial parts collected from Serbia. The major contributors of the essential oil were found as β-elemene
(24.7%), (E)-β-ocimene (11.7%), cis-linalool oxide (furanoid) (5.7%), (Z)-β-ocimene (5.6%) and α-humulene
(5.2%). MS analysis gave the identification of thirty-one components, representing 98.7% of the total
volatiles. The main constituents were: (E)-β-ocimene (28.5%), (Z)-β-ocimene (11.9%), α-pinene (8.9%),
myrcene (8.5%), p-cymene (6.4%), limonene (6.3%), sabinene (6.0%) and α-phellandrene (5.6%) (Jovanovic,
Zlatkovic, Jovanovic, Petrovic & Stojanovic, 2015). Bartnik et al. (2015) recently isolated two compounds,
guaia-1(10),11-diene and guaia-9,11-diene, from the fruits of P. tauricum M. B. (Bartnik & Komsta, 2015). The
herbal parts of Peucedanum luxurians which is endemic to Armenia was found to be rich in trans-α-farnesene,
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germacrene D, α-zingiberene and β-caryophyllene while the fruits were rich in α-phellandrene, γ-elemene,
β-curcumene (Widelski, Grzegorczyk, Malm, Chinou, & Glowniak, 2015).
Kapetanos et al. (2008) reported that the essential oil compositions of six Peucedanum species from Central
Balkans. In all Peucedanum species, the dominant component was (-)-α-pinene (4.0 – 38.7%). P. alsaticum L.,
P. austriacum (Jacq.) Koch, and P. oreoselinum (L.) Moench are characterized by the presence of (+)-α-pinene
(15.0, 8.0, and 15.2%, resp.). Only P. cervaria (L.) Cuss stands out from the other species of the genus
Peucedanum, with a domination of (+)-limonene (11.5%), p-cymene (7.7%), and α-phellandrene (3.5%).
According to their results, monoterpene hydrocarbons were identified as the main components for these
species (Kapetanosa, Kariotia, Bojovic, Marinc, Veljic, & Skaltsa, 2008).
Some Peucedanum species growing in Turkey were investigated for their essential oil compositions. Tepe et
al., (2011) revealed the esssential oil compositions of aerial parts from P. longifolium (Waldst. & Kit.) and P.
palimbioides (Boiss.) collected from Karabuk and Ankara, Turkey, respectively. The P. longifolium essential
oil was found to be rich in sesquiterpenoids. The major volatiles were 8-cedren-13-ol (33.7%), myristicin
(8.0%), germacrene-D (7.7%) and -3-carene (6.4%). The essential oil of P. palimbioides was found to be rich
in monoterpenes with major compounds followed by α-pinene (35. 5%), (E)-9-octadecenoic acid (23.6%) and
β-pinene (20.2%) (Tepe, Akpulat, & Sokmen, 2011).
Based on the literature search, monoterpene hydrocarbons are the main components of Peucedanum oils
occurring in many Peucedanum species, including P. officinale, P. schotti, P. scoparium, P. petiolare P.
alsaticum, Peucedanum austriacum, Peucedanum oreoselinum, Peucedanum longifolium and Peucedanum
cervaria, α-pinene is the major component of essential oils. However, some species are dominated by other
monoterpenes or sesquiterpenes (Skalicka-Wozniak, Los, Glowniak, & Malm, 2008; Tepe et al., 2011;
Sarkhail, 2014). According to our results, the fruit oils of P. chryseum obtained by micro-hydrodistillation are
rich in α-pinene and β-pinene.
Table 1. Composition of the volatile compounds of P. chryseum (Boiss. et Heldr.) Chamberlain
Retention
time

RRI

Volatile

A

Method of

Compounds

%

identification

9.0

1032

α-Pinene

72.8

tR , MS

10.8

1076

Camphene

1.0

tR , MS

12.7

1118

β-Pinene

20.4

tR , MS

15.4

1174

Myrcene

0.6

tR , MS

16.2

1188

α-Terpinene

0.2

tR , MS

17.0

1203

Limonene

1.5

tR , MS

17.6

1218

β-Phellandrene

0.6

tR , MS

18.8

1246

(Z)-β-Ocimene

0.1

tR , MS

19.2

1255

γ-Terpinene

0.4

tR , MS

19.7

1266

(E)-β-Ocimene

< 0.1

MS,

20.4

1280

p-Cymene

0.1

tR , MS

20.9

1290

Terpinolene

0.2

tR , MS

23.2

1348

6-Methyl-5-hepten-2-one

< 0.1

MS,

24.6

1382

cis-Alloocimene

0.1

MS,

27.2

1452

p-Cymenene (dehydro-p-cymene)

< 0.1

MS,

27.7

1466

α-Cubebene

< 0.1

MS,
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28.3

1482

(Z)-3-Hexenyl-2-methyl butyrate

< 0.1

MS,

28.9

1498

Campholenal

< 0.1

MS,

29.0

1499

α-Copaene

0.1

MS,

30.6

1550

β-Cubebene

< 0.1

MS,

30.7

1553

Linalool

< 0.1

tR , MS

31.8

1586

Pinocarvone

< 0.1

MS,

31.9

1590

Fenchyl alcohol

< 0.1

MS,

32.0

1591

Bornyl acetate

0.1

MS,

32.3

1600

β-Elemene

< 0.1

MS,

32.6

1611

Terpinen-4-ol

0.3

tR , MS

32.7

1612

β-Caryophyllene

0.2

tR , MS

33.7

1648

Myrtenal

< 0.1

MS,

34.4

1670

trans-Pinocarveol

< 0.1

tR , MS

35.5

1706

α-Terpineol

0.4

tR , MS

36.0

1711

Germacrene D

0.1

tR , MS

37.1

1763

Naphthalene

< 0.1

tR , MS

37.3

1773

δ- Cadinene

0.1

tR , MS

38.2

1804

Myrtenol

< 0.1

MS,

39.1

1838

(E)-β-Damascenone

< 0.1

MS,

39.3

1845

trans-Carveol

< 0.1

tR , MS

39.9

1868

(E)-Geranyl acetone

< 0.1

MS

43.5

2008

Caryophyllene oxide

0.1

tR, MS

TOTAL

99.4

REFERENCES
Adams, R. P. (2007). Identification of Essential Oil Components by Gas Chromatography/Mass Spectrometry.
Carol Stream, IL: Allured Publ. Corp.
Bartnik, M., & Komsta, L. (2015). GC-MS analysis of essential oil and headspace from aerial parts of
Peucedanum tauricum with PCA and HCA statistical interpretation. Natural Volatiles & Essential Oils, 2(3),
57.
Baser, K. H. C., Demirci, B., Demirci, F., Kirimer, N., & Hedge I. C. (2001). Microdistillation is useful tool for the
analysis of minute amounts of aromatic plant materials. Chemistry of Natural Compounds, 37(4), 336-338.
Bicchi, C., D’amato, A., Nano, G. M., & Frattini, C. (1983). Improved method for the analysis of small amounts
of essential oils by microdistillation followed by capillary gas chromatography. Journal of Chromatography,
279, 409-416.
Chen, I.-S., Chang, C.-T., Sheen, W.-S., Teng, C.-M., Tsai, I.-L., Duh, C.-H., & Ko, F.-N. (1996). Coumarins and
antiplatelet aggregation constituents from Formosan Peucedanum japonicum. Phytochemistry, 41(2), 525530.
Cisowski, W., Sawicka, U., Mardarowicz, M., Asztemborska, M., & Luczkieewicz, M. (2001). Essential oil from
herb and rhizome of Peucedanum ostruthium (L. Koch.) ex DC. Zeitschrift für Naturforschung, 56c, 930-932.

8

Nat. Volatiles & Essent. Oils, 2015; 2(4): 4-10

Ağalar et al.

Curvers, J., Rijks, J., Cramers, C., Knauss, K., & Larson, P. (1985). Temperature pro-grammed retention
indexes: calculation from isothermal data. Part 1: Theory. Journal of High Resolution Chromatography, 8,
607–610.
Davis, P.H. (1972). Flora of Turkey and East Aegean Islands. Vol. 4, pp. 475-476, University of Edinburgh.
Fraternale, D., Giamperi, L., Ricci D., & Manunta, A. (2000). Composition of the essential oil of Peucedanum
verticillare. Biochemical Systematics and Ecology, 28, 143-147.
Heinrich, M., Barnes, J., Gibbons, S., & Williamson, E. M. (2004). Fundamentals of Pharmacognosy and
Phytotherapy, pp. 212-213, Churchill Livingstone.
Hochmuth, D. H. (2008). MassFinder-4, Hamburg, Germany: Hochmuth Scientific Consulting.
Jovanovic, O. P., Zlatkovic, B. K., Jovanovic, S. C., Petrovic, G., & Stojanovic, G. S. (2015). Composition of
Peucedanum longifolium Waldst. & Kit. Essential oil and volatiles obtained by headspace. Journal of Essential
Oil Research, 27(3), 182-185.
Jovanovic, O. P., Zlatkovic, B. K., Simonovic, S. R., Dordevic, A. S., Palic, I. R., & Stojanovic, G. S. (2013).
Chemical composition and antibacterial activity of the essential oils isolated from leaves and fruits of
Peucedanum austriacum (Jacq.) W.D.J. Koch. Journal of Essential Oil Research, 25(2), 129-137.
Kapetanosa, C., Kariotia, A., Bojovic, S., Marinc, P., Veljic, M., & Skaltsa, H. (2008). Chemical and PrincipalComponent Analyses of the Essential Oils of Apioideae Taxa (Apiaceae) from Central Balkan. Chemistry and
Biodiversity, 5, 101-119.
Kubeczka, K.-H. (2010). History and Sources of Essential Oil Research, In K.H.C. Baser & G. Buchbauer (eds.)
Handbook of Essential Oils: Science, Technology, and Applications (pp. 7). New York: CRC Press.
Masoudi, S., Akhgar, M. R., & Rustaiyan, A. (2004). Essential oil of Peucedanum scoparium (Boiss.) Boiss. and
Serotinocarpum insignis Mozaffarian from Iran. Journal of Essential Oil Research, 16, 117-119.
McLafferty, F.W., & Stauffer, D.B. (1989). The Wiley/NBS Registry of Mass Spectral Data, New York: J. Wiley
and Sons.
Mirza, M., Navaei, M. N., & Dini, M. (2005). Chemical composition of the essential oils from the rhizome, leaf
and seed of Peucedanum petiolare (DC.) Boiss. Flavour and Fragrance Journal, 20, 196-198.
Duran, A. (2014). Personal Communication. Selcuk University. Faculty of Sciences. Biology Department.
Konya. Turkey.
Rustaiyan, A., Komeilizadeh, H., Mojab, F., & Khazaie, A. (2001). Essential oil composition of Peucedanum
petiolare (DC) Boiss. from Iran. Journal of Essential Oil Research, 13, 49-50.
Sarkhail, P. (2014). Traditional uses, phytochemistry and pharmacological properties of the genus
Peucedanum: A review. Journal of Ethnopharmacology, 156, 235–270.
Skalicka-Wozniak, K., Los, R., Glowniak, K., & Malm, A. (2008). Variation of the volatile content of the fruits
of Peucedanum alsaticum L. Acta Chromatographica, 20(1), 119–133.
Skalicka-Wozniak, K., Los, R., Glowniak, K., & Malm, A. (2009). Volatile Compounds in Fruits of Peucedanum
cervaria (Lap.) L. Chemistry and Biodiversity, 6(7), 1087-1092.
Skalicka-Wozniak, K., Mroczek, T., Garrard, I., & Glowniak, K. (2009). Isolation of the new minor constituents
dihydropyranochromone and furanocoumarin from fruits of Peucedanum alsaticum L. by high-speed
counter-current chromatography. Journal of Chromatography A, 1216, 5669–5675.
Tanker, N., Koyuncu, M., & Coşkun, M. (2007). Farmasötik Botanik. pp. 283, AÜ Eczacılık Fakültesi Yayınları.
No. 93.
9

Nat. Volatiles & Essent. Oils, 2015; 2(4): 4-10

Ağalar et al.

Tepe, B., Akpulat, H. A., & Sokmen, M. (2011). Evaluation of the Chemical Composition and Antioxidant
Activity of the Essential Oils of Peucedanum longifolium (Waldst. & Kit.) and P. palimbioides (Boiss.). Records
of Natural Products, 5(2), 108-116.
Urbain, A., Marston, A., & Hostettman, K. (2005). Coumarins from Peucedanum ostruthium as inhibitors of
acetylcholinesterase. Pharmaceutical Biology, 43(8), 647–650.
Widelski, J., Grzegorczyk, A., Malm, A., Chinou, I., & Glowniak, K. (2015). Volatiles from herb and fruits of
Peucedanum luxurians and their antimicrobial activity. Natural Volatiles & Essential Oils, 2(3), 131.
Yu, P.-J., Jin, H., Zhang, J.-Y., Wang, G.-F., Li, J.-R., Zhu, Z.-G., Tian, Y.-X., Wu, S.-Y., Xu, W., Zhang, J.-J., & Wu,
S.-G. (2012). Pyranocoumarins isolated from Peucedanum praeruptorum Dunn suppress lipopolysaccharideinduced inflammatory response in murine macrophages through inhibition of NF-κB and STAT3 activation.
Inﬂammation, 35(3), 967-977.
Zargari, A. (1993). Medicinal Plants. Vol. 2. pp. 565–568, Tehran: Tehran University.

10

