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The fruit essential oils of Heracleum persicum, H. rechingeri, H. gorganicum, H. rawianum, H.

pastinacifolium, and H. anisactis from Iran were obtained by hydrodistillation and characterized by GC-
FID and GC/MS analyses. The oils of the six species were compared to determine the similarities and
differences among their compositions. Overall, 36 compounds were identified in the fruit oils, accounting
for 92.40–96.74% of the total oil compositions. Aliphatic esters constituted the main fraction of the oils
(86.61–94.31%), with octyl acetate and hexyl butyrate as the major components. The oil compositions of
species belonging to section Pubescentia (H. persicum, H. gorganicum, and H. rechingeri) were
discriminated by equally high contents of both octyl acetate (13.84–20.48%) and hexyl butyrate (17.73–
38.36%). On the other hand, the oils of H. rawianum, H. pastinacifolium and H. anisactis, belonging to
section Wendia, showed lower hexyl butyrate contents (3.62–6.6%) and higher octyl acetate contents
(48.71–75.36%) than the former. Moreover, isoelemicin was identified at low amounts (0.10–2.51%)
only in the oils of the latter species. The differences in the oil composition among the six species were
investigated by hierarchical cluster and principal component analyses, which indicated that the oil
composition confirmed well the taxonomical classification based on the morphological and botanical
data, and, thus, may provide a reliable marker to discriminate Heracleum species at the intersectional
level.

Introduction. – The genus Heracleum L., with nearly 109 species in the world and
predominantly occurring in Asia, is one of the widespread members of the Apiaceae
family (Umbellifera) [1]. In the flora of Iran, this genus is represented by eight
perennial aromatic species (H. persicum Desf. ex Fisch., H. gorganicum Rech.f., H.

rechingeri Manden., H. anisactis Boiss. & Hohen., H. pastinacifolium K.Koch, H.

rawianum C.C.Towns.,H. transcaucasicumManden., andH. antasiaticumManden.) ,
which grow wild in humid mountainous regions of the country. Three among them (H.

rechingeri, H. gorganicum, and H. anisactis) are endemic [2–4]. The fruits of some
Heracleum species, especially those of H. persicum, are widely used as spices to
enhance the flavor of food and making pickles in many parts of Iran. In the Iranian folk
medicine, the fruits and leaves of some species of this genus have been used for the
relief of flatulence and stomach ailments and as carminative, antiseptic, anthelminthic,
diuretic, digestive, and analgesic agent [5–10].
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Previous phytochemical studies have reported the presence of essential oils,
terpenoids, triterpenes, furanocoumarins, flavonoids, and alkaloids in the different
plant parts of Heracleum species [5] [7] [8] [11–16]. Recent pharmacological studies
have revealed several biological activities of this plant, due to the presence of these
chemical constituents. Indeed, different pharmacological activities of H. persicum and
some other Heracleum species, such as anti-inflammatory, analgesic [17], antioxidant
[11] [18–20], anticonvulsant [21], antitumor [22], cytotoxic [23], and immunomodu-
latory [18] [19] [24] effects and antimicrobial and antifungal activities [5] [14] [19]
[22] [25], have been reported.

Moreover, several articles are available on the chemical composition of the
essential oils from different parts of H. persicum [5] [9] [19] [22] [23] [26–29], the
aerial parts of H. rechingeri [8] [11] and H. pastinacifolium [11], and the fruits of
H. pastinacifolium [16]. These oils of the different parts of Heracleum species mainly
contained monoterpene hydrocarbons, oxygenated monoterpens, sesqiterpenes, hydro-
carbons, and aliphatic esters. However, to the best of our knowledge, no previous
chemical studies have been published on the essential-oil composition of H.

gorganicum, H. anisactis, and H. rawianum.

Here, the chemical compositions of the fruit essential oils isolated from six
Heracleum species growing wild in Iran were presented and their chemotaxonomic
significance evaluated.

Results and Discussion. – This study presents the first comparative screening of the
essential-oil compositions of the fruits of six wild growing Heracleum species (H.

persicum, H. rechingeri, H. gorganicum, H. rawianum, H. pastinacifolium, and H.

anisactis), which were collected in different geographical locations of Iran (Table 1). To
evaluate the existence of any possible chemotaxonomic correlations among these
Heracleum species, the chemical components of their essential oils were compared
using statistical analyses.
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Table 1. Sample Number, Geographical Location, and Voucher Number of the Six Investigated

Heracleum Species

Sample Species Collection
Site

Province Latitude
(N)

Longitude
(E)

Altitude
[m.a.s.l.]

Voucher
numbera)

S1 H. rechingeri Asalem-
Khalkhal

Mazandaran 37840’17’’ 48843’27’’ 1950 96048

S2 H. gorganicum Ramian Golestan 36859’08’’ 55821’29’’ 1330 96047
S3 H. persicum Polur Tehran 35850’52’’ 51850’52’’ 2240 96028
S4 H. anisactis Sabalan

Mountain
Ardabil 38805’26’’ 4784410’’ 2600 96051

S5 H. pastinacifolium Almas Ardabil 37839’25’’ 48834’10’’ 2200 96053
S6 H. rawianum Sabalan

Mountain
Ardabil 38815’51’’ 47847’14’’ 2800 96050

a) Voucher Nos. of samples deposited with the Herbarium of the Research Institute of Forests and
Rangelands of Iran (TARI).



Characterization of Essential Oils. The composition and contents (relative
percentages) of the individual components of the essential oils isolated from the six
Heracleum species along with the oil yields are listed in Table 2. The obtained essential
oils had a light-yellow color and a strong odor. A considerable variation both in the oil
yields and the chemical compositions was found among the fruit oils. The yields varied
greatly and ranged from 0.8 to 3.8% (w/w, based on the dry weight of the plant
material). The highest oil yields among the studied species were found for the fruits of
H. persicum (3.8%) and H. gorganicum (3.1%). The oil yields of H. rechingeri (2.2%)
and H. rawianum (1.9%) showed intermediate values, while those of the oils from H.

pastinacifolium (1.1%) andH. anisactis (0.8%) were low. Indeed, a remarkable aspect of
this study is the noticeable variation in the essential-oil contents of the examined species.
Similar to the present results, Scheffer et al. [29] and Sefidkon et al. [28] have previously
reported high essential-oil yields of 4.0 and 3.5%, respectively, for the fruits of H.

persicum. The high yields of the fragrant oils obtained from the fruits of the Iranian
species H. persicum, H. gorganicum, and H. rechingeri proposed these indigenous
species as good sources for propagation, cultivation, and breeding programs for the
production of oils of interest for the pharmaceutical, food, and perfume industries.

GC/MS Analyses of the oils allowed the identification of 36 different compounds,
which represented 92.40–96.74% of the total oil compositions (Table 2). The essential
oils were complex mixtures of aliphatic esters, monoterpene hydrocarbons, oxygenated
monoterpenes, and carbonyls. Among them, aliphatic esters constituted the main
fraction (86.61–94.31%). In addition to aliphatic esters, the oils contained rather low
amounts of monoterpene hydrocarbons (0.00–5.95%), oxygenated monoterpenes
(0.00–1.59%), and carbonyls (1.14–3.44%). An obvious variation was found in the oil
compositions of the investigated Heracleum species. Octyl acetate and hexyl butyrate,
with contents of 13.84–20.48 and 17.73–38.36%, respectively, were recognized as the
two main oil components, present at equally high amounts, of H. persicum, H.

gorganicum, andH. rechingeri. The essential oils ofH. anisactis,H. pastinacifolium, and
H. rawianum were different from those of the three other species, due to the high levels
of octyl acetate (48.71–75.36%) and the lower contents of hexyl butyrate (3.62–
6.60%). It is proposed that the co-occurrence of octyl acetate and hexyl butyrate in fruit
essential oils might be a characteristic of the genusHeracleum. The present results were
in agreement with published data on the fruit-oil compositions of H. pastinacifolium

[16] andH. persicum [5] [19] [22] [23] [28] [29]. To the best of our knowledge, this is the
first report on the composition of the fruit essential oils of H. gorganicum, H. anisactis,
H. rechingeri, and H. rawianum.

Among the aliphatic esters, isopropyl 2-methylbutyrate, propyl isovalerate, butyl
isobutyrate, isobutyl butyrate, and 3-methylbutyl butyrate were identified in the oils of
H. persicum, H. gorganicum, and H. rechingeri. However, these components were not
found in the oils of the three other species. In addition, the presence of isobutyl
isobutyrate in the essential oil of H. rechingeri and isobutyl butyrate in that of H.

persicum, were the key chemical characteristics of these species. These compounds
were not detected in the oils of other Heracleum species. On the other hand, the
presence of low contents of the phenylpropanoid isoelemicin (0.10–2.51%) in the fruit
oils differentiated H. anisactis, H. pastinacifolium, and H. rawianum from the other
three studied species of the Heracleum genus. So far, only one report has been
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Table 2. Essential-Oil Composition of the Fruits of the Six Investigated Heracleum Species (S1–S6)

Compound name and class RIa) Content [%]b)

S1c) S2 S3 S4 S5 S6

Isopropyl 2-methylbutanoate 837 0.16 tr 1.65 – – –
Propyl isovalerate 846 0.25 0.11 1.61 – – –
Isobutyl isobutanoate 877 0.18 – – – – –
Butyl isobutanoate 934 1.91 0.65 0.12 – – –
Isobutyl butanoate 936 – – tr – – –
Isopropyl 3-methylbut-2-enoate 943 – tr 0.35 tr – –
Octanal 970 – tr – tr tr –
Butyl butanoate 979 1.62 1.53 0.47 0.56 0.17 0.12
Butyl pivalate 990 0.30 0.14 0.53 – tr –
Butyl isovalerate 993 0.19 tr 0.17 – – –
Hexyl acetate 997 0.46 1.94 0.40 – tr 0.53
r-Cymene 1012 3.41 tr 1.66 – – tr
Limonene 1024 tr 0.35 tr – tr tr
Butyl 2-methylbutanoate 1034 3.04 0.67 0.51 – tr tr
3-Methylbutyl butanoate 1039 2.24 0.46 0.29 – – –
Pentyl butanoate 1053 0.21 0.20 tr – tr tr
g-Terpinene 1058 0.96 0.29 0.77 – tr tr
3-Methylbutyl 2-methylbutanoate 1068 0.42 0.56 0.49 – tr tr
Amyl isovalerate 1106 – tr tr – tr tr
Hexyl isobutanoate 1111 5.04 5.92 5.41 – tr 0.96
Hexyl butanoate 1155 38.36 33.25 17.73 5.32 3.62 6.60
n-Decanal 1201 2.93 3.43 2.59 1.05 2.15 1.14
Octyl acetate 1203 13.84 18.44 20.48 48.71 59.50 75.36

Hexyl 2-methylbutanoate 1217 7.48 10.29 8.57 0.46 1.17 1.63
Hexyl valerate 1237 – 4.43 0.59 tr 0.21 0.25
(E)-Anethole 1239 – – 1.03 – – –
Thymol 1264 0.22 0.62 0.46 – – tr
Octyl propanoate 1284 0.10 tr 0.39 0.19 0.34 0.10
Octyl 2-methylpropanoate 1330 2.29 1.16 6.54 6.47 6.53 1.37
Carvacrol 1339 – tr 0.10 – – tr
Hexyl hexanoate 1369 3.26 6.18 3.71 0.30 0.18 0.48
Octyl butanoate 1373 3.05 2.04 4.06 16.83 9.72 4.37
Octyl 2-methylbutanoate 1419 3.55 1.91 9.97 7.81 7.84 2.23
Isoelemicin 1513 – – – 2.51 0.10 0.40
Octyl hexanoate 1563 0.13 0.47 1.60 2.47 0.54 0.17
Octyl octanoate 1758 – tr 0.84 tr – –

Aliphatic esters 88.07 90.64 86.61 89.22 90.09 94.31
Monoterpene hydrocarbons 4.46 0.70 5.95 0.00 tr tr
Oxygenated monoterpenes 0.22 0.68 1.59 0.00 0.00 tr
Carbonyls 2.93 3.44 2.59 1.06 2.12 1.14
Phenylpropanoids – – – 2.51 0.10 0.40

Total identified 95.68 95.45 96.74 92.78 92.40 95.96

Oil yield [% (w/w)] 2.2 3.1 3.8 0.8 1.1 1.9

a) RI: Retention index determined on a CP-Sil 5 CB column relative to a series of n-alkanes (C9–C29).
b) Relative contents expressed as percentage of the total oil composition; tr, trace (< 0.1%). c) For
sample numbers and details, cf. Table 1.



published about the occurrence of isoelemicin as a constituent of essential oils from
aerial parts of H. rechingeri [11]. One of the characterizing features of the above-
mentioned Heracleum species was the trace amounts or the absence of oxygenated
monoterpenes and monoterpene hydrocarbons in their essential oils. (E)-Anethole, an
oxygenated monoterpene, was only present in H. persicum oil and with a low content
(1.03%). In the previously published studies on the essential-oil composition of H.

persicum [9] [27] [28], (E)-anethole has been reported as a predominant compound
(contents of 38.6–82.8%) in the oil obtained from the aerial parts, while it has been
found only at trace amounts (�0.05%) in the fruit oil.

The evaluation of the data presented in Table 2 revealed definite chemotaxonomic
similarities and differences among the six analyzed species. The contents of aliphatic
esters and carbonyls in the oils of the six studied Heracleum species were similar.
However, the fruit essential oils of H. rawianum, H. anisactis, and H. pastinacifolium

(belonging to section Wendia) contained significantly higher percentages of octyl
acetate and lower contents of hexyl butyrate than the other three species. While, on the
other hand, the contents of these two compounds were quite similar in the oils of the
three species belonging to the section Pubescentia (H. persicum, H. gorganicum, and
H. rechingeri). Furthermore, also the presence of the phenylpropanoid isoelemicin in
the essential oils of H. rawianum, H. anisactis and H. pastinacifolium, absent in the
three other oils, distinguished the species of the two sections.

Chemotaxonomic Analyses. The dendrogram obtained by hierarchical cluster
analysis (HCA) of the relative contents of the essential oils (Fig. 1) indicated that the
six Heracleum species were divided into two clusters. The first cluster included H.

persicum, H. gorganicum, and H. rechingeri of the section Pubescentia and was
characterized by oils with comparably high contents of both octyl acetate and hexyl
butyrate and lacking isoelemicin. The second cluster comprised H. rawianum, H.

anisactis, and H. pastinacifolium of the section Wendia and was distinguished by oils
with higher contents of octyl acetate and lower contents of hexyl butyrate than those of
section Pubescentia. When a dendrogram was obtained by HCA taking into account
only the concentration of hexyl butyrate in the oil samples, the species belonging to the
Wendia section (H. rawianum, H. anisactis, and H. pastinacifolium) were separated in
the first cluster. However, if the concentrations of octyl acetate or both octyl acetate
and hexyl butyrate were taken as the major variables to construct the dendrogram, the
species belong to the Pubescentia section (H. persicum, H. gorganicum, and H.
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Fig. 1. Dendrogram obtained by hierarchical cluster analysis of the contents of the essential-oil

components of the six Heracleum species, using average linkage between groups (rescales distance
cluster combine)



rechingeri) were placed in the first cluster. The groupings of the species in these
dendrograms were closely correlated to those obtained based mainly on the
morphological characters [2] [3]. The dendrograms obtained by HCA of the relative
contents of the other oil components did not confirm the botanical classification of the
Heracleum species.

The scatter plot obtained by principal component analysis (PCA) based on the
matrix developed from all components (Fig. 2) showed that the species were grouped
in a similar way to the HCA. The species with comparably high octyl acetate and hexyl
butyrate contents clustered together and the species with higher octyl acetate and lower
hexyl butyrate contents grouped separately. These results confirmed the chemo-
taxonomical separation of the sixHeracleum species based on the contents of the main
components, although the essential oils of all six species had octyl acetate and hexyl
butyrate as principal oil components. This classification confirmed the botanical data,
which are founded on the morphological discrimination of the species [2] [3]. The
conclusion mentioned above is the existence of a strong correlation between the
sectional classification and the contents of octyl acetate and hexyl butyrate in the
essential oils of the investigated Iranian Heracleum species.

In the Flora Iranica [2] and the Flora of Iran [3], two main botanical references, the
identification and taxonomic classification of Iranian Heracleum species have been
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Fig. 2. Principal component analysis of the contents of the essential-oil components of the six Heracleum
species. S1, H. rechingeri ; S2, H. gorganicum; S3, H. persicum; S4, H. anisactis ; S5, H. pastinacifolium ;

S6, H. rawianum.



described based on the discrimination of key morphological characters such as plant
height, fruit shape, presence or absence of vittae in the dorsal and commissural faces of
the fruits, leaf shape, stem thickness, and color of the anthers.

In the Flora Iranica [2], Heracleum species have been segregated into three
sections, viz., Pubescentia, Villosa, and Wendia. Among the six examined taxa here, H.

anisactis, H. rawianum, and H. pastinacifolium belong to the section Wendia and H.

persicum, H. rechingeri, and H. gorganicum are grouped in the section Pubescentia.
Mandenova [4] has classified the Heracleum genus into eight sections, viz. Heracleum

L., Villosa Manden., Pubescentia Manden., Apiifolia Manden., Wendia (Hoffm.)
Manden., Vocontia (Calest.) Thell., Lasiopetala Manden., and Pseudotragium

Boiss. According to the classification of Mandenova [4], these sections were primarily
distinguished based on the presence of fruit vittae and their morphology. In this study,
the presence of vittae on the commissural and dorsal faces of the fruits were considered
(Fig. 3). The members of the Heracleum section Pubescentia had four elongated vittae

on the dorsal faces of their fruits, while four short ones were observed on the dorsal face
of the fruits of species belonging to the Wendia section. Moreover, the fruits of species
of the section Wendia had commissures without vittae, whereas two short vittae were
observed on the commissural faces of the mericarps of those of section Pubescentia.
The achieved results of the present study are in good agreement with some previous
reports [30–35].

Conclusions. – The present findings indicate the systematic significance of the
essential-oil composition for the taxonomic classification of Heracleum species,
independent of their morphological characteristics. From the above discussion, it can
be concluded that the essential-oil compounds of the fruits can be used as reliable
taxonomic characters to discriminate the taxonomic relationships among the different
Heracleum taxa at the infra- and interspecific levels. However, further phytochemical,
genetic, and molecular investigations are necessary to establish a strong correlation
between secondary metabolites, genetic factors, and the botanical classification among
the Heracleum species growing wild in Iran.

The authors express their gratitude to the Medicinal Plants Research Center of the Shahed
University for financial support during the course of this research. The authors also thank the Chemistry
and Chemical Engineering Institute of Iran (CCERCI) for the GC/MS analyses.
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Fig. 3. Images of the dorsal (Df) and commissural (Cf) faces of the fruits of the six Heracleum species.
S1, H. rechingeri ; S2, H. gorganicum; S3, H. persicum ; S4, H. anisactis; S5, H. pastinacifolium ; S6, H.

rawianum.



Experimental Part

PlantMaterial.The fruits of sixHeracleum species, i.e.,H. persicum,H. rechingeri,H. gorganicum,H.

rawianum,H. pastinacifolium, andH. anisactis, were collected from their natural habitats in northern and
northwestern regions of Iran, during the months of August and September of 2011. The taxonomic
identification of the species was confirmed by the botanist Prof. V. Mozaffarian (Department of Botany,
Research Institute of Forests and Rangelands of Iran (TARI), Tehran), and voucher specimens have
been deposited with the Herbarium of the TARI. The sites of collection, geographic coordinates, and
voucher numbers of the investigated specimens of Heracleum species are presented in Table 1.

Isolation of Essential Oils. The essential oils were obtained from the ground fruit samples by
hydrodistillation for 3 h, using a Clevenger-type apparatus. The essential oils were taken up in hexane,
dried (anh. Na2SO4), and stored in sealed vials in the dark at 48 until analysis. The essential-oil yields
were calculated based on the dry weight of the plant material and expressed as % (w/w).

GC Analysis. The GC analyses were carried out using a Varian CP-3800 gas chromatograph
equipped with a flame ionization detector (FID) and a CP-Sil 5 CB cap. column (30 m�0.25 mm i.d.,
film thickness 0.25 mm). The oven temp. was programmed isothermal at 458 for 5 min, then rising from 45
to 2508 at 58/min, and finally held isothermal at 2508 for 10 min; injector temp., 2508 ; detector temp.,
2508 ; carrier gas, He (1.0 ml/min); split ratio, 1 :25; injection volume, 1.0 ml.

The relative contents of the essential-oil constituents, expressed as percentage, were calculated based
on their peak areas in the GC-FID profiles, without the use of internal standards or correction factors.
The contents given are mean values of three injections of each oil sample.

GC/MS Analysis. The GC/MS analyses were performed using a Varian CP-3800 gas chromatograph
coupled to a Varian Saturn 2200mass-selective detector. The GC column and operating conditions were
the same as described above (cf.GCAnalysis). Mass spectra were recorded at 70 eVover a mass range of
35–450 amu.

The identification of the individual compounds was based on the comparison of their mass spectra
with those listed in the NIST mass-spectral library (version 6.3) and of their retention indices (RIs),
determined rel. to the retention times (tR) of a series of n-alkanes (C9–C29 standard mixture with
authentic standards available in the Chemistry and Chemical Engineering Institute of Iran), with those
reported in the literature [36] and the NIST database [37].

Statistical Analysis. All data were statistically analyzed using SPSS software (version 14.0 for
Windows; SPSS Inc., Chicago, IL). Hierarchical cluster analysis (HCA) was carried out using the
essential-oil components present in the different taxa as variables. A standard Euclidean distance matrix
was generated and clusters among the taxa were made with the average-linkage method. Principal
components analysis (PCA) was based on the relative contents of the identified components in the oils,
which were used as dependent variables.
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