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ABSTRACT

Objective: To evaluate the medicinal uses of Rhanterium epapposum Oliv.
(R. epapposum) growing in northern border region of Saudi Arabia, through the chemical
diversity of essential oils extracted from its flowers, leaves and stems.
Methods: Aerial parts of R. epapposum were collected in April 2014. Air dried flowers,
leaves, and stems were separately subjected to hydrodistillation in a Clevenger-type
apparatus for 4 h to extract the essential oils. Gas chromatography-mass spectrometry
analysis of the essential oils was carried out using an Agilent 6890 gas chromatograph
equipped with an Agilent 5973 mass spectrometric detector.
Results: A total of 51 compounds representing 76.35%–94.86% of flowers, leaves and
stems oils composition were identified. The chemical profiles of the studied fractions
revealed the dominance of monoterpenes, regardless of qualitative and quantitative dif-
ferences observed. Limonene, linalool, 4-terpineol and a-cadinol represented the major
constituents of flowers oil. Leaves oil was dominated by limonene, sabinene, a-pinene
and b-myrcene whereas linalool, ionole, a-cadinol, b-eudesmol, 4-terpineol, and a-
terpineol were the major constituents of stems oil.
Conclusions: Essential oils from flowers, leaves and stems of R. epapposum growing in
northern border region of Saudi Arabia are considered as a rich source of monoterpenes
which have biological activities.
1. Introduction

Plants have been used for thousands of years to flavor
and conserve food, to treat health disorders and to
prevent diseases. The knowledge of their healing properties has
been transmitted over centuries within and among human
communities. Active secondary metabolites are usually
responsible for the biological properties of some plant species
used throughout the globe for various purposes, including
treatment of infectious diseases [1]. Plants essential oils are
natural compounds that have multi-purpose applications [2].
In pharmaceutical industry, the essential oils have been
used due to their anticancer, antinociceptive, antiphlogistic,
antiviral, antibacterial, and antioxidant properties [3]. They
have other uses in food and cosmetic industry [2,4,5].

Genus Rhanterium (family Asteraceae, tribe Inuleae) is rep-
resented by several species namely Rhanterium adpressum
(R. adpressum), Rhanterium apressum, Rhanterium epapposum
(R. epapposum), Rhanterium incrassatum, Rhanterium squar-
rosum, and Rhanterium suaveolens [6]. Rhanterium species are
globally distributed over Western, North Africa, Afro–Asian
countries, the Arabian Peninsula, Iraq and Iran [7,8]. In Saudi
Arabia, genus Rhanterium is represented by R. epapposum,
which is a perennial dwarf shrub, with richly branched pale
stem, up to 70 cm height, tiny narrow leaves and yellow
flowers 1.5 cm wide, cupped in a soft-spiny involucre [9–11].
R. epapposum is distributed in Saudi Arabia mainly in
northern region [9–11], Kuwait [12], north-eastern parts of the
United Arab Emirates [13], Iran [7] and Sudan [8].
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R. epapposum, locally known as “Al-Arfaj”, is used in folk
medicine by people in rural areas as a remedy for skin infections,
gastrointestinal disturbances and as an insecticide [8,14]. To our
knowledge, there is only one report on the composition of the
essential oil of R. epapposum having been published [15]. The
researchers investigated the essential oil from aerial parts of
R. epapposum growing in Northeastern Iran by thin layer
chromatography, liquid–solid chromatography, capillary gas
liquid chromatography, and gas liquid chromatography-mass
spectrometer. The oil contained 107 volatile components of
which 92% were terpenoids. The main constituents were a-
phellandrene, linalol, geraniol, bulnesol, and b-phellandrene
accounting for 55.6% of the oil. Non-terpenoid aliphatic and
aromatic structures have been detected.

Regarding the other species of genus Rhanterium, the
chemical composition of the essential oil of the aerial parts of
R. adpressum Coss. & Durieu from Algeria was investigated [7].
The oil was characterized by the presence of high amounts
of spathulenol (19.6%), b-eudesmol (15.2%), bicyclo[4.4.0]
dec-1-ene, 2-isopropyl-5methyl-9-methylene (12.9%), b-cadi-
nol (11.3%), a-cadinol (6.56%), a-eudesmol (5.37%), myristicin
(5.05%), 2-H-pyran-3-ol, and tetrahydro-2-(1,7-nonadiene-3,5-
diynyl) (4.81%). In general, the volatile oil is a rich source of
sesquiterpenic compounds. Another study has been focused on
essential oil of the flowers of the same species [16]. The main
constituents of the oil were monoterpene hydrocarbons:
camphene (21.8%), myrcene (19.3%) and a-pinene (17.4%).
Other compounds, including limonene, b-pinene and terpinol-
4-ol, were present in low content (4%–6%). The composition
of the fatty acids in the lipid extract obtained from the flowers
was also investigated by gas chromatography and gas
chromatography-mass spectrometry (GC–MS). The main fatty
acids identified were palmitic (47.4%), oleic (12.9%) and stearic
acids (10.6%).

Other phytochemical constituents of genus Rhanterium had
been investigated [17–23]. In respect to biological activities of
R. epapposum, petroleum ether and methanol extracts showed
antibacterial activity [18] and methanolic extract showed 3.3%
diarrhea inhibition [17].

According to our knowledge, there are no previous reports
about the composition of the essential oil of R. epapposum in
Saudi Arabia. The present study was planned to evaluate the
medicinal uses of R. epapposum from northern border region of
Saudi Arabia, through the chemical diversity of essential oils
extracted from its flowers, leaves and stems.

2. Materials and methods

2.1. Plant material

Aerial parts of R. epapposum were collected from Dawmat-
Algandal region, located at the northern border region of
Saudi Arabia in April 2014. Identification of plant material was
based on Chaudhary, Collenette, and Migahid [9–11]. Voucher
specimen (Ref. No. 78) was deposited in the herbarium of
Faculty of Science, Northern Border University.

2.2. Isolation of the essential oils

Air dried flowers (100 g), leaves (100 g) and stems (1 000 g)
of R. epapposum were separately subjected to hydrodistillation
in a Clevenger-type apparatus for 4 h according to the British
Pharmacopoeia specification [24]. The essential oils’ content (v/
w) was estimated on a dry weight basis. The oil samples
obtained were dehydrated over anhydrous sodium sulfate and
stored at 4 �C in dark for analysis.

2.3. GC–MS analysis

GC–MS analyses of the essential oils were performed using
an Agilent 6890 gas chromatograph equipped with an Agilent
5973 mass spectrometric detector, with a direct capillary column
Hp-5ms (30 m × 0.32 mm × 0.25 mm film thickness). Samples
were injected under the following conditions: helium was used
as a carrier gas at approximately 1 mL/min, pulsed splitless
mode, the solvent delay was 3 min and the injection volume was
1.0 mL. The mass spectrometric detector was operated in elec-
tron impact ionization mode operating at 70 eV, ionization en-
ergy, scanning from m/z 50 to 500. The ion source temperature
was 230 �C and the quadruple temperature was 150 �C. The GC
temperature program was started at 60 �C then elevated to
280 �C at a rate of 8 �C/min and 10 min and hold at 280 �C for
10 min. The detector and injector temperatures were set at 280
and 250 �C, respectively.

2.4. Identification of the essential oils constituents

Identification of the essential oils constituents was done on
the basis of retention time and retention index using a homol-
ogous series of n-alkanes (C10–C32) under identical experi-
mental conditions, mass spectra library search (Wiley7n.1 and
Wiley7 NIST.05.L), and by comparing the mass spectral and
retention data with the literature [25]. The relative amounts of
individual components were calculated based on the GC peak
area.

3. Results

Hydrodestillation of R. epapposum flowers, leaves, and stems
gave pale yellow oils in yields of 0.5%, 0.1% and 0.000 1% (v/
w), respectively based on dry weight. The compounds identified
from the different aerial parts of R. epapposum, their retention
indices and their percentage composition are summarized in
Table 1.

A total of 47 constituents, representing 89.91% of the
flowers' oil; 34 constituents, representing 94.86% of the leaves'
oil and 16 constituents, forming 76.35% of the stems’ oil
compositions were identified. The oil from the flowers showed
limonene (11.75%), linalool (10.10%), 4-terpineol (7.46%), and
a-cadinol (5.02%), as major constituents. Moreover, a-terpineol,
camphene, b-eudesmol, isobornyl formate, a-pinene, citronellyl
acetate, b-myrcene, trans-caryophyllene, citronellyl formate,
carvacrol, cis-pinene hydrate, geraniol, caryophyllene oxide,
methyleugenol, g-terpinene, neryl acetate, bicyclogermacrene,
spathulenol, bornyl acetate, and palmitic acid were reported in
significant concentrations (1%–5%).

Major constituents in leaves oil were limonene (32.75%),
sabinene (13.13%), a-pinene (8.45%) and b-myrcene (7.13%).
Other main constituents (1%–5%) were 4-terpineol, b-eudesmol,
linalool, g-terpinene, a-cadinol, p-cymene, camphene, a-
terpineol, a-terpinene and a-thujene. Stems oil showed the
lowest chemical diversity (16 constituents) with linalool
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(16.78%), Ionole (14.70%), a-cadinol (9.79%), b-eudesmol
(9.58%), 4-terpineol (9.16%), and a-terpineol (7.43%) as major
constituents. In addition, limonene, 2-pentadecanone,6,10,14-
trimethyl, palmitic acid methyl ester and caryophyllene oxide
were reported in significant concentrations (1%–5%).

Monoterpene hydrocarbons, oxygenated monoterpenes, sesqui-
terpene hydrocarbones and oxygenated sesquiterpenes were the
major classes of compounds in oils of flowers, leaves, and stems of
R. epapposum (Figure 1).
Figure 1. Major chemical classes of compounds in essential oils from
flowers (A), leaves (B), and stems (C) of R. epapposum.

Table 1

Chemical composition of the essential oils from flowers, leaves and stems

of R. epapposum.

No. Compound KI Flowers Leaves Stems

1 a-Thujene 930 – 1.42 –

2 a-Pinene 939 3.31 8.45 –

3 Camphene 954 4.64 1.87 –

4 Sabinene 976 0.06 13.13 –

5 b-Myrcene 991 2.56 7.13 –

6 a-Phellandrene 999 T 0.16 –

7 a-Terpinene 1 017 0.61 1.60 –

8 p-Cymene 1 025 – 2.28 –

9 Limonene 1 030 11.75 32.75 3.12
10 g-Terpinene 1 060 1.33 2.71 –

11 trans-4-Thujanol 1 068 – 0.69 –

12 a-Terpinolene 1 086 0.58 0.41 –

13 Linalool 1 098 10.10 3.83 16.78
14 Cis-rose oxide 1 112 0.70 – –

15 cis-Pinene hydrate 1 121 1.66 – 0.36
16 trans-Pinene hydrate 1 140 0.68 – –

17 Ipsdienol 1 147 0.67 – –

18 4-Terpineol 1 178 7.46 4.68 9.16
19 a-Terpineol 1 190 4.68 1.61 7.43
20 trans-Carveol 1 217 0.41 0.38 –

21 Isobornyl formate 1 232 3.74 0.11 0.64
22 Carvone 1 242 0.80 0.79 –

23 Geraniol 1 255 1.55 – –

24 Citronellyl formate 1 273 2.10 0.75 0.18
25 Bornyl acetate 1 285 1.08 0.19 –

26 Carvacrol 1 298 2.07 – –

27 d-Elemene 1 338 0.68 – –

28 Citronellyl acetate 1 354 2.70 0.55 –

29 Neryl acetate 1 367 1.25 0.19 –

30 b-Elemene 1 390 0.68 0.09
31 Methyleugenol 1 402 1.40 0.09 –

32 a-Cedrene 1 409 0.46 – –

33 trans-Caryophyllene 1 417 2.26 0.60 0.59
34 Bicyclogermacrene 1 494 1.25 0.20 –

35 Ionol 1 510 0.15 0.29 14.70
36 g-Cadinene 1 514 0.91 0.05 –

37 Elemol 1 550 0.10 – –

38 Spathulenol 1 572 1.13 0.70 0.27
39 Caryophyllene oxide 1 580 1.64 0.40 1
40 cis-Arteannuic alcohol 1 592 0.30 – –

41 a-Cadinol 1 639 5.02 2.34 9.79
42 b-Eudesmol 1 648 4.61 4.10 9.58
43 Myristic acid 0.40 0.12 –

44 2-Pentadecanone,6,10,14-
trimethyl

1 840 0.13 0.20 1.37

45 Palmitic acid methyl ester 1 928 0.28 – 1.24
46 Palmitic acid 1 970 1.05 – –

47 Linoleic acid methyl ester 2 090 0.08 – –

48 Isophytol 2 112 0.30 – –

49 Docosane 2 200 0.20 – –

50 Tricosane 2 300 0.24 – 0.14
51 Pentacosane 2 500 0.15 – –

89.91 94.86 76.35

Retention indices calculated using HP-5MS column. –: Not detected; T:
Trace (<0.05%).
4. Discussion

Recently, plant essential oils have attracted attention as
sources of natural products. They have been studied for their
potential uses as alternative remedies for the treatment of
many infectious diseases, anticancer, antinociceptive, antiphlo-
gistic, antiviral, antibacterial, and antioxidant activities, as
well as foods preservation [1–5]. Our study showed that
monoterpenes were predominant in essential oils of flowers,
leaves, and stems of R. epapposum with 66.49%, 85.68% and
37.67%, respectively. Oxygenated monoterpenes were the
major type of compounds in the essential oils of flowers
and stems with 40.57% and 34.19%, respectively, whereas
monoterpene hydrocarbons were the major type of compounds
present in the essential oils of leaves with 71.5%. In addition,
oxygenated sesquiterpenes fraction was relatively higher in
stems oil (20.46%) compared to flowers (12.95%) and leaves
(7.83%) oils.

Generally, flowers, leaves and stems essential oils displayed
some similarities. However, important qualitative and quantita-
tive differences were observed. Flowers oil showed the highest
chemical diversity, where carvacrol (2.07%), geraniol (1.55%),
palmitic acid (1.05%), cis-rose oxide (0.70%), trans-pinene
hydrate (0.68%), d-elemene (0.68%), ipsdienol (0.67%), a-
cedrene (0.46%), isophytol (0.30%), cis-arteannuic alcohol
(0.30%), docosane (0.20%), pentacosane (0.15%), elemol
(0.1%) and linoleic acid methyl ester (0.08%) were reported in
flowers oil only. Similarly, p-cymene (2.28%), a-thujene
(1.42%), and a-trans-4-thujanol (0.69%) were detected in leaves
oil only.
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Limonene, sabinene, a-pinene, and b-myrcene were recorded
in high concentrations in leaves oil, whereas they occurred in
relatively lower concentrations or not recorded in the flowers
and stems oils. Conversely, major constituents of stems oil –
linalool, ionol, a-cadinol, b-eudesmol, 4-terpineol and a-
terpineol had represented in flowers and leaves oils in lower
concentrations.

Comparison of our results with previous reports revealed
that, although monoterpenes are the major class of compounds
of the isolated essential oils, remarkable differences have been
found between our results and that previously published by
Yaghami et al. [15] in term of major compounds. Except linalool,
the major compounds of flowers, leaves and stems oils of
R. epapposum analyzed by us were reported as trace
compounds or not reported in their sample. On the other hand,
partial agreement was noticed between our results and
chemical composition of essential oil from flowers of
R. adpressum [16] in terms of monoterpenes and major
compounds. On the contrary, sesquiterpeniod compounds were
major in essential oil from aerial parts of R. adpressum [7].
Finally, the essential oils from flowers, leaves and stems of
R. epapposum are considered as rich sources of monoterpenes.
The essential oils dominated with monoterpenes exhibit
antimicrobial activity [26], antitumor activity [27], antioxidant
activity [28,29] and anti-inflammatory activity [30].
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