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Abstract—- The composition of the hydrocarbon fraction of the essential oil from Cymbopogon martinii, which
represents less than 59, of the oil, has been studied. Using well-established techniques, 11 monoterpenes (ca 46 %), 28
sesquiterpenes (ca 52°;) and 16 n-alkanes (ca 1.69,) have been identified. The major constituents are limonene,
a-terpinene, myrcene, S-caryophyllene, a-humulene, - and S-selinenes. The study of the n-alkanes of C. martinii
revealed the presence of all members of the homologous series C,—C,,.

INTRODUCTION

The genus Cymbopogon is known for the presence, in
many species, of economically important monoterpenes
such as geraniol [1], citral [2, 3] and citronellal. C.
martinii (Roxb.) W. Wats var. martinii, which is commonly
named palmarosa, is a grass which gives by steam
distillation from the freshly cut herb an essential oil rich in
geraniol (60-809) [4, 5). Since only four monoterpenes
(6], Bcaryophyllene {6, 7] and a-humulene [7] have been
reported in the hydrocarbon fraction of C. martinii, we
have re-investigated this fraction.

RESULTS

The essential oil was obtained by steam distillation
from the freshly cut herb in 0.48 %, yield. It was examined
by routine temperature programmed GC and the main
constituent was found to be geraniol (80.0 %), the content
of which agreed well with those in the literature {5-7]. The
hydrocarbon fraction was obtained by column chromat-
ographic fractionation and constituted 4.75%, of the
essential oil. Its constituents were identified by GC/MS
using an electron-impact ionization technique and byR,
(Kovat's retention indices). The concentrations of the
constituents in the essential oil were cakulated from the
GC peak arcas. The various classes of hydrocarbons
found in C. martinii essential oil identified in this work
were monoterpenes (45.9 %), sesquiterpenes (52.2%), n-
alkanes (1.6°;) and unknowns (0.4%).

Table 1 details the results obtained for the 11 mono-
terpenoid constituents (1-11) and the 29 sesquiterpene
components (12- 40) contained in the hydrocarbon frac-
tion of C. martinii. The mass spectra of the components
agreed with those in the literature [8-16]. Supportive
evidence of the identity of these sesquiterpenes was
obtained using R, values, determined on a capiilary
column coated with Carbowax 20 M and compared with
thosc in the literature (8-10, 13,17 19].
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Saturated hydrocarbons were identified on the basis of
their mass spectra and by co-chromatography with auth-
entx n-alkanes. The results revealed the presence of all
saturated straight hydrocarbons in the senies C,-C,,
(Table 2). Our GC analyses revealed some minor peaks
between those representing the n-alkanes which might be
due to branched, saturated hydrocarbons. However, they
occurred in amounts too small to allow reliable
determination.

DISCUSSION

Among the 11 monoterpenes identified in the hydro-
carbon fraction of C. martinii, limonene is the major
constituent (64.5%) and represents 14.1 mg/g of the
essential oil. Myrcene, limonene, cis-f-ocimene and trans-
B-ocimence have been identified in palmarosa oil produced
in Brazil [6]. Most of these monoterpenes have been
characterized in another species, C. distans [20], and high
contents of limonene have also been observed in
C. flexuosus var. sikkimensis and in C. osmatonii [21].

The sesquiterpene fraction of C. martinii contains
B-caryophyllene (69.5%,), selinenes (12.1 %), a-humulene
(6.8%), cadinenes (2.9%,), y-muurolene (2.2%), germa-
crenes (1.6 %) and other sesquiterpenes in minor amounts.
B-Caryophyllene is the main constituent of the hydro-
carbon fraction of C. martinii (17.2 mg/g of the essential
oil). B-Caryophyllene and a-humulene were isolated from
C. martinii [7]). B-Selinene, f-clemene and germacrene D
were isolated from the volatile oil of C. nervatus [22], and
some of the other sesquiterpenes that we have character-
ized are included in the 13 sesquiterpenes identified in
C. distans [20].

The n-alkane fraction consisted of a mixture of chain
lengths varying from C, ; to Cy,. No significant dominance
of odd- over even-numbered chains was observed since
the former made up about 569, of the total n-alkane
fraction. These results agree with the observations of
Herbin and Robins [23], who have claimed that when n-
alkanes form only a small percentage of the leaf cuticular
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Table 1. Monoterpenes and sesquiterpenes identified
in the hydrocarbon fraction of C. martinii essential oil

Relative
composition
No. Compound (%)
1 1-Pinene 44
2 B-Pinenc 33
3 2-Pheliandrene 22
4 Myrcene 69
s a-Terpinene 14.6
6 Limonene 64.5
7 7-Terpinene 0.5
8  o-Cymene 03
9 m-Cymene 04
10 p-Cymene Li
11 Terpinoiene 18
12 B-Cubebene 0.24
13 B-Elemene 1.34
14 B-Caryophyllene 69.5
15 y-Elemene .19
16 B-Helmiscapene 0.32
17 x-Humulene 6.82
18 B-Famnesene 0.06
19 7-Muurolene 2.17
20 é-Selinene 347
21 y-Bisabolene 0.30
22 a-Amorphene 0.06
23 Germacrene D 0.13
24 B-Selinenc 652
25 x-Selinene 211
26  Biyclogermacrene 0.56
27 B-Bisabolene 0.06
8 C| 3 H) 2 043
29 B-Curcumene 0.06
3 4-Cadinene 1.31
31 y-Cadinene 1.44
2 Cubenene 0.10
33 a-Farnesene 0.22
M Selina-4,7-diene 0.19
3s 1-Cadinene 0.19
3 a-Curcumene 0.06
37 Germacrene B 1.44
38  cis-Calamenene 019
39 trans-Calamenene 0.26
40 Calacorene 0.19

wax, the dominance of odd over even carbon number
chain lengths tends to disappear. Within the odd-
numbered n-alkane population, n-heptacosane (C,-) do-
minated although in the even-numbered population, n-
cicosane (C;o) was the dominant alkane. Herbin and
Robins {24] have shown, in a study of leaf cuticular waxes
from a large range of families in the Angiosperms, that n-
nonacosane (C,;) and n-hentriacontane (C,,) are the
most frequent major components among the predominat-
ing odd carbon number constituents, and that C,, and
Cjo are the most frequent major even-number con-
stituents. The distillation procedure used to obtain the
essential oils would not be expected to carry off all the n-
alkanes and is a more drastic technique than the washing
methods commonly used for the extraction of cuticular
wax. Thus, the n-alkanes contained in C. martinii essential

Table 2. Distribution of n-alkanes in the
hydrocarbon fraction of C. martinii essen-

ual oil
Relative
n-Alkane composition
No. (nin C,H,.;) (%)
41 i5 50
42 16 98
43 17 44
44 18 8.7
45 19 44
46 20 10.2
47 21 18
48 22 71
49 23 7.7
50 24 6.6
$1 25 5.5
52 26 44
3 27 82
54 28 6.5
58 29 50

56 30 27

oil may represent only the lower M, range of cuticular and
internal (cell content) n-alkanes,

EXPERIMENTAL

Plant material, This was collected from the Mahajanga area of
Madagascar. The freshly cut herb was used for extraction of the
essential oil

Isolation of hydrocarbons. A sample (0.4 g) of the essential oil
{12 ml), obtained by steam distillation of the fresh plant material
(2.5 kg), was fractionated by CC (40 cm x 0.8 cm i.d.) on silica gel
{230-400 mesh, 30 g). Elution with n-pentane {120 ml) yielded
19 mg (4.75°;) of hydrocarbons.

GC. The hydrocarbon fraction was analysed by routine temp.
programmed GC (70-220° at 2°/min) with FID and a WCOT
glass column (48 m x 0.2 mm i.d.) coated with Carbowax 20 M
(0.15 um phase thickness); inlet pressure of H; used as carrier gas,
0.4 bar.

GC; MS. GC/MS spectra were obtained under the following
conditions: ionization energy, 70¢V; ion source, 220°; trap
current, 60 uA; temp., 70-250° at 2°;min; GC column, 50 m
x 0.2 mm; WCOT Carbowax 20 M fused silica column (0.15 um
phase thickness); carrier gas He, 30 mi/min; injection temp., 260°.

Identification of the constituents. The monoterpenes, sesquiter-
penes and n-alkanes listed in Tables | and 2 were identified by
comparison of their Kovats retention indices with those for
authentc samples and by comparison with reported mass
spectra.

Acknowledgements We wish to thank C. Charlot, Laboratoire
de Chimie Organique Physique, for GC;MS measurements. This
work was supported in part by the Fonds d'Aide et de
Coopération.

REFERENCES

1. Nair, RV, Misra, H O, Lal, R. K.and Naqvi, A. (1984 Curr.
Sci. 83, 986.



Hydrocarbons of Cymbopogon martinii

. Shahi, A. K., Singh, A. and Padha, D. C. (1981) Pafui J. 3, 12.
. Thappe, R. K., Agerwal, S. G, Dhar, K. L. and Atal, C. K.

(1981) Indian Perfum. 28, 15.

. Akhila, A, Tyagi, B. R. and Nagvi, A. (1984) Indian Perfum.

28, 126.

. Pareek.S. K., Maheshwan, M. L.and Gupta, R. (1983) Indian

J. Agric. Sci. 83, 476.

. Peyron, L. (1973) Parf. Cosmet. Savons 16, 371.
. Naves, Y. R. (1970) Parf. Cosmet. Sarvons 13, 354
. Jennings, W. and Shibamoto, T. (1980) Qualitative Analysis

of Flavour and Fragrance Volatiles by Glass Capillary Gas
Chromatography. Academic Press, New York.

. Moshonas, M. G. and Lund, E. D. (1970) Flavour ind. 1, 375.
. Ryhage, R. and Von Sydow, E. (1963) Acta Chem. Scand. 17,

2025.

. MacLeod, A. J. and Piens, N. M. (1982) Phytochemistry 21,

1653.

. Stenhagen, E.. Abrhamsson, S. and McLafferty, F. (eds)

(1974) Registry of Mass Spectral
Wiley Interscience, New York.

Data, Vol. 1L

13.

14.

15.

16.
17.

18.
19.

20.
21,

22.

23

24,

185

Tressl, R., Engel, K. H., Kossa, M. and Képpler, H. (1983) J.
Agric. Food Chem. 31, 892.

Papageorgiou, V. P. and Argyriadou, N. (1981) Phyto-
chemisiry 20, 2295.

Baker, R, Evans, D. A. and McDowell, P. G. (1978)
Tetrahedron Letters 4073.

Maarse, H. and Van Os, F. H. L (1973) Flavour Ind. 4, 477.
Andersen, N. H. and Fakcone, M. S. (1969) J. Chromatogr. 44,
s2.

Analytical Methods Committee (1984) Analys: 109, 1343,
Entz, R. C. and Hollified, H. C. (1982) J. Agric. Food Chem.
30, 84.

Mathela, C. S. and Joshi, P. (1981) Phytochemistry 20, 2770.
Manzoor, |. K. M., Rahman, M., Yusuf, M. and Chowdhury,
J. U. (1984) J. Bangladesh Acad. Sci. 8, 77.

Modawi, B. M, Magar, H. R. Y., Satti, A. M. and Duprey.
R. 1. M. (1984) J. Nat. Prod. 47, 167.

Herbin, G. A. and Robins, P. A. (1969) Phytochemistry 8
1985,

Herbin, G. A. and Robins, P. A. (1968) Phytochemistry 7,257



