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Essential oils from selected plants of Vietnam were analyzed by
gas chromatography (GC-FID) and gas chromatography/mass
spectrometry (GC-MS). The results showed that one group con-
tains aromatic and terpenoid components namely Friesodielsia
filipes (stem: benzyl benzoate, α-pinene); Meiogyne virgata
(stem; α-humulene, benzyl benzoate, bicyclogermacrene);
and P. sessiliflora (stem: eugenol, limonene, α-phellandrene),
while the second group producing terpenoid oils includes
F. filipes (leaf: α-pinene, β-caryophyllene, caryophyllene
oxide); M. virgata (leaf: α-humulene, bicyclogermacrene,
β-caryophyllene, bicycloelemene); Polyalthia sessiliflora (leaf:
limonene, β-caryophyllene, β-cubebene); Pseuduvaria indochinen-
sis (leaf: α-copaene, α-pinene; stem: limonene, α-phellandrene,
β-caryophyllene); and O. hirsuta (leaf: cis-ρ-mentha-2,4(8)-diene,
germacrene D, bicyclogermacrene).
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INTRODUCTION

The Annonaceae and all woody plants of the Magnoliales are sources of
terpenoids, alkaloids, steroids, polyphenols, and flavonoids (15).

The chemical compositions of volatile oils of some Annonaceae flora
of Vietnam have been reported (4–6). In this study, the volatile con-
stituents of 10 essential oils from different parts of five Annonaceous plants
namely Friesodielsia filipes, Meiogyne virgata , Orophea hirsute, Polyalthia
sessiliflora, and Pseuduvaria indochinensis from Vietnam were studied.
Ethnomedically, the plants are used to reduce fever, treat symptoms of flu,
treat sores and wounds, reduce constipation and inflammation, and serve as
a general tonic and bath (15).

Phytochemical investigations revealed the characterization of alkaloids
from Pseuduvaria species (12,16,29) as well as diterpenes from P. indochi-
nensis (22,30); alkaloids (11,25), and lactones (2) from M. virgata and
other species; alkaloids from Orophea species (14,23,26); sesquiterpenes
and flavonoids (9,19) from Friesodielsia species; diterpenes and triterpens
(20,21) and alkaloids (16,28) from Polyalthia species. The essential oils
of some Polyalthia (5) and Pseuduvaria (4) have been reported in the
literature.

MATERIALS AND METHODS

Plant Collection

Samples of F. filipes, M. virgata, O. hirsuta, P. sessiliflora, and P. indochinen-
sis were collected from Ba.ch Mã National Park, Thùa Thiên–Huế Province,
Vietnam, in August 2011. Voucher specimens DND 240, DND 247, DND 248,
DND 268, and DND 271, respectively, were deposited at the Botany Museum,
Vinh University, Vietnam. Plant samples were air-dried prior to extraction.

Extraction of Oils

Aliquots of 500 g of pulverized plant samples were subjected to hydrodis-
tillation for 4 h under normal pressure, according to the Vietnamese
Pharmacopoeia (27). The plant samples yielded a low content of essen-
tial oils: 0.12 and 0.15% (v. w−1); F. filipes (leaf and stem bark); 0.15,
0.10 and 0.20% (v. w−1); P. indochinensis (leaf, stem bark and root bark);
0.1% (v. w−1); O. hirsuta; (leaf); 0.10 and 0.12% (v. w−1); P. sessiliflora; (leaf
and stem bark); and 0.12 and 0.10% (v. w−1); M. virgata; (leaf and stem
bark), calculated on a dry weight basis. All samples were light yellow. Oil
samples were stored under refrigeration prior to analysis.
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Gas Chromatography Analysis

Gas chromatography (GC) analysis was performed on an Agilent
Technologies HP 6890 Plus Gas chromatograph equipped with an FID and
fitted with HP-Wax and HP-5MS columns (both 30 m × 0.25 mm, film thick-
ness, 0.25μm, Agilent Technology). The analytical conditions were carrier
gas H2 (1mL.min−1), injector temperature (PTV) 250◦C, detector temperature
260◦C, column temperature programmed from 40dC (2 min hold) to 220◦C
(10 min hold) at 4◦C. min−1. The volume of injection was 1.0 μL, split ratio
10:1. Inlet pressure was 6.1 kPa.

Gas Chromatographic−Mass Spectral Analysis

Agilent Technologies HP 6890N Plus Chromatograph fitted with a fused sil-
ica capillary HP-5 MS column (30 m × 0.25 mm, film thickness 0.25 μm)
and interfaced with a mass spectrometer HP 5973 MSD was used under the
same conditions as those used for GC analysis, with He (1mL.min−1) as car-
rier gas. The MS conditions were ionization voltage 70eV; emission current
40mA; acquisitions scan mass range of 35 to 350 amu at a sampling rate of
1.0scan. s−1.

Identification of the Constituents

The identification of constituents was by retention indices determined by co-
injection with reference to a homologous series of n-alkanes, under identical
experimental conditions. Further identification was performed by compari-
son of their mass spectra with those from NIST 08 Libraries (on ChemStation
HP) and Wiley Ninth Version and the home-made MS library built up from
pure substances and components of known essential oils as well as by com-
parison of their retention indices with literature values (1,13). The relative
amounts of individual components were calculated based on the GC peak
area (FID response) without using correction factors.

RESULTS

One hundred and thirty-four compounds were identified in the studied oil
samples. This accounted for 91.6% to 99.5% of the total composition of the
oils (Table 1).

Friesodielsia filipes

Monoterpene hydrocarbons (43.0%), sesquiterpene hydrocarbons (25.0%),
and oxygenated sesquiterpenes (16.5%) were the major fractions present
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in the leaf oil (see Table 1). The main constituents were identified as
α-pinene (19.7%), β-caryophyllene (16.8%), caryophyllene oxide (9.6%),
β-pinene (8.3%), caryophylla-4(12),8(13)-diene-5α-ol (5.8%), and (E)-β-
ocimene (5.1%). However, monoterpene hydrocarbons (46.6%) and aromatic
esters (34.6%) were the main oil fraction in the stem oil. The main con-
stituents were benzyl benzoate (34.6%) and α-pinene (30.6%), along with
β-pinene (7.9%) and δ-3-carene (5.6%).

Meiogyne virgata

All six monoterpene compounds identified in the leaf oil of M. vir-
gata were present in trace amounts (see Table 1). The sesquiterpene
fractions (90.8%) were represented mainly by α-humulene (20.4%),
bicyclogermacrene (15.4%), β-caryophyllene (14.5%), bicycloelemene
(13.9%), and aromadendrene (5.6%). On the other hand, monoterpene
hydrocarbons (24.2%), sesquiterpene hydrocarbons (40.1%), and oxygenated
sesquiterpene (17.4%) were the major fractions identified in the stem.
The compounds of quantitative significance were camphene (8.7%) and
limonene (7.1%) among the monoterpenes; and α-humulene (13.3%),
bicyclogermacrene (9.2%), viridiflorol (7.5%), and β-caryophyllene (6.2%)
among the sesquiterpene. Benzyl benzoate (10.3%) represents the non-
terpenes present in higher amount. The main sesquiterpene compounds
common to both oils were bicycloelemene (13.9 and 1.0%), β-caryophyllene
(14.6 and 6.2%), α-humulene (20.4 and 13.3%), and bicyclogermacrene
(15.4 and 9.2%), respectively.

Polyalthia sessiliflora

While the leaf oil of P. sessiliflora consisted mainly of monoterpene
hydrocarbons (36.8%) and sesquiterpene hydrocarbons (45.8%) fraction (see
Table 1), the stem oil had abundance of monoterpene hydrocarbons (46.0%)
and oxygenated counterpart (44.3%). Limonene (17.0%), β-caryophyllene
(10.2%), β-cubebene (8.4%), α-phellandrene (7.4%), α-selinene (6.0%), and
β-selinene (5.3%) were the main compounds of the leaf oil. Eugenol
(42.9%), limonene (24.1%), and α-phellandrene (17.2%) represented the
major constituents of the stem oil.

Pseuduvaria indochinensis

Large amounts of monoterpene compounds were present in the stem (58.9%)
and bark (74.9%) oils of P. indochinensis (see Table 1). In the leaf oil,
monoterpenes (32.5%) and sesquiterpenes (51.3%) were the major frac-
tions. The major constituents of the leaf were α-copaene (26.5%) along with

D
ow

nl
oa

de
d 

by
 [

Is
ia

ka
 A

. O
gu

nw
an

de
] 

at
 2

1:
45

 2
5 

Fe
br

ua
ry

 2
01

4 



278 D. N. Dai et al.

α-pinene (7.6%) and 1, 8-cineole (5.7%), while the stem consists mainly
of limonene (15.4%), α-phellandrene (13.0%), β-caryophyllene (12.6%), α-
thujene (8.8%), α-pinene (7.6%), and α-humulene (6.0%). In the bark oil
were present methyl eugenol (20.1%), limonene (19.2%), α-phellandrene
(7.4%), and 1, 2-benzedicarboxylic acid (5.0%). The main compounds
common to the oil samples were α-pinene (2.3-7.6%), α-phellandrene (1.6-
3.0%), limonene (4.4-19.2%), α-copaene (0.5-26.5%), and β-caryophyllene
(0.2-12.6%)

Orophea hirsuta

Sesquiterpenes (73.0%) represent the major fraction of the leaf oil of
O. virgata. A monoterpene, cis-ρ-mentha-2,4(8)-diene (21.6%) as well as
the sesquiterpene compounds germacrene D (27.8%), bicyclogermacrene
(15.3%), δ-cadinene (6.2%), and γ-elemene (5.3%) were the major oil
constituents (see Table 1).

DISCUSSION

Monoterpenes (26.5-90.3%) and sesquiterpenes (9.0-90.8%) are the major
classes of compounds identified in the samples. Aromatic esters are also
prominent in the stem oil of F. filipes (34.6%) and M. virgata (10.3%). Two
different reports previously identified β-caryophyllene (30.0%), α-zingiberene
(21.7%), aromadendrene (15.2%), and β-selinene (9.1%) on one hand (5);
and δ-cadinene (24.5%), zingiberene, and aromadendrene (19.1%) on the
other (18) as the main constituents of Polyalthia longifolia var. pendula from
Vietnam. Eugenol was not previously described as a major constituent of
any Polyalthia oils. Essential oils of Polyalthia sp. have been classified into
four different chemical classes (5). These are oils with an abundance of
sesquiterpene hydrocarbons, such as found in P. longifolia var. pendula, P.
longifolia, P. suaveolens, and P. nitidissima; oils with relative large amounts
of hydrocarbon and oxygenated sesquiterpenes, exemplified by P. australis
and Polyalthia sp.; oils dominated by oxygenated sesquiterpenes, as seen
in P. michaelii; and oils consisting mainly of monoterpene hydrocarbons, as
found in the fruit of P. suaveolens and P. nitidissima. The leaf oil of P. sessil-
iflora belongs to first class above, while the stem oil could be classified into
the fourth class based on its high contents of limonene and α-phellandrene.

Previous analysis on the volatile oils of some Pseuduvaria species
(3) revealed the predominance of sesquiterpene hyrdrocarbon compounds
such as α-copaene, β-caryophyllene, α-himachalene, and α-humulene in
Pseuduvaria villosa and Pseuduvaria hylandii; elemicin in Pseuduvaria
mulgraveana var. mulgraveana; and oxygenated sesquiterpene compounds
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caryophyllene oxide, dihydroagarofuran isomer (froggatt ether), and
spathulenol in P. froggattii. However, the phenylpropanoid, methyl eugenol
was the most abundant constituent of P. mulgraveana var. glabrescens.
When compared with the previous study, the main monoterpene compounds
such as limonene, α-phellandrene, α-thujene, and α-pinene were not ear-
lier reported to be in significant quantities in Pseuduvaria oils. However,
β-caryophyllene, α-humulene, caryophyllene oxide, and spathulenol were
present in lower amounts in these studied P. indochinensis oils. Moreover,
α-himachalene, elemicin, and dihydroagarofuran isomer were conspicuously
absent in the oil samples under investigation. To be noted is the presence of
α-copaene and methyl eugenol in higher quantity.

The results showed that the studied oil samples fall into two groups
in which one contains aromatic and terpenoid components while the sec-
ond group contains only terpenoid constituents. The first group has its
members as F. filipes (stem: benzyl benzoate, α-pinene); M. virgata (stem;
α-humulene, benzyl benzoate, bicyclogermacrene); and P. sessiliflora (stem:
eugenol, limonene, α-phellandrene). The second group producing terpenoid
oils includes F. filipes (leaf: α-pinene, β-caryophyllene, and caryophyllene
oxide); M. virgata (leaf: α-humulene, bicyclogermacrene, β-caryophyllene,
and bicycloelemene); P. sessiliflora (leaf: limonene, β-caryophyllene, and β-
cubebene); P. indochinensis (leaf: α-copaene and α-pinene; stem: limonene,
α-phellandrene, and β-caryophyllene); and O. hirsuta (leaf: cis-ρ-mentha-
2,4(8)-diene, germacrene D, and bicyclogermacrene).

The compounds identified in the oils from these plant species may con-
tribute to their ethnomedicinal uses. 1,8-Cineole has been reported to exhibit
insecticidal, antimicrobial, and antioxidant activity (24) and may synergisti-
cally enhance the biological activities of other essential oil components (10).
Limonene is an abundant constituent of many essential oils and has exhibited
cancer chemopreventive activity, possibly due to induction of glutathione-S-
transferase and glutathione peroxidase (8). In addition, limonene has been
shown to have muscle relaxant and sedative activities (7).

The presence of germacrene D, α-humulene, and β-caryophyllene as
major components is consistent with the ethnopharmacological uses of
some of the plants to treat skin problems. For example, some commer-
cially marketed herbal treatments for skin problems include goldenrod
(Solidago canadensis) oil, rich in germacrene D; salves from purple cone-
flower (Echinacea purpurea) root extract, rich in germacrene D and
β-caryophyllene; and lotions from extracts of hops (Humulus lupulus)
“flowers,” rich in α-humulene and β-caryophyllene (24). Furthermore, β-
caryophyllene showed anti-inflammatory and anesthetic effects in addition
to anticarcinogenic and antineoplastic (17) activities. Caryophyllene oxide
exhibited anti-dermatophytic activity (32) and smooth-muscle-relaxant activ-
ity (31). Some of the oil samples examined in this study were sufficiently rich
in β-caryophyllene, α-humulene, germacrene D, and caryophyllene oxide.

D
ow

nl
oa

de
d 

by
 [

Is
ia

ka
 A

. O
gu

nw
an

de
] 

at
 2

1:
45

 2
5 

Fe
br

ua
ry

 2
01

4 



280 D. N. Dai et al.

REFERENCES

1. Adams, R.P. 2007. Identification of Essential Oil Components by Gas
Chromatography/Quadrupole Mass Spectrometry, 4th ed. Allured Publishing,
Carol Stream. IL. p. 521.

2. Bousserouel, H., K. Awang, F. Guéritte, and M. Litaudon. 2012. Enyne- and
enediyne-γ-lactones from the bark of Meiogyne cylindrocarpa. Phytochem. Lett.
5:29–32.

3. Brophy, J. J., R. J. Goldsack, J. M. Hook, C. J. R. Fookes, and P. I. Forster. 2004.
The leaf essential oils of the Australian species of Pseuduvaria (Annonaceae). J.
Essent. Oil Res. 16:362–366.

4. Dai, D. N., T. M. Hoi, T. D. Thang, and I. A. Ogunwande. 2012. The leaf essen-
tial oils of five Vietnamese Desmos species (Annonaceae). Nat. Prod. Comm.
7:231–234.

5. Dai, D. N., T. M. Hoi, T. D. Thang, and I. A. Ogunwande. 2013. Essential oils
from five species of Annonaceae from Vietnam. Nat. Prod. Comm. 8:239–242.

6. Dai, D. N., T. M. Hoi, T. D. Thang, and I. A. Ogunwande. 2013. Chemical com-
positions of leaf essential oils of some Annonaceae from Vietnam. J. Essent. Oil
Res. 25:85–91.

7. do Vale, T. G., E. C. Furtado, J. G. Santos, and G. S. Viana. 2002. Central effects
of citral, myrcene and limonene, constituents of essential oil chemotypes from
Lippia alba (Mill.) n.e. Brown. Phytomed. 9:709–714.

8. Elson, C. E., T. H. Maltzman, J. L. Boston, M. A. Tanner, and M. N.
Gould. 1988. Anti-carcinogenic activity of d-limonene during the initiation and
promotion/progression stages of DMBA-induced rat mammary carcinogenesis.
Carcinog. 9:331–332.

9. Fleischer, T. C., R. D. Waigh, and P. G. Waterman. 1997. Bisabolene
sesquiterpenes and flavonoids from Friesodielsia enghiana. Phytochem. 44:
315–317.

10. Harris, R. 2002. Synergism in the essential oil world. Int. J. Aromather.
12:179–186.

11. Ismail, N. H., A. Alias, and C. P. Osman. 2012. Alkaloids and Anthraquinones
from Malaysian Flora, Phytochemicals—A Global Perspective of Their Role
in Nutrition and Health, V. Rao, ed. InTech, Malaysia. Available at: http://
www.intechopen.com/books/phytochemicals-aglobal-perspective-of-their-role-
in-nutrition-and-health/alkaloids-and-anthraquinones-from-malaysian-flora.
Accessed February 10, 2014.

12. Johns S. R., J. A. Lamberton, and A. A. Sioumis. 1970. Alkaloids from Pseduvaria
species, Schefferomitra subaequalis, and Polyalthia nitidissima. Aust. J. Chem.
23:423–426.

13. Joulain, D., and W. A. Koenig. 1998. The Atlas of Spectral Data of Sesquiterpene
Hydrocarbons. E. B. Verlag, Hamburg, Germany. p. 234.

14. Kamaliah, M., C. C. Kai, H. P. Myung, N. H. Yong, and H. H. Byung. 1986.
Aristolactams of Orophea enterocarpa. Phytochem. 25:965–967.

15. Kessler, P. J. A. 1993. Annonaceae. In K. Kubitzki, J. G. Rohwerand, and
V. Bittrich, eds., The Families and Genera of Vascular Plants. Springer-Verlag,
Berlin/Heidelberg.

D
ow

nl
oa

de
d 

by
 [

Is
ia

ka
 A

. O
gu

nw
an

de
] 

at
 2

1:
45

 2
5 

Fe
br

ua
ry

 2
01

4 



Selected Medicinal Plants from Vietnam 281

16. Mahmood, K., K. C. Chan, M. H. Park, Y. N. Han, and B. H. Han. 1986. An
aporphinoid alkaloid from Pseuduvaria macrophylla. Phytochem. 25:1509–1510.

17. Mata, R., A. Rojas, L. Acevedo, S. Estrada, F. Calzada, I. Rojas, R. Bye, and E.
Linares. 1997. Smooth muscle relaxing flavonoids and terpenoids from Conyza
filaginoides. Planta Med. 63:31–35.

18. Nguyen, T. C., L. T. Thuy, H. D. Nguyen, T. D. Thang, and D. N. Dai. 2009.
Chemical composition of the leaf essential oil of Polyalthia longifolia var. pen-
dula Hort. from Nghean. In Proceedings of the 3rd National Scientific Conference
on Ecology and Biological Resources. Agricultural Publishing House, Hanoi,
Vietnam. pp. 930–932.

19. Prawat, U., D. Phupornprasert, A. Butsuri, A.-W. Salae, S. Boonsri, and P.
Tuntiwachwuttikul. 2012. Flavonoids from Friesodielsia discolor. Phytochem.
Lett. 5:809–813.

20. Sashidhara, K. V., S. P. Singh, and P. K. Shukla. 2009. Antimicrobial evaluation of
clerodane diterpenes from Polyalthia longifolia var. pendula. Nat. Prod. Comm.
4:327–330.

21. Sashidhara, K. V., S. P. Singh, R. Kant, P. R. Maulik, J. Sarkar, S. Kanojiya, and K.
R. Kumar, 2010. Cytotoxic cycloartane triterpene and rare isomeric bisclerodane
diterpenes from the leaves of Polyalthia longifolia var. pendula. Bioorg. Med.
Chem. Lett. 20:5767–5771.

22. Shou-Ming, Z., Shou-Shun, Z., and X. Ning. 1988. Alkaloids from Pseuduvaria
indochinensis. Phytochem. 27:4004–4005.

23. Sinz, A., R. Matusch, and L. Witte. 199. Alkaloids from Orophea hexandra.
Biochem. Syst. Ecol. 27:111–112.

24. Schmidt, J. M., J. A. Noletto, B. Vogler, and W. N. Setzer. 2007. Abaco bush
medicine: chemical composition of the essential oils of four aromatic medicinal
plants from Abaco Island, Bahamas, J. Herbs Spices Med. Plants 12:43–65.
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