
17

ANALYSIS OF ESSENTIAL OIL COMPOSITION OF SOME SELECTED 
SPICES OF PAPUA NEW GUINEA

Stewart WWossa1, Topul Rali1 and David N Leach2

ABSTRACT

Some selected spices from Papua New Guinea were analyzed to determine the chemical compositions of 
their respective essentia/ oii contents. These included black and white pepper (P i pe r n ig ru m: Piperaceae); 
cardamom (Ellataria cardamomum: Zingiberaceae); ginger (Zingiber officinale: Zingiberaceae); patchouli 
(Pogostimon cablin: Lamiaceae); nutmeg (Myristica fragrans: Myristicaceae); and the leaf and stalk of lemon 
grass (Cymbopogon citratus' Poaceae). The essentia! oils were obtained by exhaustive hydro-distillation and 
ana/yzed by a combined gas chromatography-mass spectrometry (GC-MS) method. The results indicated 
that d-3-carene (34.0 %), iimonene (18.3 %>) andb-caryophyiiene (15.7 %) were the major components of 
black pepper (Piper nigrum), * d-3-carene (23.7 %), iimonene (23.7 %), b-caryophyiiene (17.6 %) andb-pinene 
(16.9 %>) were the major components of white pepper {Piper nigrum); 1,8-cineo/e (44.4 %) and a-terpinyi 
acetate (39.7 %>) were the major components of cardamom (Ellataria cardamomum)/ citrai (18.4 %), a- 
zingiberene (16.8 %) and camphene (11.2%) were the main constituents of ginger (Zingiber officinale)/ the 
patchouli alcohol (71.8 %) was the main constituent ofpatchouli (Pogostimon cablin)/ a-pinene (22.6 %), 
sabinene (15.8%) a-pinene (15.2 %) andmyristicin (13.2 %) were the main components of nutmeg (My ristica 
fragrans) andc\tra\ was the main component in the leaf(91.0 %) and sta/k (90.7 %) of lemon grass (Cymbopogon 
citratus).

Keywords/ spices, essential oils, Piper; Ellataria, Zingiber; Pogostimon, Myristica, Cymbopogon, citrai, 
floral diversity.

INTRODUCTION

Essential oils are volatile organic compounds that, are
the major constituents in spice products and give rise 
to the perceived flavour and fragrance characters. 
These chemical compounds have a high vapour 
pressure and therefore are highly volatile, hence exist 
as vapour at ambient temperature and pressure. The 
analysis of these compounds in flavour and fragrance 
industries has served as the benchmarK to ascertain 
the qualities of these products

As an ongoing research program aimed at identifying 
the chemical compositions of the different volatile 
organic compounds in the fbral diversity of Papua New 
Guinea (PNG) (Raü et at. 2003), we report here the 
chemical compositions within the matrix of the 
essential oil extracts obtained from some of the 
selected spice crops of PNG. The spices studied were 
black pepper {Piper nigrum L: Piperaceae), white 
pepper {Piper nigrum L: Piperaceae); Cardamom 
{E/iataria cardamomum White et Mason: 
Zingiberaceae); ginger {Zingiber officinale Roscoe: 
Zingiberaceae); patchouli {Pogostimon cab/in Pellet:

Lamiaceae); Nutmeg {Myristica fragrans Houtt: 
Myristicaceae); and the leaves and stalks of lemon 
grass {CymbopogoD dürätvs[ DC] Stapf: Poaceae).

MATERIALS AND METHODS

The spice products were a donation from the New 
Guinea Spice Ltd of Rabaul, East New Britain 
Province, while patchouli and iemon grass samples 
were obtained from Tabubii in the Western Province. 
These samples were brought back to the laboratory 
while fresh and the essential oils extracted by 
exhaustive hydro-distillation, using an all-glass 
apparatus standard distillation setup The oils obtained 
were dried over anhydrous sodium sulphate (Na2SQ4) 
and analyzed using gas chromatography coupied to 
a mass spectrometer (GC-MS). The individual oil 
constituents were tentatively identified by their 
respective retention times and confirmed by 
comparison to the mass spectral data and that of the 
authentic reference compounds or with published 
data.
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RESULTS AND DISCUSSIONS

The results of the chemical analysis of essential oils 
extracted from some selected spices of PNG are 
presented in Table 1. The major constituents of both 
the black and white pepper {Pipernigrum) were d-3- 
carene, limonene, b-caryophyllene and b-pinene. 
However the composition of these essential oils were 
observed to vary in various proportions of composition 
in the individual types as presented in Table 1.0. Earlier 
reports by Martins et ai (1998) on the essential oil 
composition of black pepper reported a composition 
of limonene (18.8%), a-caryophyllene (15.4%), 
sabinene (16.5%) and a-pinene (10.7%). A further 
detailed phytochemical studies on the essential oil 
and other secondary metabolites in this species and 
others from the genus P/perwere recently reviewed 
(Parmar etai 1997). The oil extracts were previously 
reported to exhibit antimicrobial activity (Dorman & 
Deans, 2000; Hammer etai, 1999). The oil obtained 
from Piper nigrum has been widely appreciated in 
culinary preparations.

Eleven components of cardamom oil were detected 
(Table 1). The major constituents were 1,8-cineole 
(44.4 %) and ä-terpinyl acetate (39.7 %). In previous 
studies, Hussain et ai. (1988) reported 74 % 
composition of 1,8-cineole contents while another 
study by Pieribattesti et ai. (1986) reported 54.4 % 
1,8-cineole and 24.0 % ä-terpinyl acetate. Atta-ur- 
Rahman etai. (1999) further reported 1,8-cineole and 
ä-terpinyl acetate compositions to be 30.7 % and 30.6
% fespecViVSVy, ^ Oil VväS Curved tO
growth of the fungal species Aspergi/fus flavus. The 
cardamom seeds and oil have application in food 
flavouring in the forms such as whole, decorticated 
seeds, and grounded powder.

The chemical composition of essential oils from the 
rhizomes of ginger {Zingiberofficina/e) has been well 
documented including its health (Wilkinson 1999) and 
antimicrobial properties (Hammer etai. 1999; Hili et 
ai.-1997; Habsab -et ai 2000). The analysis of the 
rhizome oil extracts from this study indicated citrai 
content (18.4 %) and a-zingiberene (16.8 %) to be 
the major components followed by camphene (11.2 
%). In comparison with the oil yield and chemical 
compositions in the rhizomes from the published data 
(MacLeod and Pieris, 1984; Smith and Robinson, 
1981; Kami et ai. 1972), a variation in oil yield and 
chemical compositions in the extracts can be 
observed. Such difference can be attributed to earlier 
postulation that the oil yield and compositions are 
influenced by geographical locations, climate 
conditions and the age of the plant at harvest (Miyazaki 
and Taki 1955).

The major components identified for nutmeg {Myristica 
fragrans) seed oil were a-pmene (22.6 %), sabinene

(15.8 %), b-pinene (15.2 %) and myristicin (13.2 %). 
A previous study, (Masada 1975) reported ä-pinene 
(26.7%), ä-pinene (20.7%), sabinene (14.5%), 
limonene (9.4%) and terpinen-4-ol (4.4%) as the main 
constituents. Recently, Atta-ur-Rahman etai. (1999) 
reported 37constituents representing 99.3% of the total 
nutmeg essential oils. The major component identified 
was terpinen-4-ol making up 31.3%.

Citrai, the common indicator compound in lemon 
grasses {Cymbopogon citratus) is a mixture of two 
inseparable isomeric sesquiterpene aldehydes of 
geranial and neral (De Silva 1959). A previous study 
on citrai content in lemon grass from Port Moresby 
was reported by Si no etai. (1992) to be 68 % In this 
study, the samples from Tabubil had a higher citrai 
contents in the leaf (91 %) and stalk (90.7 %). Such 
difference in citrai yield can be attributed to 
geographical locations, weather patterns and 
conditions and age of grass as influential factors in 
the citrai yield and quality of oil (Miyazaki and Taki 
1955). This result is particularly encouraging because 
of the vast opportunity it has in the potential for 
cultivation and commercial production of this oil, which 
has applications in the synthesis of various flavour 
and fragrance substitutes, vitamin A and ionones 
(Kingston 1962).

The composition of various indicator chemical markers 
from this study are within established marketable 
values For example, oil and citrai contents in lemon 
grass (Table 1) suggests the possibility of cultivating
this species for the commercial production it. is further 
recommended that detailed chemical study be pursued 
to establish the commercial potential for these and 
other spice products, hence establish adequate 
scientific basis on which to develop the untapped 
economic potential in the spice industry in PNG.
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Table 1. Compositions (% area) of the essential oil extracts from the selected 
spices of Papua New Guinea

Constituents Black
Pepper

White
Pepper Cardamom Ginger Patchouli N utmeg

Lemon
grass
leaf

Lemon
grass
stalk

a-thujene - - - - - 4.0 -

a-pinene 7.4 8.9 1.5 3.5 - 22.6 - -

b-pinene 11.3 16.9 - - - 15.2 - -

sabine ne - 1.2 - - 15.8 -

myrcene 2.7 2.6 1.4 22 - 2.1 8.9 2.7

r-cymene 2.6 1.9 0.8 - - 2.6 - -

limonene 18.3 23.7 3.4 1.7 - 3.4 - -

1,8-cineole - 44.4 4.8 - - - -

linalool - - 2.1 - - - - -

terpinen-4-ol - - 2.0 - - 9.6 - -

a-terpineol - - 2.7 - - 0 7 - -

linalyl acetate - - 0 8 - - - - -

geranyl acetate - - - 9.2 - - -

a-terpinyl acetate - - 39.7 - - - -

camphene - - - 11.2 - - -

a-phellandrene 3.5 2 3 - - - - -

b-phellandrene - - - 3.9 - 1.6 - -

g-terpinene - - - 3.6

neral - - 64 - 33.5 29.2

geranio! - - - 8.9 - 2.7

geranial - - 12.0 - - 57.5 61.5

AR-curcumene - 1.8

E,E-a-famescene 6 4

a-zingiberene 16 8

b-bisabolene 2.9

germacrene-D 2.0

b-sesquiphelian
drene

6 4 - 1

d-3-carene 34.0 23.7

a-terpinolene 0 6 - 08

d-eiernene 1.9

b-caryophytlene 15.7 17.6 -

a-caryophyllena 0 8 0.9 ;
1
I caryophyllene
1 oxide 1.3 1.5 - - - -

a-guaiene 7.5

|seycheüene - - 3 9

a-patchodene - - 1.7

d-guaiene 9.9

pogostol - - 5.1

patchouli aicoixDl - 71.8

a-terpinene - - 25 -
! saffroie - - 2.3

myristicin - 13.2

Note: - = not detected
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