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ABSTRACT 

The chemical composition of the essential oils of three species of Zingiber and five species of Alpinia 
were investigated. Extraction by hydrodistillation method yielded essential oils in range between 0.08
3.55%. The highest oil yield identified from the rhizome oils of Z. officinale (2.27%) and A. Iigulala 
(3.55%) for each genus. Identification of chemical components in essential oils by gas 
chromatographyl flame ion detector (GC/FID) revealed the presence of geranial (13.93%) as the major 
component in rhizome oil of Z. officinale while myrcene (19.67%), limonene (26.44%) and ethyl 
cyclohexanoate (6.84%) as major constituents in leaves, stem and rhizome oils of Zingiber sp. I 
respectively. Nerolidol (9.31 %) and ~-bourbonene (16.78%) were found as principal constituents in the 
leaves and stem oils of Zingiber sp. 2 respectively. For A. galanga, the major compositions identified 
were bicycogermacrene (40.03%) in the leaves oil and asaricin (34.86%) in the rhizome oil. Butyl 
isothiocyanate (16.14%), methyl laurate (18.285%) and a-zingiberene (36.69%) obtained from the 
essentia l oils of the leaves, stem and rhizome from A. glabra respectively. A. aqualica var.1 contained 
p-pinene (46.89%) in the leaves part whereas I3-caryophyllene alcohol (9.62%) was found as major 
component in both stem and rhizome oils. a-zingiberene (22.78%) and I3-caryophyllene (24.13%) were 
found as major components in the leaves and rhizome oil respectively from A. aqualica var. 2. ~

elemene was found as principal constituent in all parts of A. Iigulala. Toxicity test revealed that the 
leaves oil from Zingiber sp. I and the rhizome oil from A. Iigulala gave the highest LCso value of 68.13 
~g!mL and 9.12 ~g!mL respectively. 

Key word: Essential oil, GC/FID, Zingiber spp., Alpinia spp., toxicity test 

AD TRAK 

Kompasisi kimia bagi minyak pali dari liga spesies Zingiber and lima spesies Alpinia lelah dikaji. 
Pengekslrakan dengan kaedah penyulingan hidro memberikan peralus hasil dalam julal 0.08-3.55%. 
Peratusan lerlinggi diperoleh dari Z. officinale (2.2 7%) dan A. Iigulata (3.55%) bagi seliap genus .. 
Penentuan komposisi kimia da/am minyak pali dengan menggunakan kromalografi gaslpengesan ion 
nyalaan menunjukkan gerania/ sebagai komponen ulama da/am minyak rizom dari Z. officinale 
manakala mirsena (19.67%), Iimonena (26.44%) dan eli/ sikloheksanoal (6.84%) masing-masing hadir 
da/am minyak daun, balang dan rizom dari Zingiber sp. I. Nerolidol (9.31%) dan fJ-bourbonena 
(16.78%) masing-masing merupakan komposisi ulama da/am minyak daun dan balang dari Zingiber 
sp. 2. Bagi A. galanga, komponen ulama ia/ah bisiklogermakren (40.03%) da/am minyak daun dan 
asaricin (34.86%) dalam minyak rizom. Buli/ isoliosianal (16.14%), melillaural (18.285%) and a
zingiberena (36.69%) masing-masing diperoleh dari minyak daun, balang dan rizom dari A. glabra. A. 
aquatica var.1 mengandungi fJ-pinena (46.89%) da/am minyak daun manaka1a fJ-kariofi/ena alkoho/ 
(9.62%) hadir sebagai komponen ulama da1am minyak balang dan rizom. a-zingiberena (22.78%) dan 
fJ-kariofilena (24.13%) masing-masing wujud sebagai komponen ulama dalam minyak daun dan rizom 
dari A. aquatica var.2. fJ-elemene merupakan komponen utama yang hadir pada seliap bahagian A. 
ligu lata.. Ujian keloksikan menunjukkan ni/ai LCso lerlinggi diperoleh dari minyak daun Zingiber sp. 1 
(68.13IlglmL) dan rizom A. ligulata (9.12 IlglmL). 

Kala kunci: Minyak pali, GCIFID, Zingiber spp. , Alpinia spp., ujian ketoksikan 
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CHAPTER 1 


INTRODUCTION 


For centuries, essential oils have been recognized as the most therapeutic and 

rejuvenating of all botanical extract. The essential oils can be obtained from different parts of 

plants including leaves, stems, roots, rhizomes, seeds, fruits as well as flowers. They are 

literally have hundreds of uses, from the sincerely practical to the delightfully frivolous. 

These oils are main ingredient in shampoo, lotion, astringents, candles and air fresheners. 

Thus, they can also put a person in a particular mood such as relaxed, invigorated and calm 

(Anonymous, 2005a). 

The usage of the essential oils from plants is varied from perfume, fragrances, 

household product and pharmaceutical. Numerous research has been performed and still 

going on today to identify the chemical components of generally very complex mixtures. 

Essential oil may contain about 100 components or more which may have commercial value 

that can be used in many fields. The essential oil contains a vast amount of monoterpenes, 

sesquiterpenes and also a minute of diterpene together with various compounds such as 

alcohols, ketones and aldehydes and frequently with aromatic compounds synthesized from 

the phenyl-propanoid pathway (Adams, 1989). 

Zingiberaceae or the gingers family is one of the largest families of the order 

Zingiberales which comprises about 45 genera and 1500 species distributed throughout the 

trOPICS, particularly in Southeast Asia (Holttum, 1950). The richest area for the distribution is 



the Malesian region includes Malaysia, Indonesia, Brunei, Singapore, the Philippines and 

Papua New Guinea with 24 genera and 600 species (Larsen et at., 1999). 

More than 20 gingers have been cultivated for their uses as spIces, condiments, 

flavours, medicines, ornamental and edible vegetables. Several species such as ginger, 

cardamom, turmeric, galangal and a few others are used as flavouring agents in foods 

(Burkill, 1966). Chemical studies have shown that gingers are rich in essential oil. The 

presence of essential oils such as limonene, eugenol, pinene, geraniol and others in many 

gingers family has made them valued since Vedic ages (Larsen et at. , 1999). Because 

essential oils are a product of nature, environmental and genetic factors will impact the 

chemical composition of the plant. Factors such as species and subspecies, geographical 

location, harvest time, plant part used and method of isolation all effect chemical composition 

of the crude material separated from the plant (Smith et aI. , 2005). 

Chemometric is a subdiscipline that is now widely used in the field of chemistry 

especially in analytical chemistry. It is a useful tool for chemist in converting quantitative 

measured data into appropriate data before representing and displaying it (Wold, 1994). 

Cluster analysis is a group of multivariate techniques in chemometric used to group objects 

based on the characteristics them posses. Each object within the cluster will be similar to 

every other object and different from objects in other cluster (Anonymous, 2005b). There is 

numerous method of cluster analysis but the most common used in the essential oil literature 

is the hierarchical clustering (Hibert, 1997; Otto, 1999). 
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OBJECTIVES 

The main purposes of this research are: 

• 	 to extract the essential oils from several Zingiber spp and A/pinia spp by 

hydrodistillation method and identify the chemical composition of the essential oils 

using gas chromatography-flame ionization detector (GC-FIO) 

• 	 to analyze statically the distribution of chemical composition in different parts of a 

particular species and different species for chemotaxonomy purposes 

• 	 to perform bioassay using Artemia salina in order to determine the toxicity of the 

essential oils. 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Extraction of Essential Oil 

Various methods can be applied to extract essential oil from the plant such as 

distillation, enfluerage, cold press extraction and solvent extraction. Methods applied in the 

extraction will depend on the type of plant that will be extracted. Distillation as applied to the 

production of essential oils is a means of separating the volatile oils from the mass of plant 

material which is not volatile. Reduced to its simplest form, it consists of mixing the finely 

divided material with water in the still which is then heated until the contents boil. The 

resulting vapours are led to a condenser, where they are cooled and converted back into liquid 

form. This liquid consists of separating layer of water and the essential oil which can be 

separated easily (Brown and Islip, 1954). There are many ways in distillation method depends 

on the apparatus used and the purpose. For industrial purpose, steam distillation is widely 

applied to obtain high yield meanwhile hydro distillation is appropriate for small yield in the 

labomtory. 

The solvent extraction method is suitable for essential oil which is easily decomposed 

during heating. Appropriate solvent with lower boiling point is preferred to ensure the 

effectiveness of the extraction. Essential oil from flower is extracted using enfluerage method. 

The flower is immersed in neutral fat and spread on sheets of glass. This process is repeated 

until the fat is saturated and ethanol is used to separate the essential oil (Ahmad and Raji, 

199 ). Cold press extraction is the best method applies on citrus fruit. The skin of the fruit is 

shredd ,mixed with water and extracted by pressure. This type of method requires no heat 
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as it will destroy volatile or other components which tend to degrade when heat is applied 

(Unknown, 2005a). 

2.2 Zingiberaceae 

Zingiberaceae are perennial aromatic herbaceous plants with fleshy or tuberous roots. 

All members of this family form rhizomes which can creep along on top or just below ground. 

It is this rootstock which is most used as food (Sirat, 1992). Zingiberaceae are mostly plant 

with showy inflorescences but short-lived and often brightly, coloured bracts and floral parts. 

They thrive in a wide range of habitats ranging from riverine to limestone rocks and from the 

lowlands to the upper montane regions. Most gingers are terrestrial , growing naturally in 

damp, humid, shady area with good light but several native can survive the full exposure of 

the sun (Sirat, 1992; Larsen et at., 1999). 

Many species of Zingiberaceae family have a very orchid like aspect. They may arise 

from the rootstocks at ground level or from the ends of leafy or leafless shoots. Flowering 

may be seasonal in some species or throughout the years in others. Most of them are gathered 

from the wild in the forest. Some species sometimes cultivated in the garden for their 

ornamental foliage, flowers or fruits such as ginger, turmeric, cardamom, lily ginger and torch 

ginger (Yong, 1990). 
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2.3 Zingiber species 

The genus Zingiber which is a member of the family of Zingiberaceae belongs to the 

tribe Zingibereae. It is medium-sized herb with long-creeping, stout rhizomes. The 

inflorescence arises on a separate shoot directly from the rhizome and often with a cone-like 

shape. In many species the bracts are green when young, turning red in the fruiting stage. The 

flowers are usually ephemeral, only lasting a couple hours (Larsen et al., 1999). 

Many of the Zingiber species have been subjected for numerous phytochemical 

studies. Essential oil from rhizomes of Zingiber montanum showed anti-inflammatory and 

relieving bronchial congestion in traditional medicine (Sirat, 1992). According to Larsen et al. 

(1999), Zingiber montanum is widely used for food preparation for women in confinement. In 

Malaysia, the rhizomes is administered internally as a vermifuge, whereas various poultices, 

lotions, decoctions and application are rubbed over the body after childbirth and use against 

swellings, rheumatism, and numb feet. The main constituent is terpinen-4-01, which has been 

found to be effective against pathogenic bacteria such as Escherichia coli, Klebsiella 

pheumoniae and Salmonella paratyphi as well as have anti-fungal activity. Besides that, the 

fungitoxic activity of Zingiber mon/anum rhizomes against Rhizoctonia solani has been found 

to be due to zerumbone (Wolff et al., 1999). 

The rhizome of Zingiber zerumbe/ is widely used to relieve stomachache, macerated in 

alcohol as tonic and also used as the spice ginger. The flowers buds can be eaten as vegetables 

( irirugsa, 1997). Chemical constituents such as zerumbone, a-humulene and camphene 

minate the constituent of the rhizome oil in Zingiber zerumbet from Reunion Island 

(C -Ming et al., 2003) while the oil of the rhizome from Zingiber zerumbe/ from Malaysia 
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contained zerumbone, zerumbone epoxide, diacetylafzalein and humulene (Matte et aI. , 

1980). In traditional medicine, a decoction of the rhizomes of this plant is used as an appetizer 

while in powdered fonn it is used as one of ingredients in Jamu (Burkill, 1966). In Indonesia, 

it is considered as stimulant for the mucous membrane of the stomachache and externally to 

relieve pain. Its essential oil is applied in India as perfume in soaps and toiletries after 

blending with other ingredients (Wolff et al. , 1999). Previous studies showed that zerumbone 

possessed some anti inflammatory activity. According to Murakami et al. (2003), zerumbone 

which is a sesquiterpenoid from the rhizome of Zingiber zerumbet gave synergic effect with 

nimesulide in suppressing sodium sulfate-induced colitis in mice. 

~-phellandrene, a-pmene and ~-pinene were reported as the major chemical 

constituents in the rhizome of Zingiber spectabile from Brazil and Tahiti (Vahirua-Letchat et 

aI., 1996' Zoghbi et al., 2003). This part of plant is commonly used for flavouring in Malaysia 

and the indigenous people also used it to treat headache and backaches. The large 

inflorescence is sometimes cut for ornamental purposes (Wolff et al., 1999). Its leaves is 

r' pounded into poultices, an infusion is used to wash infection eyelids (Sirirugsa, 1997). 

Zingiber cassumunar is an important medicinal plant especially in Asian countries like 

Thailand and Indonesia. Phannacological studies showed that the extract from the rhizome 

exhibits significant insecticidal activity toward neonate larvae of the pest insect, Spodoptera 

lilloralis. Two phenylbutanoids derivatives isolated from the rhizome namely (E)-4-(3,4

dimethoxyphenyl) but-l,3-diene and (E)-5-(l,2,4-trimethoxyphenyl) but-l,3-diene were 

hown to be responsible for the insecticidal activity (Nugroho et al., 1996). Zingiber 

cas. unar is commonly used in folklore remedies as single plant or as a component of 
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herbal recipes. Study revealed that the hexane extract from Zingiber cassumunar possessed 

anti-inflammatory activity. (E)-1-(3,4-dimethoxyphenyl) butadiene isolated from the hexane 

extmct of this plant have shown to inhibit the rat ear edema by exerting its inflammatory 

effect (Jeenapongsa et al., 2003). 

Zingiber ojjicinale or known commonly as true ginger has a lot of uses and application 

especially in culinary and traditional medicine. The constituents responsible for the pungent 

taste are non-volatile phenols called gingerols which are responsible to the most 

pharmacologically and physiological activity. (6)-gingerol from the rhizome has shown to 

possess anti-bacterial, anti-inflammatory and anti-tumour activity. A recent study revealed 

that this component can inhibit angiogenesis and may be useful in the treatment of tumours 

and other angiogenesis-dependent diseases (Kim et al., 2005). In addition, (6)-gingerol 

attenuated TP A-stimulated production of superoxide generation in differentiated human 

promyeloctyc leukimia (HL-60) cells (Surh et al., 1999). The methanol extract from Zingiber 

officinale showed inhibition on platelet-activating factor via in vivo model (Jantan et al., 

2005). A recent study also revealed that the rhizome of Zingiber ojjicinale possessed anti

bacterial activity against the gram positive bacteria Staphylococcus aureus and Bacillus 

subtilis and gram negative bacterium Escherichia coli (Chandarana el al., 2005). 

2.4 Alpinia species 

Alpinia is the largest, most widespread, and most taxonomically complex genus in the 

Zingibemceae. It belongs to the tribe Alpinieae with more than 250 species is spread 

thro out tropical and subtropical Asia. Species of Alpinia often predominate in the 

understu. of forests, while others are important ornamentals and medicinal plants. It is 
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medium-sized to large forest plants, with some species reaching over 3 m in height. It is the 

only genus in the tribe of Alpinieae that has a terminal inflorescence on the leafy shoot. The 

flowers are yellowish-green to creamy coloured or red, usually attractive. The staminodes are 

reduced to large teeth with several mm long at the base of the lip. The lip is more-or-Iess 

saccate and not divided, if pale coloured often with yellow blotches or red lines (Larsen ef al., 

Alpinia speoies has a variety of application particularly in foods and traditional 

, .mc:dic~ine:s. Alpinia conchigera and Alpinia galanga are eaten mainly by the local people as 

or condiment. The use of Alpinia conchigera as spice is limited to certain areas in the 

insular Malaysia where it is frequently cultivated in villages from where it often spread to 

disturbed habitats, at the fringes of secondary forests or waste land. One of the most widely 

used species is Alpinia galanga or also known as lengkuas in Malaysia. It is widely cultivated 

outheast Asia and as a minor spice in some Western countries (Larsen et al., 1999). Its 

lIIizollnes are locally used for treating skin disease, respiratory disease, intestinal problems and 

seeds are used for treating diarrhoea, vomiting and herpes (Val ken burg and 

'!BunlYBP]'aphiatsaJ:a, 2001). 

Both stilbenes and monoterpenes are very common compounds and well documented 

Extraction of the leaves and stems parts of Alpinia katsumadai 

the existence of variety compounds such as stilbenes, monoterpenes, 

cuaryuleptanolOIS, labdanes and chalcones (Ngo and Brown, 1998). The essential oil from 

. iNa luztsumadai contain p-menthen-I-ol, terpinene, 4-carene, and 1 ,8-cineole as the major 

__&eDits in the leaf oils as well as in the flower oils (Nan et al., 2004). People in China 
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always use this plant in traditional medicine as an anti-emetic and treating stomach disease 

(Tang and Eisenbrand, 1992). 

Alpinia has been subjected to many studies in order to identify their capabilities as 

naturally chemopreventive substances. Usually, phenolic substances in these herbal plants 

possess some anti-cancemogenic and anti-mutagenic activities. Surh (1999) reported that 

yakuchinone A and yakuchinone B present in rhizome of Alpinia oxyphylla have inhibitory 

effects on phorbol ester induced inflammation and skin carcinogenesis in mice and oxidatine 

stress in vitro. In addition, both compounds induced apoptosis in HL-60 cells. Methanolic 

extract of the fruit of Alpinia oxyphylla showed the presence of a pungent diarylheptanoid 1

(4'-hydroxy-3 'methoxyphenyl)-7-phenyl-3-heptanone. This compound was found to be more 

pungent than zingerone (Itokawa et al., 1981). Previous study revealed that polysaccharide 

extract from rhizome of Alpinia galanga showed a marked immunostimulating activity in 

mice. It could enhance the growth of murine cells in vitro (Bendjeddou et al., 2003). The 

rhizome and the methanol and aqueous extract were shown to possess hypoglycaemic activity 

by producing reduction in blood glucose level in rabbits (Akhtar et ai., 2002). 

Alpinia calcarata is a medicinal plant and possess anti-inflammatory activity (Sharma 

and Singh, 1980). The rhizome oil from Aipinia caicarala is used against fungal infection of 

the skin (Pushpangadan and Atal, 1984). The rhizome extract of Alpinia caicarala has been 

reported to contain camphene, ~-pinene, 1,8-cineole and camphor as the major constituents 

(Tiwari et al., 1999). The physicochemical characteristics of the oil have also been studied 

(Ratb el al., 1994). The essential oils isolated from different parts of Aipinia caicarala from 

Hydera were analyzed and the flower oil was found to contain ~-pinene 1,8-cineole and 
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(E)-methyl cinnamate as the major constituents. The important components of the leaf sheath 

oil was 1 ,8-cineole and hurnulene epoxide I, the stem oil contains p-pinene and 1,8-cineole as 

the major compounds while the root oil showed the presence of camphene, 1,8-cineole and 'a

fenchyl acetate as the main constituents ( Kaul et al. , 2005). Variations in compositions ofoils 

isolated from different plant parts of Alpinia breviligulata and Alpinia chinensis have been 

reported from Vietnam (Dung et al., 1995a, 1995b). a-fenchyl acetate was found to be one of 

the major constituents in the root oil of these two species (Dung et al., 1995a, 1995b) and 

rhizome oil ofAlpinia calcarata (Tiwari et al., 1999). 

l.S Gas Chromatography 

Gas chromatography is a chromatographic technique that can be used to separate 

organic compounds that are volatile. The organic compounds are separated due to differences 

in their partitioning behavior between the mobile phase and the stationary phase in the 

column. Since almost entirely parts of essential oil are composed of volatile organic 

compound, gas chromatography is the best instrument to be used to identify the chemical 

composition of the essential oil (Bicchi, 2000). The identification of the component of the 

essential oil is aid using flame ionization detector (FID in order to get the qualitative and 

quantitative results . 
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CHAPTER 3 


MATERIALS AND METHODS 

3.1. Plant Materials 

Zingiber spp. and Alpinia spp. used in this study were collected from different areas in 

Kuching, Kota Samarahan, Sematan and Sabah as shown in Table 3.1. Fresh samples were 

used for extraction. Leaves, stems and rhizomes were extracted separately. All the samples 

were ground prior to extraction. 

Table 3.1: Samples used and the place of collection 

Species Location collected 

Zingiber officinale 

Zingiber sp. 1 

Zingiber sp. 2 

Alpinia glabra 

Alpinia galanga 

Alpinia ligulata 

Alpinia aqualica var.1 

Alpinia aquatica var. 2 

Kuching 

Sematan 

Sematan 

Lawas 

U nimas forest 

Kampung Gita Laut, Kuching 

Kudat, Sabah 

U nimas Forest 
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......... 

·2. Extraction of Essential oils 

Extraction of essential oils from Zingiber spp and Alpinia spp were performed by 

hydrodistillation methods using a Clevenger-type apparatus. The extraction method was 

established by Lee and Ogg as described by Datta (1987). Approximately 100 g of ground 

sample was weighed and transferred into 2 L flat bottom flask and mixed with 1.5 L of 

distilled water. The flask was assembled to the Clevenger trap and connected to the 

condenser. The hydrodistillation process was carried out for 8 hours continuously with the 

distillation rate at 1-2 drops per second. After 8 hours, the trapped oil was cooled to room 

temperature. The isolated oil was separated and dried over anhydrous sodium SUlphate and 

stored at 4-5°C before being analyzed using gas chromatography-flame ionization detector 

(GC-FID).Three replicates of each sample were repeated using similar procedure and average 

percentage of the oils was calculated . 

.3. Analysis of Essential Oil 

&. Gas Chromatography-Flame Ionization Detector (GC-FID) 

Identification of volatile components was performed using Shimadzu GC 17A gas 

.~c:br<)m~ltol~ralDhy equipped with a FID detector. The GC was fitted with a fused silica capillary 

I"".,...."'.. (25 m x 0.3 mm internal diameter; 0.25 )..lm film thickness) with helium as a carrier 

at a flow rate of 2 mLimin. Approximately, 1 )..lL of the essential oil was diluted into 

hexane before injected using an indivisible mode. Initial temperature was programmed 

50°C and held for 2 minutes. The temperature was then be increased to 300°C at 

. and held for 10 minutes at the final temperature. The temperature for the injector 

or were adjusted at 280°C and 320°C respectively. 
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.4 Brine Shrimp Toxicity Test 

Biological activity against the larvae of brine shrimps, Artemia salina was performed 

using method suggested by McLaughlin (1991). Brine shrimps eggs were hatched using 

water. Brine shrimp eggs were added into 9 L of seawater in an aquarium and hatched with 

;:C01!ltiIllUOllS air at temperature of 25°C, pH 7.5 and salinity of 22.0 ppt. The test samples were 

by dissolving exactly 20 mg of each extract in 2 mL of methanol. From these 

solutions, 500 ilL, 50 ilL, 5 ilL samples were transferred to vials in triplicate and the solvent 

the extract under vacuum using Buchi rotovapour (model R-2000) . 

•"liv'DMlu, 5 mL of seawater was added resulting in final concentration of 1000, 100 and 10 

respectively. Exactly 2 mL of the prepared samples were transferred to multidish and 

brine shrimp larvae were added. After 24 hours, the number of survivors was counted and 

LCso for each concentration was calculated by taking average of 3 experiments. Seawater 

ten Artemia salina larvae (without samples) were used as a control. 

Qualitative and Quantitative Analysis 

Percentages of Essential Oils 

The yield obtained from the species studied was averaged over three experiments and 

1iaI'''W''Il~U based on the dry weight of plant materials. 

% Essential oils (v/w) = Volume of the oils x 100% 

Weight of the samples 
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