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ABSTRACT 
Leaves and peels samples of eight Citrus species (c. reticulata, C. paradisi, C. sinesis, C. 
limet/a, C. aurantium, C. grandis 1, C. grandis 2 and C. grandis 3) were hydrodistilled using 
the modified Clevenger-type apparatus. The yields of essential oils in leaves and peels of 
Citnts spp. ranged from 0.30% to 2.49% and 7.80% to 34.60% respectively. The oils 
obtained from leaves and peels were analyzed by Gas Chromatography-Flame Ionization 
Detector (GC/FID) and a total of 60 and 13 chemical components respectively were 
identified. The major compounds found in the leaves oils were p-cymene, a-pinene, sabinene, 
2,3-dehydro-I,8-cineole, linalool and dihydrolinalool. Whereas, major compounds found in 
the peels oils of Citnts spp. were o-terpinene, 2,3-dehydro-l,8-cineole, {3-carene and 
limonene. The relationships among the species were analyzed using cluster analysis by 
(GCIFID) data. The dendograms indicated similarities in several of the CitntS'S oils. The 
most potent inhibitory activities against the larvae of Artemia salina given by the oil derived 
from leaves and peels of C. grandis 1 with LCso value of 63.10 ~g/mL. The peel oils of C. 
grandis 1 and leaves oils from all Citnls spp. studied (except for C. grandis 1 and C. grandis 
3), showed 100% mortality within 1 day at 10% concentration against termites, Coptotermes 
sp. 

Key words: Essential oils, CitntS spp., Kovat Index, biological activity. 

ABSTRAK 
Sampel daun dan kulit daripada lapan spesies Cil.r.Y..s.. (c. reticulata, C.paradi"i. C. sinesis, C. 
limet/a, C. aurantium. C. ~randis I, C. ~randis 2 dan C. grandis 3) telah dilakukan 
penyulingan hidro menggunakan alat radas Clevenger yang lelah diubahsuai. Peratlls 
minyak pati yang diperolehi daripada daun dan klilit buah Citnls spp. berada dalamjulat 
0.30% - 2.49% dan 7.80% - 34.60% masing-masingnya. Minyak yang diperolehi daripada 
daun dan klilit yang telah dianalisis menggunakan Kromatografi Gas-Pengesan Nyalaan Ion 
(KGIPNI) dan sebanyak 60 dan 13 komponen masing-masingnya telah dikenalpasti. 
Komponen lItama yang telah dikenalpasti di dalam minyak dalln ialah p-cymene, a-pinene, 
sabinene, 2,3-dehydro-I,8-cineole, linalool dan dihydrolinalool. Komponen lItama yang telah 
dikenalpasti di dalam la/lit buah Citnts spp. ialah o-terpinene, 2,3-dehydro-I,8-cineole, {3
carene dan limonene. HlIblingan di antara spesies telah diana lis is menggunakan AnaUsis 
Hierarki Gligusan ke atas data Kromatografi Gas-Pengesan Nyalaan Ion. Kedlla-dlla 
dendogram menunjllkkan banyak kesamaan bagi beberapa jenis minyak dari CitntS spp .. 
Ujian ketoksikan terhadap Artemia salina menllnjukkan minyak daripada daun dan kulit 
buah C. wandis 1 memmjukkan ketoksikan tertinggi dengan nilai LC50 pada 63.10 J-lglmL. 
Minyak dari klilit buah C. grandis 1 dan minyak dari kesemua dalln kesemua spesies yang 
dikaji memmjukkan 100% kematian keatas anai-anai, Coptotermes sp. dalam masa 1 hari 
pada kepekatan 10% kecuali C. grandis 1 dan C. grandis 3. 

Kata kunci: Minyak pati, Citrus spp., Indek Koval, aktiviti biologi. 
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CHAPTER ONE 

INTRODUCTION 

1.1 General Introduction 

Essential oils is liquid that is generally distilled from the leaves, stems, flowers, barks, roots or 

other elements of a plant. It is highly concentrated and contains a true essence from the plant it 

was derived. General definition of essential oils is aromatic substances produced by specific 

plant species (Atta, 1999). The usage and processing of essential oils began in the East more 

than 2500 years ago (Ian et a!., 2000). Usually it is used as fragrant for raw materials, flavoring 

agents and medicines in early ages. Essential oils generally understood to be volatile 

compounds, which are freely soluble in alcohols, ethers, vegetable and mineral oils, and it is an 

outcome from distillation or a steam stripping process. 

Essential oils are mixture of many kinds or classes of molecules such as terpenoids, phenolics, 

aromatics, cyclic and acyclic compounds, acetonides, and sulfur and nitrogen containing 

compounds depending on the plant and extraction methods. Components of essential oils are 

generally medium to-highly volatile with medium-to-Iow polarity. GC-MS is a technique of 

choice for the analysis of volatility and polarity of the components of essential oils (Ian et aI., 

2000). 



Chemically, the essential oils are primarily composed of monoterpenes, sesquiterpenes and 

aromatic polypropanoids which synthesized via the mevalonic acid pathway for terpenes and the 

shikimic acid pathway for aromatic polypropanoids. These terpenes can exist as an open chain, 

monocyclic or bicyclic and it is usually composed one or more double bond and hydroxyl group 

(Parker, 1993). These chemical composition and aroma of essential oils offer valuable 

psychological and physical therapeutic benefit, which is achieved through methods including 

inhalation and application ofthe diluted oil to skin (Simon, 1990). 

The genus Citrus belongs to the Rutaceae or Rue family, sub-family of Aurantoideae. This 

family contains 140 genera and 1300 species distributed throughout the world. Rutaceous plants 

are often aromatic by good quality of scented oils in leaves, flowers, and fruits. Another unique 

feature of the family is a raised nectary disc sub tending the ovary in flowers (Spiegel-Roy and 

Goldschmidt, 1996). Many of the tropical Citrus fruits have green skins. Most common Citrus 

species found in Malaysia is C. sinesis (sweet orange-limau man is), C.grandis (pummelo

betawi), C. reticulata (tangerine or mandarin) and C. limon (lemo.n-limau) (Chin and Yong, 

1980). 

Citrus fruits are rich in vitamin C, flavonoids, acids and volatile oils. They contain coumarins 

such as bergapten which make the skin sensitive to sunlight. Many Citrus species and varieties 

are not cultivated for producing fresh edible fruit because it is sour and therefore used for other 

purpose. Oil is extracted from freshly open flowers (e.g. neroli oil from Bergamot) and used in 

perfumes. The peels of fruit are used for making marmalade. The major types of edible Citrus 
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that usually used in our domestic life include citron, sour orange, lime, lemon, sweet orange, 

shaddock (pummelo), grapefiuit, mandarin and kumquat. 

According to Stashenko, et at (1996), the principal components from peel of orange (c. sinesis) 

oils were monoterpenes (limonene 94.00%, a-pinene 0.54%, sabinene 0.74%, B-myrcene 

1.18%), followed by oxygenated compounds such as alcohols (linalool 0.89% and a-terpineol 

0.06%) and aldehydes (citral-Z 0.09%, citral-E 0.14%, citronellal 0.07%). 

The concentration of volatile secondary metabolites was greatest when the Citrus fruits were at 

an intennediate maturation stage characterized by a greenish yellow coloration (45% - 75% 

green). While Cilnts peels oils contained from 94.0 I % to 98.66% of monoterpenes (C IOHI6), 

limonene as a major component and from 0.82% to 5.84% of oxygenated compounds, the 

extracts from Citrus leaves contained only 65.26%, 31.23% and 79.43% of monoterpenes 

(C IOHI6) in lemon, mandarin and orange, respectively (Tirado et aI., 1998). 

Chemometrics method, which used to analyze the differences in each species of Citrus spp. 

were adopted from Hibbert, (1997). By cluster analyses, compounds can be classified according 

to their proximity in the variable space. The first step of a typical aggregation method is to find 

the two compounds closest together and place them by a cluster by coordinate's midway 

between them. This step will be repeated until the entire set is clustered. In the essential oils 

literature, the most commonly used pattern recognition method is the hierarchical clustering. 

3 
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1.2 Objectives 

Objectives of this study are; 

i) To extract and characterize the profile of essential oils from Citrus spp. usmg gas 

chromatography-flame ionization detector (GO/FlO). 

ii) To detennine the biological activities of the essential oils from Citrus spp. against 

Artemia salina and termites. 

iii) To carry out chemotaxonomic analysis by using hierarchal cluster analysis (HCA) to 

find out whether the essential oils profile can be used in chemotaxonomic purpose for 

Citrus spp. 

4 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Extraction of Essential Oils 

The method of extraction of essential oils from plants considerably affects the chemical 

constituents and composition of the essential oils (Atta, 1999). There are several methods for 

extraction of essential oils. For instance, hydrodistillation, solvent extraction, cold press 

extraction, steam distillation, supercritical fluid extraction (SFE), microwave oven extraction, 

solid phase extraction (SPE) and fluorocarbon extraction. In this research, hydrodistillation is 

used to extract the sample. Hydrodistillation is the main method for flavor extraction. 

Distillation process is conceived and employed in the orient especially in Egypt, Persia and 

India (Ian et aI., 2000). This process is used to produce turpentine and camphor. Solvent 

extraction is the simplest method because it requires little or no equipment. It is a suitable 

technique for field research and sample preparation for analysis. Cold press extraction is the 

simplest, less harmful and best method to maintain the integrity of the essential oils (Atta, 

1999). There are a lot of essential oils from the leaves and fruit (from peel), which is obtained 

using cold press method. However, even this method is used, certain chemical species are 

difficult to isolate. Steam distillation is the method that is commonly used for industrial scale 

extractions and in laboratories studies. From past studies, it is known that essential oils from 

aromatic plants are mostly volatile and thus, lend themselves to several methods of extraction 

5 
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such as hydrodistillation, water and steam distillation, direct steam distillation, and solvent 

extraction (Sievers, 1928). 

2.2 Essential Oils from Citrus spp. 

Essential oils from Citnts spp. are typically extracted from plant matter through steam 

distillation. The plant material is treated with steam, which 'cooks' the plant, breaking it down 

and releasing its essential oil. The steam containing the essential essences is left to cool and the 

oil separated from the water and filtered to obtain the essential oils. Some essential oils can be 

extracted through pressing, just as grape juice can be pressed from the grape. If you twist a piece 

of lemon or orange rind, the rind will yield a bit of liquid which is oily and smells strongly of 

the fruit - this oil is the fruit's essential oil and is easily extractable through a press (Reuther et 

al., 1967). 

Common Cit11lS species that used to extract the compound of essential oils is bergamot (C 

aurantium L. subspecies ojbergamia), from its fruit peel (rind) by expression. Lemon (C limon 

L.), from outer peel by expression. Lime (C aurantillm Swingle and C latifolia Tan), from its 

outer peel by expression or distillation. Neroli (C aurantium L. subspecies of amara L.), taken 

from its fresh blossom by steam distillation. Sweet orange (C aurantium L. var. dulcis), from its 

fruit peel by expression and petitgrain (C aurantium L. subspecies ofamara) and taken from its 

leaves and twigs by steam distillation (Guenther, 1949). 
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2.3 Chemical Constituents and Biological Activities 

Secondary metabolites play an important role in plant resistance to insects. The monocyclic 

monoterpenes 1,8-cineole (eucalyptol) and R-(+)-limonene have been considered economically 

important in this context. Cineole is a component of different species of Eucalyptus spp. and 

limonene is a constituent of CitntS spp. essential oils (Matthews and Braddock, 1987). 

Limonene and petitgrain oils from peels or leaves of CitntS were discovered possess insecticidal 

property (Jean et ai., 1994). Lime (c. aurantifolia) volatile extract also showed insecticidal 

properties. 

Hesperidin, the principal flavanone in lemon and other Citrus speCIes influences vascular 

permeability, increases capillary resistance and has analgesic and antiinflammatory properties 

(Fuster, 1997). The flavone eriocitrin is abundant in lemon and lime but not in all Citrus fruits 

(Fuster, 1997). It is obtained from the Citrus peel and is used in numerous multivitaminic 

complexes, in which the antioxidant activity of the "bioflavonoids", for maintaining capillary 

integrity and peripheral circulation, is of note. Hesperidin (syn. citrin, vitamin P) is a 

bioflavonoid, found at doses up to 8% in dried peel of Citrus have a strong vasopressor agent 

that reduces blood pressure. It is an effective antioxidant since it is able to quench the oxygen 

free radicals involved in cancer (Tanaka et al., 1996; Berkarda et al., 1998). Besides used in 

aromatherapy, other properties of essential oils with profitable potentials include antimicrobial 

effects that can defense mechanism in plants against microbial pathogens (Ian et al., 2000). 
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Many diseases such as cancer, atherosclerosis and inflammation were caused by free radicals 

and lipid peroxidation inside the human bodies. This risk can be reduced by an appropriate 

dietary pattern including a great portion of fruit and vegetables (Ames et al., 1993; Weisburger, 

1999) because there is great amount of natural antioxidants in these plant foods (Cheung et ai, 

2003). Citrus also known as one ofcommonly used antioxidant. Cit11lS volatile compounds such 

as geraniol, terpinolene and y-terpinene show marked scavenging activities on I, l-dipenyl-2

dicrylhydrazyl, (DPPH), (Choi et al., 2000). 

Diosmin is an important flavonoid in Cit11lS (Fuster, 1997). This flavone has important 

pharmacological applications, being the active ingredient of certain drugs used in the treatment 

of several illnesses of the circulatory system. It improves muscular tone and vascular resistance 

to inflammatory processes; therefore, it is used against illnesses, such as chronic venous 

insufficiency and rheumatic arthritis (Park et al., 1983). It possesses antihemorroidal, 

antioxidant and anti-lipid peroxidation properties, and protects against free radicals (Berqvist et 

al., 1981; Gabor M., 1988; Loncamptetal., 1989). 
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2.4 Importance ofEssential Oils from Citrus spp. 

Citrus (rutaceous) herbs are often used in traditional medicine and Japanese cuisine and can be 

taken concomitantly with conventional medicine (Yoshida et at. , 2005). Citnts has been used 

for medicinal purposes more than other fruit crops. A list of folk medicine treatments was 

compiled for several CitnlS species. Remedies range from chew sticks for oral hygiene and 

toothache relief, to contraceptives, laxatives, purgatives, sedatives, and treatment of a wide 

variety ofcommon ailments such as diarrhea and vomiting (Karim and Hashinaga, 2002). 

In addition to various juice products from the pulp, Citnls peels are candied, fed to livestock, 

and used to scent perfumes and soap products. Curacao and Cointreau liqueurs are made from 

sour orange fruit. Bergamot, a sour orange variant used to make perfumes and massage oils. 

Nectar is converted to honey by bees, and "orange blossom honey" is another product of Citnts 

production (Galati et at., 1994). 

Citrus limonoids are rare natural compound group that has been thoroughly investigated on their 

biochemical nature, biological functions, food applications, importance in plant physiology, 

relationship in different plant species and cultivars, by-product recovery and commercial 

applications (Da Silva et at., 1994). 

The compounds naringin (a flavonoid) and neohesperidin dihydrochalcone from grapefruit and 

pummelo have been applied as an artificial sweetener (Kanes et aI., 1992). The compounds are 

1000 times sweeter than sugar, and produce a long-lasting sweetness, slow to develop, with an 

aftertaste like licorice or menthol (Galley et at., 1993). Lemon oil is cold-pressed from lemon 

and used in baked. goods, candy, furniture polish, and insecticides (Jean et aI., 1994). 
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Similar to many other developed countries, there is a treasure of a traditional medicines and 

traditions concerning nonnally occurring drugs, based on empirical knowledge on medicinal 

and toxic plants, gained by the ancestors and passed on from generation to generation by oral 

tradition. During the ethobotanical survey, it was verified that the essential oils bearing plants 

are widely used in Malaysia and are utilized in different fonns. It is used as whole herbs, 

powder, extract and vapour at a variety ofpurposes (Galati et at., 1994; Koyuncu et at., 1999). 

The aromatic of essential oils of the roots and leaves from various plants is used widely in 

perfumery, as a condiment and folk medicine. In Asia, the rhizomes (such as Kaempferia spp.) 

and leaves in common plants are used as a perfume in the cosmetics, hair washes and powder to 

protect the clothing against insects. They are chewed with the betel nuts (James, 1929). 

The attractive aromas often applied as a marketing tool to sell non-poisonous products, cosmetic 

and detergent products. The present uses of essential oils are to add flavor to foodstuff and 

beverages and to scent perfumes, lotions, soaps, detergents and household cleaners (Ian et at., 

2000). Essential oils are major part of carbonated beverages flavoring such as lemon, lime, 

orange, cassia, cinnamon and nutmeg (Ian et at., 2000). Other than that, it is applied to flavor 

many foods including sweets, candies, cookies, snacks and chewing gum (Damon et at., 1987). 

Essential oils vary widely in price, depending largely on the amount of plant material needed to 

make them. The Citrus oils are quite economical to make, since the Citnls rind contains a lot of 

oil, and thus less expensive than the oils derived from flowers, which contain very little oil. 

Jasmine, rose and neroli (orange blossom) are among the most costly of all the essential oils 

(Nag t al., 1977). 
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CHAPTER THREE 


MATERIALS AND METHODS 


3.1 Sampling 

All Citrus spp. used in this study were collected from Agricultural Research Centre (ARC) at 

Semongok, Sarawak on September 2005. 

3.2 Extraction of Essential Oils 

Hydrodistillation with Clevenger type apparatus was used to extract and isolate the essential oils 

from Citrus spp. Approximately 100g of ground Citrus spp. samples (leaves and peel) were 

weighed and transferred to 2L flat bottom flask and mixed with 1.5 L of distilled water. The 

flask were assembled to the Clevenger trap and connected to the condenser. The 

bydrodistillation processes were carried out for 6 to 8 hours. Oil that trapped in the Clevenger 

trap was left to cool to the room temperature. This oil were separated and dried with anhydrous 

sodium sulphate and stored in vials at 4-5 °C. The process of hydro distillation was replicated for 

three times and the average yields of the volatile oils were calculated. 
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3.3 QuaUtative and Quantitative Analysis of Essential Oils 

3.3.1 Gas Chromatography-Flame Ionization Detector (GDIFID) 

The sample of essential oils from Citrus spp. was analyzed using Shimadzu GC 17A 

chromatograph equipped with a FID detector and fused silica capillary column BP-5 (25m x 

0.25mm). Helium was used as carrier gas with velocity of 2 mLimin. The initial temperature 

were programmed at 50°C and held for 2 minutes. Then, the temperatures were increased to 

3000c at a rate of6.SoC/min. The final temperature was held for 7 minutes . The temperature for 

the injector and detector were set at 280°C and 300°C respectively. The components identified 

by comparing their Kovat' s retention index with literature values . 

.3.1 Percentages of Essential Oils 

The yields percentage of essential oils extracted was calculated using the equation below; 

V
% of Essential Oils = x 100 % 

W 

v = volume ofoils 

W = weight ofground sample 
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3.3.3 Qualitative Analysis 

The data from Gas chromatography-flame ionization detector (GDIFID) was analyzed to 

identify the chemical components in the essential oils using Kovat Index with the following 

equation (Robert, 1987): 

K.Ix = 100 (IOgtRx -logtRn J + lOOn 

logtRn+J -logtRn 


Where, 

tR...t-1 and tRn = retention time ofaliphatic alkenes with n+ 1 and n carbon 

respectively. 

tRx = retention time for component x. 

Semi-Quantitative Analysis 

The percentage of individual chemical components in the essential oils was calculated using a 

normalized method (Miller, 1988): 

Ax = Peak area ofchromatogram for component X 

AI = Total ofpeaks area of chromatogram ofessential oils 
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