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ABSTRACT 

Essential oil from the bark, leaf and root of three Cinnamomum species (c. zeylanicum, C. rhyncophyllum and C. 

iners) were extmcted using hydro distillation method and subsequently analysed using gas chromatography-flame 

ionization detector (GCIFID) and gas chromatography-mass spectrometry (GCIMS). Kovat indices for individual 

component in the essential oil were determined and these indices were used for identification to complement mass 

spectral data obtained from GCIMS analysis. The percentage yield of the essential oil ranged between 0.1-3.6 % and 

bark of C. rhyncophyllum gave the highest yield percentage of essential oil. Major component in the bark and the 

root of C. zeylanicum were methyl eugenol and methyl cinnamate, while the leaf contains linalool as its major 

component. The major components in the bark oil of C. rhyncophyllum were methyl eugenol and methyl cinnamate, 

while the major component of the leaf oil was linalool. The root of C. iners contains camphor and 1,8-cineole as its 

major components. Toxicity test conducted on all essential oils revealed that the root oil of C. zeylanicum posses the 

highest toxicity against brine shrimp, with LCso value of 27.5 llg/mL. 

Keywords: Essential oils, gas chromatogmphy-mass spectrometry, Cinnamomum spp., Kovat Index, Toxicity 

ABSTRAK 

Minyak pati dari bahagian kulit kayu, daun dan akar tiga spesies Cinnamomum (c. zeylanicum, C. rhyncophyllum 

dan C. iners) telah diekstmk dengan menggunakan kaedah penyulingan hidro dan telah dianalisis menggunakan 

kromatografi gas-pengesan ion nyalaan dan kromatogmfi gas- spektroskopi jisim. Indeks Kovat bagi setiap 

komponen minyak pati telah ditentukan dan indeks ini digunakan bagi tujuan pencirian. Pemtus hasil minyak adalah 

dalam julat 0.1-3.6 % dan minyak pati dari kulit kayu C. rhyncophyllum memberikan peratus hasil yang tertinggi. 

Komponen utama minyak pati yang dikenalpasti dalam kulit kayu dan akar C. zeylanicum ialah metil eugenol dan 

metil sinamat, manakala daun dari spesies ini mengandungi linalol sebagai komponen utamanya. Komponen utama 

kulit kayu dari C. rhyncophyllum ialah metil eugenol dan metil sinamat, manakala daun dari spesies ini mengandungi 

linalol sebagai komponen utamanya. Komponen utama dari minyak pati akar. C. iners adalah kamfor dan 1,8-sineol. 

Ujian ketoksikan yang dijalankan ke atas semua ekstmk minyak pati menunjukkan minyak akar dari C. zeylanicum 

memberikan ketoksikan yang paling tinggi terhadap anak udang, dengan nilai LCso, 27.5 llg/mL. 

Kata kunci: Minyak pati, kromatografi gas- spektroskopijisim, Cinamomum spp., indeks Kovat, ketoksikan 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The Cinnamomum species belongs to the Lauraceae family. It is the source for cinnamon bark 

that has been an item of spice trade since ancient times (Jantan and Goh.1992). It is known for its 

volatile compound or better known as essential oil. Essential oils from this species have been 

widely used as flavoring, fragrances and also known for their medicinal values. The four 

principal Cinnamomum species that have been employed as spices in the trade are Cinnamomum 

zeylanicum, C. laureirii, C. burmannii and C. cassia while Cinnamomum camphora has been 

extensively employed in the external treatment of muscular strains, inflammation and rheumatism 

(MukheIjee et al., 1994). 

Essential oil is known as aromatic substances produced by specific plants (Nakatsu et al., 2000). 

The special aroma produced by essential oil is the reason for their widespread use as fragrance 

raw material and flavoring agents. The essential oils from plant can be extracted by using 
, 

distillation apparatus such as steam distiller or hydro distiller (Ahmad and Raji, 1993), and the 

specific compound contained in the essential oil can be determined using gas chromatography 

with mass spectrophotometer (MS) and flame ionization detector (FID) as the detector. 

The major group of compound that makes up the composition of the essential oils is normally 

terpene (Yacoob, 1988) with monoterpene and sesquiterpene being the major groups (Ahmad and 
1 
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Raji, 1993). A number of essential oil compound have been identified in the Cinnamomum spp., 

for example cinnamaldehyde and coumarin are the main constituents of Cinnamomum cassia 

(Chang et al., 2001) meanwhile for Cinnamomum zeylanicum, cinnamaldehyde and uegenol have 

been identified. In most species, linalool, camphor, cinnamaldehyde, eugenol, safrole, 

transmethyle isoeugenol, 1,8-cineole and terpinen-4-01 have been found as major components of 

leaf, twig, bark, wood and root oils (Jantan and Goh, 1992). 

The presence of secondary metabolite compound such as essential oil of which some of the 

compound have limited distribution in specific families or subfamilies are essential and useful for 

taxonomical purposes (Ahmad and Raji, 1993). The species can be classified according to their 

chemical constituents along with their morphological properties. The similarities and differences 

between and within species will be studied using chemometric method. Besides the taxonomical 

purpose, this study is very essential in search of bioactive compound that can be useful in the 

study ofpharmacologically active compound (Ahmad and Raji, 1993). 

2 




1.2 Objectives 

The objectives of this study were mainly to extract and to characterise the constituents of the 

essential oil in Cinnamomum spp. that are found in Sarawak. The study was also intended to 

determine the major compounds in the Cinnamomum spp. and to conduct chemometric analysis 

on the essential oils constituents in order to find out the differences and . similarities among 

Cinnamomum spp. based on their chemical properties. The other purpose of the study was to 

determine the toxicity of the essential oil extracted from various plant parts of different species by 

conducting toxicity test to brine shrimp. 

3 




CHAPTER 2 


LITERATURE REVIEW 


2.1 Extraction and Separation of Essential Oil 

The chemical constituents and composition of essential oils are significantly affected by methods 

of extraction. There are several methods that have been developed and methods that have been 

used according to recent reports namely cold press extraction, extraction of one oil with another, 

steam distillation, solvent extraction, simultaneous distillation-solvent extraction and supercritical 

fluid extraction (Nakatsu et al., 2000). Cold press extraction method is the simplest, least harmful 

and the best method to maintain the integrity of the essential oil. Recently, it has been used to 

great advantage to isolate oxygen-containing compound. However, even when this method is 

used, certain chemical species are difficult to isolate. Extraction of one oil with another is a 

simple, economical and harmless process for increasing the yield of essential oils from plant 

material. Cashew shell oil extraction is done by this method in which the cashew shells are heated 

with cashew shell oil and after a certain period of time, some of the oil is removed and the 

process is repeated with fresh cashew shells. Steam distillation method is the most commonly 

used method for industrial scale extraction as well as laboratory use. It has a simple apparatus 

design that makes this technique readily available to the global community. Although this is a 

very efficient method, the applied heat, water aciditylbasicity, or trace metal in the sample or 

apparatus can cause saponification, isomerizations, or other undesired reactions that can affect the 

odor dlor flavor balance of the original essential oil. 
4 
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Solvent extraction method is the most often used method in the laboratory. It requires little or no 

apparatus, making it an ideal technique for both field research and sample preparation for 

analysis. The main drawback is the contamination of the sample with the solvent (or impurities in 

the solvent) that must be completely removed either to characterize the olfactory qualities of the 

oil or to study it biological activity. Simultaneous distillation- solvent extraction is a combination 

of steam distillation and solvent extraction. It appears that this technique more effectively 

eliminates some of the more commonly observed artifacts. Supercritical fluid extraction method 

was developed in 1980's and is becoming more popular today for solventless extraction. The 

process leaves no residue and, thus, does not affect the aroma or taste of the essential oil. In the 

study of essential oils, separation and isolation of the individual chemical constituents are very 

vital in order to understand the origin of the biological activity of these oils. The separation 

methods widely used are fractional distillation, gas chromatography (OC) and liquid 

chromatography (LC) (Nakatsu et at., 2000). Identification of essential oils is mostly done by 

using GC-mass spectroscopy (OC/MS) which is very effective. Among other compounds that 

have been isolated from essential oils of Cinnamomum spp.are cinnamaldehyde, coumarin, 

benzaldehyde, linalool, a-terpineol, geraniol, eugenol, and cinnamyl alcohol (Chang et at., 2001). 

2.2 BiologicaJ Activity 

Bioassay is a method developed to monitor the presence of biological active compound in plants. 

A method is design to asses the biological activity of the plants extract. In the toxicity screening 

with the brine shrimp (Artemia Salina), the biological activity is monitored as toxicity. In this 

there is only one criterion for the effect; either dead or alive. 

5 
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~ study done by Chang et al. (200 I) has shown that the essential oil from leaves of Cinnamomum 

!tJsmophelum clones B had an excellent antibacterial activity against Eschericia coli, 

Pseudomonas aeruginosa, Enterococcus jaecalis, Staphylococcus aureus, Staphylococcus 

epidermis, methicillen-resistant Staphylococcus aureus (MASA), Klebsiella pneumoniae, 

Salmonella spp., and vibrio parahemolyticus. It had been observed that cinnamaldehyde 

possessed the strongest antibacterial activity. A study carried out by Mau et al. (2000) had shown 

that extract from Cinnamomum cassia or cinnamon oil have better antimicrobial effect when 

mixed with extracts from Chinese chive and corni fructus. 

2.3 Chemometric Method 

Chemometric methods have been used to investigate the essential oils (Hibbert, 1997). 

Chemometric is the chemical discipline that uses mathematical and statistical methods, to design 

or select optimal measurement procedures and experiments and to provide maximum chemical 

information by analyzing chemical data (Otto, 1999). Analysis of variance or also known as 

ANOVA and t-test is used to determine whether there are any significant different in the essential 

oil composition within the same species or between different species. 

2.4 Distribution and Application of Cinnamomum spp. 

Cinnamomum iners Reinw. Ex Blume is a moderately sized tree and can be found in Western 

lDdia, Myanmar and Java. In Malaysia, it grows throughout the low country. The roots have been 

iused a mixture in a combination with other ingredients. The roots and leaves are laxative and 
6 



have been used to treat poisoning, wounds and fever. It is also used during confinement to protect 

fiom "meroyan". It can be made into tonic and is applied to poultice to relieve rheumatism. The 

bark is used to treat abdominal colic and acts as laxative (IMR, 2000). 

Cinnamomum zeylanicum Blume is commonly grown in Sri Lanka, Malaysia, India and 

Myanmar. The bark can be made into tonic for the kidney and as a tea for eliminating common 

cold. It helps in stimulating blood circulation and treats several conditions including dyspepsia, 
/ 

flatulence, diarrhea, dysentery, vomiting and bronchitis. In the west, it is used to treat digestive 

problems including dyspepsia, general sluggishness, abdominal colic and diarrhea. In 

pharmaceutical, it is used for dental preparation and as oral hygiene products. The oil acts as a 

rubefacient to treat acute and chronic rheumatism. It also relieves colic. It has been claimed that 

this plant is canninative, a stimulant, a laxative and an expectorant. It is also used to treat 

stomach cramps, toothache, cancer, tuberculosis, leucorrhoea, hypertension, arthritis, and as 

external remedy for skin disorders and ulcer. It regarded as 'warm' and hence helpful for 

relieving all sorts of 'cold' conditions including chills, rheumatic pains, cold and influenza. It can 

also acts as an antifungal and is thus sometimes included in remedies for candidiasis (IMR, 

2000). 

7 
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CHAPTER 3 


MATERIALS AND METHODS 


Sampling Location 

;t,ll'llUJmomum zey/anicum and Cinnamomum rhyncophyllum were collected in Sematan, Sarawak 

August, 2004 while Cinnamomum iners was collected in Jalan Bako, Kuching, Sarawak in 

Extraction of Essential Oil 

The leaf, bark and root of the plant were cleaned and ground into smaller sizes prior to the 

. i=r.tractiion. A method established by Lee and Ogg as described in Datta (1987) was employed in 

study. Essential oil was extracted using hydro distillation method in a Clavenger type 

.Dm'lll"Sllnl!;: About 100-160 g of fresh-ground sample was subjected to extraction by mixing them 

1.5 liter of distilled water in the 2 liter flat bottom flask. The flask was assembled to the 

ClaiVeIll2er trap and connected to the condenser. The distillation was carried out for 6 hours. For 

and bark sample, apart from collecting the oil layer which floated on top of water in the 

'COlllecllDf" the oil was also obtained by extracting the aqueous layer with dichloromethane. The 

amount of dichloromethane was added to the aqueous layer. The dicholoromethane was 

'teIl18l"8i1ed from the aqueous layer and left in an open Erlenmayer flask in the fume cupboard to 

1_Iftft'I...t .. the dichloromethane, leaving the dissolved oil in the flask. It is further dried using 

mm>aen gas. 
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Instrumental Analysis of Essential Oil 


Gas Chromatography-Flame Ionization Detector (GCIFID) 


was performed by Hawlet Packard GC system 6890 series, using a fused silica DB-5 

~hllDlD (25 m long x 0.22 mm 10 x 0.25 Ilm film thickness). Nitrogen was used as carrier gas 

the velocity of2 mLimin. The initial temperature was programmed at 50°C and hold for two 

IIliDllIted, and then increased to 300°C with the rate of 10 °C/min. The final temperature was hold 

10 minutes. The injector and detector temperature were set at 280°C and 300 °c respectively. 

flL essential oil was diluted in 200 ilL and 1 ilL of this diluted sample was injected into the GC. 

Gas Chromatography-Mass Spectroscopy (GC/MS) 

U,",'-lU,U was performed by using Hawlet Packard GC system 6890 series using non-polar HP-5 

crosslInked (30 m long x 0.25 mm 10 x 0.25 Ilm film thickness composed of 5 % phenyl methyl 

J'ou,U,,"':.I1 ... ). The initial temperature was programmed at 50°C, hold for two minutes and then 

1lCrI1*H:a to 300 °c with the rate of 10 °C/min. The final temperature was hold for 10 minutes. 

temperature of the injector and detector are set to be 280°C and 300 °c respectively. Helium 

used as carrier gas. 1 ilL essential oil was diluted in 200 ilL and 1 ilL of this diluted sample 

injected into the GC. 

Statistical Analysis 

11B111St1,ca1 analysis on essential oils data was carried out using SPSS ver.ll.O statistical package 

IDftware. This analysis was conducted to decide either the essential oils components are related to 

other within the same species or between the different species. 

9 
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hypothesis was established which are: 


There is no significant different in the essential oil composition. 


There is a significant different in essential oil composition. 


the calculated p value is larger than 0.05, the Ho is accepted. Meanwhile, if the calculated p 

is smaller than 0.05 the Ho, is rejected, and Ha is accepted. The essential oil compositions 

compared within species and between species. In the within species comparison, essential 

composition from different part of the same species were compared that was leaf oil, bark oil 

root oil from the same species are compared. In the between-species comparison, essential oil 

the same part of the different species was compared, for example leaf oil of from one 

was compared to leaf oil from another species. 

Toxlclty to Brine Shrimp 

eggs (Artemia salina) were hatched in artificial seawater prepared by dissolving 38 g of 

salt in 1 liter of distilled water. After 48 hour incubation at room temperature (22-29 DC), the 

was collected with pipette and nauplii were separated from eggs by aliquoting them three 

in small beakers containing seawater. Exactly 20 ilL of essential oil was diluted in 2 mL of 

BllIIDCU. From this solution, 500, 250, 50 and 51lL samples were transferred to vials in 

_lC8te. The vials were placed in fumed cupboard to remove the solvent overnight. Then, 5 mL 

f'.llWI!ller was added to each vial resulting in the final concentration of 1000, 500, 100, 10 

10 




Qulltative and Quantitative Analysis 

Eaential Oil Yield 

percentage (v/w) of the essential oil yield was calculated based on dry weight of the sample 

average ofoil yield from three replicates of extraction. 

X 100 

Sample dry weight 

Qualitative Analysis 

retention time of various components obtained from the gas chromatography data was used 

calculate the Kovat Index which was subsequently used to identify the chemical components of 

essential oil. The following calculation was used to calculate the Kovat Index: 

+ lOOn= 100 [IOgRTX -logRTn l 
10gRTn+I-IogRTn 

BDdRTn =retention time of aliphatic alkanes with n + 1 and n carbon respectively 


retention time for component x 


Semi-quantitative Analysis 

I(arJnatization method was used calculate percentages of individual chemical components in the 

..dial oil based on the gas chromatography data (Miller, 1988): 

AT. X 100 

= Peak area of chromatogram for component X 


Total ofpeak area ofchromatogram for essential oils 
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Essential Oil Yield 

Species 

CHAPTER 4 

RESULT AND DISCUSSION 

_ntBIle ofoil yield of different plant part of the three species is presented in Table 1. Bark of 

tftyncophyllum gave the highest yield of oil, 3.6 % (v/w). The oil from this bark could be seen 

colour upon extraction. However, due to oxidation, the color changes to blue. Root of C. 

and bark of C. zeylanicum gave the lowest yield of oil, 0.1 % (v/w). 

1: Essential oil yield from different part of three Cinnamomum species of Sarawak: 

Essential oil percentage (v/w)/ oil color 

.Leaf Bark Root 

1.7 (colorless) 0.1 (yellow) 0.5 (yellow) 

1.3 (pale yellow) 3.6 (green) N.A 

N.A N.A 0.1 (yellow) 

12 



Qualitative Analysis 

Koval indices of each component were calculated based on n-alkane retention time obtained 

standard (Table 2 and Table 3). Kovat indices for the GC/FID and GCIMS were calculated 

the identities of the components were confirmed from the mass spectrum and also from 

The compound was confirmed by comparing the mass spectrometer data with the mass 

library data in Wiley Incorporated mass spectral database. If the data matches more than 

_:teIll~ the components identity was accepted. 

2: Retention time for n-alkane standard analysed by GC/FID using DB-5 column 

5.017 
6.224 
7.432 
8.576 
9.719 
11.057 
12.394 
13.596 
14.797 
15.883 
16.968 
17.952 
18.935 
19.841 

CiIeIllttcm time was estimated using equation RT = 1.2075 n 4.643 

*Estimated 
Average 

*Estimated 
Average 
Standard 
Average 
Standard 
Average 
Standard 
Average 
Standard 
Average 
Standard 
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3: Retention time for n-alkane standard analysed by GC/MS using DB-5 column 

5.734 
6.915 
8.096 
9.277 
10.195 
11.582 
12.971 
14.111 
15.431 
16.541 
17.650 
18.658 
19.665 
20.579 

* Estimated 
Average 

*Estimated 
Average 
Standard 
Average 
Standard 
Average 
Standard 
Average 
Standard 
Average 
Standard 

ercD,bon time was estimated using equation RT = 1.1809 n- 3.7128 obtained from plotted 

14 
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alllllieal Components of Essential Oil. 

the chemical constituents of essential oil were perfonned by usmg gas 


_1l'8I~by equipped with two different detectors (FID and MS) and separated on similar 


OClhlllm. Identification of the individual components was carried out using two approaches. 


approach was by comparing the mass spectral data acquired on GelMS with the mass 

in Wiley Incoporated mass spectral data based. The identification was also done based on 

indices as described in section 3.7.2 and Kovat's indices calculated were then compared 

ovat's indices published in literature (Acree and Am, 2004). 

oil from both species studied exhibit monoterpene as their major constituents. The leaf oil 

_ined the highest concentration of monoterpene compared to other part of the plant being 

(root and bark) with leaf oil of C. zeylanicum and leaf oil of C. rhyncophyllum having the 

concentration of linalool. The analyses of the bark oil show that non-terpene constitute 

Jllljor component of bark oil from C. zeylanicum and C. rhyncophyllum. Root oil of C. iners 

essential oil composition with the most diverse terpene components compared to different 

studied. The chemical components of essential oil are discussed based on species and 

15 



hydrate 
oxide 

D 

4: Chemical composition of essential oil from Cinnamomum zeylanicum 

Kovat's index value % Area 
Id.

Lit. GC/FID GC/MS Leaf Bark Root 

1056 1058 0.3 y 
1596 1595 0.2 Y 
1110 1112 0.4 Y 
1070 1070 1.3 y 

1072- 10371100 77.7 3.00 x,y1090 1042 
1548 1565 3.4 x 

1030 983 961 6.94 x 
1195 1196 1196 3.8 

1018 1018 0.3 y 
1454 1454 0.2 y 
1565 1565 0.2 0.5 y 
1453 1454 0.5 y 
1454 1451 0.4 y 
1553 1553 0.2 y 
1514 1563 1565 2.3 x 
1589 1584 0.4 0.6 y 
1654 1653 0.7 0.3 y 
1666 1666 0.3 0.6 y 
1455 1454 0.2 y 
1487 1488 0.4 

857 854 0.2 y 
1472 1473 0.25 y 
1503 1504 0.3 0.8 y 
1515 1511 0.3 0.2 y 
1613 1613 0.4 y 
1283 1283 0.6 

962 962 0.3 y 
1692 1692 0.3 0.2 y 
1383 1383 0.4 y 
1870 1874 0.8 
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