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ABSTRACT 


Study on the composition of leaves epicuticular wax from three Goniothalamus species 

(G. andersonii, G. malayanus and G. sinclairianus) were carried out to detennine the 

present and amount of aliphatic hydrocarbon. The extraction of epicuticular wax was 

done using chlorofonn and analyzed with gas chromatographylflame ionization 

detector. The hydrocarbon distribution ranges from Cll - C34 with the maximwn 

concentration at C34. Chemical component present in the wax was detennined by 

Kovat's retention indices and using Cluster analysis to determine the correlation. It 

reveals that G. andersonii and G. malayanus do have some similarities due to the 

component present and its amount. The results might be useful in chemotaxonomic 

study for this species. 

Key words: Goniothalamus spp.; leaf epicuticular wax; aliphatic hydrocarbon; 

chemotaxonomy 
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ABSTRAK 

Kajian terhadap komposisi Idmia lilin epikutikular daun telah dilakukan terhadap tiga 

spesis Goniothalamus (G. anderson;;, G. malayanus dan G. sinclairianus) untuk 

mengkaji kehadiran dan jumlah kandungan karbon alifatik Pengekstrakan lilin 

epikutikular telah dilakukan dengan menggunakan kaedah pengekstrakan berklorofom 

dan dianalisa menggunakan kromatografi gas/pengesan pengionan nyalaan. Taburan 

hidrokarbon adalah antar julat CIl - C34 dengan kepekatan maksimum pada C34. 

Komponen kimia yang hadir dalam lilin ditentukan dengan melakukan kaedah Idraan 

indeks penahan Kovat dan perkaitan dilakukan menggunakan analisis "cluster". 

Kajian ini membuktikan bahawa terdapal persamaan di antara G. anderson;; dan G. 

malayan us dari segi kehadiran komponen-komonen kimia yang serupa dan jumlahnya. 

Hasil kajian boleh digunakan sebagai maklumal untuk kajian kemotaksonomi spesis 

ini. 

Kala kund: Goniothalamus§pp.; lilin epikutikular daun; hidrokarbon alifatik; 

kemotaksonomi. 

IX 

J 



1.0 INTRODUCTION 


Goniothalamus is one of the genus comes under family of Annonaceae. It consists of 

about 50 species distributed throughout South-East Asia (Wang et aI., 2002). Among 

the common species found in Malaysia are G. andersonii, G. malayanus and 

G. sinclairianus (Sinclair, 1955). Similar to other plant, this genus has its own 

medicinal value. For example, due to its embryotoxic character, it is used as an 

abortifacient (Fasihuddin and Hasmah, 1993). Active compound isolated from 

Goniothalamus species also shows antiproliferative and selective cytotoxic 

characteristic which is used to cure breast cancer (Lee et aI., 2003). 

Epicuticular wax is the thin film that covers the surface of leaves in higher plants 

(Lemieux, 1996; Jetter and ScWiffer, 2001). The common composition of wax are 

contains long chain hydrocarbons, fatty acids, aldehydes, ketones and esters (Prasad et 

al., 1990; Jenks et al., 1995). It performs multiple ecological and physiological 

functions to ensure the plant is less exposed to environmental stresses. For example, a 

large exposure of hydrophobic areas on the leaves causes it to be a bit dry and therefore 

dirt will not be absorbed into the plant system (Jetter and Riederer, 2000). Epicuticular 

wax also has its role in the plant-insect communication; where it can attract or repel 

insect to or from the plant (Rhee et al., 1998). Studies on plant epicuticular wax can 

be used as supplementary information to classical taxonomy (Wan, 1999). This 

approach focuses on the chemical aspect of the wax because every plant species differs 

in their wax components and composition (Rhee et al., 1998). 

1 
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Wax can be obtained from certain part of a plant, such as from the leaf or stem. The 

amoWlt of organic component in these two places may differ. This was proven by Jenks 

et al. (1995) when they conducted a study to compare the composition of epicuticular 

wax of leaves and stems of Arabidopsis. The result reveals that the wax on its leaves 

had a higher amoWlt of total epicuticular wax in the form ofalkanes and alcohols. 

The wax composition between yOWlg leaves with mature one does differ. In an 

experiment done by OQlz et al. (1991), they fOWld that the composition of wax differed 

between yOWlg and mature leaves of TWa tomentosa. The resulting showed that the 

wax content had raised two to three folds from yOWlg leaves to mature ones. During the 

leaves development, the synthesis of hydrocarbons, aldehydes, alcohols, fatty acids, ~

amyrin and ~-amyrenyl acetate had an increasing trend. However, the synthesis of 

esters and acetates decreased and almost sopped after the leaves were entering the 

mature phase. 

1.1 Research Objectives 

Objectives of this study are to determine the organic component present in the 

epicuticular wax and quantitatively analyse the n-alkane in Goniothalamus anderson ii, 

Goniothalamus malayanus and Goniothalamus sinclairianus. These findings are 

essential for chemotaxonomy of Goniothalamus spp. as supplement to the classical 

taxonomy. 
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2.0 MATERIALS AND METHODS 

2.1 Plant Collection and Preparation 

The leaves samples of G. andersonii and G. ma/ayanus were collected from nearby 

forest of Universiti Malaysia Sarawak campus at Kota Samarahan while samples of 

G. sinclairianus were collected from Sematan. Samples taken were fresh healthy leaves 

2.2 Extraction Of Epicuticular Wax 

The extraction of epicuticular wax from Goniotha/amus species was carried out using a 

method developed by Prasad and Gillz (1990). Briefly, leaves were weighted and 

immersed in chloroform (CHCh) for 5 minutes. Crude extract obtained was then 

transferred into a 50mL pear shape flask and 50llL internal standard containing 

50 llg/mL of eicocene and octadecene were added into it. The mixture was later 

evaporated under reduced pressure using rotary evaporator. The residues were diluted 

in 2mL dichloromethane (CH2Ch) and placed in the ultra-sonique bath to ensure no 

wax was sticking at the wall of the pear flask. The homogeneous mixture was then 

transferred into a vial using Pasture pipette and dried by pure nitrogen gas flow. 

2.3 Instrumental Analysis 

The analysis of extracted wax was performed on a SHIMADZU 17A Gas 

Chromatography equipped with Flame Ionization Detector. Fused silica capillary 

column of using DB5 fused silica column (25m long X O.3mm internal diameter X 

0.251lL film thickness). Analysis was carried out with temperature programmed 

3 
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injection at 50°C before being raised to 300°C at the rate of 10°C / minutes. Sample 

that was going to be injected were diluted with 100 /JL of hexane. Only l/JL of diluted 

sample was injected for GCIFID analysis. 

2.4 Calculation 

2.4.1 Leaf Surface Area 

Leaf Surface Area was determined by using Leaf Surface Area Measurement. The 

result was used to correlate with the amount ofwax extracted from the leaves. 

2.4.2 Kovat's Retention Index 

Kovats Retention Index was done according to the result of retention time obtained 

from chromatogram. It is used to determine components present in the wax. The 

formula is as below: 

+ 100x 

where; Icpd = Kovats Retention Index 

Tcpd Retention time for compound X 

Tx Retention time ofalkane eluted before the compound, 

Tx+1 = Retention time ofalkane eluted after the compound. 

x = number ofcarbon 
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2.4.3 Semi Quantitative Analysis 

After obtaining the result for chemical composition present in the wax therefore have to 

determine the percentage of these compounds. Using semi quantitative analysis, data 

obtained from the gas chromatography was used to determine the percentage of 

individual compound by using normal distribution method. 

%X = x 100 

= Component peak area 

= Total peak area 

where; 

2.4.4 Relative Respond Factor (RRF) 

The quantitative data for aliphatic hydrocarbons fraction was calculated based on 

equation used by Simoneit (1978). Calculation of RRF was done based on standard 

chromatogram and calibration mixture solubility of Flame Ionization Detector using the 

formula shown: 

Amount ofcomponent Peak area of Internal Standard 

RRF = ------------------------------ x 

Peak area ofcomponent Amount of Internal Standard 

5 
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2.4.5 Concentration of Aliphatic Hydrocarbon 

This part was done to determine the total amoWlt ofcomponent present in the wax. The 

formula is as below: 

AmOWlt of Individual Hydrocarbon 

AmOWlt of Internal Standard 

= ----------------------------------- X Peak area of component X RRF 

Peak area of Internal Standard 

Therefore, to obtain the concentration ofcomponent present, the formula used was: 

Concentration of Selected Hydrocarbon 

AmOWlt of selected component 

X Dilution factor 

Weight of dried sample (g) 

2.5 Cluster Analysis 

Cluster Analysis was done using SPSS 11.0 programme. The percentage of component 

present was used as data in order to relate or differentiate between these three species. 
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3.0 RESULT AND DISCUSSION 

3.1 Relationship Between Leaves Surface Area and Total Wax Extracted. 

The relationship between leaves surface area and total wax extracted showed that the 

bigger the surface area, the more wax can be extracted out from the leaves. This can be 

seen in Table 1 which shows the percentage of wax extracted from leaves of three 

Goniothalamus species. 

Table 1: Percentage of wax extracted from three Goniothalamus species in relation 
with its leaves surface area. 

Leaves Surface Area (cniT) % wax extracted Species 

322 47.52G. anderson;; 

G. malayanus 365 52.84 

G. sinclairianus 218 24.31 

-

3.2 Quantitative Analysis of Aliphatic Hydrocarbon in Three 

Goniothalamus spp. 

Quantitative analysis of aliphatic hydrocarbon was done according to gas 

chromatogram obtained and calculated based on the standard n-alkane chromatogram. 

Figure 1 and Table 2 shows the gas chromatogram and retention time of standard 

n-alkane respectively. 
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Figure 1: GCfFID trace for n-alkane standard. 

Table 2: Retention time for aliphatic and isoprenoids (Pristane and Phytane) standard. 

C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 


Pristane 

n-octadecene (I.S) 


C18 

Phytane 


C19 

C20 

C21 

C22 

C23 

C24 

C25 

C26 

C27 

C28 

C29 

C30 

C31 

C32 

C33 

C34 


Retention time 
9.947 
12.542 
15.137 
17.517 
19.896 
22.036 
24.176 
26.162 
26.307 
27.913 
28.077 
28.259 
29.770 
31 .462 
33.220 
34.804 
36.287 
37.769 
39.144 
40.518 
41 .788 
43.058 
44.328 
45.598 
47.160 
48.721 
50.683 
52.645 
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Concentration of individual n-a1kane from C II - C34 including isoprenoids (Pristane and 

Phytane) present in the aliphatic hydrocarbon fraction in wax epicuticular of 

Goniothalamus spp was done after determining the present of those components. 

Figure 2-4 and Table 3 shows gas chromatogram for three Goniothalamus spp and the 

concentration of individual hydrocarbon including isoprenoids present in the wax. 

Figure 2: GCIFID trace for extract of epicuticuJar wax from G. anderson;;. 
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Figure 3: GCIFID trace for extract ofepicuticular wax from G. malayanus. 

FJcure 4: GCIFID trace for extract ofepicuticular wax from G. sinclairianus. 
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Table 3: The concentration of individual n-alkane and isoprenoids of aliphatic 
hydrocarbon fraction in epicuticular wax of three Goniothalamus spp. 

~ Concentration (ng/g leaves dry weight) 

I Carbon I G.andersonii G. mala1'anus G.sinclairianus 
C10 n.d n.d n.d 
C11 353 423 399 
C12 64 19 215 
C13 46 47 210 

I C14 
C15 

56 131 309 
87 28 140 

C16 47 14 286 
C17 29 6 1431 

Pristane 39 18 2127 
C18 57 37 292 

Phytane 38 72 995 
C19 65 45 379 
C20 93 103 215 
C21 43 56 49 
C22 64 353 162 
C23 15 98 71 
C24 18 7 214 
C25 12 8 60 
C26 135 513 606 
C27 266 42 317 
C28 67 33 893 
C29 167 202 905 
C30 1684 36 134 
C31 794 283 928 
C32 1104 52 206 
C33 3559 1420 3088 
C34 · 873 691 3839 
Total 9775 4737 18440 

n.d : not detected 

The data shows that these three species concentration ranges from 6 nglg to 3839 nglg. 

Highest n-alkane is present in G. sinclairianus at e34 with concentration of 3839 nglg 

while the lowest is from G. malayanus with 6 nglg at e\7. Individually, the maximum 

concentration for G. andersonii and G. malayan us is at e33• 

11 
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From the result of G. andersonii, it shows that the aliphatic hydrocarbon concentration 

ranges between 12 ng/g and 3559 ng/g. It posses a high concentration at Cll (353 ng/g), 

C 26 (135 ng/g), C27 (266 ng/g), C29 (167 ng/g) C30 (1684 ng/g), C 31 (794 ng/g), 

C 32 (1104 ng/g), C 33 (3559 ng/g) and C34 (873 ng/g). The minimum concentration is at 

C25 with only 12 ng/g. Maximum concentrations are dominated by hydrocarbon with 

molecular weight more than C25 • Odd number carbon atom dominates the maximum 

concentration. 

Analysis of epicuticular wax from G. malayanus shows that the aliphatic hydrocarbon 

concentration ranges from 6 ng/g to 1420 ng/g. High carbon concentration are at Cll 

(423 ng/g), C I4 (131 ng/g), C20 (103 ng/g), C 22 (353 ng/g) and C 26 (513 ng/g), C29 (202 

ng/g), C 31 (283 ng/g), C 33 (1420 ng/g) and C34 (691 ng/g),. The minimum concentration 

is at C17 with only 6 ng/g. This species also posses a maximum concentration 

dominated by hydrocarbon with molecular weight more than C25 • Maximum 

concentration is dominated by odd number carbon atom. 

Result for G. sinclairianus shows that range of aliphatic hydrocarbon is between 

49 ng/g to 3839 ng/g. It posses a high concentration at CI7 (1431ng/g), C26 (606 ng/g), 

C28 (893 ng/g), C 29 (905 ng/g), C31 (928 ng/g) C33 (3088 ng/g) and C34 (3839 ng/g). The 

minimum concentration is at C21 with only 49 ng/g. Maximum concentrations are 

dominated by hydrocarbon having molecular weight more than C25 and maximum 

concentration is dominated by odd number carbon atom. 
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Overall, the concentration of these three species does have some similarity. This can be 

seen in the domination of C26, C29, C31 C33 and C34 which are the major distributor to 

the maximum carbon concentration. From the total concentration, it shows that 

G. sinclairianus has the highest concentration, followed by G. andersonii and 

G. malayanus. However, the total concentration for G. andersonii and G. malayanus 

does not differ much, compared to that of G. sinclairanus which is two to three folds 

higher than these two species. The differences may due to the location of the plant 

because samples of G. andersonii and G. malayanus were taken from the same area. 

Concentration of short chain hydrocarbon is very low in these three species. According 

to Shepherd et al. (1995), plants located in area with much sunlight tend to have large 

concentration of short chain carbon compared to plants from places with less light. 

Therefore, in places with less sunlight will be dominated with long chain hydrocarbons. 

The result of this study agrees with that statement because all three species were taken 

from places with less sunlight. 

3.3 Isoprenoid/n-alkane Ratio 

Occurrence of branched aliphatic such as Pristane and Phytane can be seen in 

petroleum products. High ratio of Pristane/C17 and Phytane/CI8 means that the plant is 

over exposed to petroleum products (Welsh, 1993). A lower ratio indicates that the 

organic matters present in the petroleum are from the degradation of plant (Simoneit, 

1978; Simoneit et al., 1980; Wan, 1999). In a study of the origin of petroleum, a high 

Pristane/C17 ratio is characteristic of inland peat swamp environment (Lijmbach, 1975). 
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Table 4: The ratio ofPristane/CI7 and Phytane/C1s. 

Species Pristane/C 17 Phytane/C1s 

G. andersonii 1.33 0.66 

G. malayanus 3.24 1.95 

G. sinclairianus 1.49 3.41 

Table 4 shows the ratio of Pristane/C 17 and Phytane/Cls in these three Goniothalamus 

species. The Pristane/C 17 ratio for G. andersonii, G. malayanus and G. sinclairianus is 

1.33,3.24 and 1.49 respectively. The ratios are larger than 1, which indicate that these 

plants are exposed to high content of organic matter due to its location which is at 

swampy areas. 

3.4 C2yC15 Ratio 

C25/C 1S ratio is used to detennine the occurrence of wax in hydrocarbon samples. If the 

ratio is less than 0.5, it means that that plant does not content wax. Ratio in the range of 

0.5 to 0.8 indicates that there are some waxes present in the hydrocarbon; while ratio 

more that 0.8 means that the sample contains much wax (Cooper, 1990). Table 5 shows 

the C2sIC 1S ratio in G. andersonii, G. malayanus and G. sinclairanus. 
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