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Determination of n-alkanes in epicuticular waxes from leaf of three Litsea species and 

their chemotaxonomical significance 

Eliza Anak Alik 

Department of Chemistry 
Faculty of resource science and technology 

University Malaysia Sarawak 

ABSTRACT 

Distribution of n-alkanes in the leaf epicuticular wax of three species of Litsea that is L. 

graceae, L. rigidularis, and L. castanea, were investigated.. Leaf epicuticular wax was 

isolated using n-hexane and their n-alkane composition were analyzed using gas 

chromatography/flame ionization detector (GC/FID). Distribution of n-alkanes in Litsea 

species studied are dominated by the odd-numbered carbon n-alkanes. The n-alkanes 

distribution data shows almost similar results in all three Litsea species studied and might be 

useful in chemotaxonomic study for this plant. 

Keywords : Litsea spp., extraction, epicuticular wax, n-alkanes, chemotaxonomy 

ABSTRAK 

Kajian telah dilakukan terhadap taburan n-alkana dalam lilin epikutikular daun tiga spesies 

Litsea iaitu L. graceae, L. rigidularis, dan L. castanea. Lilin epikutikular daun telah 

diekstrak menggunakan n-heksana dan komposisi n-alkana telah dianalisis menggunakan 

kromatografi gas/pengesan ion nyalaan (KG/PIN). Taburan n-alkana dalam spesies Litsea 

yang dikaji adalah didominasi oleh alkana dengan bilangan karbon ganjil. Data tabutran n- 

alkana menunjukkan persamaan pada ketiga-tiga spesies dan ia boleh digunakan bagi kajian 

kemotaksonomi tumbuhan ini. 

Kata kunci : Litsea spp., ekstrak, Win epikutikular, n-alkana, kemotaksonomi 
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CHAPTER 1 

INTRODUCTION 

1.1 General Introduction 

There are many types of classification in natural products and it depends on some 

characteristics. There are classification based on chemical structure, classification based on 

physiological activities, classification based on taxonomy, and classification based on 

biogenesis. The chemical structure and composition from the epicuticular waxes have always 

been used as a solution in taxonomical problems in higher plants (Salatino et al., 1989). In 

this research, the classification of Litsea spp. is based on the chemical structure and 

composition, which is also known as the chemotaxonomy. 

A research will be done on the epicuticular wax of Litsea spp. Generally, Litsea is a 

plant from a Lauraceae family which consist of 45 genera, and 2000-2500 species of plants 

and mostly found throughout the tropics and subtropics and centered in Amazonia and South- 

East Asia (Allaby, 1998). There are 54 species of Litsea found in Malaysia and is usually 

called Medang tree among the Malaysian (Corner, 1988). It is seen as having a smooth and 

yellowish brown bark (Corner, 1988). The fruits are soft and and usually eaten by the 

Malaysian when ripen into pink or purple colour. 

The Litsea spp. is chosen because it has its own medicinal and industrial value. The 

plant Litsea is mainly used in cosmetics and body care products in industries such as soaps, 

perfumes and colognes. Litsea spp. also used as the traditional medicine and still practical 

nowadays. It has several uses such as ailments to burnt, bladder and urethra irritation 

bronchitis itch and many more (Corner, 1988). 
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The epicuticular waxes which can be found on the surface of the leaves have a very 

important role in maintaining the biological activity of the plants especially in controling the 

water loss regulation (Schreiber and Riederer, 1996). Each species may have different 

chemical compound present in it, so might have different values and applications. So it is 

important to study the chemical compounds in the epicuticular wax of Litsea spp as it is the 

main characteristic in the classification of the species of Litsea. Hexane is used in the 

extraction of n-alkanes by using octadecene and eicosane as the internal standard. The gas 

chromatography Flame lonizatoin Detector (GC/FID) used in determination of n-alkanes 

obtained from the chromatogram. 

1.2 The Objectives of the Project 

The objectives of this study are: 

a. To isolate the leaf epicuticular waxes from several species of Litsea using n- 

hexane, 

b. To analyze the chemical composition of both isolated epicuticular waxes from 

Litsea spp. using gas chromatographic techniques (GC/FID, and 

c. To carry out the chemometric analysis on gas chromatographic data of 

epicuticular waxes in order to evaluate their chemotaxonomical significance. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Litsea spp. 

2.1.1 Morphological Description 

The genus of Litsea is under the family of Lauraceae. Usually the bark of Litsea is 

seen as smooth, yellowish brown and entirely or slightly scaly (Corner, 1988).. The wood is 

golden or pale yellow and it feels satiny luster when fresh and soapy when dry (Corner, 

1988). It is called the Medang tree among the Malaysian. Some of the species with its local 

name are the Litsea castaneae, known as Medang keladi/Medang kunyit, Litsea curtisii 

known as Medang telor and Litsea eplliptica known as Medang tandok, while Litsea 

fenestrata, Litseaferruginea, and Litsea firma , all known as Medang payong (Corner, 1988). 

2.1.2 Distribution of Litsea spp. 

Litsea spp are plants from secondary forests which mostly are timber trees which can 

reach up to 20-30 meters tall, but some are in the form of small trees and shrubs (Burkill, 

1966 ). It is from the family of Lauraceae with 45 genera and 2000-2500 species mostly found 

in the tropics and subtropics (Allaby, 1998). It is known to be that 54 species of Litsea are 

found in Malaysia (Wyatt-Smith, 1999). 
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2.1.3 Importance of Litsea spp. 

Litsea species are used widely in industries and traditional medicine. Almost every 

part in Litsea are useful for these purpose. In industries Litsea species such as Litsea cubeba 

are used in the making of soap and perfumes. The essential oil in Litsea cubeba, also known 

as `may chang' is mainly used in production of vitamin A and in essences in cosmetics, foods 

and tobacco. Due to its resemblance to citrus characteristics, often it is used to be sustitute in 

the making of colognes, household sprays, air freshener and soaps (Oyen and Dung, 1999 ). 

Widely, in medicinal purposes for example, the root of Litsea chinensis have the 

cooling effect, used to treat bronchitis, fever, leprosy, and billowiness (Kritikar and Basu, 

1993). The leaves of Litsea stockii used to ease irritation in bladder and urethra (Kritikar and 

Basu, 1993). 

2.2 Epicuticular Wax in Plants 

2.2.1 Roles of Leaf Epicuticular Wax in Plants 

Epicuticular wax is the thin film usually found on the certain part of in plant such as 

the surface of the leaves in higher plants (Lemieux, 1996; Jetter and Schäffer, 2001). This 

epicuticular wax plays a big role in the biological activity of the plants especially in water loss 

regulation because the cuticular transpiration is related to permeability of the cuticle to water 

vapour and its surroundings (Schreiber and Riederer, 1996). It also ensures the resistance of 

the plant or to make the plant less exposed to environmental stress such as excess humidity, 
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prevent penetration of water into intercellular spaces, and avoiding the establishment of 

epiphylic organisms (Neinhuis and Barthlott, 1997). 

Other than that, it also have a role in plant-insect communication whether it act in 

attracting or repelling insects from the plant (Rhee et al., 1998). 

2.2.2 Composition of Epicuticular Wax 

The main composition in wax is dominated by long chain (> C21) hydrocarbon 

(Barthlott, 1989). Other than that is very long chain fatty acids and alcohols, aldehydes, 

ketones and esters (Prasad, 1990 cited in Jenks et al., 1995). 

2.2.3 Chemotaxonomical Application of Epicuticular Wax 

The epicuticular wax also responsible in the chemotaxonomy of certain plant as in 

Litsea species (Wan Azmulia, 1999). The chemical compounds in wax is to be the main 

priority since every Litsea species have different wax components and composition (Rhee et 

al., 1998). 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Sample Collection 

Three leaves samples from the genus of Litsea were collected. One leaves sample (L. 

rigidularis) were collected from forest area around Universiti Malaysia Sarawak, and two 

leaves samples (L. graceae and L. castanea) were collected from Kampung Gumbang, Bau, 

Sarawak. The fresh mature leaves was collected and kept in a plastic bag. Then, the sample 

were kept in the lab refrigerator to avoid water loss. This condition is also to avoid any 

microbial attack to the leaves (Sase et al., 1998a). 

3.2 Sample Preparation 

The sample was washed with deionized water for about 5 minutes. The washed leaves 

then dried in an oven at 39 °C for 45 minutes and taken out to cool at room temperature. The 

weight of the leaves is a fresh mass since the storage and washing maintain the water storage 

(Sase et al., 1998a, b). The leaf was weighed to get fresh leaf weight(g) and measured using 

leaves area meter (cmz) before extraction. 

3.3 Extraction of Leaf Epicuticular Wax 

The epicuticular waxes was isolated from leaf surface of several Litsea species using 

n-hexane. Hexane (non-polar) extract is expected to contain most of non-polar compounds 
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such as aliphatic hydrocarbons. The leaf dry weight then will be determined by ventilation in 

oven at 60°C (until constant weight is achieved) after the extraction. 

3.3.1 Hexane 

Epicuticular wax was extracted from leaf surface using method described by Medina 

et al. (2006). Leaves (at least three leaves replicate) were washed with 50 ml n-hexane for 90 

seconds using wash bottles. 50 pl of 50 mg/gl of octadecene and 50 µl of 50 mg/pl of 

eicosane were added to the extract that act as internal standard for quantitative purposes. The 

extracted wax then transferred into V-shaped flask. Extract was evaporated in rotary 

evaporator until nearly 2-5m1 left. The evaporated wax was then transferred to a 5m1 vial by 

using pasteur pipette and next evaporated to dryness by blowing under nitrogen gas. Then, dry 

extract was weighed and redissolved with 250µL n-hexane. The vial was sonicated to ensure 

no residues stick to the wall of the vial. The vial was wrapped with aluminium and kept in 

dark and dry place until the day it analysed. 

3.4 Instrumental Analysis 

The epicuticular wax samples was analyzed using gas chromatography/flame 

ionization detector (GC/FID). 

3.4.1 Gas Chromatography/Flame Ionization Detector (GC/FID) 

High resolution gas chromatography (GC) was conducted on a Shimadzu 17A gas 

chromatograph, equipped with a flame ionization detector (FID). The samples was analyzed 
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in the splitless mode using a fused silica capillary column (30 mx0.25 mm i. d., DB-5,0.25 

µm film thickness) and helium as carrier gas. The injector and detector temperatures are set at 

250°C and 280°C, respectively. The oven temperature were programmed from 50°C (5 

minutes hold time) to 300°C at 3°C/min with a 20 minutes isothermal period at 300°C. 

3.5 Calculation 

3.5.1 Qualitative Analysis 

The n-alkanes obtained from the chromatogram were identified by comparing their retention 

times and mass fragmentation pattern with the authentic standards (C10-C36). 

3.5.2 Quantitative Analysis 

The quantitative analysis was carried out based on the peak area measurements of Gas 

Chromatogram using internal standardization method. Equation by Simoneit (1978) was used 

as calculation: 

Relative Respond Factor (RRF): 

(Amount of component) (Peak area of Internal Standard) 

X 

(Peak area of component) (Amount of Internal Standard) 
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The amount of individual Hydrocarbon and its concentration can be calculated using 
following equation: 

(a) Amount of Individual Hydrocarbon : 

(Amount of Internal standard) 

X( Peak area of component) X( RRF) 

(Peak area of Internal Standard) 

(b) Concentration of Hydrocarbon present: 

(Amount of selected component) 

X( Dilution factor) 

(Weight of dried sample) (g) 

3.6 Chemotaxonomical Significance 

The chemotaxonomical significance was done to determine the interrelationship 

between species of Litsea based on the results of alkane distribution in species of studied 
Litsea. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Leaf epicuticular wax in Litsea species 

Table 1 shows the amount of epicuticular axes extracted using n-hexane from the 

leaves of three spesies of Litsea. 

Table 1: Percentage of epicuticular wax from three species of Litsea. 

n-hexane extracted 

Species % (g/g fresh weight) % (g/cm leaves area) 

L. graceae 0.8766 0.0212 

L. rigidularis 2.8709 0.0648 

L. castanea 1.5383 0.0243 

From the table 1, it shows that extraction of epicuticular waxes from Litsea species are 

relatively low. This probably due to the lower extraction power of n-hexane used. However, 

the n-hexane was used to prevent the extraction of internal leaf lipids of Litsea (Medina et al., 

2006). According to the table, L. rigidularis possess the highest percentage of epicuticular 

wax (2.8709 g/g) , while L. graceae possess the lowest percentage of epicuticular wax 

extracted (0.8766 g/g). 
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4.2 Quantitative analysis of n-alkanes from Litsea species 

4.2.1 n-alkanes in leaf epicuticular wax of Litsea species 

A mixture of n-alkanes consists of Clo-C36 and internal standard (octadecene and 

eicosane) was analyzed to serve as standard for qualification of n-alkanes in leaf epicuticular 

wax of Litsea species. Figure 1 shows the gas chromatogram for n-alkanes standard (CIO- 

C36) analyzed using GC/FID with octadecene and eicosane served as the internal standard. 

The summary of retention time and relative response factor (RRF) for individual n-alkanes are 

presented in Table 2 

octadecene 

C16 
C14 C18 

C20 

C10 
C12 

C22 

C24 

C26 

C28 
C30 

C32 

C34 C3 

10 20 30 40 50 

Figure 1: Standard retention time for n-alkanes and relative respond factor for mixture of 

alkanes (CIO-C36) 
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Table 2: Retention time and RRF for individual n-alkanes from GC/FID data. 

Retention time Name of compound Molecular formula Relative respond (min) 

factor(RRF) 

3.353 Decane C10H22 2.13 
6.56 Undecane C 11 H24 1.98 
9.776 Dodecane C12H26 1.86 
12.105 Propadecane C13H28 3.32 
14.431 Tetradecane C14H30 4.78 
16.381 Pentadecane C15H32 3.26 
18.381 Hexadecane C16H34 1.75 
19.999 Heptadecane C17H36 1.89 
20.835 Octadecene (Internal standard 1) - 
21.78 Octadecane C18H38 2.02 
22.455 Nonadecane C 19H40 1.75 
23.239 Eicosene - 
24.808 Eicosane (Internal standard 2) C20H42 1.80 
25.881 Eneicosane C21H44 1.91 
27.767 Dococosane C22H46 2.01 
28.938 Tricocosane C23H48 2.38 
30.412 Tetracosane C24H50 2.75 
31.581 Pentecosane C25H52 2.3 
32.846 Hexacosane C26H54 1.86 
33.978 Heptacosane C27H56 1.51 
35.127 Octacosane C28H58 1.15 
36.20 Nonacosane C29H60 1.25 
37.26 Triacontane C30H62 1.35 
38.268 Hentriacontane C31H64 1.47 
39.262 Docotriacontane C32H66 1.588 
40.201 Tritriacontane C33H68 1.57 
41.143 Tetratriacontane C34H70 1.54 
42.145 Pentatriacontane C35H72 1.58 
42.932 Hexatriacontane C36H74 1.63 

Retention time (RT) for n-alkane with odd number carbon was determined by the 

average of RT of two adjacent even numbers of alkanes. The RRF was calculated based on 

octadecene as the internal standards. RRF for n-alkane with odd numbered carbon was 

determined based on the average of RRF of two adjacent even-numbered of n-alkanes. 
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4.2.2 Aliphatic hydrocarbons in n-hexane extract of epicuticular waxes from Litsea 

species 

The gas chromatograms obtained from GC/FID analysis of hexane extracted leaf 

epicuticular waxes for L. graceae, L. castanea, and L. rigidularis are shown in Figures 2-4, 

respectively. Table 3 presents the concentration (µg/g leaves dry weight) of individual n- 

alkanes in leaf epicuticular wax for three Litsea species. 
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Figure 2: Gas chromatogram of GC/FID analysis for n-hexane extract of epicuticular wax 
from L. gracea. 
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Figure 3: Gas chromatogram of GC/FID analysis for n-hexane extract of epicuticular wax 

from L. castanea. 
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Figure 4: Gas chromatogram of GC/FID analysis for n-hexane extract of epicuticular wax 

from L. rigidularis. 

14 



Table 3: The concentration of individual n-alkane from hexane extract in 

epicuticular wax from three Litsea species. 

n-alkane Concentration (ng/g dry weight) 

L. graceae L. rigidularis L. castanea 

C 10H22 180 791 - 
CII H24 --- 

--- C12H26 
C13H28 --- 
C14H30 933 103 - 
C 15H32 430 870 412 
C I6H34 -- 
C17H36 -- 

Pristane - 490 489 
C18H38 273 230 231 
Phytane --- 
C 19H40 1428 -- 
C20H42 570 298 - 
C21H44 228 -- 
C22H46 383 1076 137 
C23H48 1540 968 281 
C24H50 1028 1723 360 
C25H52 3397 2647 385 
C26H54 4408 4052 396 
C27H56 6771 8288 583 
C28H58 9024 11582 593 
C29H60 11166 21880 951 
C30H62 7509 13870 579 
C31H64 436 919 1278 
C32H66 778 1679 468 
C33H68 8371 47275 14396 
C34H70 1270 4010 - 
C35H72 686 868 - 
C36H74 - 1380 - 

Total aliphatic 
hydrocarbons 
(TAHs) 

6371 129321 21539 
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Table 3 showed the total aliphatic hydrocarbons (TAHs) in leaf epicuticular waxes for 

three Litsea species. TAHs in the Table 3 represents the total n-alkanes from C1o to C36 

including isoprenoid hydrocarbons, i. e pristane and phytane. The TAHs for L. graceae, L. 

castanea and L. rigidularis are 63271,21539 and 129321 ng/g, respectively. The aliphatic 

hydrocarbon concentration of the three Litsea species (L. graceae, L. rigidularis and L. 

castanea) ranges from 103 ng/g to 47275 ng/g. The aliphatic hydrocarbon concentration in 

epicuticular wax of L. graceae ranged between 180 ng/g (C10) and 11166 ng/g (C29). Higher 

number carbon posses most of the the highest aliphatic hydrocarbon concentration at C23 

(1540 ng/g), C24 (1028 ng/g), C25 (3397 ng/g), C26 (4408 ng/g), C27 (6771 ng/g), C28 (9024 

ng/g), C29 (11166 ng/g), C30 (7509 ng/g), and C33 (8371 ng/g) compared to lower number 

carbon which mostly possess lower aliphatic hydrocarbon concentration at C10 (180 ng/g), C14 

(933 ng/g), C15 (430 ng/g), and C18 (273 ng/g). Odd-numbered n-alkanes dominate most of the 

higher aliphatic hydrocarbon concentration. 

Total aliphatic hydrocarbons for L. rigidularis is 129321 ng/g which also the species 

with the highest concentration. With C33 (47275 ng/g) as the highest concentration and C14 

(103 ng/g) as the lowest concentration. Highest concentration dominated by C25 (2647 ng/g), 

C26 (4052 ng/g), C27 (8288 ng/g), C28 (11582 ng/g), C29 (21880 ng/g), C30 (13870 ng/g), C33 

(47275 ng/g) and C34 (4010 ng/g). Lowest concentration is dominated by C10 (791 ng/g), C14 

(103 ng/g), C15 (870 ng/g), C18 (230 ng/g), C20 (298 ng/g) and C23 (968 ng/g). Odd-numbered 

carbon is more dominant than the even numbered carbon of n-alkanes. 

For L. castanea, the highest concentration is at C33 which is 14396 ng/g while the lowest 

concentration is at C22 which is only 137 ng/g. The highest concentration is dominated by C29 

(951 ng/g), C31 (1278 ng/g) and C33 (14396 ng/g) and the lowest is dominated by C18 (231 

ng/g), C22 (137 ng/g), C23 (281 ng/g). Similar to L. gracea and L. rigidularis, the odd- 
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numbered carbon of n-alkanes dominate the concentration of n-alakanes compared to the 

even-numbered carbon. 

From the observation, most of the concentration of aliphatic hydrocarbons are highest at 

the bigger number carbon, especially the odd-numbered. C33 shows the most dominated 

carbon which posses the highest concentration in both L. rigidularis and L. castanea. Plants 

of warmer tropical climates, biosynthesis a longer-chain wax components compared to plants 

in the lower temperature region (Cranwell, 1973). 

There are only small difference in the abundance of carbon components in n-alkanes in 

L. graceae, L. rigidularis and L. castanea. All three strengthen the fact that bigger number 

carbon and odd-numbered carbon of n-alkanes leads the highest alkane concentration. The 

difference may due to the location of the species. 

4.3 C25/C15 ratio 

The C25/C15 ratio is used in determining the occurrence of wax in hydrocarbon samples. 

The ratio less than 0.5 indicates the low wax content. The ratio between 0.5 to 0.8 indicates 

there are some wax present in the hydrocarbon; while ratio more than 0.8 indicate the sample 

contain too much wax (Cooper, 1990). Table 4 present the C25/C15 ratio of n-alkanes present 

in L. graceae, L. rigidularis and L. castanea. 
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