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understand and optimize the extraction process. In addition, this study, for the first time, aimed to identify the
chemical compositions of the A. malaccensis leave-oil. By assessing both first-order kinetic model and the
model of simultaneous washing and diffusion, the result indicated that the model of simultaneous washing
and diffusion better describes the hydro-distillation mechanism of the essential oil from A. malaccensis leaves.
The optimum time, solid to liquid ratio, and the heating power for extracting the highest amount of essential
oil were found to be around 3 h, 1:10 (g·ml−1), and 300 W respectively. Yellow essential oil with a strong
smell and a yield of 0.05 v/w was extracted by hydro-distillation Clevenger apparatus. Chemical compounds of
the essential oil were analyzed using gas chromatography–mass spectroscopy (GC/MS), which resulted in
identification of 42 compounds that constitute 93% of essential oil. Among the identified components,
Pentadecanal (32.082%), 9-Octadecenal, (Z) (15.894%), and Tetradecanal (6.927%) were the major compounds.
Considering the fact that all the identified major components possess pesticidal properties, A. malaccensis leaves
can be regarded as a promising natural source for producing pesticides.
© 2016 The Chemical Industry and Engineering Society of China, and Chemical Industry Press. All rights reserved.
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1. Introduction

In the recent years, the market for natural and organic products
has expanded significantly. Tremendous numbers of today's natural
products used for anti-parasitical, bactericidal, fungicidal, cosmetic, and
medicinal purposes, contain essential oils extracted from aromatic plants
[1]. Essential oil is an intricate combination of volatile compounds, which
typically exist in low amount within the plant [2–4].

Aquilaria malaccensis, also known as Agarwood or Gaharu, is one of
the 23 species of Indo-Malaysian genus Aquilaria, family Thymeleceae
and class Magnoliopsida. As a result of over-harvesting A. malaccensis
trees, this specie is now categorized as a “vulnerable” plant in IUCN
Red List and it has been included in the World List of Threatened
Trees (WLTT; [5–7]). A. malaccensis is a tall, ever-green tree that can
be found in Bangladesh, Bhutan, India, Indonesia, Malaysia, Myanmar,
Philippines, Singapore, and Thailand [5,6]. Because of its high usage
(e.g. in medicine, perfume, and wood chips), A. malaccensis is regarded
as a valuable and important tree in the southeast Asian countries, and
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it is commonly used as a traditional medicine to relieve pain, fever,
rheumatism, arrest vomiting, and asthma [6]. The resin, which is
extracted from A. malaccensis trunk through fungal infection, is the
main reason for the high value of this tree [6]. Thereby, it is not surprising
that almost all the A. malaccensis-related studies have focused on the
bark of the tree. This valuable tree has lots of green leaves during the
whole year that, similar to the bark, it may have abundant benefits. In
addition, the probability of finding rich amount of metabolites, aromatic
substances, and microorganisms in different parts of higher plants is
significantly higher compare to lower plants [8–10]. These materials
can be used as medicinal compounds for treatment of a variety of
illnesses [8–10]. For instance, Wil et al. [11] and Huda et al. [12] noted
that solvent extraction of A. malaccensis leaves shows significant antiox-
idant activity, and therefore, it can be considered as a natural antioxidant,
which can be used for treating cancer. Additionally, by characterizing
methanolic extract of A. malaccensis leaves, Khalil et al. [13] reported
the presence of phytochemicals, which can be used for medicinal and
anti-corrosive purposes. In spite of the fact that these studies have
assessed the phytochemical properties of A. malaccensis leaves, they
only focused on the non-volatile extracts.Whereas, A. malaccensis leaves
oil (i.e. volatile compounds) may also possess important and useful
properties. So, given the importance of A. malaccensis and the fact that
no study has been conducted neither on analysis of the essential oil of
ustry Press. All rights reserved.
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A. malaccensis leaves nor on the optimization or kinetic modeling of the
extraction, this study attempts to fill this gap in two ways. First, by ana-
lyzing the essential oil of A. malaccensis leaves, this study attempts to
identify its chemical compositions in order to provide a foundation for
further investigations. Secondly, by kinetic-modeling of the extraction
of the essential oil, this study tries to get fuller understanding of the
mechanism of hydro-distillation process, and consequently, to identify
the optimum condition, in which higher yield of essential oil is obtained.

2. Materials and Methods

2.1. Sample preparation

Leaves of A. malaccensis were collected from Forest Research
Institute Malaysia (FRIM) garden in September of 2013. Samples were
air-dried in a dark room without sunlight, and then they were stored in
a cool room (4 °C) for subsequent experiments.

2.2. Extraction of essential oil

Air-dried leaves of A. malaccensis were grinded right before the ex-
traction process. In order to protect the plantmaterials from overheating
or charring by direct steam, grinded leaves were immersed in distilled
water in a round bottom flask on a heater [14,15]. Essential oil of the
leaves was extracted by hydro-distillation Clevenger apparatus method
(i.e. recommended by pharmacopeia; Fig. 1) at the boiling range of
water and atmospheric pressure [15,16]. The extraction process was
optimized with respect to time, heating power (250, 300, 350 W) and
solid (g) to solvent (ml) ratio (1:3, 1:10, 1:12).
Fig. 1. Hydro-distillation Clevenger apparatus system.
Extracted essential oil was dried over anhydrous sodium sulfate to
remove all the water and then stored it in dark-sealed-vial at 4 °C for
further tests. The yield of essential oil was calculated by the following
equation:

y ¼ V � 100
W

; ð1Þ

where y is the yield of essential oil (%), V is the volume of collected es-
sential oil (ml) and W is the weight of the plant material (g).
2.3. Gas Chromatography Mass Spectroscopy (GC/MS)

The extracted essential oil was analyzed using Shimadzu
autoinjector GC/MS equipped with a FID detector and a BP5 capil-
lary column. 20 μ l of essential oil was diluted in 500 μl of n-hexane
as solvent and injected with helium as the carrier gas for identification.
The running time was set for 90 min and the temperature and pressure
increased during the test from 50 to 250 °C and 37.1 to 100 kPa
respectively.

2.4. Kinetic model

Modeling of the extraction process is used for evaluation of the
variable-conditions affecting the extraction [17]. It is also considered
as a fundamental step for devising an efficient process. In this study,
two of the most widely-used models for hydro-distillation extraction
from plant particles (i.e. first-order kinetic model and non-stationary
model; [18]) were compared to one another in order to find the best
kinetic model for describing the extraction of A. malaccensis' leaves oil.

2.4.1. Non-stationary diffusion model
Themass transport of essential oil through plant particles during the

hydro-distillation process occurs as unsteady-state diffusion. So,
Milojevic et al. [15] contended that a batch hydro-distillation with no
chemical reaction can be described bymodel of non-stationary diffusion
model, which is based on the unsteady-state essential oil diffusion
through plant material (i.e. modification of Fick's second law of one-
dimensional unsteady state diffusion; Eq. (2)). This model comprises
two successive stages: washing and diffusion.

q0−q
q0

¼ 1−bð Þ � e−kt ; ð2Þ

where q is the yield of A. malaccensis leaves essential oil at time t, q0 is
the initial average concentration of essential oil in the A. malaccensis
leaves, and e is a constant. In this model, b, characterizes the fast oil
distillation (washing) stage and, k, characterizes the slow oil distillation
(diffusion) stage [15,19–21].

The assumptions for this model are as follows:

(a) The plant particles are isotropic and equal in shape, size, and
initial oil content. The shape and size of plant particles do not
change during the hydro-distillation.

(b) The essential oil is considered as a pseudo-component.
(c) A fraction of the essential oil is located at the external surfaces of

the broken leaves of A. malaccensis and the rest is uniformly
distributed in the plant particles.

(d) The effective diffusion coefficient is constant.
(e) The concentration of essential oil on the external surfaces of the

plant particles at any moment during the hydro-distillation is
zero because of its instantaneous “washing” from the surfaces.

(f) There is no resistance to the mass transport of essential oil from
the external surfaces of the plant particles.

2.4.2. Model of pseudo-first order kinetics
By taking into account that first order kinetic desorption model

doesn't encompass the washing stage, it is appropriate for describing
the processes, which are controlled by the intra-particle diffusion
[18,22].

So, the assumptions for this model were as follows:

(a) The analyte is uniformly distributed within the matrix.
(b) The concentration of compound at the matrix surfaces is zero,

as soon as extraction begins (corresponding to no solubility
limitation).

(c) The plant particles are isotropic and uniform in size and shape.
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Thus, the model for spherical matrix of uniform size is Eq. (3).

q
q0

¼ 1−e−kt ; ð3Þ

where q is the mass of analyte extracted after time t (mg·g−1), q0 is the
initial total mass of the analyte in the matrix (mg·g−1) and k is the first
order rate constant describing the extraction efficiency (min−1).

3. Results and Discussion

For the first time, essential oil of A. malaccensis leaves was extracted
by hydro-distillation Clevenger apparatus, which is a common conven-
tional method for extraction of essential oil from plant particles. Since
the extraction procedure significantly varies in different power, solid/
liquid ratio, and time, thereby, these parameters were studied in order
to determine the effect of each factor and consequently find the
optimum condition, in which highest yield of essential oil is extracted.
Also, two common kinetic models were assessed to find the best fitting
model for explaining the hydro-distillation extraction process of
A. malaccensis leaves essential oil. Moreover, the chemical components
of the essential oil were identified using Gas Chromatography Mass
Spectroscopy (GC–MS).

3.1. Effect of operational condition

3.1.1. Power
Among the parameters affecting hydro-distillation process, power

was found to be one of the key influential factors. The minimum
power for the experiment was the lowest power, at which water
could reach the boilingpoint (i.e. 250W). On theother hand, the highest
power for the experiment was the maximum power that didn't have
any adverse effects on the yield and quality of the extracted oil
(i.e. 350 W). So, the yield variation of A. malaccensis leaves essential
oil during 4 h of extraction was observed at different powers (250,
300, and 350 W), while the sample to solvent ratio was constant at
1:10 g·ml−1 (recommended by European Pharmacopeia [23]).

The result indicated that at higher powers the rate of extraction
was faster compared to lower powers, although the total amount of
A. malaccensis leaves oil remained nearly constant (the lowest yield
was achieved at the minimum power and the highest yield was
achieved at medium power; Fig. 2). It is likely that at the minimum
power, the heat transfer between the surface and the core of the flask
containing the sample and water was slower in comparison to other
powers. The slower heat-transfer, on the other hand, might have influ-
enced the vapor formation process (i.e. process essential for diffusion of
oil from the cells) resulting in incomplete extraction and lower yield.
The result also provided evidence that the yield of extraction in 350 W
Fig. 2. The amount of extracted essential oil from Aquilaria malaccensis' leaves at different
heating powers (constant solid to solvent ratio of 1:10).
was almost similar to that in 300 W at 3 h. However, after 3 h the
yield slightly decreased in the extraction process at 350W. The decrease
of oil in 350W after 3 hmay be accounted for by the charring or decom-
position of the sample as the result of rapid and fast heating for a long
period of time.

In short, the extraction process was more efficient at higher powers
(i.e. 300 or 350 W) as more energy was transferred to suspension of
A. malaccensis leaves. As the result, the oil was better extracted from
the plant particles.
3.1.2. Solid/liquid ratio
Another key parameter that affects hydro-distillation is solid/liquid

ratio, which is the amount of sample (g) per amount of water as solvent
(ml). Given the fact that according to European Pharmacopeia the best
ratio of sample to solvent is usually 1:10 [23], the range of sample to sol-
vent ratio for the experiment was determined in a way that it includes
the above-mentioned ratio. On the other hand, lower and upper limits
of sample to solvent ratio for the experiment (i.e. 1:7 and 1:12)were se-
lected so that the solvent covers the sample to protect it from burning
but does not overflow the flask. Since the results of the current study
provided evidence that 300 Wwas the optimum heating power, there-
fore, the effect of sample-to-solvent ratio was studied at constant
heating power of 300 W for 4 h.

The result indicated that, as expected, lower and upper range-limits
of sample to solvent ratio (i.e. 1:7 and 1:12) resulted in lower yield of es-
sential oil in comparison to the middle sample to solvent ratio (i.e. 1:10;
Fig. 3). The lower yield of essential oil in lower sample to water ratio
(1:7) may be explained by the fact that there was not enough water to
protect the sample from charring and overheating. On the other hand,
in higher range limit (i.e. 1:12) the lower yield may be accounted for by
the fact that the heatwaswasted onheatingwater rather than the sample
itself. Additionally, the lower yield may also be explained by the “hydro-
lytic effect” [22].
Fig. 3. The amount of extracted essential oil from Aquilaria malaccensis' leaves at different
sample to solvent ratios (constant heating power of 300 W).
Findings suggest that the amount of water should be sufficient for
covering the entire plant sample in order to protect it from degradation
caused by high temperature. According to the result, the best solid/
liquid ratio was 1:10, because water covers the sample completely
and bonds with compounds of the sample while protecting it from
degradation.
3.1.3. Time
Another important parameter in the hydro-distillation process is

time. Obviously, the time of the extraction process should be long
enough to extract all the existing essential oil from the plant sample.
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The required extraction time varies depending on the type of plants and
extraction equipment. In order to find the time suitable for extraction of
A. malaccensis leaves oil, the yield of essential oil during the extraction
timewas screened andmeasured from the start to the end of extraction,
when no increase in amount of essential oil was observed (Figs. 2, 3).
The yield of essential oil increased from nothing (at the beginning), to
around 5% (after about 3 and half hours). Since the amount of
essential oil did not increase after 4 h, extraction process was
considered to be done after the 4th hour. Therefore, as it was depicted
in Fig. 2, the highest amount of essential oil from A. malaccensis leaves
was extracted after around 3 and half hours, when the figure reaches
the steady state stage. Most of the essential oil was extracted in
2 1/2 h, although for the complete extraction at least 3 h was needed.
As mentioned earlier, once the power (i.e. extraction rate) was in-
creased during the extraction, the total extraction time reduced slightly.
The result of experiment showed that at the power of 300 and 350 W,
the highest yield was obtained after 3 h. The maximum yield at 250 W
was acquired after 4 h, although the yield was slightly lower compared
to that at 300 and 350 W.
Fig. 6. Simultaneous washing and diffusion kinetic model of extraction A. malaccensis'
leaves oil by hydro-distillation at various heating powers (constant sample to solvent
ratio of 1:10).
3.2. Kinetic model

As mentioned earlier, so far, there have been no studies on the
kinetic modeling or optimization of the essential oil extraction from
A. malaccensis leaves by hydro-distillation. Therefore, this study tried
to assess the kinetic extraction of essential oil from A. malaccensis leaves
using the model of simultaneous washing and diffusion, and first order
kinetic model.

The yield of essential oil during the extraction period was observed
at different powers (i.e. 250, 300, and 350W; Fig. 2) and solid (g) to sol-
vent (ml) ratio (i.e. 1:7, 1:10, and 1:12; Fig. 3). As depicted in Figs. 2 and
3, the yield of essential oil increased with time. The linearized form of
Eqs. (2) and (3) versus time was used in order to verify the proposed
kinetic models and mechanism of oil isolation (Figs. 4–7). The parame-
ters of the kinetic models were calculated using the linear regression
method (Tables 1 and 2).
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Fig. 4.One site kineticmodel of extraction A.malaccensis' leaves oil by hydro-distillation at
various heating powers (constant solid to solvent ratio of 1:10).

Fig. 7. Simultaneous washing and diffusion kinetic model of extraction A. malaccensis'
leaves oil by hydro-distillation at various sample to solvent ratios (constant heating
power of 300 W).
The result indicated that in comparison with first-order kinetic

model (Figs. 4 and 5), themodel of simultaneous washing and diffusion
or non-stationary diffusion model (Figs. 6 and 7) better described the
extraction process as it was strongly correlated with the experiment re-
sults (the higherR2 and lower amountof error functions, Tables 1 and2).

Since the model of simultaneous washing and diffusion showed
better fit with the result of the experiment, two conclusions can be
made. First, the kinetics for the extracted oil from A. malaccensis leaves
was described using a two-parametermodel of unsteady-state diffusion
through the plant particles. Second, the kinetic model for extracting the
essential oil by hydro-distillation consisted of two stages ofwashing and
diffusion (i.e. dominant stage).

Washing (i.e. fast-oil distillation process) refers to the stage, during
which the essential oil is washed from external and near the external
surface of the plant. The washing stage is characterized by a rapid in-
crease in the yield of essential oil at the very beginning of the extraction
process [15]. Diffusion refers to slow oil distillation. During the diffusion
stage, essential oil is diffused from the interior parts of the plant



Table 1
Values of the kinetic parameters for different powers

Power/W Non-stationary diffusion model First order model

k/min−1 b/L R2 RSS① MRE② SEE③ k/min−1 R2 RSS① MRE② SEE③

250 0.0092 0.0243 0.9803 0.1303 0.0081 0.0902 0.0073 0.7193 1.5886 0.0992 0.3151
300 0.0098 0.1006 0.983 0.1282 0.0080 0.0895 0.0061 0.6897 1.2810 0.0800 0.2829
350 0.0098 0.1612 0.9719 0.2111 0.0131 0.1148 0.0056 0.683 1.1167 0.0697 0.2641

① Residual sum square.
② Mean relative error.
② Standard error estimate.

Table 2
Values of the kinetic parameters for different solid to solvent ratios

Solid to water ratio/mg·ml−1 Non-stationary diffusion model First order model

k/min−1 b/L R2 RSS① MRE② SEE③ k/min−1 R2 RSS① MRE② SEE③

1:7 0.0074 0.0001 0.9778 0.0947 0.0059 0.0769 0.0078 0.8072 1.1093 0.0693 0.2633
1:10 0.0098 0.1006 0.983 0.1282 0.0080 0.0895 0.0061 0.6897 1.2810 0.0800 0.2829
1:13 0.0091 0.0021 0.9783 0.1401 0.0087 0.0936 0.0072 0.7502 1.3191 0.0824 0.2871

① Residual sum square.
② Mean relative error.
③ Standard error estimate.
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particles towards external surfaces and then it is followed by its distilla-
tion. The diffusion stage is characterized by a slow exponential increase
in the yield of essential oil during distillation [15]. As it can be observed
from Figs. 2 and 3, at first, the yield of A. malaccensis leaves oil increased
rapidly (i.e. fast oil distillation stage) and then, the rate of oil distillation
slowed down until a nearly constant oil yield was reached (i.e. slow-oil
distillation stage).

As it can be seen in Tables 1 and 2, with the increase of distillation
power (from 250 to 350 W) and solid to solvent ratio (from 1:7 to
1:10), both mass transfers kinetic coefficients (i.e. k and b) of non-
stationary model increased. The result provided evidence that at higher
distillation power (i.e. 300 and 350) and higher solid to solvent ratio (i.e.
1:10) the oil was washed and diffused from the A. malaccensis leaves
faster and easier. The higher level of oil extraction at that condition
may be accounted for the increase of diffusivities and driving forces of
solute (oil) and solvent.

Since the slow and fast distillation coefficients (b and k) were
affected by both power and solid-to-solvent ratio, it suggests that the
non-stationary model explains the extraction process.

The relationships between kinetic parameters and the hydro-
distillation rate are as follows (x: power/extraction rate):

k = 6 × 10−6x + 0.0078.
b = 0.0014x − 0.3154.
Fig. 8. GC/MS of the essential oil of A. mal
As it can be deduced from the above-mentioned equations,
the level of power had much more influence on fast oil distilla-
tion coefficient compared to the slow oil distillation coefficient.
Thereby, it can be concluded that the level of energy input has
more impact on oil washing process rather than to the oil diffusion
distillation.
3.3. Gas Chromatography Mass Spectroscopy (GC–MS)

The essential oil of A. malaccensis' leaves (yellow color and
strong smell) was extracted in optimum condition (i.e. power
300 W, solid per liquid ratio 1:10, and time 210 min) with the
yield of 5% and its chemical compositions were characterized by
GC/MS (Fig. 8).

Gas Chromatography Mass Spectroscopy (GC/MS) identified 42
chemical components (Table 3), constitutes 93% of essential oil, by
using their retention indices relative to n-alkane (i.e. standard)
and mass-spectra comparison with Wiley and NIST library, and gas
chromatography/mass spectroscopy reference book (i.e. identifica-
tion of essential oil components by gas chromatography/mass
spectroscopy, [24]). The identifiedmajor compoundswere Pentadecanal
(32.082%), 9-Octadecenal, (Z)-(15.894%), and Tetradecanal (6.927%;
Fig. 9).
accensis' leaves by hydro-distillation.



Table 3
Chemical compositions of essential oil of Aquilaria malaccensis' leaves

No. Component name Presence/% t/min RI

1 Cis-3-hexanol 0.89 5.844 850
2 1-Hexanol 0.157 6.234 863
3 3-Hexyl hydroperoxide 0.163 8.960 965
4 Hexanol b2-ethyl-N 0.128 12.382 1020
5 1-Octanol 0.38 14.303 1070
6 Nonanal 1.847 15.813 1100
7 None-3-en-2-one 0.183 17.387 1136
8 Non-(2E)-enal 0.326 18.430 1157
9 2-Decen-l-ol, (E)- 0.19 20.693 1251
10 Dec-(2E)-enal 0.374 23.329 1260
11 Vitispirane 0.323 24.416 1270
12 Elemene bdelta-N 0.85 25.925 1335
13 Copaene balpha-N 1.996 28.994 1374
14 Tetradecane bn-N 0.467 29.947 1400
15 Ionone b(E)-, alpha-N 0.927 30.804 1411
16 Caryophyllene b(E)-N 1.159 30.936 1417
17 Nerylacetone 1.173 31.797 1431
18 Humulene balpha-N 0.718 32.613 1452
19 Ionone bbeta-N 1.175 33.294 1487
20 Tridecanal 0.724 34.502 1509
21 Cadinene bgamma-N 0.219 34.924 1513
22 Cadinene bdelta-N 1.671 35.165 1522
23 Caryophyllene oxide 0.48 37.725 1582
24 Tetradecanal 6.927 38.673 1611
25 Eudesmol bgamma-N 0.689 39.707 1630
26 Valerianol 0.473 40.046 1656
27 Eudesmol b alpha-N 1.277 40.619 1660
28 Tetradecanol bn-N 2.991 41.229 1671
29 Heptadecane bn-N 0.131 42.249 1700
30 Benzoic acid, 2-ethylhexyl ester 0.187 42.435 1706
31 Pentadecanal- 32.082 42.656 1719
32 (6Z,9Z)-6,9-Pentadecadien-1-ol 0.186 45.205 1771
33 (Z)-7-Hexadecenal 2.372 45.514 1798
34 Phytone 1.367 47.295 1845
35 Benzyl salicylate 0.059 48.286 1872
36 9-Octadecenal, (Z)- 15.894 49.09 1995
37 Octadecanal 0.952 49.946 1999
38 Palmitic acid 4.796 51.61 2009
39 Phytol 1.697 56.255 2045
40 Squalene 0.139 75.415 2808
41 Nonacosane 2.877 77.361 2900
42 Triacontane 1.796 81.788 3000

Unidentified 6.588
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Pentadecanal (i.e. major compound) is a long chain fatty aldehyde,
and it acts as ovipositional deterrent [25]. According to Pathak & Khan
[26], Pentadecanal inhibits oviposition and disturbs the insect's growth
Fig. 9.Mass spectra of identified major components of essential oil of Aquilaria mala
and development. It can also adversely affect eggs, larval, and pupal
stages. In addition, it is identified as an effective attractant for female
mosquitoes [27].

The other major compound, 9-Octadecenal (also known as
Olealdehyde), is a fatty aldehyde as well. Strong body of research has
identified 9-Octadecenal, (Z) as an effective and important attractant
compound, which can be used as a trap for male moth [28,29].
Moreover, it can be used in control of human pathogens, pests, termites
and maggots [30,31].

Tetradecanal, which can be categorized as a bioluminescent
aldehyde [32–34], was the third major component of the essential
oil. Ruano et al. [35] noted that Tetradecanal (i.e. a defensive
compound used by ant queens) can be used as a good general ant
repellent.

In short, GC/MS indicated that the essential oil of A. malaccensis
leaves has a great potential to use as a natural pesticide based on its
identified compounds. The pesticidal property of A. malaccensis leaves
oil was expected as Zaridah and colleagues [36] had been provided
evidence for pesticidal characteristic of oil extracted from the wood of
A. malaccensis.
4. Conclusions

In this study, the kinetic model of oil extraction from the
A.malaccensis leaves using thehydro-distillationwas investigated to un-
derstand the extraction mechanism and to identify the optimum condi-
tion, in which the maximum extracted yield and theminimum of water
consumption and extraction time can be achieved. The result showed
that non-stationary diffusion model comprising two stages of washing
and diffusion better describes the extraction of oil from A. malaccensis
leaves. Both the hydro-distillation rate and the A. malaccensis leaves-
to-water ratio were identified as influential factors affecting the
extraction period, distillation rate, and oil yield. The highest yield
of the essential oil was extracted at power of around 300–350 W,
solid to solvent ratio of 1:10, and around 3 h of extraction. Also,
using GC/MS, 42 chemical components of A. malaccensis leaves
essential oil were identified for thefirst time. Among these components,
pentadecanal, 9-octadecenal, (Z), and tetradecanal were the most con-
centrated components. Given the possibility of using A. malaccensis
leaves as a natural source of pesticides, it is recommended for future
studies to practically test (e.g. larvicidal and mosquitocidal) the
identified major components for developing new organic pesticidal
products.
ccensis' leaves: Pentadecanal (a), 9-octadecenal, (Z) (b), tetradecanal bn-N (c).
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