JOURNAL OF TROPICAL LIFE SCIENCE
2022, Vol. 12, No. 3, 339 – 349
http://dx.doi.org/10.11594/jtls.12.03.07
Research Article

In Silico Study of Eugenol and Trans-Caryophyllene also Clove Oil Fumigant
Toxicity on Tribolium castaneum
Silvi Ikawati *, Toto Himawan, Abdul Latief Abadi, Hagus Tarno, Alvan Fajarudin
Department of Plant Pests and Diseases, Faculty of Agriculture, Universitas Brawijaya, Malang 65145,
Indonesia
Article history:
Submission November 2021
Revised November 2021
Accepted July 2022
*Corresponding author:
E-mail: silviikawati@ub.ac.id

ABSTRACT

Alternative storage pest control that is more environmentally friendly than the use of
synthetic chemical pesticides is to use botanical pesticides from plant essential oils,
including clove (Syzygium aromaticum) which contains the main compounds eugenol
and trans-caryophyllene. To study the various mechanisms of action of essential oils
as botanical insecticides could use in silico approach through molecular docking. This
study aims to predict the dominant binding mode(s) of a ligand with a protein of a
known three-dimensional structure through docking. Then tested its fumigant activity
on Tribolium castaneum. The docking results showed that the trans-caryophyllene and
eugenol compounds had a more stable bond strength in the acetylcholinesterase enzyme T. castaneum than the control compound linalool. In addition, there is a synergy
between eugenol and trans-caryophyllene when the two compounds interact with acetylcholinesterase. These results can be used as prediction material that trans-caryophyllene and eugenol have potential as protein acetylcholinesterase inhibitors of T.
castaneum. After being tested in the laboratory, clove oil which contains two main
compounds, namely eugenol and trans-caryophyllene has the potential to control T.
castaneum with an LC50 value of 5,227 μL/L air.
Keywords: Botanical insecticide, Caryophyllene, Docking, Eugenol, Fumigant,
Syzygium aromaticum

Introduction
The flour beetle, Tribolium castaneum
(Herbst) (Coleoptera: Tenebrionidae), is a polyphagous and cosmopolitan pest in cereal products [1]
and other stored products. The level of the economic damage of flour beetles to stored products
in Nigeria ranges from 14 to 40% [2]. Various
control measures against storage pests can be applied individually or in an integrated control program [3].
In the case of mass propagation of stored product pests, synthetic chemical insecticides are often
used [4]. Phosphine and methyl bromide are two
common fumigant pesticides used for product protection worldwide [5]. For phosphine, The resistance to phosphine T. castaneum has been
widely reported [6]. Methyl bromide, a broadspectrum fumigant, has been declared an ozonedepleting substance, so its use has been banned

[5]. Therefore, alternative forms of control that are
more environmentally friendly are needed
Alternative pest control is indicated by the
presence of products from plants, namely essential
oils and their components, where natural compounds from plant sources are believed to have advantages over synthetic pesticides in terms of low
toxicity to mammals, rapid degradation, and local
availability [7]. Secondary metabolites in the form
of plant essential oils play an important role in
plant-insect interactions because these compounds
can have insecticidal activity against insects [7, 8].
Essential oils generally contain a complex mixture
of monoterpenes, phenols, and sesquiterpenes [9,
10]. Unlike pesticides from synthetic chemicals,
the bioactivity of essential oils in insect pest control cannot always be attributed to the main element, in some cases indicating an internal synergy
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between the constituent elements of certain essential oils that can increase the toxic (active) properties [10]. The effectiveness of essential oils varies
according to their constituents and entomological
targets [11].
Some plants capable of producing essential
oil-forming compounds are distributed in several
families, such as Cupressaceae, Lauraceae, Zingiberaceae, Asteraceae, Myrtaceae, Lamiaceae, Piperaceae, Apiaceae, Rutaceae, and Poaceae [12].
Plants that are found in Indonesia and have potential as pesticides include cloves (Syzygium aromaticum). This oil has toxic properties as a food
inhibitor, and is a repellent for controlling stored
products [13]. Eugenol and -caryophyllene are the
main components of clove oil [10, 14, 15]. This
component shows the LD50 value variable that is
specific to the pest species [16]. So that, clove essential oil has the potential to be developed as a
vegetable pesticide. To be able to commercialize
it, there are some practical considerations besides
chemical considerations, including regulatory requirements and costs (in some jurisdictions), the
price of the oil commodity used as the active ingredient, the availability of large volumes of oil,
and the chemical consistency of the oil [10]. Essential oils have three mechanisms of action as
pesticides [17]. The three mechanisms of action
are acting on the insect's nervous system; suppression and disturbance of normal growth, development, metamorphosis, and reproduction of insects;
and inhibition of mitochondrial membrane respiratory enzymes or regulation of oxygen consumption and the amount of carbon dioxide released in
insects. Essential oil compounds exert their activity on insects through neurotoxic effects involving
several mechanisms, most notably through
GABA, octopamine synapses, and acetylcholinesterase inhibition [18]. Some of the monoterpenes
contained in essential oils are neurotoxic to insects, such as eugenol which has been identified as
an important component of essential oils. The
mechanism of this neurotoxicity involves nervous
system receptors [18]. One of the important enzymes targeted on the nervous system by many insecticides is the enzyme acetylcholinesterase. To
study this in the development of botanical insecticides, it is often through in vitro and in vivo testing
which takes a relatively long time and is quite expensive. The alternative so that these problems can
be overcome is a modeling approach using computational chemical calculation techniques.
JTLS | Journal of Tropical Life Science

Material and Methods
Molecular docking study
The downloaded eugenol and trans-caryophyllene ligands were stored in a three-dimensional conformation. Meanwhile, the receptor protein molecule, namely the acetylcholinesterase enzyme from the insect T. castaneum, was downloaded in the form of an amino acid sequence from
www.ncbi.nlm.nih.gov in the Protein subdatabase.
The amino acid sequence obtained from the
FASTA section was made for a three-dimensional
quaternary structure modeling online at
www.swissmodel.expasy.org. After all the threedimensional structure models are ready, the docking process is carried out. The docking process between eugenol and trans-caryophyllene molecules
with acetylcholinesterase receptor protein using
the PyRx program. The analysis of the docking results includes the interactions that occur. Docking
data collection results in the form of binding energy and electrostatic energy. The stages of the in
silico study are presented in Figure 2. After the
docking data is obtained, the next step is to determine the conformation of the docking result,
which has the smallest ki value. To get the value
of the inhibition constant (Ki) the Cheng-Prusoff
formula is used as follows:
Ki = 𝑒 (

𝐷𝐺𝑏𝑖𝑛𝑑
)
2.5

Where Ki is the constant of inhibition, e is the
mathematical constant (2.71828), and DG bind is
the binding affinity. Provided DGbind in kJ/mol
[19].
Clove oil composition
The chemical composition of clove oil was determined by Gas Chromatography-Mass Spectrometry (GC-MS Shimadzu Model QP-2010).
The compounds were identified by comparing
their retention times with known compounds and
also comparing their mass spectra with those
stored in the Wiley 8 Library (comparison quality
>80%). The number of relative percentages is obtained directly from the peak region of the GC.
GC-MS analysis was performed with a GCMS
Shimadzu Model QP-2010 Plus Mass Spectrometer equipped with a capillary column (HP-5, 25 m
× 0.25 mm, 0.25 m film thickness). The carrier gas
is helium with a flow of 1 mL min-1. The GC oven
temperature was held at 50°C for 2 minutes, programmed at 5°C min-1 to 200°C, then held at this
340
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temperature for 15 minutes. The mass spectrum
was recorded at 70 eV. The mass range is from m/z
35-350 amu. The injection block temperature is
250°C.
Rearing of insect test
Insects were obtained from the collection of
the Laboratory of Plant Pests, Department of Plant
Pests and Diseases, Faculty of Agriculture, Universitas Brawijaya. The feed used for rearing is a
composition of 95% wheat flour and 5% instant
yeast [20]. The flour used is the blue triangle brand
with a total weight of 1 kg of feed. T. castaneum
insects were identified using a stereomicroscope
to identify the male and female species. After the
feed and insects were ready, the feed was placed
into a propagation jar (t=12 cm, and d=10) and
then mixed evenly, and 100 adult insects were infested with a ratio of male and female 1:4 into the
feed. Furthermore, the propagation tube was left
for seven days for the oviposition process. Then,
all imago were removed from the propagation
tube. The eggs produced by the imago are awaited
until they become pupae. When entering the pupa
stage, the male and female pupae were separated
based on their genital organs using a stereomicroscope. Next, male and female pupae are placed in
separate tubes and left to develop into new imago.
The new adults used in the study were seven to
fourteen days old.
Clove oil fumigant toxicity
Testing the activity or fumigant properties of
clove oil on adults of T. castaneum was conducted
by exposing it to 30 adults (aged 5-7 days) without
distinguishing between males and females. The
test was carried out in a 250 mL glass flask which
was closed using a rubber stopper. Clove oil was
dissolved in 1 mL of acetone to obtain the desired
concentration (0.8, 1.6, 3.2, and 6.4 μL/L air). For
control, only used acetone without clove oil. Each
concentration was dripped evenly on a piece of
Whatman No 1 filter paper (7 cm x 9 cm), air-dried
(10 minutes), and then affixed one side to a rubber
cover. The filter paper is installed in such a way
that it does not come into contact with the walls of
the flask. After that, the flask was stored in an incubator at a temperature of 27oC and 75% Rh.
Each treatment was repeated 5 (five) times. After
exposure for 48 hours, insects were transferred to
Petri dishes. Insect mortality as soon as possible
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can be observed. Insects are considered dead when
touched and do not show movement.
Statistical analysis
Clove Oil Fumigant Activities were arranged
in a Randomized Block Design. The percentage of
mortality due to fumigant activity was analyzed by
ANOVA and if there was a significant difference
in the treatment, further tests were carried out so
that the difference between treatments was known
by the DMRT test (0.05). Probit analysis was used
to obtain 48 h LC50 and LC90 results. All tests were
carried out using the SPSS 23.0 program (SPSS,
Inc., Chicago, IL). If there is a death in the control,
then the percent death needs to be corrected. If the
mortality of insects in control is 20%, then the test
must be repeated. The percentage of corrected
deaths was calculated based on Abbott's (1925)
formula as follows:
𝑃=

X−Y
× 100
Y

Where P is the percentage of corrected mortality,
X is the percent of live insects in control, and Y is
the percent of live insects in the treatment [21].
Results and Discussion
Molecular Interaction of Eugenol and Transcaryophyllene with Acetylcholinesterase T.
castaneum In Silico
Collection of 3D Structures of Bioactive
Compounds
Eugenol (C10H12O2) is a phenylpropanoid
formally derived from guaiacol with an allyl chain
in the para position with a hydroxy group. It has
the role of allergen, plant metabolite, human blood
serum metabolite, and sensitizer. It is a
phenylpropanoid, monomethoxybenzene, and
phenol member. It is derived from guaiacol [22].
Eugenol has a molecular weight of 302,238 g/mol.
The 3-dimensional structure of the eugenol
compound was obtained from the compound
database, namely PubChem with CID number
3314 (Figure 1).
Trans-caryophyllene (C15H24) is found in
many essential oils, especially clove oil. These
compounds have roles as non-steroidal anti-inflammatory drugs, fragrances, metabolites, and insect attractants [23]. Trans-caryophyllene has a
molecular weight of 204.35 g/mol. The 3-dimen-
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Figure 1. The 2D and 3D structures of eugenol compounds [22]

Figure 2. The 2D and 3D structures of trans-caryophyllene compounds [23]

Figure 3. The 2D and 3D structure of Linalool compound [25]

sional structure of the trans-caryophyllene compound was obtained from the compound database,
namely PubChem with CID number 5281515
(Figure 2).
Linalol was chosen as a control compound
because it can bind to acetylcholinesterase protein
[24]. These compounds have roles as plant
metabolites, components of essential oils,
antimicrobial agents, and fragrances. It is tertiary
alcohol and a monoterpenoid [25]. Linalool has a
molecular weight of 154.25 g/mol. The 3dimensional structure of the linalool compound
was obtained from the compound database,
namely PubChem with CID number 6549 (Figure
3).
Determination of Target Protein
The receptor protein molecule is the acetylcholinesterase enzyme from the insect T. castaneum downloaded in the form of an amino acid sequence from www.ncbi.nlm.nih.gov in the Protein
JTLS | Journal of Tropical Life Science

subdatabase with GenBank number: EEZ99262.2.
The amino acid sequence obtained from the
FASTA section was then modeled on an online
three-dimensional quaternary structure at
www.swissmodel.expasy.org. The 3D Acetylcholinesterase structure of T. castaneum was visualized with PyMol software (Figure 4).
Interaction of Acetylcholinesterase with Bioactive
Compounds
The interaction of target proteins with bioactive compounds or ligands can be identified
through 3 stages: molecular docking, 3D visualization using PyMol, and Protein-Ligand Interaction Profiler (PLIP).
The interaction analysis of eugenol and transcaryophyllene on the acetylcholinesterase enzyme
through the molecular docking method was carried out using PyRx 0.8 software. Molecular docking has resulted in 9 conformational models of interactions for each ligand with macromolecules.
342
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a
b
Figure 4. The 3D structure of acetylcholinesterase protein is visualized with PyMol software, shown in the
form of a cartoon (a) and a surface (b).
Table 1. Docking results, inhibition constants, and LC50 of eugenol and trans-caryophyllene against Acetylcholinesterase T. castaneum
Compound

Binding Affinity (kcal/mol)

Ki (mM)

LC50= 2xKi (mM)

Trans-caryophylene

-8,3

0,0009

0,0019

Trans-caryophylene - Eugenol

-6,2

0,0312

0,0623

Eugenol

-6,3

0,0264

0,0527

Eugenol – Trans-caryophylene

-8,3

0,0009

0,0019

Linalool

-5,5

0,1006

0,2011

The docking results obtained are the lowest binding affinity of each compound (Table 1). When
there is a fit (fit) in shape and volume between the
ligand molecule and the active site or protein binding site, it means that the ligand interaction with
the receptor protein occurs [26]. In addition, it is
also necessary that the functional groups on the
ligand molecule must be inadequate positions of
the amino acids that are their partners at the active
site or the anchoring site [27]. The match between
the ligand molecule and the active site or protein
binding site is very specific, such as the described
match between the keyhole and the key (lock-andkey) [26]. The active site or the mooring site urges
(induces) a conformational change of the ligand
[26, 28]. With this conformational change, a certain amount of energy will be released which is
known as the Gibbs energy of tethering (∆Gbind)
or binding affinity [27]. Binding affinity (∆G) is
used as a parameter for the stability of the interaction between compounds and proteins (ligands
with receptors). The smaller (negative) value of
∆G indicates that the level of stability is getting
better between the ligand and the receptor so that
the bond formed will be stronger.
The docking results of trans-caryophyllene
JTLS | Journal of Tropical Life Science

and eugenol compounds showed different results
on the binding ability of the acetylcholinesterase
enzyme. The binding affinity values of trans-caryophyllene and eugenol with acetylcholi-nesterase
of -8.3 and 6.3 kcal/mol were lower than the binding affinity values of linalool with acetylcholinesterase of -5.5 kcal/mol. The lower binding affinity
value indicates that the compound can react spontaneously without using a lot of energy and has a
stable bond [29, 30]. So that trans Caryophyllene
and eugenol have more stable bond strength than
the control compound linalool. The sequence of
compounds that best binds to acetylcholinesterase
is trans-caryophyllene, eugenol, and then linalool.
In addition, there is a good synergy seen in the
combination of Eugenol - transCaryophylene,
with a lower binding affinity value than when the
eugenol compound interacts with acetylcholinesterase alone.
The 3D visualization with PyMol and DiscoveryStudio
This 3D visualization aims to determine the
binding site of the compound with acetylcholinesterase protein using PyMol software. The results of the 3D visualization of the compound
343
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a
b
Figure 5. The binding sites of transCaryophyllene (red), eugenol (yellow), linalool (blue) with acetylcholinesterase protein (green) are visualized with PyMOL software in cartoon form (a) and surface (b).

a

b

c
d
Figure 6. 3D interaction between acetylcholinesterase protein and (A) eugenol, (B) transcaryophyllene eugenol, (C) transcaryophyllene, and (D) eugenol - transcaryophyllene using PyMol software.

binding to the target protein are shown in Figure
5.
Based on the visualization, it can be seen that
trans-caryophyllene and eugenol are located at the
same binding position as the control compound
linalool. So, it can be said that trans-caryophyllene
JTLS | Journal of Tropical Life Science

and eugenol have the same potential as linalool as
protein acetylcholinesterase inhibitors. The linalool compound works by inhibiting the cholinergic
system by inhibiting the mechanism of acetylcholinesterase (AchE) [24].
Furthermore, visualization of the molecular
344
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a

b

c
d
Figure 7. 2D interaction between acetylcholinesterase protein and (a) eugenol, (b) transcaryophyllene eugenol, (c) transcaryophyllene, and (d) eugenol - transcaryophyllene using the DiscoveryStudio
software.

docking between the two test compounds, namely
eugenol, and trans-caryophyllene, was carried out
to determine the interaction. This process is
carried out by combining macromolecules with
one of the ligands using PyMol software, then
followed by visualization of acetylcholinesterasetranscaryophyllene with eugenol, and acetylcholinesterase-eugenol with trans-caryophyllene.
The resulting interaction is seen through the
docking of the acetylcholinesterase protein with
the test compound resulting in an interaction pattern that has different characteristics. Following
are the interactions of proteins and test compounds
in 3D using PyMol software (Figure 6) and interactions in 2D using DiscoveryStudio software
JTLS | Journal of Tropical Life Science

(Figure 7). Interactions that occur between eugenol and transcaryophyllene-eugenol with amino
acids include Hydrogen and Pi-Alkyl interactions.
Meanwhile, the interactions that occur between
transCaryophyllene and eugenol – transcaryophyllene with amino acids are Pi-Sigma and PiAlkyl.
Visualization with Protein-Ligand Interaction
Profiler (PLIP). This 3D visualization aims to determine the amino acid residues and the bond distance between the compound and the acetylcholinesterase protein. The tool used is the PLIP webserver (https://projects.biotec.tu-dresden.de/plipweb/plip). The visualization results can be seen in
Figures 8-12. The binding site of trans-caryo345
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Figure 8. Visualization of trans-caryophyllene with acetylcholinesterase using PLIP

Figure 9. Visualization results of eugenol with acetylcholinesterase using PLIP

JTLS | Journal of Tropical Life Science
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Figure 10. Visualization of linalool with acetylcholinesterase using PLIP

phyllene in acetylcholinesterase protein involves
114 amino acids TYR, 126 TRP, 351 PHE, and
392 PHE which are present in hydrophobic bonds
(Figure 8). Meanwhile, the binding site for eugenol involved 126 TRP amino acids, 391 TYR on
hydrophobic bonds, and 171 GLY, and 258 GLU
on hydrogen bonds (Figure 9). The binding site of
linalool involves 126 TRP amino acids, 391 TYR
on hydrophobic bonds, and 171 GLY on hydrogen
bonds (Figure 10).
The similarity of binding sites between transCaryophyllene and eugenol with the control compound linalool can be seen in the similarity of
amino acid residues. Trans-Caryophyllene has the
same bond compared to linalool at 126 TRP, while
eugenol also has the same bond as linalool at 126
TRP, 391 TYR, and 171 GLY. This similarity can
be used as a prediction material that trans-caryophyllene and eugenol have potential as inhibitors
of acetylcholinesterase proteins such as linalool.
The analysis of the interaction of eugenol and
trans-caryophyllene on the acetylcholi-nesterase
enzyme through the molecular docking method
(adjusting two molecules together, namely protein
and ligand in 3D and using computational chemiJTLS | Journal of Tropical Life Science

cal calculations) and their visualization showed
that trans-caryophyllene and eugenol have potential as protein inhibitors of T. castaneum acetylcholinesterase.
Clove Oil Composition
From the results of the GC-MS analysis, it was
found that there are two main components
contained in clove oil, namely eugenol and transcaryophyllene (Table 2). The largest component
was eugenol and trans-caryophyllene with 89 and
10% percentages, respectively.
The content of eugenol and trans-caryophyllene in this study is following the results of
previous studies. Eugenol (85.39%) and transcaryophyllene (9.22%) were identified as two major
components of clove oil [31]. clove oil and its
main effective composition eugenol show many
beneficial advantages [32].
Clove Oil Fumigant Activity
In this study, clove oil fumigant activity was
evaluated against T. castaneum imago using the
filter paper method (Figure 11). The results
showed that the clove oil concentration signifi347
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Table 2. The main chemical composition of clove oil
and the percentage average
Compound
Percentage Average
Eugenol

88,89

trans-Caryophyllene

9,555

Table 3. LC50 and LC90 values of clove oil fumigant
on adults of T. castaneum
Parameter
Value
LC50 (μL/L air)

5,227

LC90 (μL/L air)
Intercept (±SE)
Slope (±SE)

87,157
-0,753 (1.433)
1,049 (1,060)

Chi2
df

0,612
1

cantly affected the mortality of T. castaneum after
24 hours of exposure (F=26,860, df=3, P=0.000).
Here, concentration is the main effect, while corrected mortality is the dependent variable. Clove
oil at the lowest to the highest concentration resulted in increased mortality until, at the highest
concentration, mortality reached 54%. So, from
these results, it can be estimated the value of LC50
through probit analysis (Table 3).
The LC50 and LC90 values of clove oil fumigants against T. castaneum were 3,920 and 65,368
L/L water, respectively. From the LC50 results, it
can be concluded that clove oil has fairly good fumigant toxicity against T. castaneum. Clove oil
has contact toxicity against storage pest T. castaneum [33] and Cryptolestes ferrugineus [34]as
well as fumigant toxicity against Lasioderma serricorne [35]. The slope of the response curve for
the clove oil concentration is quite high, namely
1.08. The slope value of the high concentrationresponse curve indicates that small variations in
essential oil concentrations lead to large variations
in mortality [36]. This study demonstrated the potential of clove oil and its components against the
pest T. castaneum through an in silico test. However, further research can be carried out by testing
each of its components in the laboratory to complete the data in this study.
Conclusion
In this study, docking results showed that the
trans-caryophyllene and eugenol compounds had
a more stable bond strength in the acetylcholinesterase enzyme T. castaneum than the control
JTLS | Journal of Tropical Life Science

compound linalool. In addition, there is a synergy
between eugenol and trans-caryophylene when the
two compounds interact with acetylcholinesterase.
These results can be used as prediction material
that trans-caryophyllene and eugenol have potential as protein acetylcholinesterase inhibitors of T.
castaneum. After being tested in the laboratory,
clove oil which contains two main compounds
namely eugenol and trans-caryophylene has the
potential to control T. castaneum with an LC50
value of 5,227 μL/L air.
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