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Abstract

Citronella (Cymbopogon nardus L.) is a widely used plant in medicinal and agrochemical fields due to its unique secondary
metabolite, citronellal. In this study, the chemical composition of citronella stem extract and its biopesticide activity against
fall armyworm (Spodoptera frugiperda) was studied. Extraction of citronella with 96% ethanol was carried out using three
methods, namely maceration, soxhletation, and microwave-assisted extraction (MAE). The chemical content in the extracts
was analyzed using a GC-MS instrument. The potential of the extract as a biopesticide was carried out using the Completely
Randomized Design (CRD) method by treating instar III larvae to citronella stem extract with a concentration of 0.5%; 1.0%;
1.5%; 2.5%; and 3.5% in triplicate. Data were analyzed using SPSS probit analysis. In silico computational study was done
through molecular docking analysis. The results showed that the soxhletation method successfully obtained the highest
citronellal percentage, 0.28%, compared to maceration (0.03%) and MAE (0.02%). Three citronellal compounds were
detected in the extracts, namely citronellol, geranyl acetate, and hydroxy citronellol. The ethanol extract obtained by the
soxhletation method was powerfully effective as a biopesticide with an LCs, of 0.456% in 12 hours of observation. Molecular
docking analysis showed that all citronellal compounds contained in the extract had a binding energy lower than -5 kcal/mol
indicating a potential bioactivity. Hydroxy citronellol had the lowest binding energy about -5.81 kcal/mol and two hydrogen
bond interactions in Arg314 and Phe313 residues. It can be concluded that ethanolic extract of citronella stem can be used as a
biopesticide, particularly against fall armyworm (Spodoptera frugiperda).

Keywords: Biopesticide; Cymbopogon nardus L.; molecular docking; natural insecticide; soxhletation

1. Introduction

Spodoptera frugiperda was firstly reported in
Indonesia, in 2019. It was found in Lampung, West
Sumatera, Banten, West Java, and Bali, and was
predicted to spread to other provinces due to its great
dispersal capacity [1-4]. This pest, a native pest from
tropical America, invades Indonesia plantations by
transportation from Africa [4]. It is an important pest
in maize crops by 20-50% of loss and causes
significant damage to other crops, such as rice, sweet
potato, banana, strawberry, and many more [5]. The
characteristics of S. frugiperda attack on corn plants
are the presence of holes and fractures in the leaves at
the age of 2-8 weeks after planting [3]. The chemical
spray as an insecticide has been widely applied to
control this pest [6]. However, due to its numerous

drawbacks to non-target organisms and the
environment [7—11], and the resistance of the pest to
chemical insecticide [12], the utilization of
biopesticide is highly recommended.

Citronella (Cymbopogon nardus) is known as a
multifunctional plant, one of which is in the
agricultural sector. Including in genus Cymbopogon,
citronella was firstly found in Sri Lanka, Southeast
Asia. It can grow well in Indonesia and can be found
in several regions, such as in Aceh [13] and East
Nusa Tenggara [14]. Citronella is one of the main
components in citronella oil, with high antifungal
properties [15]. Citronella is included in the terpenoid
group belonging to monoterpenes, which can
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suppress the growth of pathogenic fungi [16]. Other
major constituents, such as geraniol and citronellol,
also exhibited potential bioactivity
management [17].

in  pest

Several studies revealed that citronella extract was
effective in being used as Aedes Aegypti repellent
[18]. Not only as a pest repellent, citronella can also
be used as a fumigant and oviposition inhibitor in
stored products [19]. It performed potential used as a
biopesticide against several pests, such as Ulomoides
dermestoides [19], Tribolium castaneum, Sitophilus
oryzae, and Drosophila melanogaster[20] in stored
grain, as well as Cryptolestes sp, Rhyzopertha
Dominica, Palorus subdepressus, and Sitophilus
zeamais in stored coffee and cocoa [21, 22]. In
addition, citronella oil can also be applied to control
the population of field insects, gram pod borer
(Helicoverpa armigera) [23].

This study aims to study the effectiveness of
citronella stem extract as a biopesticide against the
armyworm S. frugiperda. In addition, we also

compare three extraction methods, namely
maceration, soxhletation, and microwave-assisted
extraction, based on the yields and chemical

compositions of the extracts. The results of this study
are expected to be the beginning of the development
of renewable biopesticides from ethanol extract of

Table 1.

The yield of extracts by using three different extraction methods

2.2. Sample Extractions

Three extraction methods were used in this stage,
namely maceration, soxhletation, and MAE
(Microwave-assisted extraction). All of them were
carried out in the ethanol 96% (Merck) as a solvent
with a 1:10 sample/solvent ratio. The three extraction
processes were done using the following conditions:
For maceration, the extraction was performed in 3x24
hours, while for soxhletation, it was performed for 90
minutes at 50 °C, and for MAE, it was extracted at
100 watts for 3x8 minutes using domestic microwave
(Sharp Microwave Oven R21A1 22 L) with slight
All filtered out,
evaporated, and dried until dry extracts resulted. The
chemical constituents of these three extracts were

modification. mixtures were

analyzed using the phytochemical screening method
[24] and GC-MS (Gas Chromatography-Mass
Spectrometry) QP2010 Ultra Shimadzu.

2.3. GC-MS Analysis

Each sample of 1 pL was injected into GC-MS,
which was operated using a glass column with 25 m
in lenght, 0.25 mm in diameter and 0.25 m in
thickness, with a stationary phase of CP-Sil 5CB with
an oven temperature programmed between 70-270 °C
with a temperature rise rate of 10 °C/min. Helium

Sample Sample Weight (g) Dry Extract Weight (g) Yield (%)
CE-1 20.0029 0.2901 1.45
CE-2 20.0022 2.5092 12.55
CE-3 20.0025 1.5081 7.54

citronella stems that can overcome the pathogenesis
of the new pest S. frugiperda in the corn plantations
in Indonesia.

2. Experimental
2.1. Plant Collection and Preparation

Citronella (C. nardus L) plants were collected
from Palakka Sub-District, Bone District, South
Sulawesi, The citronella stems were
separated from the leaves, cut into small pieces and

Indonesia.

air-dried until constant weight. The dried samples
were ground and sifted using a sieve of 20 mesh.
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carrier gas pressure was 12 kPa, the total rate was 30
mL/min and the split ratio was 1:50. The results in
chromatogram graphs were obtained from GC
analysis and molecular weight graphs from MS.

2.4. Rearing of Larva

The collection of S. frugiperda larva was done
randomly from corn plantations in Takalar and Gowa
Districts, South Sulawesi, Indonesia. The samples
were reared until they got enough larvae in the third
instar phase, which is then used to study biopesticide
activity.

2.5. Biopesticide Activity of Extract

The Preliminary test was carried out to determine
the concentration range of the extract to be applied in
the toxicity study, which used 0%, 5%, 7.5%, and
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10% of extract in ethanol 70% (Merck) as solvent.
The 10 test larvae were dripped into 0.5 ml of each
solution on the dorsal thorax and the ventral part of
the insect body, namely the spiracle, as a natural hole
or breathing hole. The test larvae that had been
treated were placed in a petri dish and fed baby corn.
The mortality of larvae was observed for 5 hours. The
test was performed in 3 repetitions. The concentration
ranges from the preliminary test, which gave
significant larva mortality, were chosen to make the
series of the extract solution to be used in the toxicity
study. The procedure of the toxicity study was similar
to the preliminary study, except for the observation
duration, which was conducted for 12 hours. The
study was performed in three repetitions.

2.6. Data Analysis

Analysis of data was carried out using normality,
homogeneity, and ANOVA tests. The parameter used
in this test is the mortality of the armyworm S.
frugiperda to determine whether the method used is
effective and efficient for the parameters to be
achieved. The normality test used the Shapiro-Wilk
test, and the homogeneity test used the Levene test.
The toxicity data were analyzed using probit analysis
with the SPSS Statistics Version 23 to determine the
LCs, value.

2.7. Protein Structure Modelling and Molecular
Docking Analysis

In this study, molecular docking of chemical
contents in Citronella extracts was done against
electrophorus electricus acetylcholinesterase enzyme
(eeAChE). Some researchers reported that eeAchE is
the target enzyme for inhibition of some difference
insecticide. Due to the absence of this enzyme in
protein data bank, the structure modelling was done
through I-TASSER server
(https://zhanglab.ccmb.med.umich.edu/I-TASSER/)
by using UniProt code 042275. The best predicted
model resulted in I-TASSER was determined based
on C-score, the higher C-score value indicated the
higher confidence of the model.

Molecular docking analysis of chemical contents
was done using AutoDock4 with the help of
AutoDockTools. The docking preparation including
adding hydrogen, adding charge, etc was done in
Chimera software. Docking protocol of each ligand
was set to produce 10 conformations using The
Lamarckian Algorithm and box grid size 40 x 40 x 40
with spacing 0.375 A. Visualisation of interaction
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was displayed using Discovery Studio Visualizer
program.

3. Results and Discussion
3.1. Citronella Extraction

The yield of the extracts, namely CE-1
(Maceration), CE-2 (Soxhletation), and CE-3 (MAE),
are shown in Table 1. Several studies revealed that
the extraction method can affect the yield and
chemical content of the extract, besides affecting the
effectivity of extraction process [25, 26, 27].
Compared to maceration and MAE methods,
extraction using the soxhletation method in ethanol
produced the highest yield. Moreover, the extract
yield by soxhletation method was higher than
extracted citronella oil using the distillation method
[28].

Table 2.

Phytochemical Screening of Citronella Extracts

Phytochemical Screening CE-1 CE-2 CE-3
Alkaloids + + +
Flavonoids + + +
Terpenoids - - -
Saponins + + +
Tannins + + +
Steroids - - -
Polyphenol + + +

Soxhletation can obtain a large amount of extract
and is relatively efficient in terms of duration and
chemical used [29]. The temperature used, which was
50°C, could not damage the chemical compounds in
the extract. Extraction with the soxhletation method
provides an advantage compared to other processes.
In the soxhletation process, the solvent will
continuously recirculate the sample to allow effective
extraction [30].

Table 2 shows the phytochemical content of all
extracts, which each contain alkaloids, flavonoids,
saponins, tannins, and polyphenols. These results are
also in accordance with the related studies conducted
by Balakrishnan [31] regarding phytochemical
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Table 3

Citronellal compounds in citronella extracts

Retention

Time (min) Chemical Compound Structure CE-1 (%) CE-2 (%) CE-3 (%)
9.56 Citronellol - 1.26 0.37
17.86 Geranyl Acetate 2.26 2.72 0.33
23.21 Hydroxy Citronellol 2.13 0.51 0.98

Total Citronellal 4.39 4.49 1.68

screening for citronella oil.

The chemical compounds of the citronellal group
that were successfully analyzed from all extracts
were citronellol, geranyl acetate and hydroxy
citronellol, as shown in Table 3, except for CE-1,
which contains no citronellol. This data is in
accordance with previous report about chemical
constituent of citronella stem[32].These compounds
can act as natural insecticides such as repellants,
antifeedants, and plant diseases control [17].
Moreover, they also have shown bioactivity as
oviposition inhibitors as well as contact poisons
which cause dehydration and result in death [16, 33].

This result showed that CE-2 extract contained
higher total citronellal than CE-1 and CE-3.
Therefore, CE-2 was selected to be used in the next
stage, which is the bioactivity study of the extract as
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a biopesticide against fall armyworm,S. frugiperda.
3.2. Biopesticide Activity of Citronella Extract

Based on Figure 1(a), it can be concluded that the
mortality of S. frugiperda is dose-dependent on
citronella extract concentration. The morphological
condition of the dead test larvae showed that the
application of 10% extract greatly affected the
mortality of the test larvae, so preliminary tests were
carried out in the concentration range of 0 to 10%.

The use of extract with a concentration of 5% has
shown significant mortality in test larvae at 5 hours
of observation. Therefore, the selected concentration
for the toxicity test is below 5% so that the mortality
can be monitored better. Therefore, the concentration
of 3.5%; 2.5%; 1.5%; 1.0%; and 0.5% were used in
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Fig. 1. Mortality of S. frugiperda by the treatment of CE-2 in preliminary test (5 h of observation) (a), and in toxicity test (12 h of

observation) (b)
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the toxicity test to determine the LCsy value for 12
hours of observation.

Figure 1(b) shows the average mortality which
above 50% except for concentration of 0.5%.
Furthermore, the mean mortality at a concentration of
35% did not statistically different to the
concentrations of 1.5% and 2.5%. During the toxicity
test, the larvae were observed in convulsion
orirregular movement activities, and not long died. In
the thoracic part of the insect body, there is a thoracic
ganglion or ganglia or central nerve in the thorax
which is connected to all nerve cells throughout the
body. The ganglion in the thorax is connected to the
Deuterocerebrum in the brain, which coordinates the
movements of the thoracic segments. If there is a
disturbance in the thoracic ganglion, then the
coordination of movement to the central nervous
ganglia in the Deutoceremrum (brain segment) will
be hampered, resulting in irregular (uncoordinated)
movements which are commonly called convulsive
movements and will then die [33, 34].

Table 5.

Duncan test

Subset Score*

Treatment 1=a 2=b 3=c
0.5% 4.67

1.0% 6.33

1.5% 8.67
2.5% 9.00
3.5% 9.67
Sig 1.00 1.00 0.117

* same notation shows no significant difference. Different
notation shows significant difference.

The citronellal content in the citronella stem
extract plays an important role as a biopesticide,
which has toxic properties of dehydration. Citronellal
is a contact poison to pest that can lead to death due
to continuous fluid loss. Insects exposed to this
poison can die due to the lack of body fluids [33, 35,
36].

]Based on Table 4, the normality test of the data
obtained through the Shapiro-Wilk test showed that
the data are normally distributed. Moreover, the
homogeneity test of the data through the Leven Test
shows that the homogeneity requirements in the
regression model has been met, which means that the
data is homogeneous and comes from the same
variance. Meanwhile, the ANOVA test result showed
a significance value of 0.000 <0.05, where there is a

Table 6. Docking result of three chemical contents in citronella extract

significant difference in the data. Thus, a further test
was carried out, namely Duncan Test. Based on the
Tabled4.

Data analysis

Test Significance
Normality 0.166
Homogeneity 0.866
Anova 0.000

results of Duncan's test in Table 5, the results
obtained at concentrations of 0.5% and 1.0% were
significantly different, while at a concentration of
1.5%; 2.5% and 3.5% were not significantly
different.

Based on statistical analysis, LCso (LCL-UCL)
value of citronella stem extract against S. frugiperda
for 12 hours of observation after treatment is 0.456%
(0.357 - 0.872%). Compared to another biopesticide
study of plant extracts against S. frugiperda, such as
tobacco and papaya leaf extracts(50% of effective
concentration for both)[37, 38], it can be stated that
citronella extract showed better biopesticide activity
against S. frugiperda. Thus, it has potential
application as a natural insecticide. However, before
it can be applied in the field, further studies must be
conducted, such as the biopesticide activity against
other pests as well as the toxicity to non-target

Fig. 2.Tertiary structure of e¢eAChE model resulted by I-
TASSER server

organisms.

Chemical Contents Binding Energy (kcal/mol)

Inhibition Constant

Hydrogen bond interaction

©M)
Citronellol -5.33 124.91 Arg314; Phe313
Geranyl Acetate -5.18 159.12 Phe313
Hydroxy Citronellol -5.81 54.84 Arg314; Phe313
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Fig. 3. 2D-interaction between chemical content and eeAChE enzyme: (a) citronellol, (b) geranyl acetate, (c) hydroxy citronellol

3.3. Molecular Docking Analysis

To perform molecular docking analysis, we had to
predict the tertiary structure of eeAChE. This enzyme
was used to study insecticide activity controlling
agents against some pests, includingSpodoptera
frugiperdal39]. Jintana et al. revealed that there was
significant correlation between the symptont showed
by the pest after insectide exposure and the inhibition
of AChE activity [40].Since there was no report of
this enzyme in the protein data bank (PDB), we did
protein structure modelling using I-TASSER server
[41-43]. Result of modelling gave us top 5 protein
models which were ranked by C-score of each model.
The selected model is the one that has a highest C-
score model. C-score is a confidence score for
estimating the quality of predicted models by I-
TASSER. Figure 2 showed the selected model that
has C-score value of -0.28 and estimated TM-score of
0.68 + 0.12. This model was then used in molecular
docking analysis.

There were three chemical contents that docked in
the active site of eeAChE structure. Table 6 was the

Egypt. J. Chem.66, No. 7 (2023)

summary of docking result from three chemical
contents in citronella extracts. A comparison of each
content in binding energy showed that hydroxy
citronellol has the lowest energy value, which is
caused by the interaction resulted from the ligands
and enzyme structure. Binding energy was the sum of
interaction energy between ligand and protein, the
more interactions resulted in the lower binding
energy. Figure 3 showed the 2D-interaction of each
ligand in the active site of eeAChE enzyme. All
chemical contents showed hydrogen interactions in
Phe313 indicating that all
contentswere in the same site of the enzyme.
Additional hydrogen bond interaction was found
between Arg314 residue and hydroxyl group in
citronellol and hydroxy citronellol. Binding energy
result of all chemical contents showed that all content

residue chemical

could be classified as potential bioactive compounds
because they had a binding energy lower than -5
kcal/mol [44].
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4. Conclusion

Compared to the maceration and MAE methods,
soxhletation extraction gave the highest extract yield
and citronellal content, including citronellol, geranyl
acetate, and hydroxy citronellal. Ethanol extract of
Citronella stem was effective as a biopesticide
against fall armyworm S. frugiperda with an LCs
value of 0.456% in 12 hours of observation.
Molecular docking study showed hydroxy citronellol
had the lowest binding energy against eeAChE
enzyme about -5.81 kcal/mol and two hydrogen bond
interactions in Arg314 and Phe313 residue.

5. Conflicts of interest
There are no conflicts to declare.

6. Formatting of funding sources

Research funding from The Institution of Research
and Community Services (LP2M) of Hasanuddin
University

7. Acknowledgments

Authors thank LPPM of Hasanuddin University
for research grant, and Ujung Pandang State
Polytechnic (PNUP) Makassar for performing GC-
MS analysis of the samples.

8. References

[1] Sartiami, D., Dadang, Harahap, I. S., Kusumabh,
Y. M., & Anwar, R. First record of fall
armyworm (Spodoptera frugiperda) in Indonesia
and its occurence in three provinces. IOP Conf.
Ser. Earth Environ. Sci., 468(1), (2020).

Lestari, P., Budiarti, A., Fitriana, Y., Susilo, F.,
Swibawa, I. G., Sudarsono, H., Suharjo, R.,
Hariri, A. M., Purnomo, Nuryasin, Solikhin,
Wibowo, L., Jumari, & Hartaman, M.
Identification and genetic diversity of Spodoptera
frugiperda in Lampung province, Indonesia.
Biodiversitas, 21(4), (2020) 1670-1677.
Supartha, I. W., Sunari, A. A. A. A. S., Krisna, L.
G. P. B,, Yudha, I. K. W, Mahaputra, I. G. F,, &
Wiradana, P. A., Invasion , Population
Development , and Attack Intensity of The Fall
Armyworm ( Spodoptera frugiperda ) J . E Smith
( Lepidoptera: Noctuidae ) On Two Varieties
Corn In Serongga Village , Gianyar Regency ,
Bali -Indonesia. TRKU, 63(01), (2021) 6945-—
6954.

[4] Early, R., Gonzélez-moreno, P., Murphy, S. T., &
Day, R. Forecasting the global extent of invasion
of the cereal pest Spodoptera frugiperda , the fall
armyworm. NeoBiota, 40, (2018) 25-50.
Xiao-xu, S. U. N., Chao-xing, H. U., Hui-ru, J. L.
A., Qiu-lin, W. U., Xiu-jing, S., & Sheng-yuan,

[2

—

[3

—

[5

—

Egypt. J. Chem. 66, No. 7 (2023)

Z. Case study on the first immigration of fall
armyworm , Spodoptera frugiperda invading into
China. J. Integr. Agric., 20(3), (2021) 664—672.

[6] Kumela, T., Simiyu, J., Sisay, B., Likhayo, P.,
Gohole, L., & Tefera, T. Farmers * knowledge ,
perceptions , and management practices of the
new invasive pest , fall armyworm ( Spodoptera
frugiperda ) in Ethiopia and Kenya. Int. J. Pest
Manag., 0874(January), (2018) 1-9.

[7] Jayaraj, R., Megha, P., & Sreedev, P.

Organochlorine pesticides, their toxic effects on

living organisms and their fate in the

environment. Interdiscip. Toxicol., 9, (2016) 90—

100.

Lushchak, V. 1., Matviishyn, T. M., Husak, V. V,

& Storey, J. M. PESTICIDE TOXICITY: A

MECHANISTIC APPROACH. EXCLI J., 17,

(2018) 1101-1136.

[9] Dibartolomeis, M., Kegley, S., Mineau, P.,
Radford R., & Klein, K. An assessment of acute
insecticide toxicity loading ( AITL ) of chemical
pesticides used on agricultural land in the United
States. PLoS One, 14(8), (2019) 1-27.

[10] Salem, S. H., Abd-El Fatah, S. 1., Abdel-
Rahman, G. N., Fouzy, A. S. M., & Marrez, D.
A. Screening for pesticide residues in soil and
crop samples in Egypt. Egypt. J. Chem., 64(5),
(2019) 2525-2532.

[11] Ibrahima, M. A., Belal, M. H., Abdallah, I.
S., & El-Sawi, S. A. M. Monitoring and Risk
Assessment of Pesticide Residues in Some
Locally Produced Vegetables and Fruits. Egypt.
J. Chem., 65(7), (2021) 429-439.

[12] Zhang, D., Xiao, Y., Xu, P., Yang, X., Wu,
Q., & Wu, K. Insecticide resistance monitoring
for the invasive populations of fall armyworm,
Spodoptera frugiperda in China. J. Integr. Agric.,
20(3), (2021) 783-791.

[13] Karim, A., Sugianto, S., Fazlina, Y. D.,
Rusdi, M., Manfarizah, M., & Hifnalisa, H. Land
Arrangement for Citronella (Cymbopogon
Nardus) and Arabica Coffee in the Cultivation
Area in Gayo Lues District, Aceh Province
Indonesia: A Land Suitability Approach. Aceh
Int. J. Sci. Technol., 9(3), (2020) 207-215.

[14] Tahya, C. Y., Kolo, S. M. D, &
Karnelasatri. Antimicrobial and antioxidant
properties of Cymbopogon Nardus L (citronella
grass) oil from Kefamenamu, Timor Tengah
Utara Regency, Indonesia. AIP Conf. Proc.,
2391(1), (2022) 50003.

[15] Seixas, P. T. L., Castro, H. G., Cardoso, D.
P., Junior, A. F. C., & do Nascimento, 1. R.
Bioactivity of essential oils on the fungus
Didymella bryoniae of the cucumber culture.
Brazilian J. Appl. Technol. Agric. Sci.

[8

—_—



242 S. Firdausiah et.al.

Guarapuava-PR, 5(3), (2012) 61-66.

[16] Samarasekera, R., Kalhari, K. S, &
Weerasinghe, 1. S. Insecticidal Activity of
Essential Oils of Ceylon Cinnamomum and
Cymbopogon species against Musca domestica.
J. Essent. Oil Res., 18(3), (2006) 352-354.

[17] Kaur, H., Bhardwaj, U., & Kaur, R.
Cymbopogon  nardus  essential oil: a
comprehensive review on its chemistry and
bioactivity. J. Essent. Oil Res., 33(3), (2021)
205-220.

[18] Aditama, W., Yosep Sitepu, F., & Zulfikar,
C. The effect of lemongrass (Cymbopogon
nardus) extract as insecticide against Aedes
aegypti. ~ 101 ~ Int. J. Mosq. Res., 6(1), (2019)
101-103.

[19] Caballero-gallardo, K., Rodriguez-nifio, D.,
Fuentes-lopez, K., Stashenko, E., & Olivero-
verbel, J. Chemical Composition and Bioactivity
of Essential Oils from Cymbopogon nardus L.
and Rosmarinus officinalis L. Against Ulomoides
dermestoides (Fairmaire , 1893) ( Coleoptera:
Tenebrionidae ) Journal of Essential. (2021).

[20] Ali, F., Khan, J., Khan, 1., & Salman, M.
Bio-insecticidal efficacy of Botanical extracts of
Citronella and Cinnamon against Tribolium
castaneum, Sitophilus oryzae and Drosophila
melanogaster under laboratory conditions.
Fresenius Environ. Bull., 28(4A), (2019) 3104
3109.

[21] Doumbia, M., Kouassi, Y., Lucien, K. K.,
Kanko, C., Dagobert, K. K., Koffi, E. K., Bleu,
G. D., Mamadou, D. Toxicity of Cymbopogon
nardus (Glumales: Poacea) against four stored
food products insect pests. Int. J. Farming Allied
Sci., 3(8), (2014) 803-809.

[22] Hernandez-Lambraiio, R., Pajaro-Castro, N.,
Caballero-Gallardo, K., Stashenko, E., &
Olivero-Verbel, J. Essential oils from plants of
the genus Cymbopogon as natural insecticides to
control stored product pests. J. Stored Prod. Res.,
62, (2015) 81-83.

[23] Papulwar, P., Rathod, B., & Dattagonde, N.
Studies on insecticidal properties of citronella
grass ( lemon grass ) essential oils against gram
pod borer ( Helicoverpa armigera ) Studies on
insecticidal properties of citronella grass ( lemon
grass ) essential oils against gram pod borer
(Helicoverp). Int. J. Chem. Stud., 2(1), (2020)
44-46.

[24] Yadav, M., Chatterji, S., Gupta, S. K., &
Watal, G. Preliminary phytochemical screening
of six medicinal plants used as traditional
medicine. Int. J. Pharma Bio Sci., 7(1), (2016)
P77-P81.

Egypt. J. Chem.66, No. 7 (2023)

[25] Firdausiah, S., Firdaus, Hamdayanty,
Hidayat, T., & Alfliadhi, M. The Comparison of
Three Different Methods on Extraction of
Cigarette Butt as Natural Insecticide. Indones.
Chim. Acta, 13(2), (2020) 55-59.

[26] Yahya, A. & Yunus, R. M. Influence of
Sample Preparation and Extraction Time on
Chemical Composition of Steam Distillation
Derived Patchouli Oil. Procedia Eng., 53, (2013)
1-6.

[27] Hien, b. V. B, Phat, D. T, Nhi, T.T. Y., &
Cang, M. H., Effects of extraction condition on
quality and activity of bromelain enzyme in
pineapple’s core (Ananas comosus Queen).
Egypt. J. Chem., 65(7), (2022) 33-38.

[28] Chong, D., Weng, J., Latip, J., Hasbullah, S.
A., & Sastrohamidjojo, H. Optimal Extraction
and Evaluation on the oil content of Citronella oil
Extracted from Cymbopogon nardus. Malaysian
J. Anal. Sci., 19(1), (2015) 71-76.

[29] Zhang, Q. W., Lin, L. G., & Ye, W. C.
Techniques for extraction and isolation of natural
products: A comprehensive review. Chinese Med.
(United Kingdom), 13(1), (2018) 1-26.

[30] Luque de Castro, M. D. & Yuso, L. E. G.
Soxhlet Extraction. Environ. Appl., (1995),
(2000) 2701-2709.

[31] Balakrishnan, A., Priya, V., & Gayathri, R.
Prelimnary  phytochemical  analysis  and
antioxidant activities of lemongrass and lavender.
J. Pharm. Sci. Res., 7(7), (2015) 448-450.

[32] Timung, R., Barik, C. R., Purohit, S., &
Goud, V. V. Composition and anti-bacterial
activity analysis of citronella oil obtained by
hydrodistillation: Process optimization study. Ind.
Crops Prod., 94(September), (2016) 178—188.

[33] Setiawati, W., Murtiningsih, R., & Hasyim,
A. LABORATORY AND FIELD
EVALUATION OF ESSENTIAL OILS FROM
Cymbopogon nardus AS  OVIPOSITION
DETERRENT AND OVICIDAL ACTIVITIES
AGAINST Helicoverpa armigera Hubner ON
CHILI PEPPER. Indones. J. Agric. Sci., 12(1),
(2011) 9-16.

[34] Fergani, Y., Elbanna, H., & Hamama, H.
Genotoxicity of Some Plant Essential Oils in
Cotton  Leafworm,  Spodoptera  Littoralis
(Lepidoptera: Noctuidae): the Potential Role of
Detoxification Enzymes. Egypt. J. Zool., 73(73),
(2019) 53-66.

[35] Rattan, R. S. Mechanism of action of
insecticidal secondary metabolites of plant origin.
Crop Prot., 29(9), (2010) 913-920.

[36] Adel, M. M., Abd El-Naby, S. S. I., Abdel-
Rheim, K. H. M., & Salem, N., Formulation,



CITRONELLA EXTRACTS: CHEMICAL COMPOSITION, IN VIVO AND IN SILICO.. 243

Characterization and Insecticidal Effect of Two
Volatile Phytochemicals Solid-lipid nanoparticles
against some Stored Product Insects, Egypt. J.
Chem., 65(12), (2022) 59-71.

[37] Sakadzo, N., Makaza, K., & Chikata, L.
Biopesticidal Properties of Aqueous Crude
Extracts of Tobacco (Nicotiana Tabacum L.)
Against Fall Armyworm (Spodoptera Frugiperda
J.E Smith) on Maize Foliage (Zea Mays L.)
Diets. Agric. Sci., 2(1), (2020) p47.

[38] Mumpuni, R. P. & Sholichudin, A. The
Efficacy of Several Types of Organic Pesticides
against Mortality of Armyworm (Spodoptera
frugiperda).  Advances in  Science  and
Technology, 112, (2022) 113-118.

[39] Rosado-Solano, D. N., Baron-Rodriguez, M.
A., Florez, P. L. S., Luna-Parada, L. K., Puerto-
Galvis, C. E., Zorro-Gonzalez, A. F,,
Kouznetsov, V. V., & Vargas-Mendez, L. Y.
Synthesis, Biological Evaluation and In Silico
Computational Studies of 7 Chloro-4-(1H 1,2,3-
triazol-1-yl)quinoline Derivatives: Search for
New Controlling Agents against Spodoptera
frugiperda (Lepidoptera: Noctuidae) Larvae. J.
Agric. Food Chem., 67, (2019) 9210-9219.

[40] Jintana, S., Sming, K., Krongtong, Y., &
Thanyachai, S. Cholinesterase activity, pesticide
exposure and health impact in a population
exposed to organophosphates. Int. Arch. Occup.
Environ. Health, 82, (2009) 833-842.

[41] Zheng, W., Zhang, C., Li, Y., Pearce, R.,
Bell, E. W., & Zhang, Y. Folding non-homology
proteins by coupling deep-learning contact maps
with [-TASSER assembly simulations. Cell
Reports Methods, 1, (2021) 100014.

[42] Zhang, C., Freddolino, P. L., & Zhang, Y.
COFACTOR: improved protein  function
prediction by combining structure, sequence and
protein-protein interaction information. Nucleic
Acids Res., 45, (2017) W291-299.

[43] Yang, J., Zhang, Y. I-TASSER server: new
development for protein structure and function
predictions. Nucleic Acids Res., 43, (2015)
W174-W181.

[44] Yin, X., Zhang, X., Yin, J., Kong, D., & Li,
D. Screening and identification of potential
tyrosinase inhibitors from Semen Oroxyli extract
by ultrafiltration LC-MS and in silico molecular
docking. J. Chromatogr. Sci., (2019) 1-9.

Egypt. J. Chem. 66, No. 7 (2023)



