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ABSTRACT

The COVID-19 pandemic and dengue fever present significant health challenges, especially in
tropical regions such as Indonesia. This study aimed to explore the potential of citronella es-
sential oil (Cymbopogon nardus) vapor, delivered via a diffuser, as both a tranquilizer and mos-
quito repellent. Citronella oil was isolated by water distillation and analyzed through GC-MS
and TLC. The tranquilizing effect was evaluated using the Depression Anxiety and Stress Scale
(DASS), while the mosquito repellent activity was tested against Aedes aegypti. Results
showed that citronella oil contains key compounds such as citronellal, eugenol, cytronellol ac-
etate and geraniol acetate. DASS scores decreased after exposure to citronella oil vapor, indi-
cating its tranquilizing effect. In the mosquito repellent test, citronella oil caused a 68% mortality
rate in Aedes aegypti after 60 minutes. These findings suggest that citronella essential oil vapor
from diffusers is effective as both a tranquilizer and mosquito repellent.
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ABSTRAK

Pandemi COVID-19 dan demam berdarah menjadi masalah kesehatan yang signifikan, teru-
tama di negara tropis seperti Indonesia. Penelitian ini bertujuan untuk mengeksplorasi potensi
miyak atsiri serai wangi (Cymbopogon nardus) dalam bentuk uap dari diffuser sebagai pene-
nang dan pengusir nyamuk. Minyak serai diekstraksi dengan distilasi air dan dianalisis
menggunakan GC-MS dan TLC. Uji penenang dilakukan dengan menggunakan Depression
Anxiety and Stress Scale (DASS), sedangkan uji pengusir nyamuk dilakukan terhadap Aedes
aegypti. Hasil analisis menunjukkan bahwa minyak serai mengandung senyawa utama seperti
sitronelal, eugenol, sitronelol asetat dan geraniol asetat. Skor DASS menurun secara signifikan
setelah paparan uap minyak serai, menunjukkan efek penenang. Dalam uji pengusir nyamuk,
minyak serai menyebabkan mortalitas 68% pada Aedes aegypti setelah 60 menit. Temuan ini
menunjukkan bahwa uap minyak atsiri serai wangi dari diffuser efektif sebagai penenang dan
pengusir nyamuk.

Kata Kunci: Diffuser, Minyak esensial, Penenang, Pengusir nyamuk, Serai wangi
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INTRODUCTION

The most common psychiatric disor-
der is anxiety disorder. Based on epidemio-
logical surveys, one-third of the study
populations in the US and Europe have ex-
perienced anxiety disorders during their life-
time, especially women. The prevalence of
anxiety disorders in modern society in the
21st century is caused by various things,
such as economic, social, environmental,
and political changes (Bandelow and Mich-
aelis 2015). These changes were signifi-
cantly experienced by all countries, includ-
ing Indonesia, during the COVID-19 pan-
demic in 2019-2021. Social restrictions and
declining employment opportunities during
the COVID-19 pandemic have led to in-
creased mental disorders that cause suicide
(Wasserman et al. 2025). Among 1,210 re-
spondents from 194 cities in China showed
that 53.4% of respondents experienced
moderate to severe psychological symp-
toms, and of the 53.4%, 15.5% experienced
symptoms of depression, 28.8% experi-
enced symptoms of anxiety, and 8.1%
stress, which was envisaged to be caused
by the COVID-19 condition (Wang et al.
2020). The passing of the COVID-19 pan-
demic has left a message about how dan-
gerous and critical psychological conditions
are in the modern era, with various rapid en-
vironmental changes.

Besides the psychological health bur-
den, the tropical countries in the world are
still facing the problem of dengue fever
caused by a virus with four serotypes. Al-
most all areas in Indonesia are known to be
endemic areas for the two main mosquito
vectors of the dengue virus, namely Aedes
aegypti and Aedes albopictus (Kraemer et
al. 2015). In the 50 years since the national
dengue prevention and control program was
launched, there has been an increase in
dengue cases in Indonesia from 0.05 cases
per 100,000 people in 1968 to 77.96 cases
per 100,000 people in 2016 (Harapan et al.
2019). Not only in Indonesia, but dengue
cases increased by 85.47% from 1990 to
2019 globally, with countries in Asia contrib-
uting a large share of the total cases (Du et
al. 2021).

The absence of an effective vaccine
for the dengue virus means that the best
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way to control the spread of the virus is to
limit the proliferation of vectors that carry the
dengue virus. Various strategies have been
used to control mosquito vectors, by using
chemical insecticides (pyrethroids, organo-
phosphates, organochlorines, and carba-
mates) and biological control with predatory
insects or insects with genetic modification
(Gan et al. 2021). The most widely used
chemical insecticides are estimated to be
2.5 million tons used yearly for dengue pre-
vention (Koul et al. 2008). The large use of
chemical insecticides has triggered re-
sistance in Aedes mosquitoes, which makes
it increasingly difficult to reduce dengue
cases. Resistance mechanisms include re-
sistance to target binding, metabolism, pen-
etration of chemical substances, and mos-
quito behavioral adaptations (Gan et al.
2021).

One way to overcome chemical insec-
ticide resistance is to use essential oils from
natural ingredients. Essential oil compo-
nents can disrupt the insect nervous system
by activating octopaminergic receptors.
These nerve targets are specific for insects
and do not affect mammals, including hu-
mans (Kostyukovsky et al. 2002). The use of
essential oils as green pesticides has mini-
mal resistance because the components of
essential oils are very complex (Koul et al.
2008). One natural ingredient that can be
used to repel mosquitoes is the citronella
plant (Halim and Fitri 2020). Citronalal, cit-
ronellol, and geraniol from lemongrass are
known to disrupt the nervous system of
mosquitoes and cause mosquito death (Sa-
putra et al. 2020). Besides being an insecti-
cide, terpenoid compounds of citronellal, cit-
ronellol, geraniol, linalool, and farnesol have
vasodilator, calming, and sleep quality ef-
fects (Price and Price 2011).

Aromatherapy is a type of alternative
medicine that utilizes plant extracts in the
form of aromatic compounds. Aromatic com-
pounds that enter the nose will be transmit-
ted to neuron cells, leading to the limbic sys-
tem in the hypothalamus (Safaah et al.
2019). Through this process, aromatherapy
will activate endorphin neurotransmitters,
which can reduce stress and provide a re-
laxing effect (Laura 2015). Inhalation aroma-
therapy can use a diffuser to convert essen-
tial oils into droplet vapor without heat and
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water, then spreading it into the surrounding
air (Warjiman et al. 2017).

Lemongrass essential oil has been
widely used as an anti-mosquito or tranquil-
izer in the form of lotions, candles, etc. How-
ever, lemongrass essential oil as a tranquil-
izer and mosquito repellent in a diffuser
steam has not been available until now. The
essential oil in this study will be isolated by
distilling from the citronella plant (Cymbopo-
gon nardus) and applied with a vapor dif-
fuser to test the anti-mosquito Aedes ae-
gypti and tranquilizers on respondents. This
research aimed to determine the effect of
citronella essential oil applied with a diffuser
as a tranquilizer and mosquito repellent, and
to determine the compound content and
physical characteristics of citronella essen-
tial oil. The results of this research will be
able to provide innovation in utilizing native
Indonesian citronella essential oil to over-
come two health problems, psychological
disorders and diseases related to mosquito
vectors, such as dengue fever.

METHODS

Materials

Citronella plants (Cymbopogon nar-
dus) were obtained from the Temon area,
Kulon Progo, Special Region of Yogyakarta,
in June-July 2022, with 75 kg of citronella
stems and leaves taken. Other ingredients
are sodium bisulfite (Smart Lab; Tangerang,
Indonesia), silica gel 60 GF254 (Merck;
Darmstadt, Germany), toluene (Merck;
Darmstadt, Germany), ethyl acetate (Merck;
Darmstadt, Germany), Liebermann-Bur-
chard reagent (Merck; Darmstadt, Ger-
many), and aquades (Smart Lab; Tange-
rang, Indonesia).

Water Distillation of Citronella Essential
Oil

The leaves and stems of citronella
were cleaned with water and dried for 3 days
and 2 nights in the open air. After cleaning
and drying, the stems and leaves were cut
to a length of 3-5 cm. Five kg of stems and
leaves were put into a distillation vessel, and
10 L of water was added. The vessel was
closed and connected to a spiral water con-
denser. The vessel heater was set at 80°C.
The mixture of essential oil and water that
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came out of the distillator was separated us-
ing a separating funnel, then sodium bisul-
fite was added to the essential oil, stirred,
then allowed to reduce the water content in
the essential oil (Kurniawan et al. 2020). The
sodium bisulfite was separated from the es-
sential oil by filtration, and then the essential
oil was stored in the freezer for further anal-
ysis. The distillation process was carried out
15 times, with a capacity of one distillation
about 5 kg. The yield of essential oil was cal-
culated based on the weight of the essential
oil obtained divided by the weight of the cit-
ronella stems and leaves multiplied by
100%. The color appearance of the essen-
tial oils was observed and compared with
the Indonesian National Standard (SNI) 06-
3953-1995.

Physical Test of Citronella Essential Oil

Determination of the refractive index
of citronella essential oil was carried out us-
ing an Abbe Digital refractometer (Germany)
at a temperature of 20°C in the Integrated
Laboratory, Islamic University of Indonesia
(UI. As a control, distilled water was used.
The standard refractive index for citronella
essential oil, based on SNI 06-3953-1995, is
1.466 - 1.475. Determination of the optical
rotation of citronella essential oil was carried
out using an Atago Plax-2L polarimeter (Ja-
pan) at a temperature of 25°C in the Inte-
grated Laboratory, Ull. The analyzer rotation
was observed after applying the essential oil
to the tool. Rotating the analyzer counter-
clockwise from the zero point indicates levo-
rotatory (-), while rotating clockwise indi-
cates dextrorotatory (+). Optical rotation for
citronella essential oil was not required ac-
cording to SNI 06-3953-1995.

Chemical Test of Essential Oil
Thin Layer Chromatography (TLC)

The stationary phase used in TLC is
silica gel 60 GF254, while the mobile phase
is toluene and ethyl acetate in a ratio of 9:1.
The stationary phase was cut to a size of 5
x 10 cm, then three samples with 5 yL vol-
ume were applied, namely citronella essen-
tial oil from a commercial product, as well as
essential oil from the first and second distil-
lation. After elution, the stationary phase
was detected under 254 nm UV light, then
documented(Khoiriyah ~ and  Nurminha



2021). The stationary phase was sprayed
with Liebermann-Burchard (LB) reagent and
heated at 105°C for 5 minutes. Terpenoid
spots will be purplish pink and turn light
green, then very dark green (Febria 2022).
The Rf value of each visible spot is calcu-
lated to compare the spots among the three
samples.

Gas Chromatography-Mass Spectrome-
try (GC-MS)

GC-MS was carried out at the Inte-
grated Laboratory, Universitas Islam Indo-
nesia. The citronella essential oil was in-
jected into the GC-MS Shimadzu QP2010
SE (Japan). The column is Rtx-5MS (5% di-
phenyl/95% dimethyl polysiloxane), length
30 m, diameter 0.25 mm, and thickness 0.25
MM, maximum column temperature 330°C,
helium carrier gas with flame ionization de-
tector, and detector M.S. Mass spectra data
were compared with the chemical structure
database in the Wiley library to determine
the chemical compounds contained in es-
sential oils.

Anti-Mosquito Test
The anti-mosquito test was carried out
at the Entomology Laboratory, Institute of

Commercial Sample
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Tropical Disease, Airlangga University, In-
donesia in September 2022. The test was
performes according to Almadiy (Almadiy
2020) with some modifications. The test was
carried out according to with some modifica-
tions.Adult Aedes aegypti were divided into
three groups, each group consisting of 25
mosquitoes (Fig. 1b). Group one is the neg-
ative group (distilled water), group number
two is commercial citronella essential oil
(commercial sample), and group number
three is distilled citronella essential oil (sam-
ple) (Fig. 1a). The mosquitoes were then put
into a box for each group, then 80 pL of sam-
ples were put into a portable mini diffuser
measuring 11 cm x 8 cm R9801 (China)
which had been filled with 100 mL of water.
The diffuser is then placed in the middle of
the box and turned on for 15 minutes. Start-
ing at 15, 30, and 60 minutes from the turn-
ing on of the diffuser, the mosquitoes that fell
and did not move was counted and docu-
mented. Replication was carried out three
times for each group. The group that caused
the most and fastest mosquito deaths
showed the highest anti-mosquito effect.

Figure 1. Preparation of the anti-mosquito test equipment includes three glass boxes and diffusers (a),
as well as 25 adult Aedes aegypti in bottles (b) ready to be put into the glass box.

Tranquilizer Test

The tranquilizer test was carried out
according to Damayanti et al. [19] with some
modifications. The number of respondents
was determined to be 18 people with
preemption requirements, i.e. women,
students, 18-22 years, and who volunteered

to become respondents by signing a con-
sent form. One day before the test, respond-
ents were given the DASS 1 (Depression
Anxiety Stress Scales) questionnaire (21
questions) to determine the number of
respondents in the moderate, severe, and
highly severe categories for symptoms of
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stress, worry, and depression (Damayanti et
al. 2021).

During testing, two rooms were pre-
pared with the same size, 3x4 m. Half an
hour before the test, two portable mini diffus-
ers containing citronella essential oil were
turned on in one room. In contrast, the other
room was not provided with an essential oil
diffuser. Respondents were given the DASS
2 questionnaire (42 questions) and had their
heart rate and blood pressure measured.
Respondents randomly entered the room
with nine people per room (Damayanti et al.
2021).

Respondents in both rooms were
shown the drama film "How You Are Really,"
with a duration of 80 minutes, where the
film's content could trigger emotional fluctu-
ations. After the film was finished, respond-
ents were given the DASS 3 questionnaire
(42 questions), and their heart rate and
blood pressure were measured again.
Scores were calculated from the question-
naire results before and after treatment and
analyzed for symptom categories (stress,
anxiety, and depression) (Damayanti et al.
2021). Questionnaire scores, heart rate, and
blood pressure were analyzed statistically
before and after treatment, as well as the re-
sults of the negative control and treatment
groups, using the T-test. Anindependent T-
test was performed to compare the control
and treatment groups, while a paired T-test
was done to compare the results before and
after treatment. The significance level was
set at a = 0.05. Statistical analysis was con-
ducted using SPSS® software version 15.0
(SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Distillation of Citronella Essential QOil
From one batch of water distillation
with a capacity of 5 kg and performed for 4
hours, approximately 4 mL of citronella es-
sential oil is obtained; therefore, from a total
of 75 kg of citronella stems and leaves,
60.28 mL of essential oil is obtained. The to-
tal weight of the essential oil is 50.69 g;
therefore, the yield is 0.067%. The color ap-
pearance of distilled citronella essential oil is
pale yellow in accordance with SNI 06-3953-
1995 regarding citronella oil quality. The
production yield in this research was smaller
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compared to previous research using the
same method, with a yield value of 0.3 —
1.1% (Feriyanto et al. 2013; Khusna and
Syarif 2018). The yield of citronella essential
oil with the distillation method is influenced
by the condition of the raw materials and the
heating temperature (Feriyanto et al. 2013).
This study used raw materials that had with-
ered so that the water content of the materi-
als was reduced, which made the essential
oil extraction process more accessible com-
pared to fresh materials. Reducing the size
of the raw material has also been carried out
in this study to increase the extraction sur-
face area. The small yield of essential oils
was probably caused by the heating temper-
ature of 80°C, which is smaller than previous
research, 100-110°C. Increasing the tem-
perature can increase the kinetic energy of
water and essential oil molecules; besides
that, the diffusion process into plant tissue
will also be better. Therefore, essential oils
in leaf and stem tissues can be extracted in
large quantities when the temperature is
high (Feriyanto et al. 2013). In this study, the
temperature is set less than 100°C to mini-
mize the amount of water that evaporated
along with the essential oil.

Physical Analysis of Citronella Essential
Oil

The quality of essential oils can be an-
alyzed physically with refractive index and
optical rotation parameters. The refractive
index value of citronella essential oil is
1.468, while the commercial citronella es-
sential oil has a refractive index of 1.467.
These two refractive index values meet SNI
06-3953-1995, 1.466 - 1.475. The refractive
index value is determined by the number of
carbon chains and double bonds of the com-
ponents in the essential oil, the more ex-
tended the carbon chain and double bonds,
the higher the refractive index value
(Khasanah et al. 2015). The refractive index
in this study shows that the essential oil has
a concentration of dissolved compound that
meets SNI and is suitable for commercial
use.

The optical rotation value shows the
types of compounds in essential oil that can
rotate the plane of light polarization.
Terpene in essential oils have many asym-
metric C atoms, so the optical rotation value



can indicate the type and number of com-
pounds contained in the essential oil. The
optical rotation of citronella essential oil is
+0.123, which shows that the specifications
of the compounds in citronella essential oil
can rotate the plane of light polarization in
the positive direction. Although there is no
standard in SNI for the optical rotation pa-
rameters of citronella essential oil, based on
previous fractional distillation research, it is
known that essential oil fractions with high
citronellal content have more positive optical
rotation values than essential oils with low
citronellal content. The fraction containing
96.103% citronellal has an optical rotation of
+0.852, while the fraction containing
28.223% citronellal has an optical rotation of
-11.873 (Agustian et al. 2007). This indi-
cates that the essential oil in this study has
a high citronellal content. The high citronellal
content represent the high quality of citron-
ella essential oil because citronellal is the
main content with bioactivity as an insecti-
cide and antidepressant (Victoria et al.
2014; Stojanovic et al. 2022).

Chemical Analysis of Citronella Essential
Qil

The citronella essential oil showed two
spots with Rf values of 0.71 and 0.96, which

(@)
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appeared prominent under UV 254 nm (Fig.
2a). After spraying with LB reagent, four
clear spots appeared with pink-purple (Rf
0.71), greenish-purple (Rf 0.85), brownish-
green (Rf 0.56), and red-brown (Rf 0.96) col-
ors. (Fig. 2b). The detection of two spots at
UV 254 nm shows that both compounds
have long chromophores. Spots of Rf 0.71
and 0.96 were also detected after LB spray-
ing. Four spots with varying colors after LB
spraying indicated that at least four terpe-
noid compounds with different numbers of
double bonds, hydroxy groups, and non-po-
lar bonds. The presence of terpenoids is a
characteristic of essential oils. The commer-
cial citronella essential oil has the same
components as citronella essential oil in this
study (Fig. 2). There was no difference in the
results of the first and second distillations,
indicating the reproducibility of the materials
and distillation process.

Based on the GC, the citronella essen-
tial oil contains 15 compounds (Fig. 3 and
Table 1). Combining GC and MS data
shows that four compounds have a concen-
tration of more than 2% there were citron-
ellal 74.98%, eugenol 12.08%, geraniol ac-
etate 2.63%, and citronellol acetate 2.56%
(Table 1).

(b)

Liebermann-

Burchard

' Rf0.96
Rf 0.85

Rf0.71

Rf 0.56

Figure 2. TLC of commercial citronella essential oil (C), citronella essential oil from first (1) and second
(2) distillations. Spots were detected under UV light at 254 nm (a) and then sprayed with LB

reagent (b).
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Figure 3. GC chromatogram of citronella essential oil and MS detection results for compounds number

3,7,8and 9.

These four compounds are monoter-
pene compounds, while the others belong to
the monoterpene, sesquiterpene, and alde-
hyde groups. The types and concentrations
of compounds in citronella essential oil vary
greatly depending on many factors, includ-
ing the part of the plant and the distillation
method (Feriyanto et al. 2013; Sarah et al.

2023). The characteristic compound in cit-
ronella essential oil is citronellal; therefore,
this compound is utilized as a marker of the
quality of citronella essential oil. Previous re-
search shows that these four compounds
have tranquilizer activity, while three of
them, i.e., citronellal, citronellol, and gera-
niol, have anti-mosquito activity.

Table 1. Composition of compounds in citronella essential oil detected by GC-MS.

Peak no Compound name Retention time (min) Area (%)
1 1-Limonene 5.172 1.91
2 Linalool 6.246 0.59
3 Citronellal * 6.953 74.98
4 Decanal 7.646 0.45
5 Z-citral 8.238 0.21
6 Geranial 8.655 0.31
7 Citronellol acetate * 9.730 2.56
8 Eugenol * 10.042 12.08
9 Geraniol acetate * 10.165 2.63
10 Beta-elemene 10.424 0.11
11 Trans-caryophyllene 10.875 0.85
12 Alpha-humulene 11.337 0.14
13 Germacrene 11.694 0.41
14 Eugenol acetate 12.186 1.76
15 Endo-1-bourbonanol 13.140 1.04

The * indicates a compound with high abundance in the sample.

Tranquilizer Activity of Citronella Essen-
tial Oil

Based on the DASS questionnaire be-
fore treatment, out of a total of 18 respond-
ents, 15 persons were in the highly severe
category of depression, anxiety, and stress,
whereas two persons were in the severe
category, and one person was in the normal
category. All respondents were randomly di-
vided into negative control and treatment
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groups. After watching the film for 80
minutes, the DAS score decreased in both
groups. The decreased score in the essen-
tial oil diffuser group was more significant
than in the negative control group (Fig. 4a).
However, the physiological conditions of
blood pressure and heart rate did not
change before and after treatment in both
groups (Figs. 4b, 4c, 4d). Even though re-



spondents had feelings of depression, anxi-
ety, and high stress before treatment, these
conditions did not affect the body's physiol-
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ogy. Therefore, the body's physiological pa-
rameters were unsuitable for the analyzed
parameter in this tranquilizer test.

120.00

100.00

80.00
60.00
40.00
20.00

0.00

negative control

Heart rate

treatment

M before treatment W after treatment

(b)

100.00

80.00
60.00
40.00
20.00

0.00

negative control

Dyastolic Blood Pressure

treatment

W before treatment W after treatment

(d)

Figure 4. Average DAS score (a), respondent's heart rate (b), systolic blood pressure (c), and diastolic
blood pressure (d) before and after treatment in the negative control and treatment groups, n=8.

Statistical analysis with the T-test from
the DAS score data showed a significant dif-
ference between before and after treatment
in the control group and the essential oil
treatment group. However, there was no sig-
nificant difference between the control and
essential oil treatment groups after the treat-
ment time. Physiological data on respond-
ents' heart rate, systolic, and diastolic blood
pressure did not provide statistically signifi-
cant changes.

Based on the data and statistical anal-
ysis, it can be concluded that citronella es-
sential oil can reduce the level of feelings of
depression, anxiety, and stress in respond-
ents. However, it is necessary to carry out
further testing by extending the duration of
treatment to several weeks to determine the
long-term effects of essential oils so that the
level of significance of the difference be-
tween the control and treatment groups is

higher. It is also necessary to increase the
number of respondents to reduce deviation
within the group.

Anti-Mosquito Activity of Citronella Es-
sential Oil

The anti-mosquito test was conducted
to determine the effectiveness of citronella
essential oil vapor in killing the Aedes ae-
gypti mosquito. At the 60th minute, the cit-
ronella essential oil killed 68% of mosqui-
toes, while the commercial citronella essen-
tial oil killed 100% of mosquitoes (Table 2).
Commercial products may contain emulsifi-
ers that can increase oil solubility in the wa-
ter diffuser therefore more essential oil
emerges in the air. Nevertheless, it can be
concluded that citronella essential oil from
this study can kill the Aedes aegypti mos-
quito.
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Table 2. Anti-mosquito of citroenella essential oil from diffuser n=3.

Percentage of Dead Mosquitoes in=3

No Essential Oil in Diffuser 15 min 30" min 60" min
1 Negative control 0 0 0

2 Citronella essential oil 40+2.31 40+2.31 68+3.46
3 Commercial citronella essential oil 60+1.53 10040 10040

(positive control)

CONCLUSION

Citronella essential oil from
lemongrass, produced from the water distil-
lation process has the physical characteris-
tics of a refractive index of 1.468 according
to SNI and has an optical rotation specifica-
tion of +0.123. The compounds in the citron-
ella essential oil are terpenoids, wherein the
four main compounds are citronellal
(74.98%), eugenol (12.08%), citronellol ace-
tate (2.56%), and geraniol acetate (2. 63%).
Based on the DASS test and anti-mosquito
test, citronella essential oil vapor from a dif-
fuser can reduce levels of depression,
stress, and anxiety, and also can kill the Ae-
des aegypti mosquito. Diffuser product con-
taining citronella essential oil is prospec-
tively developed in the market as in a health
equipment.

ACKNOWLEDGEMENT

We want to thank the Directorate Gen-
eral of Higher Education for supporting re-
search funding through the 2022 Student
Creativity Program in some experiments in
this study.

REFERENCES

Agustian E, Sulaswatty A, Tasrif JAL,
Adilina IB (2007) Pemisahan sitronelal
dari minyak sereh wangi
menggunakan unit fraksionasi skala
bench. J Teknol Ind Pertan 17s

Almadiy AA (2020) Chemical composition,
insecticidal and biochemical effects of
two plant oils and their major fractions
against Aedes aegypti, the common
vector of dengue fever. Heliyon
6:€04915.
https://doi.org/10.1016/j.heli-
yon.2020.e04915

347

Bandelow B, Michaelis S (2015) Epidemiol-
ogy of anxiety disorders in the 21st
century. Dialog Clin Neurosci 17:327—
335

Damayanti DD, Putriana D, Dewi CM, Putri
AS (2021) Pemanfaatan Aromather-
apy Sebagai Alternatif  Untuk
Menurunkan Tingkat Stress
Menghadapi Ujian pada Mahasiswa
Universitas Muhammadiyah Kaliman-
tan Timur. Altruis J Community Serv
2:47-54. https://doi.org/10.22219/al-
truis.v2i3.17872

Du M, Jing W, Liu M, Liu J (2021) The Global
Trends and Regional Differences in In-
cidence of Dengue Infection from
1990 to 2019: An Analysis from the
Global Burden of Disease Study 2019.
Infect Dis Ther 10:1625-1643.
https://doi.org/10.1007/s40121-021-
00470-2

Febria F (2022) Isolasi dan Karakterisasi
Senyawa Terpenoid dari Jamur
Endofit BS pada Bunga Tumbuhan
Sambiloto (Andrographis paniculata).
Bachelor's thesis, Universitas Negeri

Padang
Feriyanto YuniE, Sipahutar PatarJ, Mahfud
M, Prihatini  Pantjawarni (2013)

Pengambilan Minyak Atsiri Dari Daun
Dan Batang Serai Wangi (Cymbopo-
gon  Winterianus) Menggunakan
Metode Distilasi Uap Dan Air Dengan
Pemanasan Microwave. J Teknol ITS
2.
https://doi.org/10.12962/j23373539.v
2i1.2347.

Gan SJ, Leong YQ, Bin Barhanuddin MFH,
Wong ST, Wong SF, Mak JW, Ahmad
RB (2021) Dengue fever and insecti-
cide resistance in Aedes mosquitoes
in Southeast Asia: a review. Parasites

Vectors 14:315.
https://doi.org/10.1186/s13071-021-
04785-4



Halim R, Fitri A (2020) Aktivitas Minyak
Sereh Wangi Sebagai Anti Nyamuk. J
Kesehatan Masyarakat Jambi 4:28-
34.

Harapan H, Michie A, Mudatsir M, Sasmono
RT, Imrie A (2019) Epidemiology of
dengue hemorrhagic fever in Indone-
sia: analysis of five decades data from
the National Disease Surveillance.
BMC Res Notes 12:350.
https://doi.org/10.1186/s13104-019-
4379-9

Khasanah LU, Kawiji K, Utami R, Aji YM
(2015) Pengaruh Perlakuan Penda-
huluan Terhadap Karakteristik Mutu
Minyak Atsiri Daun Jeruk Purut (Citrus
hystrix DC). J Aplikasi Teknol Pangan
4:48-55.

Khoiriyah YN, Nurminha N (2021) Kajian
Minyak Serai Wangi (Cymbopogon
nardus L.) terhadap Aedes aegypti. J
Kesehatan 12

Khusna MY, Syarif P (2018) Pengaruh Umur
Panen dan Lama Penyulingan ter-
hadap Hasil Minyak Atsiri Sereh
Wangi (Cymbopogon nardus L.). Bio-
farm J lIm Pertanian 14.
https://doi.org/10.31941/bio-
farm.v14i2.795

Kostyukovsky M, Rafaeli A, Gileadi C, Dem-
chenko N, Shaaya E (2002) Activation
of octopaminergic receptors by essen-
tial oil constituents isolated from aro-
matic plants: possible mode of action
against insect pests. Pest Manag Sci
58:1101-1106.
https://doi.org/10.1002/ps.548

Koul O, Walia S, S. G (2008) Minyak atsiri
sebagai pestisida hijau: Potensi dan
kendala. Biopesticides Int 4:63—84

Kraemer MU, Sinka ME, Duda KA, Mylne
AQ, Shearer FM, Barker CM, Moore
CG, Carvalho RG, Coelho GE, Van
Bortel, W., Hendrickx G, Schaffner F,
Elyazar IR, Teng HJ, Brady OJ, Mes-
sina JP, Pigott DM, Scott TW, Smith
DL, Wint GR, Hay Sl (2015) The
global distribution of the arbovirus vec-
tors Aedes aegypti and Ae. albopictus.
elLife 4:e08347.
https://doi.org/10.7554/eLife.08347

Kurniawan E, Sari N, Sulhatun S (2020) Ex-
traction Of Scented Lemongrass Into

J Bioteknol Biosains Indones — Vol 12 No 2 Thn 2025

Essential Oil. J Teknol Kimia Unimal
9:43-53.

Laura D de (2015) Efektifitas Aromaterapi
Lavender Terhadap Kualitas Tidur lbu
Postpartum. J Online Mahasiswa limu
Keperawatan Univ Riau 2:1024—-1031

Price S, Price L (2011) Aromatherapy for
Health Professionals. Elsevier Health
Sciences

Safaah S, Purnawan |, Sari Y (2019) Perbe-
daan Efektivitas Aromaterapi Laven-
der Dan Aromaterapi Peppermint Ter-
hadap Nyeri Pada Pasien Post Sectio
Caesarea Di Rsud Ajibarang. J Bi-

onursing 1:47-65.
https://doi.org/10.20884/1.bion.2019.
1.1.10

Saputra AA, Mulyadi D, Khumaisah LL
(2020) Uji Efektivitas Formula E-Lig-
uid Minyak Sereh Wangi (Cymbopo-
gon nardus L.) sebagai Repelan ter-
hadap Aedes aegypti. Chim. Natura

Acta 8.
https://doi.org/10.24198/cna.v8.n3.26
257

Sarah M, Ardiansyah D, Misran E, Madinah
I (2023) Extraction of citronella oil from
lemongrass (Cymbopogon winteri-
anus) by sequential ultrasonic and mi-
crowave-assisted  hydro-distillation.

Eur J Pharmacol 70:569-583.
https://doi.org/10.1016/j.aej.2023.03.
019

Stojanovi¢ NM, Mladenovi¢ MZ, Maslovari¢
A, Stojiljkovi¢ NI, Randjelovi¢ PJ, Rad-
ulovic NS (2022) Lemon balm
(Melissa officinalis L.) essential oil and
citronellal modulate anxiety-related
symptoms - In vitro and in vivo studies.
J Policing, Intell Counter Terrorism
284:114788.
https://doi.org/10.1016/j.jep.2021.114
788

Victoria FN, Anversa R, Penteado F, Castro
M, Lenardao EJ, Savegnago L (2014)
Antioxidant and antidepressant-like
activities of semi-synthetic  a-
phenylseleno citronellal. Eur J Phar-

macol 742:131-138.
https://doi.org/10.1016/j.ejphar.2014.
09.005

Wang C, Pan R, Wan X, Tan Y, Xu L, Ho
CS, Ho RC (2020) Immediate Psycho-
logical Responses and Associated

348



The Vapor of Lemongrass (Cymbopogon nardus) Essential Oil... Junedi et al.

Factors during the Initial Stage of the
2019 Coronavirus Disease (COVID-
19) Epidemic among the General Pop-
ulation in China. Int J Environ Res
Public Health 17:1729.
https://doi.org/10.3390/ijerph1705172
9

Warjiman W, Ivana T, Y T (2017) Efekivitas

349

Aromaterapi inhalasi lavender dalam
mengurangi  tingkat  kecemasan

pasien hemodialisa di Blud RUSD Dr.
Doris Sylvanus Palangkaraya. J
Keperawatan Suaka Insan 2.
https://doi.org/10.51143/jksi.v2i2.74

Wasserman D, losue M, Wuestefeld A, V.

Carli (2025) Adaptation of evidence-
based suicide prevention strategies
during and after the COVID-19 pan-
demic. World psychiatry 19:294-306.
https://doi.org/10.1002/wps.20801



