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Abstract. Arpiwi NL, Muksin IK, Kartini NL. 2020. Essential oil from Cymbopogon nardus and repellant activity against Aedes aegypti.
Biodiversitas 21: 3873-3878. Cymbopogon nardus (L.) Rendle is an aromatic grass from the Poaceae family that produces essential oil
mainly in the leaves. The essential oil from C. nardus is known as citronella oil has repellent activity. This research aimed to quantify
the oil content of C. nardus leaves, to analyze the essential oil quality, to analyze the repellent activity of lotion with different
concentrations of citronella oil against Aedes aegypti, and to examine the quality of formulated lotions. The oil was extracted from
leaves using steam distillation, and the quality was examined according to the Indonesian National Standard. The citronella oil was
formulated into a lotion with five concentrations (0, 2, 3, 4, 5% w/w). Repellent activity of the lotions against Ae. aegypti was tested
using screened cage test method under laboratory conditions. Lotion quality was analyzed for pH, viscosity, homogeneity, and sensorial
assessments. The result showed that the oil yield of C. nardus leaves was 0.9% w/w. The color of the oil was pale yellow, specific
weight was 0.8819, the refraction index was 1.464, total geraniol was 72.71%, citronellal content was 49.14%, and solubility in 80%
alcohol 1:2 was clear. The repellent activity of lotions with citronella oil was concentration-dependent, where a concentration of 5%

gave the highest protection. The quality of formulated lotions met the standard and the lotions were nonirritant.
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INTRODUCTION

Essential oil is lipophilic and volatile at room
temperature consisting of a mixture of various organic
compounds that generally have a low molecular weight.
Essential oils are known as etheric oils and flying oils
produced in almost all plant organs, including roots, stems,
leaves, fruit, flowers, seeds, and bark (Dhifi et al. 2016).
Essential oils are used for various fields, for example,
perfumes, cosmetics, medicines, and food preservatives
(Perricone et al. 2015). Cymbopogon nardus is a perennial
grass from family Poaceae growing in tropical and sub-
tropical regions including Asia, Africa, and America.
Essential oils from C. nardus are known as citronella oil,
with three main active components, namely citronellal,
citronellol, and geraniol (Wany et al. 2014).

The essential oil from C. nardus is generally extracted
from fresh leaves using a steam distillation method. In
addition, there is also manual extraction using organic
solvents such as methanol, hexane, and petroleum ether
called maceration using dried leaf samples (Wany et al.
2014). Distillation is the process of separating between
liquid and solid components from two kinds of mixtures
based on differences in vapor points. The steam distillation
method is the most commonly used for separating essential
oils from plant materials. The samples are placed into a
chamber then closed tightly, and this chamber is connected
to a cooling system to condense steam containing essential
oils. Mixture of essential oil with hydrosol drips from the

cooling system to form two layers, oil on the top, and
hydrosol at the bottom layer (Bozovi¢ et al. 2015).

One of the biological activities of citronella oil is a
repellent activity which is the ability to resist the landing or
biting of insects on human or animal skin (Nerio et al.
2010; Ranasinghe et al. 2016; Shivhare et al. 2018; Yadav
et al. 2014). Female mosquitos Aedes aegypti is a vector of
dengue fever disease that threatens life (Soonwera 2015).
One way to prevent dengue fever disease is by protecting
from Ae. aegypti mosquito bites using an anti-mosquito
lotion. The chemical used in commercial anti-mosquito
lotions is N, N-Diethyl-meta-toluamide (DEET), which
gives long duration and high protection from mosquito
bites. However, some problems associated with long term
use of the chemicals, including human and environmental
problems (Gheeta and Roy 2014). The absorption of DEET
in the skin through systemic wvessels can cause skin
irritation and central nervous disorders (Miot et al. 2011).
For this reason, it is very urgent to find DEET's natural
substitute ingredients, one of which is citronella oil. Plant-
based mosquito repellent is safe for human, animal, and
environmentally friendly (Soonwera 2015). In addition, the
use of repellent in the form of lotion does not only protect
the skin from insect bites but also moisturizes the skin
(Misni et al. 2017). The aims of the present study were to
analyze essential oil yield from C. nardus and its quality
based on National Indonesian Standard, to investigate the
repellent activity of formulated lotions against Ae.aegypti,
and to measure the quality of formulated lotion for pH,
viscosity, homogeneity, and sensorial analysis.
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MATERIALS AND METHODS

Plant materials

Leaf samples of Cymbopogon nardus were obtained
from Megati Village, Tabanan District, Bali, Indonesia.
Samples were taken in the morning from 8.00 to 10.00 am
and then shorted for good quality leaves which were fresh
and green. Leave samples were wrapped with plastic bags

and transported to Plant Physiology Laboratory,
Department of Biology, Udayana University, Bali,
Indonesia.

Extraction of essential oils

The extraction of essential oil from C. nardus was
performed using steam distillation. Freshly leaf samples (5
kg) was placed in a sample tank and then tightly closed by
tightening the cover bolts so that there are no leaks. The
sample thank was connected by a pipe to a boiler that
produces steam, then these were connected to the
condenser. The condenser was equipped with a hose for
water from entering and exiting, so it cools. The gas stove
was ignited under the boiler and this produces steam that
extracts essential oil from samples. A mixture of hydrosol
and essential oil dripped from the condenser and collected
in the separator. Essential oils were separated from
hydrosol using a separating funnel. Purification was then
carried out by the addition of Na2SO4 to absorb water then
filtered with filter paper. The yield of essential oil yield
was calculated by the formula:

weight of the oil (g)
weight of scmple (g)

Oil vield = x 100%

Quiality analysis of essential oil

Analysis of quality of essential oil was performed based
on the National Indonesian Standard (SNI 06-3953-1995),
including color, specific weight, refraction index, total
geraniol, citronella, and solubility in alcohol. Specific
weight was measured using the pycnometer (Iwaki) and
refraction index using a refractometer (Bausch & Lomb) at
20°C.
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Formulation of lotion with essential oil

The lotion is an oil-in-water (O/W) type of emulsion
with higher viscosity than a cream. The procedure
preparing an O/W emulsion is by mixing oil and aqueous
phases in separate containers. The oil phase is changed into
minute globules, each surrounded by thin films of
emulsifiers. This wrapped globules then suspended into
aqueous phase to form lotion (Khan et al. 2011). Virgin
coconut oil (VCO) was the oil base of the lotion containing
mainly lauric acid (Ghani et al. 2018) that can maintain
skin moisture (Atmanto 2019). Triethanolamine (TEA) was
both emulsifier and pH adjuster forming oil emulsion in
water. A combination of TEA and stearic acid forms a salt
triethanolamine stearate that functions as a good emulsifier
for an oil-in-water type of emulsion (Rowe et al. 2016).
The procedure of making lotion followed a method by
Yadav et al. (2014) with modification. The lotion was
prepared by heating the oil phase and the aqueous phases in
separate containers according to the formula in Table 1.
The oil phase consisting of VCO, cetyl alcohol, and stearic
acid were heated at 70°C on a hot plate using separate
beaker glasses. After the ingredients have melted, they
were mixed into a new beaker glass while stirring. The
aqueous  phase  consisting of  distilled  water,
triethanolamine, and glycerin were heated at 70°C while
stirring gently until evenly mixed. The aqueous phase was
slowly added to the oil phase while stirring gently to form a
homogeneous emulsion. The emulsion was cooled to room
temperature, then it was added with methylparaben to
obtain oil-in-in water (O/W) basis lotion. Essential oil from
C. nardus was added according to the formula in Table 1.
The formula was modified from Priyadarsini et al. (2018)
where almond oil was replaced with virgin coconut oil and
benzyl alcohol was replaced with methylparaben as a
preservative.

Sensorial and quality analysis of the lotions

All lotion formulas were sensory analyzed for color,
odor, and sensitivity while the quality was measured for
pH, viscosity, and homogeneity. Measurement of pH,
viscosity, and homogeneity was following the method by
Indonesian Standard for sunscreen lotion (SNI 16-4399-
1996). The color of the lotions was observed visually, and
the odor was smelled and noted.

Table 1. Formulation of lotions with different concentrations of essential oil from Cymbopogon nardus (Modified from Priyadarsini et

al. 2018)

. . Formulations (Yow/w)
Ingredient Function =) =) =) F3 Fa
Virgin Coconut Qil Oil base 5 5 5 5 5
Cetyl alcohol Thickener 2 2 2 2 2
Stearic acid Emulsifier 3 3 3 3 3
Glycerin Humectant 3 3 3 3 3
Triethanolamine pH adjuster and emulsifier 1.2 1.2 1.2 1.2 1.2
Methylparaben Preservative 0.1 0.1 0.1 0.1 0.1
E.O. from C. nardus Mosquito repellent 0 2 3 4 5
Distilled water add Diluent 100 100 100 100 100
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Sensitivity test

The sensitivity test was performed by applying the
lotion to 10 males and 10 females human volunteers aged
from 25 to 45 years old with bodyweight from 50- 75 kg.
Each volunteer was given five lotions (FO, F1, F2, F3, and
F4) that were applied each day for five days following the
method by Widawati and Riandi (2015) with modification.
Approximately 1 gram of lotion was topically applied to
the forearm and behind the ear. The observation was
conducted 6 hours post application for any indications of
irritation, including skin rash, itch, and swollen.

pH measurement

Measurement of pH was conducted using a pH meter
(Mettler Toledo) to 10% of the solution. The pH meter was
calibrated and then the probe was dipped in the test
solution until constant reading. Reading was taken in
triplicates.

Viscosity

The viscosity of lotions was measured by using
Brookfield Viscometer DV-E by immersing the spindle
into the lotion. Measurement was conducted three times
using spindle number 04 at the speed of 100 rpm at room
temperature.

Homogeneity

The homogeneity test was performed by spreading the
lotion into the surface of an object-glass and then observed.
If there were no solid or coarse grains, the lotion is
homogenous.

Rearing Aedes aegypti mosquito

Colonies of Ae. aegypti were reared in the cages (30 x
30 x 40 cmd) at a controlled temperature of 20°C in the
Pathology Laboratory, Faculty of Medical, Udayana
University, Bali, Indonesia. The life cycle of the mosquito
was 10-12 days. The eggs were dipped in well water for 4-
5 days. These developed into a pupa within 5-7days and
hatched into adult mosquitos within a week. Adult
mosquitos were fed with guinea pig once a week

Repellency testing

Repellency testing was performed using a screened
cage test method under laboratory conditions
(Phasomkusolsil and Soonwera 2010). Twenty-five starves
female Ae. aegypti mosquitoes were placed in a cage
measuring 20 x 20 x 20 cm®. The cage was wrapped in a
cloth so that the activity of mosquitoes was easily
observed. Human hands were used as a treatment; the right
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hand was as a control (without lotion) and the left was as a
treatment. Both hands were washed with unscented soap
and rinsed with running tapped water and dried using a
towel before the experiment. Base lotion and commercial
insect repellent lotion containing DEET were used as
negative and positive control, respectively. Lotion (1 mL)
was applied to the left hand by using a brush. The test was
preceded by exposing the right hand, then followed by the
left hand for 5 minutes. The test was carried out for 6
hours, where each period was 1 hour with 5 minutes of
exposure. Observations were made on the number of
mosquitoes that perched or bit on the hands. The repellent
activity was measured as the protection ability calculated
using the formula by Wathoni et al. (2018):

BE — T

= x 100

FProtection ahility (34) =

Where, C: mosquito perch on control hand, T: mosquito
perch on treated hand

Data analysis

The vyield of essential oil was calculated for the mean
and SD using Microsoft Excel. The protection ability of the
lotions against Ae. aegypti and quality of formulated
lotions were analyzed using One Way ANOVA within
SPSS version 24 to see the differences among treatments. If
there are any significant differences, it was continued with
Post Hoc analysis using Duncan.

RESULTS AND DISCUSSION

Qil yield and quality of essential oil from C. nardus

The vyield of essential oil from C. nardus leaves after
steam distillation with five replications was 0.9% w/w. The
yield of citronella oil in the present study was higher
compared to another study using steam distillation, which
is 0.43% -0.64% (Weng et al. 2015). Hydro distillation
using a Clevenger-type apparatus yields 0.7% w/w
citronella oil (Kamari et al. 2018). Regardless method of
extractions, there are other important factors influencing
the vyield of essential oil in C. nardus, namely
developmental stages of the concerned organs and seasonal
variation (Figueiredo et al. 2008; Ganjewala and Luthra
2010). In the present study, the leave samples used for
extraction were fully developed, and the season during
sampling was the dry season.

Table 2. Quality of essential oil from Cymbopogon nardus (citronella oil) compared to National Indonesian Standard

Test Unit Citronella oil SNI 06-3953-1995

Color pale yellow pale yellow to pale brown
Specific weights, 20°C/20°C 0.8819 0.880 - 0.922

Refraction index (nD2o) 1.464 1.466 - 1.475

Total geraniol % 72.71 min. 85

Citronella % 49.14 min. 35

Solubility in alcohol 80% 1:2 (clear) 1:2clear
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The quality of citronella oil was presented in Table 2.
The color of essential oil from C. nardus was pale yellow
with specific gravity at 20°C was 0.8819. Both color and
specific gravity met the requirement of National Indonesian
Standard Number 06-3953-1995 for citronellal oil. The
refraction index of citronellal oil was 1.464, which was
slightly lower than the standard (1.466-1475). The total
geraniol of essential oil from C. nardus was 72.71%, and
this was 12.29% lower than the minimum standard.
Citronellal content was 49.14%, and this was higher than
the minimum standard. The solubility in alcohol 80% met
the requirement of the standard.

Sensorial analysis of the lotions (Table 3) showed that
the color ranged from white (FO/basis lotion) to yellowish-
white. The color turns to slightly yellow (yellowish-white)
by the addition of citronella oil. The original color of
citronella oil was pale yellow (Table 2), and this influenced
the color of lotion. Citronella oil also changed the odor of
the lotions. All formulated lotions had citronella oil odors,
except the base lotion had no odor. According to the
sensorial observation toward 20 volunteers, all of the
volunteers have no skin rash, itch, and swollen after
applying the lotion to the forearm and behind the ear for six
hours. This means that the formulated lotions with
citronella oil were nonirritant.

Analysis of quality of lotion

Analysis of quality of the lotions (Table 4) indicated
that pH, viscosity, and homogeneity were met the
requirement of the Indonesia National Standard 16-4399-
1996. Basis lotion (FO) had the lowest pH, and this is
significantly different (P<0.05) from other formulation.
The addition of citronella oil increased the pH, and the
range of pH of lotion was 5.83 (F0) to 7.29 (F4). This pH
value was within the range of skin pH (Yadav et al. 2014).

Table 3. Sensorial analysis of the formulated lotions
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The viscosity of the lotions varied from 2433.00+22.06
CcP t0 2969.67+61.70 cP and these were within the standard
range. Basis lotion (FO) had the highest viscosity which
was 2967.67+61.70 cP and adding citronella oil decreased
viscosity significantly (P<0.05). Viscosity is a measure of
the thickness of the lotion, which indicates the easiness of
the lotion to be applied to the skin (Yadav et al. 2014). The
appearance of all formulated lotions was homogenous
without any solid or coarse grains. This means that the
emulsion had mix homogenously and no separation of
ingredients so that the oil phase mix eventually with the
aqueous phase. The lotion is an example of emulsion,
which is a mixture of immiscible liquids where one is
dispersed in the others, and these are stabilized by
emulsifiers. Emulsifier works by reducing the surface
tension of the two phases and creates a thin film around the
droplets of the dispersed phase (Khan et al. 2011). There
are oil-in-water and water-in-oil types of emulsions (Zhu et
al. 2019). In the present study, lotions with citronella oil
was an oil-in-water (O/W) type of emulsion where the oil
droplets dispersed finely in the aqueous phase. The lotion is
easily spread over the skin surface, less greasy, and easily
washable with water (Mohiuddin 2019).

Repellent activity

Repellent activity of lotions was measured as protection
ability presented in figure 1. As can be seen from figure 1
that all treatments had significantly different (P<0.05)
protection ability compared to control + and control -
during the six hours of the experiment. Basis lotion (control
-) gave the lowest protection ability during the course of
the experiment. It as 47.03% at the beginning and
decreased to 11.01 at the end of the experiment. The
protection ability of commercial anti-mosquito lotion
containing DEET (control+) was 94.26% at 0 h, and this
decreased gradually over time, and it was 32.7% at 6h.

. Sensitivity
Lotion formula Color Odor SKin rash ltch Swollen
FO White No odor Nil Nil Nil
F1 White Very mild Nil Nil Nil
F2 Yellowish white Mild citronella oil Nil Nil Nil
F3 Yellowish white Mild citronella oil Nil Nil Nil
F4 Yellowish white Mild citronella oil Nil Nil Nil

Note: FO: basis lotion, F1: lotion with 2% citronella oil, F2: lotion with 3% citronella oil, F3: lotion with 4% citronella oil, F4: lotion

with 5% citronella oil

Table 4. Quality of formulated lotions compared to Indonesian National Standard (SNI 16-4399-1996)

SNI 16- 4399-1996

Lotion formulation

Characteristic

FO F1 F2 F3 F4
pH 4.5-8.0 5.83+0.867 6.53+0.80° 6.78+0.30° 7.05+0.67¢ 7.29+0.52¢
Viscosity (cP) 2000-5000 2967.67+61.7¢  2745.33+6.43¢  2668.00£15.72°  2549.33+14.64°  2433.00+22.06%
Homogeneity Homogenous Homogenous Homogenous Homogenous Homogenous Homogenous

Note: Values are means of three measurements + standard deviation, followed by different letters are significantly different (P<0.05).
FO: basis lotion, F1: lotion with 2% citronella oil, F2: lotion with 3% citronella oil, F3: lotion with 4% citronella oil, F4: lotion with 5%

citronella oil
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Figure 1. Protection ability (%) of formulated lotions against Ae. aegypti at different hours after application to the hands. Control +:
commercial antimosquito lotion X, Control -: basis lotion, F1: lotion with 2% citronella oil, F2: lotion with 3% citronella oil, F3: lotion
with 4% citronella oil, F4: lotion with 5% citronella oil. Values were means of 4 replications. Different letters above each bar were

significantly different (P<0.05) at each time after application

Lotions with citronella oil gave higher protection than
commercial lotion and basis lotion. The protection ability
increased as the concentration of citronella oil increased.
This is in accordance with other studies that the protection
is concentration response-dependent (Karunamoorthi et al.
2014; Solomon et al. 2012). Lotion with 2% of citronella
oil had 56.48% protection ability at 0 h, and it decreased
slightly to 51.34% at 2 h and finally 28.12% at 6 h. Lotion
with 3% citronella oil had 79.34% protection ability at O h,
and it decreased gradually to 39.49% at 6 h. Lotion with
3% citronella oil gave 92.61% protection and it decreased
to 51.48% at 6 h. The highest protection ability of 100%
was given by lotion with 5% citronella oil at 0, 1, and 2 h,
respectively. Protection ability then decreased very slightly
t0 99.49% at 3 h, to 90.17 at 4 h, to 81.05% at 5 h, and to
70.36% at 6 h. Reduction in protection ability overtime of
all citronellal lotions tested probably due to the evaporation
of the essential oil since the oil is highly volatile at room
temperature  (Phasomkusolsil and Soonwera 2010).
Protection was given after the application of citronella
lotion onto the skin, and this provided immediate vapor
barrier that deterred mosquito from landing. In the present
study, essential oil from C. nardus contained
monoterpenes, such as geraniol (72.71%) and citronellal
(49.14%) (Table 2). According to De Toledo et al. (2016)
and Hamzah et al. (2014), the major component of C.
nardus essential oil is oxygen-containing monoterpenes
such as citronellal, citronellol, geranial, geraniol, and citral.
These compounds work synergistically as repellents (Nerio
et al. 2010).

One possible solution for increasing protection time is
by encapsulating the essential oil into a polymer, which
increases the duration of repellency significantly. The
active ingredients of the essential oil are encapsulated
within the wall of polymer to form microcapsules sized 1-
100 um. Using this technique, the evaporation of active
ingredients can be prevented (Misni et al. 2017).
Formulation of lotion with citronella oil is also a method of
prolonging protection ability and at 5% citronellal oil gave
nearly full protection from Ae. aegypti for 3 hours (180
minutes). In another study, the use of citronella oil alone
(without formulation) gives shorter protection which is 115
minutes with 0.8% biting rate (Phasomkusolsil and
Soonwera 2010). It means that the corporation of citronella
oil into lotion increased protection time by 65 minutes.
However, combining citronellal oil with some other
essential oils (Eucalyptus globulus, Murraya Koenigii, C.
citratus, Tridex procumbens, and Azadirachta indica) and
formulating them into a gel does not improve repellent
activity (Shivhare et al. 2018) compared to the present
study.

The concentration of citronella oil used in the present
study for 100% protection from Ae. aegypti for 2 hours was
5%, and this was a much lower concentration compared to
other studies. For example, Solomon et al. (2012) used
10% and 20% of citronella oil formulated in a cream give
90% and 95% protection respectively at 0 h against
Anopheles arabiensis. However, at subsequent hours,
protection decreases to about 80% up to 3 hours. Sritabutra
and Soonwera (2013) find that 10% of citronella oil in
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olive oil gives 54.75 minutes of protection from Ae. aegypti
while 10% citronellal oil in coconut oil gives 82.5 minutes
protection with a 1% bite. Indeed formulation of 5% w/w
citronella oil into O/W lotion in the present study was
effective to protect from Ae. aegypti for nearly 3 hours.
This low concentration of citronella oil in the lotion and the
use of single essential oil in the lotion might more
economically beneficial compared to higher concentration
and combined oils.

In conclusion, the yield of essential oil from fresh
leaves of C. nardus extracted using steam distillation was
0.9% wi/w. The quality of essential oil met the requirement
of Indonesian National Standard (SNI 06-3953-1995) for
color, specific weight, citronellal content, and solubility in
alcohol 80%. However, the refraction index, and total
geraniol were slightly lower than the standard. Protection
ability of anti-mosquito lotion with citronella essential oil
was concentration-dependent, where the concentration of
5% gave 100% protection for 2 hours and 99% up to 4
hours against Ae. aegypti. The formulated lotions were
nonirritant.
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