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Abstract
The vector that carries Dengue Hemorrhagic Fever (DHF) is Aedes aegypti. Various
strategies have been implemented to control the spread of the Aedes aegypti, one of
which is using temephos larvicide. The usage of temephos increases resistance to Aedes
aegypti and environmental pollution. Therefore, it is necessary to develop a bio-larvicide
using ceremai leaf (Phyllanthus acidus) and zodia leaf (Evodia suaveolens). The purpose
of this study was to assess the toxicity of ceremai and zodia leaf extracts on the death of
Aedes aegypti larvae. This form of research is a true experiment with a Completely
Randomized Design. Third-instar Aedes aegypti larvae were used as the research sample.
There were seven groups, including one negative control (aquadest and tween20), one
positive control (temephos 0.008%), and five treatment groups (ceremai leaf and zodia
leaf extract). Larval mortality data were observed after 24 hours of exposure. The Kruskal
Wallis test revealed a significant difference in death rates across groups (p : 0.020, p <
0.05). Zodia leaf extract 0.2% had the highest toxicity, while ceremai leaf extract did not
show any mortality of Aedes aegypti larvae. The probit test results of zodia leaf extract
showed LCsp and LCqo of 0.075% and 0.121% within 24 hours of exposure. Zodia leaf
ethanol extract has effectiveness as larvicide of Aedes aegypti.
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Introduction

Mosquitoes remain a health concern which needs attention as
they are vectors causing disease. Aedes aegypti transmits the
dengue virus, which causes Dengue Hemorrhagic Fever (DHF). In
Indonesia, there were 143,176 DHF cases and 1,236 deaths in
2022; however, in 2023, there were 98,071 cases and 764 deaths
(Komariah, 2024).

Using larvicide is one of the strategy to reduce mosquito
populations which works effectively (Benelli et al., 2019). Using
synthetic larvicides such as temephos is effective at 100%
mortality of A. aegypti larvae but also has some disadvantages
include the development of resistance in some countries (Sinaga
et al., 2016), causing adverse effects on non-target populations,
and not being easily decomposed thus causing environmental
pollution (Riyadi et al., 2018). Therefore, bio-larvicides need to
be developed as an alternative for controlling A. aegypti larvae.

Bio-larvicide was developed by utilizing plants that contain toxic
compounds to mosquito larvae such as alkaloid, flavonoid,
saponin, and tannin compounds have been shown to have
larvicidal effects on A. aegypti larvae (Mila & Khaira, 2020).
Alkaloids inhibit larval feeding, flavonoids inhibit larval airway,
saponins reduce larval appetite, and tannins disrupt larval cell
metabolism (Kumara et al., 2021).

Ceremai leaf (Phyllanthus acidus) has a variety of health benefits
and is proven to kill A. aegypti larvae as ceremai leaf extract
contains flavonoids, tannins, and saponins (Muttagin et al.,
2019). Research conducted by Hasanah et al. (2019) mentioned
that ethanol extract from ceremai leaf can kill Culex
quinquefasciatus larvae by 50% (LCso) at a level of 0.189% after
24 hours of observation. Statistical test results showed that
ceremai leaf extract had a larvicidal effectiveness of 90.9% on
the mortality of Culex quinquefasciatus larvae.

Zodia leaf (Evodia suaveolens) is one of the plants that Papuans
used to repel mosquitoes; it is now cultivated as a decorative
plant and could be found in numerous locations. Zodia leaf
extract contains alkaloids, flavonoids, tannins, and saponins
(Lestari et al., 2015). According to the findings of Boesri et al.
(2015), the ethanol extract of zodia leaf has an LCso against A.
aegpytilarvae of 0.194% after 24 hours.

Combining active ingredients from two plant extracts can
prevent larval resistance to bio-larvicides and have either an
antagonistic or synergistic impact on larval mortality (Rikantara
et al., 2022). Research conducted by Hikma & Ardiansyah (2018)
stated that moringa leaf (Moringa oleifera Lamk) extract can kill
89% of A. aegypti larvae, tin leaf (Ficus carica Linn) extract can
kill 87% of larvae, while the combination of the two extracts can
kill 92% of larvae after 24 hours of observation in a 1:1 ratio. This
indicates that the two extracts combined prove more toxic than
either extract alone.

Researchers are interested in combining extracts from Ceremai
and Zodia leaves which expected to be efficient bio-larvicide
materials This study aimed to evaluate the impact of ceremai
and zodia leaf extracts on A. aegypti larval mortality.

Methods
Research Design

This is true experimental research and uses a Completely
Randomized Design. This study was divided into 9 groups,
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namely 2 control groups (KP, KN) and 5 treatment groups (P1,
P2, P3, P4, P5). Larval A. aegpyti mortality will be monitored after
treatment, following a 24-hour exposure period. 700 Aegypti
larvae in their third instar were used as samples in this research
which collected from the Tropical Diseases Institute's
Entomology laboratory at the University of Airlangga in
Surabaya. Plant identification was done at the Botany
Laboratory, Faculty of Mathematics and Natural Sciences,
University of Jember. The study was conducted in January until
March of 2024.

Tools and Materials

Materials required were 700 grams of each ceremai and zodia
fresh leaves, 96% ethanol, aquadest, and tween20. The
instruments used were oven, blender, rotary evaporator,
analytical balance, beaker glass, spatula, stirrer, drop pipette,
and plastic cup.

Extract Preparation

Extract preparation was conducted at the Pharmacognosy and
Phytochemistry Laboratory, Faculty of Pharmacy, University of
Jember. The remaceration approach was used to create the
ceremai and zodia leaf extracts. 700 grams of each fresh leaves
in total were chopped, left to aerate for three days, and then
baked at 40°C for a full day. After drying and blending each leaf
separatedly, 255 grams of ceremai leaf powder and 300 grams
of zodia leaf powder are produced. Afterwards, the leaf powder
was remacerated with 96% ethanol as much as 4; 2; 1.5 times
the weight of the powder for 3 times within 24 hours. A rotary
evaporator with a temperature setting of 50°C and a speed of
100 rpm was applied to concentrate the filtrate from the
maceration process.

Extract Concentration Determination

The leaf extract concentration used in the research variations
was 0.2%, as mentioned by Hasanah et al. (2019) dan Boesri et
al. (2015). This meant that the concentration of leaf extract used
was 0.2% ceremai leaf extract; 0.2% zodia leaf extract; a
combination of ceremai leaf and zodia leaf extracts with a ratio
of 0.05%:0.15% (1:3); 0.1%:0.1% (1:1); 0.15%:0.05% (3:1). The
contrentaion was made from combining 5 grams of extract with
1 ml of tween20, then add aquadest until the mixture reaches a
500 ml solution. This will yield an extract solution with a 1%
concentration. Next, plastic cups were filled with 20 ml, 15 ml,
10 ml, and 5 ml of this solution. Aquadest was poured to each
plastic cup until a 100 ml solution was formed, yielding the
following concentrations: 0.2%, 0.15%, 0.1%, and 0.05%. The
negative control group was made by mixing 0.1 ml of tween20
into 99.9 ml of distilled water. The positive control group was
made by mixing 0.08 grams of temephos into 1 L of aquadest and
then taken as much as 100 ml into a plastic cup.

Larvicide Test

Following the WHOQ's guidelines for larvicide testing (2005), each
group contained 25 A. aegypti larvae that were repeated four
times. The study was conducted by placing the larvae into plastic
cups containing extract solution for the treatment group,
tween20 solution for the negative control, and temephos
solution for the positive control. Larval mortality was discovered
after 24 hours of exposure, as evidenced by the absence of
movement in response to a tactile stimulus.
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Larval Mortality Measurements

The formula used to calculate the mortality percentage of A.
aegyptilarvae after 24 hours of exposure:

Number of mortality larvae
x 100%

Number of larvae tested
Statistical Analysis

Larval mortality was analyzed by the Kruskal Wallis statistical
test because the data were not normally distributed. If the
Kruskal Wallis test revealed a significant difference (p<0.05), the
Mann-Whitney test will be used to examine the variations in
values within each group. The LCsp and LCso values were
determined using probit analysis.

Ethical Clearance

This research has obtained ethical clearance with number
2407/UN25.8/KEPK/DL/2024 from the Health Research Ethics
Committee of the Faculty of Dentistry, University of Jember.
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Results
Plant Determination

The results of plant determination from the Botany Laboratory,
Faculty of Mathematics and Natural Sciences, University of
Jember showed that the plants used in the study were true
Phyllanthus acidus (L.) Skeels from Phyllanthaceae and Evodia
suaveolens Scheff. var. ridleyi (Hochr.) from Rutaceae.

Extract Quality Test

The results of the quality test of ceremai leaf and zodia leaf
extract can be seen in Table 1. Zodia leaf extract has a higher
yield than ceremai leaf extract. Testing the water content of
extracts in this study used the gravimetric method. The water
content of ceremai leaf extract is higher than zodia leaf extract.
The organoleptic test aimed to provide an initial introduction to
the extract through the five senses. The organoleptic test of
ceremai leaf and zodia leaf extracts produced condensed
extracts, a distinctive smell, and a slightly bitter taste. Ceremai
leaf extract has a dark green color, while zodia leaf extract has a
blackish green color.

Table 1. The results of the extract quality test

Extract Simplicia (g) Cs(:gi:s(;j Yield (%) Water(;)())ntent Organoleptic
Ceremai Leaf 255 19,32 7,57 21,15+1,42 1. Form: condensed
2. Color: dark green
3. Smell: distinctive
4. Taste : slightly bitter
Zodia Leaf 300 36,9 15,47 15,39+0,72 1. Form: condensed
2. Color: blackish green
3. Smell: distinctive
4. Taste: slightly bitter
Table 2. Mortality of A. aegypti larvae after 24 hours of exposure
Mortality Rate . Mortality
Group Larval Total R1 R2 R3 R2 Mortality Mean Percentage (%)
KN 25 0 0 0 0 0+0 0
KP 25 25 25 25 25 250 100
P1 25 0 0 0 0 0+0 0
P2 25 25 25 25 25 25+0 100
P3 25 24 25 25 25 24,75 +0,50 99
P4 25 18 17 19 19 18,25+ 0,96 73
P5 25 7 5 8 6 6,5+1,29 26

Note : R : Repetition; KN : Aquadest+tween20; KP : Temephos 0,008%; P1 : Ceremai leaf extract 0,2%; P2 : Zodia leaf extract
0.2%; P3 : Combination of ceremai leaf and zodia leaf extracts 1:3 (0.05%:0.15%); P4 : Combination of ceremai leaf and
zodia leaf extracts 1:1 (0.1%:0.1%); P5 : Combination of ceremai leaf and zodia leaf extracts 3:1 (0.15%:0.05%)

Larvicide Test

Table 2 shows the mortality of A. aegyptilarvae across all groups.
The negative control given aquadest and tween20 did not cause
larval mortality, indicating that the amount of solvent employed
is inoffensive for A. aegypti larvae. The mortality rate of A.
aegypti larvae was 100% in the positive control treated with
0.008% temephos. The mortality of A. aegypti larvae varied in
the treatment groups given ceremai leaf and zodia leaf extracts,
both single and combination extracts, after 24 hours of
exposure.

Zodia leaf extract 0.2% had the highest mortality rate of A.
aegyptilarvae, which was 100%. The Kruskal-Wallis test revealed
statistically significant variations in the mean mortality of A.

aegypti larvae between groups (p = 0.020), which Mann-
Whitney test is needed to compare the values
variation of each group. The results showed that between
groups showed significant differences, except for KN with P1 (p:
1,000), KP with P2 (p: 1,000), KP with P3 (p: 0.317), and P2 with
P3 (p: 0.317). The Ceremai leaf extract at 0.2% showed no death
of A. aegypti larvae, hence it can be claimed that the mortality
of A. aegyptilarvae was caused by the zodia leaf extract.

Probit analysis was used to establish the lethal concentration of
zodia leaf extract that induces 50% (LCso) and 90% (LCqo) death
in A. aegypti larvae within 24 hours. The LCso and LCy of zodia
leaf extract on A. aegypti larval mortality after 24 hours of
exposure were 0.075% (0.068%-0.081%) and 0.121% (0.112%-
0.133%), respectively.
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Discussion

The results of the quality test of ceremai leaf and zodia leaf
extracts showed that zodia leaf extract has a higher yield than
ceremai leaf extract. The higher yield affects the amount of
extract produced (Badriyah & Farihah, 2022). The water content
test aimed to determine the percentage of water content in the
extract after the drying or condensing process (Utami et al.,
2020). The quality standards of condensed extracts generally
have a yield of not less than 10% and a water content of 5-30%
(Voigt, 1994). The quality standards of ceremai leaf extract are
specifically regulated in the Farmakope Herbal Indonesia (Health
Ministry of Republic Indonesia, 2017), which has a yield of not
less than 13.6% and a water content of not more than 14.6%.
Ceremai leaf extract has a yield of 7.57% and a water content of
21.15 £ 1.42% which indicates that the yield and water content
of ceremai leaf extract do not meet the standards. The yield and
water contents of zodia leaf extract are 15.47% and 15.39 £
0.72% which can be said to meet the standards. The higher the
percentage of water content in the extract, the more susceptible
the extract will be to damage and rot due to the development of
microbes that affect the stability of the extract (Utami et al.,
2020).

Ceremai leaf extract at 0.2% did not show any mortality of A.
aegypti larvae. Ceremai leaf extract has no effectiveness as a
larvicide. This is in contrast to the research of Hasanah et al.
(2019) which showed that ethanol extract from ceremai leaf can
cause mortality of Culex quinquefasciatus larvae. The
effectiveness of ceremai leaf extract can cause mortality of A.
aegypti larvae is affected by several factors such as plant age,
location of plant origin, time of plant collection, plant storage,
plant size, and extraction method (Sari et al., 2020). The yield
and water content of ceremai leaf extract that do not meet the
standards can also affect the effectiveness of A. aegypti larval
mortality.

As the content of zodia leaf extract increased, so did the
mortality percentage of A. aegypti larvae. A. aegypti larvae died
completely when exposed to 0.2% Zodia leaf extract. It can be
said that zodia leaf extract has the effectiveness as a larvicide
like temephos. This study's findings are consistent with those of
Handayani et al. (2017) showed that an ethanolic extract of zodia
leaf can kill A. aegypti larvae. Another study found that hexane
extract of zodia leaves can cause mortality of A. aegypti larvae
(Setiyadi et al. 2020).

The cause of A. aegypti larvae mortality in the treatment group
might be due to the compounds that affect larval growth. The
content of compounds in zodia leaf extracts that have larvicidal
effects are alkaloids, flavonoids, tannins, and saponins (Lestari et
al., 2015). Alkaloids function by interfering with the work of the
acetyl cholinesterase enzyme which oversees transmitting
orders to the larval digestive or as a stomach poison. Flavonoids
work by entering through the siphon into the larval body and
causing respiratory damage. Saponins cause decreased appetite
and irritate the larval digestive. Tannins cause disruption of
protein absorption through digestive enzyme activity (Ahdiyah &
Purwani, 2015).

The LCsp and LCq of zodia leaf extract on A. aegypti larvae
mortality within 24 hours were 0.075% and 0.121%, respectively.
These LCso and LCgo were smaller than the research of Boesri et
al. (2015) which showed that LCsg and LCqy of zodia leaf extract
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were 0.194% and 0.628%. The extract's potency in causing the
death of A. aegypti larvae increases as the LC of the extract
decreases (Putri et al., 2022). Zodia leaf extract's capacity to
cause mortality of A. aegypti larvae is attributed to its viscosity,
which can impair the movement of larvae to the surface to take
oxygen (Hidayati & Suprihatini, 2020). Therefore, extract from
zodia leaf is a substitute larvicide that effectively kills A. aegypti
larvae.

Conclusion

The mortality of A. aegypti larvae was different after exposure
to ceremai leaf and zodia leaf extracts. After 24 hours of
exposure, most of A. aegypti larvae died when exposed to 0.2%
of Zodia leaf extract. The LCso and LCq of zodia leaf extract on A.
aegypti larvae mortality within 24 hours were 0.075% and
0.121%, respectively. Further research is needed regarding the
use of zodia leaf extract as a more practical product that can be
easily applied to the community. In addition, it is necessary to
conduct GC-MS (Gas Chromatography-Mass Spectrometry)
analysis to ensure what compounds are contained in zodia leaf
extract can cause mortality of A. aegypti larvae.
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