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ABSTRACT

Culex quinquefasciatus mosquitoes are a vector of transmission of several types of diseases, such as
filariasis, Japanese encephalitis, and dirofilariasis. Larval control is the key strategy of disease control
programs caused by vectors around the world because it can prevent larvae to enter the adult stage.
Control of mosquito larvae that are often used is chemically controlled. Citrus hystrix is a natural plant
and contains chemical compounds that have biological activity, such as flavonoids, carotenoids, and
limonoids. The present study aimed to determine the effect of citrus leaf extract (Citrus hystrix) on the
mortality of the larva Culex quinquefasciatus. The method used in the current study was a laboratory
experimental study method with the experimental design using a completely randomized design. The
research plot carried out was the rearing larvae of Culex quinquefasciatus, the manufacture of citrus leaf
extract, the manufacture of larvicidal material, and the observation phase after treatment. Extract N-
hexane omplet name hystrix leaf has high toxicity because it contains essential oils, flavonoids, alkaloids,
terpenoids, saponins, and Limonoids. The Optimal concentration of N-hexane extracts of citrus leaves
that lead to larval mortality of Culex quinguefasciatus in vitro amounted to 93.33% on 4 hours of
observation with a concentration of 4000 ppm. Extract N-hexane lime leaf has a larvicidal effect on the
larva Culex quinquefasciatus in vitro.
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INTRODUCTION

Indonesia is a tropical country that has optimal humidity and temperature so as to support insect survival. Mosquitoes are
the type of insects that coexist with humans but can harm humans because of their role as destructive organisms and
disease vectors (vector-borne diseases; Sumantri and Satar, 2015).

Culex (Cx.) quinquefasciatus mosquitoes are the vector of transmission of several types of diseases such as
filariasis, Japanese encephalitis, and dirofilariasis (Hadi and Koesharto, 2006). Filariasis is an infectious disease caused
by microfilarial worms. This disease can cause disability, psychosocial, and decreased patients’ productivity. The
number of filariasis cases in Indonesia increases annually. Japanese Encephalitis (JE) is a viral disease that causes
encephalitis and is a problem of public health in Asia including in Indonesia. Mosquito control can be done at the larvae
stage, but in the adult stage that mosquitoes can fly they can transmit the disease widely (Aradilla, 2009). The control of
larvae is the key strategy of vector-borne disease control programs caused by vectors around the world because it can
prevent larvae to become adults. The larvae stadium has the longest lifespan of about 10-15 days so that the exposure is
also longer, adult stage or adult mosquitoes can also fly so that it can spread the disease widely. The use of insecticide as
larvacide can be the most commonly used way for people to control the growth of the vector (Manimegalai and Sukanya,
2014). Control of mosquito larva that has been often used is chemical control, namely by using synthetic chemicals. It
can suppress vector populations rapidly. However, control in this way when done repeatedly is less effective because it
can cause resistance to larvae, death for animal predatory predators and environmental pollution (Yasmin and Fitri,
2013). Biolarvasida of a plant (vegetable) is considered quite potential replacing synthetic insecticide. Plant insecticides
are generally more selective than chemical insecticides because they are directly targeted at the target insect species, but
also do not pollute the environment because it is easily degraded by nature and its use is quite safe (Aktar et al., 2009).
More than 2400 plant types that belong to 255 families are reported to contain pesticide ingredients. Basil, germanium,
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and zodia belong to a group of mosquito repellent plants due to their distinctive aroma. The plant contains compounds,
such as methyl eugenol and some microelements, such as Linalool, Terpincol, Eugenol, Sincol, and Geraniol. In
addition, there are other types of mosquito repellent including lavender, zodia, rosemary, fragrant lemongrass, and citrus
kaffir lime (Kardinan, 2005). C. hystrix is a plant that is found easily by people. Plants derived from this genus of Citrus
have chemical compounds that have biological activities, such as flavonoids, carotenoids, and Limonoids (Nurhaifah and
Sukesi, 2015). Limonoid compounds are the teranoriterpen found in the leaves of Citrus lime which is potentially
antifeedant to insects, growth regulator, and toxic substances in rice lice, larvacide, antimicrobial, insect repellent, and
reproductive inhibitors (Li, 2001). The limonoid compound is an analog of juvenile hormones on insects that serve as a
regulator of the growth of larval cuticles (Tunaz and Uygun, 2004). Saponin is also able to become biolarvasida. Saponin
compounds in extracts that are eaten by the larvae of Cx. quinquefasciatus may irritate the digestive tract of Cx.
Quinquefasciatus, and damage the cell membrane of the larva. Limonoid, which is an essential oil in orange, can lead to
the loss of coordination of the nerve organ of the larva Cx. Quinquefasciatus (Pelah et al., 2002). In addition, limonoid
has the ability to inhibit the formation of cancer cells, reducing the formation of low-density lipoproteins (LDL) as well
as being able to suppress the appetite from insects (Murthy et al., 2021). Therefore, this research is done to find out the
benefits of citrus leaves that are thought to have effects on larvae of Cx. quinquefasciatus.

MATERIALS AND METHODS

The research was conducted in the entomology laboratory of The Institute of Tropical Disease (ITD), Airlangga
University, and the Department of Medicine of Veterinary Faculty of Universitas Airlangga, Surabaya, Indonesia. The
material used consists of 420 larvae instar 111 Cx. quinquefasciatus obtained from the laboratory of ITD. Each treatment
group used a sample of 20 larvae.

The current study utilized experimental research methods of laboratories with the experimental design using a
completely randomized design using simple random sampling. The study was conducted in several phases, namely the
rearing phase of the larva of Cx. quinquefasciatus, the manufacturing stage of citrus leaf extract of C. hystrix, the
manufacturing stage of larvacidal material, and the observation phase after treatment. In rearing the larvae of Cx.
quinguefasciatus, selection was based on the body length (5-6 millimeters, determined by a compound microscope with
calibrated eyepiece graticule) and the day after the eggs hatch (four to six days). There was a triangular thickening
consisting of many comb-shaped scales, had complete its morphological structure, and clearly, the body could be divided
into a part of the head, chest, and abdomen. Prior to the study, the larvae were restored in advance in order to prove that
the administration proved optimal. Subsequently, 420 larvae of instar I1l of Cx. quinquefasciatus were divided into seven
treatment groups, namely the control group (+) consisting of Temephos 1 ppm + aquadest AD 100 ml solution, the
control group (-) consisting of a solution of aquadest 100 ml, treatment 1 entailing 25 mg of citrus leaf extract of kaffir
lime + aquadest AD 100 ml, treatment 2 consisting of 50 mg of kaffir lime citrus leaf extract + aquadest AD 100 ml,
treatment 3 having 100 mg Citrus leaf extract of kaffir lime + aquadest AD 100 ml, treatment 4 including 200 mg citrus
leaf extracts of kaffir lime + aquadest AD 100 ml, treatment 5 consisting of 400 mg of citrus leaf extracts of kaffir lime +
aquadest AD 100 ml. The larvacide extract of the kaffir lime citrus leaves was then poured into plastic cups. Then, into
the plastic cups that have been contained treatment solution inserted larvae of 20 tails of each glass. Observations were
performed every 4 hours for 24 hours to see the dead larvae.

The physical factors measured in the room used during the study included the pH of water, water temperature, and
room temperature. Measured water pH ranges from 7.0 to 7.2. The condition is a neutral pH and qualifies for the life of
larvae in water. The measured room temperature is 25°C, which is the temperature suitable for larvae growth.

RESULTS

Result of soaking larvae Instar 111 of Cx. quinquefasciatus in various concentrations of treatment for 24 hours obtained
the average value and standard deviation of the number of Instar larva 1l Cx. quinquefasciatus every 4 hours observation
that can be seen in Table 1.

Based on Table 1 above, it can be noted that there is a significant difference in each treatment of the percentage of
mortality of Instar-III Larva (p < 0.05). However, the results of a comparison of immersion treatment in solution
Temephos with extracts N-hexane citrus leaves of 4000 ppm concentrations do not show a noticeable difference. It is
different from the immersion comparison of Temephos solution 1 ppm with the N-hexane extracts of citrus leaves with
the concentrations of 2000, 1000, 500, and 250 ppm which show noticeable different results. Extract N-hexane citrus
leaves of 4000 ppm concentrations at a 4-hour observation have shown an average death of as much as 19 tails so that it
can be known that the value (LCgq) of extract n-hexane lime leaf is 4000 ppm. More details can be seen in Figure 1.

Based on Figure 1 of the comparative mortality ratio of Larva Cx. quinquefasciatus on the observation every 4
hours for 24 hours obtained the result that the relationship between the concentration of N-hexane extracts of citrus
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leaves with larvae instar-larva 111 Cx. quinquefasciatus have a positive direction, meaning the higher concentrations of
citrus leaf extract kaffir lime, the higher the power of the larva of mosquitoes Cx. quinquefasciatus. The increased
immersion time at the concentrations of P1, P2, P3, and P4 showed an increase in the humber of deaths each time of
observation, it showed the time of immersion of N-Hexsan extract material affecting the death process of the mosquito
larva Cx. quinquefasciatus. In negative control does not encounter the death of larvae it indicates there is no reaction of
the use of aqueous solutions.

The results in the experiment indicated a significant difference in each treatment. This means that the death of the
larvae of instar 11l Cx. quinquefasciatus was due to the immersion of the larvae in the kaffir lime citrus leaf extract.
Insignificant differences in the positive control and the highest concentration of citrus leaf extract kaffir lime resulted
from the equation of the effectiveness of citrus leaf extract in the killing of larvae.

Table 1. The results of soaking larvae every four hours
Mortality (%0)

Average * standard deviation

Error

4 hours 8 hours 12 hours 16 hours 20 hours 24 hours
Groups
K (+) 88.33+2.88 100+ 0 100+ 0 100+0 100+ 0 100+0
K (-) 0£0 0£0 0£0 00 00 0+0
P1 11+5.77 21.66 £5.77 25+5 305 38.33+7.63 41.66 + 7.63
P2 15+5 28.33+£7.63 36.66 £5.77 38.33+£7.63 48.33 £10.40 51.66 £ 7.63
P3 30 £13.22 45 +13.22 56.66 + 14.43 66.66 + 10.40 76.66 +5.77 78.33+£7.63
P4 55+5 63.33£7.63 68.33 +10.40 73.33+£7.63 80+10 91.66 +10.4
P5 93.33+2.388 100+ 0 100+ 0 1000 100+ 0 100+0

K+: Temephos, K-: Aquadest, P1: 250 ppm, P2: 500 ppm, P3: 1000 ppm, P4: 2000 PPM, and P5: 4000 ppm
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Figure 1. Comparative mortality of Larva Cx. quinquefasciatus on observation every 4 hours in a day, K+: Temephos, K-:
Aquadest, P1: 250 ppm, P2: 500 ppm, P3: 1000 ppm, P4: 2000 PPM, and P5: 4000 ppm

DISCUSSION

The results of soaking larvae on the negative control (k-) of the larvae mortality rates were 0% for every four hours
(Table 1). This means that the larvae were still alive and the addition of aquadest in control treatment did not show any
effect on the mortality of larvae. In positive control (k+), the death of Larva instar 11l Cx. quinquefasciatus resulted from
the administration of Temephos 1 ppm solution. Temephos is an organophosphate larvicide used to treat water infested
with disease-carrying insects. This larvide has a residual power of approximately one month in the water shelter. As with
other organophosphates, temephos affects the central nervous system through inhibition of cholinesterase. In larvae, this
results in death before reaching the adult stage. The function of the enzyme cholinesterase is to hydrolyze acetylcholine
into choline and sour vinegar (acetic acid) so that if the enzyme is inhibited then hydrolyze acetylcholine does not occur
so that the muscles will remain contracted for a long time and will occur continuously, and the insect will eventually die
(Nugroho, 2011). So as with other organophosphate compounds, Temephos acts as an anticholinesterase (Nugroho,
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2011). Chemical compounds in plants that are potentially biolarvicides, are flavonoids, saponins, tannins, alkaloids, and
essential oils (Kristanti et al., 2008). The C. hystrix leaf extract has high toxicity of lime leaves (Citrus aurantifolia),
lime leaves (c. amblycarapa), and Balinese citrus leaves (c. maxima; Adrianto et al., 2014). The kaffir lime leaves
contain essential oils, flavonoids, alkaloids, terpenoids, saponins, and limonoids (Adrianto et al., 2014).

Limonoid compounds are an important natural active component consisting of oxidized triterpenoid components
(Khalil et al., 2003). Limonoid causes a bitter taste in orange and has the most potent larvacide effects. The larva cannot
be transformed into a pupa because the title of the juvenile hormone in the larvae is not reduced but increases. To be a
pupa, larva needed lower amounts of Juvenile hormones. Although the larvae make the skin change to instar 1V, the
larva will not be able to metamorphosis into the pupa and eventually die (Prijadi et al., 2014). Limonoida can enter into
the body of the mosquito larva (Aedes aegypti) as a stomach poison. Limonoida goes into digestion through the
concentration of the eaten extract concentrations. Insecticides will enter into the digestive organs of insects and are
absorbed by the intestinal wall then circulate with blood that will interfere with the metabolism of mosquitoes so that it
will lack energy for his life activities that will result in mosquitoes it is seizure and eventually dies (Baskar et al., 2020).

Another substance contained in the leaves of lime that can interfere with insects in digesting food is saponin.
Saponin can lower the surface tension of the mucous membrane of the digestive tract larvae. The interaction of the
saponin molecules with a layer of larval cuticle will result in damage to the cuticle (Chapagain and Wiesman, 2005).
Saponins can also lower the enzyme activity of proteases in the gastrointestinal tract as well as interfere with food
absorption (Afidah et al., 2014).

This alkaloid content acts as a stomach poison and contact poison. The alkaloid is a grain of salt so that it can
degrade the cell membrane of the digestive tract to enter into and damage cells and can also interfere with the nervous
system work of larvae by inhibiting the enzyme work of acetylcholinesterases. Where this enzyme cannot execute its
duties in the body mainly forward the delivery of orders to the digestive tract larvae (midgut) so movement cannot be
controlled. The occurrence of discoloration in the body of larvae becomes more transparent and the movement of larvae
slows down when the touch is stimulated and always bends the body also caused by alkaloid compounds (Ahdiyah and
Purwani, 2015).

Tannins are polyphenol compounds that can form complex compounds with proteins. Tannins cannot be digested
in the stomach and have a connective power with proteins, carbohydrates, vitamins, and minerals. Tannins can interfere
with insects in digesting food because tannins will bind to proteins in the digestive system that required insects for
growth so that the digestive process is estimated that become disturbed to the larva Cx. Quinqufasciatus (Yunita et al.,
2009).

The death of Larva instar 111 Cx. quinquefasciatus not only was resulted from the compounds of limonoid but this
can also be caused by various ingredients contained in the extract N-hexane lime leaves such as materials that have been
mentioned above which can affect the death of larva Cx. Quinqufasciatus. Therefore, The higher the concentration, the
higher the content of the active ingredient contained in the extract of N-hexane lime leaves, which can cause a decrease
in digestive activity, causing seizures and disrupt the nervous system and suppress the rate of growth of larvae (Minarni
et al., 2013). The content of essential oils that are the secondary metabolite of extracts that are dissolved with aquadest
will cause an oil layer to be formed due to differences in polarity. This coating will cover the water surface and siphon.
The presence of oil will prevent larvae from taking oxygen, even the coating of oil will stick to the siphon will prevent
the diffusion of oxygen towards the tissues, so that oxygen transport is interrupted. The nature of this essential oil can be
respiratory poison (Hedayat, 2008).

After soaking the extract of N-hexane citrus leaf, the following kaffir lime signs were observed. In the first 15
minutes, the larvae Cx. quinquefasciatus showed a rapidly rising movement, convulsive movements, such as forming the
U, weakened body movements, at 2 hours of observation time at concentrations of 4000 ppm and 2000 ppm has begun to
show the situation where the larvae are unable to move, stiff, and subsequently die. The results of soaking larvae every 4
hours were observed. Larvacida contact poison can kill enough larva when exposed to external body parts. Then larvae
show the sign of ascending movement rapidly (telescopic movement).

The results of the research on the concentration of the extract of N-hexane lime leaves at all treatments except the
negative control (k-) were the death of larvae. The mortality rate of larvae at a concentration of 4000 ppm was 93.33%.
This concentration is the best concentration of N-hexane extracts of citrus leaves as larvacide. The difference between
the numbers of larvae deaths is caused by the concentration of each treatment. This indicates that the higher the
concentration and duration of observations of N-hexane citrus leaves of the purut, the higher the active content and the
larvasidal power to kill the larva of quinquefasciutus mosquitoes.

When compared, concentration 4000 ppm extract N-hexane citrus leaves are equally effective with a solution
Temephos 1 ppm in killing the larva instar 111 Cx. quinquefasciatus is the same as indicating the death of 100%. But for
the efficiency of the solution temephos is higher in killing the larvae Cx. Quinqufasciatus then extract N-hexane citrus
leaves of kaffir lime with a concentration of 4000 ppm because it only takes 1 ppm (mg/l) of Temephos solution,
compared to 4000 ppm (mg/1) extract N-hexane lime leaves to kill 100% larvae for 8 hours in a 24-hour time.
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CONCLUSIONS

The findings of this study have confirmed that extracts of N-hexane lime leaves contain active substances that can be
larvicidal. Therefore, the results larvacides are considered good when the test material shows the value of mortality
between 90-100% of test larvae. In conclusion extract of N-hexane kaffir lime orange leaves have a larvicidal effect on
the larva Cx. quinquefasciatus in vitro. The optimal concentration of N-hexane extracts of citrus leaves that cause the
larval mortality of Cx. quinquefasciatus in vitro amounted to 93.33% on 4 hours of observation with a concentration of
4000 ppm.
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