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Vegetable Insecticide Extract of Scented Root (Polygala paniculata) in Controlling Aedes
aegypti Mosquito

ABSTRACT

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effects on
humans, environmental residues, as well as contaminates food and water. Polygala paniculata
has potential as an alternative of insecticide in controlling LA] aegypti mosquitoes. This study

Comment [AB1]: Please revise the title with
appropriate english, vegetable insectiside is
not comon to use in this title

further aimed to determine the effect of the Insecticide Score of P. paniculata extract on
A. aegypti mosquitoes’ mortality based on KTs. The 20 mosquitoes were used to examine the
effectiveness of 10%, 15%, 20%, 25% of P. paniculata concentration with positive and negative
controls in four repetitions every five minutes for one hour. The results showed the effect of
extract P. paniculata on A aegypti mosquitoes’ mortality. The Kruskal-Wallis test resulted in a p-
value of 0.001 < 0.05, while the Spearman Correlation test gave a p-value of 0.008 < 0.05.
Furthermore, the correlation strength was + 0.312 or 31.2%, with 10% concentration, while 15%
had KTso with Insecticide Scores of 1 and 2, implying no knockdown effect. A 20%
concentration had KTso with an Insecticide Score of 3, indicating a weak knockdown effect,
while a 25% concentration had KTso with an Insecticide Score of 5, signifying a quick
knockdown effect. This shows that a 25% concentration has a quick knockdown time in A.
aegypti mosquitoes. Therefore, extract P. paniculata may have the potential as a vegetable
insecticide in controlling A aegypti mosquitoes.

Keywords: extract P. paniculata, Aedes aegypti mosquito, vegetable insecticide

1. Introduction

The Aedes aegypti mosquito (L) belongs to the Order Diptera and family Culicidae, the
main vector often neglected as a transmitter of diseases in humans. The diseases include yellow
fever (YFV), Zika virus (ZIKV), Chikungunya (CHIKV), dengue virus (DENV), and other
arboviruses [1]-[4]. The human arboviral disease transmitted by A. aegypti is a global public
health threat [5]. This disease causes significant morbidity and mortality in developing countries
[2]. The transmission of dengue fever is increasing in urban and semi-urban areas in tropical
countries worldwide [6]. It is estimated that 40% or 50-528 million people worldwide are at risk
of becoming infected with dengue fever and around 10,000-20,000 people die yearly [7].
According to WHO, about 390 million cases of dengue virus infection occur every year, of
which 96 million manifest clinically with high severity. Furthermore, WHO reports that about
3.9 billion people are at risk of being infected with the dengue virus [8].

Indonesia is one of the heveloping countries Where dengue hemorrhagic fever (DHF) is an

Comment [AB2]: It is wrong way to
abbrevaiate Aedes. Please follow the rule!!!

infectious disease and an unresolved health problem. In 2020, there were 15,132 DHF cases in
Indonesia, with a death rate of 145 people and a DHF incident rate of 31.23 [9]. This implies
problems in efforts to control the disease.

There is no specific vaccine for dengue fever, hence its control is conducted by eradicating
the mosquito vector using synthetic insecticides [2]-[4], [10], [11]. However, long-term

Comment [AB3]: DHF not only problem in
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paragraph

application and extensive use of synthetic insecticides cause the accumulation of residues in
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food, water, soil and give adverse health effects on humans and ecosystems [12], [13]. This
leaves residues that pollute the environment [4], [14] increasing population resistance of A.
aegypti [3], [5], [15}-[19].

Controlling A. aegypti mosquitoes using synthetic insecticides involves fumigation with
pyrethroids and larvacides containing temephos [11]. Pyrethroid resistance causes A. aegypti to
keep growing, increasing the incidence of dengue fever (DF) worldwide. This increases the risk
of almost half of the world's population being infected with the disease [5]. Similarly, using
temephos to kill larvae increases the resistance of mosquitoes larvae, A. aegypti. This has been
reported in several countries, such as Brazil [3], Mexico [20] and Southeast Asia countries,
including Indonesia  [5], Malaysia, Philippines, Thailand, Singapore, Laos, and Myanmar [21]

There is a need to obtain alternative insecticides effective in controlling the mosquito
population A. aegypti [22]. This could be achieved using natural plant chemical compounds with
the potential to control the mosquito population effectively. The environmentally friendly
method would guarantee plant protection and avoid the side effects of synthetic insecticides [13],
[23], [24]. Bioactive plant compounds are biodegradable, environmentally friendly, and non-
toxic to other insects [1]. This is because bio-insecticides only affect the target insect without
destroying beneficial natural enemies. Additionally, they are a safe, economical, target-specific,
biodegradable, and residue-free environmental food source [23], [25].

lPongaIa paniculata, also known as vetiver in Riau, Indonesia, |is a good-smelling annual

herbaceous plant belonging to the family Polygalaceae and the genus Polygala. The plant is often
used as traditional medicine, a tonic, and in inflammation cases of asthma, bronchitis, arthritis,
and other pathologies, as well as kidney disorders [26]. Moreover, P. paniculata is used for in-
vivo protection against the neurotoxic effects of Methylmercury (Hg) [27]. bronchitis,
neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs [28]. The Polygala
extract produces secondary metabolites, including alkaloids, saponins, flavonoids, phenols,
tannins, steroids, and terpenoids [28]. Similarly, P. paniculata contains alkaloids, flavonoids,
tannins, saponins, and steroids [29]. Therefore, these bioactive compounds make P. paniculata
potentially useful as a vegetable insecticide. This becomes an interesting study topic because the
bioactive compounds extracted from P. paniculata have never been explored as vegetable
insecticides in controlling the A. aegypti mosquito. Therefore, it is important to examine the
insecticide score of the toxin contained in the bioactive compounds of P. paniculata in killing the
A. aegypti mosquito.

2. Materials and Methods

Preparation of Materials and Tools

This study used 2500 grams of plant P. paniculata obtained in Kubang Region Siak Hulu
sub-district, Kampar, Riau. This plant was proven by a laboratory certification test at the
Botanical Laboratory, Faculty of Mathematics and Natural Sciences, Riau University. The test
used 96% ethanol to macerate the P. paniculata plant powder. Furthermore, distilled water was
used as a solvent and as a negative control in the extraction process, while synthetic insecticide
Baygon cypermethrin was used as a positive control. The A. aegypti mosquito was obtained from
breeding kept at the Parasitology Laboratory of Abdurrab University Pekanbaru. The equipment
used in this study includes a blender, analytical scales, Rotary VVacuum Evaporator, stopwatch,
shaker water bath, thermometer, hygrometer, Buchner funnel, stick, basin, test box, syringe, and
a spray bottle.

Comment [AB5]: Explain the dsitribution this
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Test Animal Preparation

Test animals were bred using media containing clean water in a cool place and protected
from direct sunlight for the A. aegypti mosquitoes to lay their eggs. The larvae were reared in an
aquarium at 24.2°C - 24.4°C, with a relative humidity of 67-70%. The larvae were fed with
coconut water [30] to become larvae instar Il and IV before becoming mosquitoes. The adult
A. aegypti mosquitoes were then used as test animals.

Extract Making

2500 grams of P. paniculata plants were washed and air-dried at room temperature and
blended them to form 400 grams of powder. The powder was macerated with 96% ethanol until
completely submerged for three days. The resulting solution was filtered using a Buchner funnel
and placed in a dark bottle. Furthermore, the dregs from the first filtering were then soaked again
for one day, filtered, and the process repeated in the third immersion. The results from the three
maceration processes were combined and concentrated using a Vacuum Rotary Evaporator to
evaporate 96% ethanol and obtain an extract. The extract obtained was stored in the refrigerator
to be used later [31].

Testing

The test was conducted by transferring 20 A. aegypti mosquitoes to each test boxes and
spraying them with various P. paniculata plant extract, K (+), and K(-) concentrations four
times. The effect of the concentrations on the A. aegypti mosquito was observed by looking at
the changes in behavior, movement, and physical condition until death. The dead of A. aegypti
mosquitoes were counted every five minutes for one hour. Moreover, the insecticide score of
P. paniculata was determined from the number of A. aegypti mosquitoes considered dead
at 5-minute intervals. At the end of each treatment, A. aegypti mosquitoes that remained alive
were left to die or Killed with Baygon.

Data analysis

Data were analyzed using the Statistical Test of Analysis of Variance with RAL, followed
by the One Way ANOVA test. However, when the One Way ANOVA test does not meet the
requirements, the Kruskal-Wallis Non-Parametric Test and the Test Spearman Analysis are
conducted to examine the relationship between the independent and dependent variables.

3. Results and Discussion

The results of observing the A. aegypti mosquitoes’ death after spraying the P. paniculata
plant extract

The A. aegypti mosquitoes died after spraying the P. paniculata plant extract at 10% and
15% concentrations. They died slowly by flying irregularly and actively and falling in a tilted
body position. The mosquitoes appeared weak, with some legs still moving, before becoming
paralyzed, dying, and their bodies remaining stiff. The death was faster at 20% and 25%
concentrations. In the positive control (K+), death occurred in less than five minutes, while in the
negative control (K-), the A. aegypti mosquitoes tried to avoid the spray during the four
experiment repetitions.

Total mortality of A. aegypti mosquitoes at each concentration with four repetitions

[Comment [AB6]: Use good english please

[ Comment [AB7]: Explain the kind of testing
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Figure 1. Total mortality of A. aegypti mosquitoes at each concentration
with four repetitions (Primary Data. 2020)

Figure 1 shows that 10%. 15%, 20%, and 25% concentrations of the P. paniculata plant
extract were sprayed to the treatment group. In the first five minutes of observation, the four
repetitions of spraying caused the mortality of 11, 18, 27, and 54 A. aegypti mosquitoes. The
mortality increased to 52, 80, 80, and 80 in the l60th minute. In positive control (K+) using

synthetic insecticide Baygon (cypermethrin), the four repetitions of spraying caused the death of
76 A. aegypti mosquitoes in less than five minutes. The test in the negative control (K-) using
distilled water did not cause death. The highest total mortality of 80 A. aegypti mosquitoes at
15% concentration occurred at 51-55 minutes. Furthermore, a 20% concentration caused 80
deaths at 41-45 minutes, while a 25% concentration caused 80 deaths at 21-25 minutes.

The death percentage of A. aegypti mosquitoes at each concentration after every five
minutes of observation

In Figure 2, the treatment group was sprayed with 10%, 15%, 20%, and 25%
concentrations of the P. paniculata plant extract. The mortality percentage of A. aegypti
mosquitoes in four repetitions was 13.75%, 22.5%, 33.75%, and 67.5% in five minutes of the
observation. The total mortality increased to 65%, 100%, 100%, and 100% in the 60" minute.
The positive control (K+) test using synthetic insecticide Baygon (cypermethrin) caused a 95%
mortality, where the first A. aegypti mosquito died in less than five minutes during the four test
repetitions. In contrast, the negative control (K-) test using distilled water did not cause death.
The highest total mortality of 100% A. aegypti mosquitoes at 15% concentration occurred at 51-
55 minutes. The 20% and 25% concentrations caused 80 deaths at 41-45 and 21-25 minutes,
respectively.
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Figure 2: Percentage of A. aegypti mosquito mortality at each concentration
every five minutes of observation (Primary Data, 2020)

|

Kruskal Wallis Non-Parametric Test
a. Concentration
Table 1. Non-Parametric Test Results Kruskal Wallis Concentration

Knockdown
Chi-Square 30.324
Df 5
Asymp. Sig. .000

Primary Data, 2020

In the Non-Parametric Kruskal-Wallis concentration, the significant value was 0.001 <
0.05. This indicates a significant difference in mosquito mortality between the treatment groups
with different mean rank values. Therefore, the different concentrations of P. paniculata plant
extract significantly affect mosquito mortality because the significant value is <0.05.

b. Time
h’able 2. Non-Parametric Test Results Kruskal Wallis (Time)
Knockdown
Chi-Square 19.512
Df 11
Asymp. Sig. .052

Primary Data, 2020

In the Non-Parametric Kruskal Wallis, the significant value is 0.052 > 0.05. This implies a
significant difference in the A. aegipty mosquito mortality between the treatment groups with
different mean rank values. Therefore, the contact time of P. paniculata plant extracts
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significantly affects the mortality of A. aegipty mosquitoes because the significant value is >
0.05.

Spearman Analysis

Table 3. Spearman Analysis Test Results

Concentration Time Knockdown

Spearman's rho  Concentration Koefisien 1.000 .000 312"
korelasi '
Sig. (2-tailed) . 1.000 .008
N 72 72 72

Primary Data, 2020

The Spearman Analysis test results show a significant value of 0.08 <0.05. This indicates a
correlation between the different concentrations of P. paniculata plant extracts and the mortality
of A. aegipty mosquitoes. The correlation strength is denoted by the coefficient of 0.312 or
31.2%. Moreover, the positive correlation means that the higher concentration of P. paniculata
plant extract increased the number of deaths of A. aegipty mosquitoes.

Insecticide Score of P. paniculata Plants

Table 4. The average percentage of death of A. aegypti mosquitoes at various
concentrations of treatment with Knockdown Time (KTsp)

Time 10%  15% 20% 25% K (+) K()

Comment [AB13]: No need to put the
statistical anaylisis in here. Write as result
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5 2,75 45 6,75 113,5 19 0
10 3,75 6 8,5 18,5 20 0
15 5,25 75 11 19,75 20 0
20 7 9 13 19,75 20 0
25 8 11,5 13,25 20 20 0
30 8,75 13,5 15,5 20 20 0
35 9,25 15,25 17,5 20 20 0
40 10,5 17,75 19,75 20 20 0
45 10,75 19 20 20 20 0
50 12,5 19,5 20 20 20 0
55 12,75 20 20 20 20 0
60 13 20 20 20 20 0

Primary Data, 2020

In Table 1, the test repetition using a 10% concentration of the P. paniculata plant extract
produced KTso between 36-40 minutes. The test using 15%, 20%, and 25% concentrations
produced KTsy between 21-25, 11-15, and less than five minutes, respectively. On average, no A.
aegypti mosquitoes fell in the negative control, while KTso occurred in less than five minutes in
the positive control. This means that the different concentrations of P. paniculata plant extracts
affected the number of A. aegypti differently during each treatment and repetition.
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Table 5: Insecticide Score of P. paniculata Plant Extract Based on KT,

KT50 Knockdown Insecticide

Group Control Interpretation

(Time) Effect Score
Concentration 10% 36-40 - 1 -
Concentration 15% 21-25 - 2 -
Concentration 20% 11-15 + 3 Weak Knockdown
Concentration 25% <5 +++ 5 Quick Knockdown
Positive Control <5 fr++ 5 Quick Knockdown

Primary Data, 2020

Table 2 shows the effectiveness level of the four P. paniculata plant extract
concentrations and positive control based on Insecticide Knockdown Timesy (KTsp). A 10%
concentration of the P. paniculata plant extract had a KT ofs between 36-40 minutes. This
implies an Insecticide Score of 1 or no knockdown effect. Similarly, a 15% concentration of the
plant extracts had a KT ofso between 21-25 minutes, indicating an Insecticide Score of 2 or no
knockdown. A 20% concentration of the plant extract had a KT ofso between 11-15 minutes,
implying an Insecticide Score of 3 or a weak knockdown effect. Furthermore, a 25%
concentration of P. paniculata plant extract had a KTsg in less than 5 minutes. This indicates an
Insecticide Score of 5 or a quick knockdown effect. The 25% concentration had a KT in less
than 5 minutes, similar to the positive control, with an Insecticide Score of 5 or a quick
knockdown effect. Therefore, the 25% concentration of P. paniculata plant extract was most
effective in knocking out A. aegypti mosquitoes, with an Insecticide Score of 5 or a quick
knockdown effect.

The results in Figures 1 and 2 show that the number and percentage of A. aegypti
mosquito deaths increased with the concentration of P. paniculata plant extract. Higher
concentrations increase the accumulation of P. paniculata plant extract’s toxic bioactive
compounds in A. aegypti mosquitoes' bodies, increasing their mortality.

Kosini examined the effect of the Gnidia kaussiana (Thymeleaceae) extract on
Callosobruchus maculatus. The study explained that increased absorption of toxic compounds in
the Gnidia kaussiana extract accelerates the mortality process of larvae Callosobruchus
maculatus by melanizing the cuticle. This disrupts the endocrine system due to the presence of
secondary metabolites such as terpenoids, alkaloids, and flavonoids [32]. Furthermore, another
study examined the effect of Ocimmum basilicum, vegetable insecticides, on the death of A.
aegypti mosquitoes. The results showed that the mortality of A. aegypti mosquitoes increases
with an increase in the absorption of toxic compounds in the O. basilicum extract. Also, longer
exposure to the extract increases the toxicity [33]. A previous study examined the effect of
vegetable larvicides of Carbera manghas leaves on A. aegypti mosquito larvae. The findings
showed the larvicide toxicity increased with the C. manghas extract’s concentration and
exposure time. This is because the absorption of more toxic compounds affects the body's
metabolism and increases the mortality of A. aegypti larvae [34].

Many previous studies stated that the bioactive plant compounds have insecticidal,
larvicidal, repellent, and environmentally-friendly effects useful for insect control. According to
Hikal, essential oils, flavonoids, alkaloids, glycosides, esters, and fatty acids have anti-insect
effects. Therefore, they could be used as an alternative to chemical compounds in insect control
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as repellents, feeding deterrents or antifeedants, toxicants, inhibitors, growth factors,
chemosterilants, and attractants [23].

Previous studies explained that Polygala plants contain bioactive compounds with
various biological activities, such as alkaloids, saponins, flavonoids, phenols, tannins, steroids,

and terpenoids [28], [29]. Tannins and flavonoids are phenolic plant compounds that act as

primary antioxidants or free radical scavengers [35]. The bioactive compounds of P. paniculata
able to affect the mortality of A. aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids,
steroids, and terpenoids. In this study, the A. aegypti mosquitoes death was caused by
compounds in the P. paniculata plant extract. The compounds entered the mosquito's body
through contact or respiratory poisoning and the mouth and digestive tract, causing stomach
poisoning.

The analysis shows that the number of A. aegypti mosquitoes that died when exposed to
the P. paniculata plant extract varied with the extract’s concentration. Variations in the
concentrations affected the mortality of A. aegypti mosquitoes differently in each treatment and
repetition. The results in Figures 1 and 2 show that spraying a 25% concentration of the P.
paniculata plant extract for 60 minutes kills 80 A. aegypti mosquitoes in less than the first five
minutes. This is the largest number of deaths that occurred faster than other concentrations.
Therefore, the higher concentration of the plant extract increased its effectiveness as a vegetable
insecticide against mosquitoes.

This study compared the effectiveness level of the four P. paniculata plant extract
concentrations with positive controls based on Insecticide Knockdown Timesy (KTsg). A 25%
concentration of the plant extract had a KTso of less than five minutes, implying an Insecticide
Score of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which
stated that an insecticide is has a knockdown time required to drop a vector when the median
knockdown ranges between 3-5. Furthermore, it has a quick knockdown effect when it has a
KTso of less than five minutes. According to Norris, a good insecticide requirement for
controlling disease vector insect species must cause a rapid knockdown of the target species,
especially active pathogens. Additionally, it must quickly intervene and kill adult mosquitoes
[16].

The 25% concentration had a KTs of less than five minutes, similar to a positive control
Baygon containing cypermethrin. They both had an Insecticide Score 5, implying a quick
knockdown effect. Therefore, the 25% concentration of the P. paniculata plant extract was the
most effective in knocking down A. aegypti mosquitoes. This is because it had an Insecticide
Score of 5 or a quick knockdown effect. The positive control treatment was intended to compare
the quality of P. paniculata plant extract concentration. In contrast, the negative control
treatment was used to compare its effectiveness with the plant extract. The results showed that no
mosquito died after 60 minutes of observation.

Chang highlighted the need to use vegetable insecticides as an alternative insect
controller. Using inappropriate insecticides causes insects to adapt easily by metabolic
detoxification quickly and survival. This causes synchronization of insect immunity passed on to
their offspring. Therefore, it is necessary to develop safe alternative insecticides, larvicides, and
repellents effective for humans, animals, the environment, and the ecosystem. Natural
insecticides are needed to suppress vector resistance and slow down their genetic adaptation [36].
According to Hikal et al., botanical insecticides only affect target insects, do not destroy
beneficial natural enemies, and are a safe and residue-free food source. Hikal et al. recommended
using plant-based insecticides as an integrated insect management program that greatly reduces
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the use of synthetic insecticides [23]. It is more environmentally friendly, effective, cheap, and
naturally available [14].

Conclusion

The active substance contained in the P. paniculata plant extract has the ability to drop
and kill A. aegypti mosquitoes. This is because more compounds in the plant extracts exposed to
the mosquitoes increase the knockdown effect time. Therefore, the plant extract is a potential
alternative insecticide for controlling A. aegypti mosquitoes. It does not leave residues in the
environment and is safe for other living beings. Also, the extract’s compounds do not cause
resistance against A. aegypti mosquitoes, and the plant has economic value and is beneficial to
cultivate.
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minutes Ae. aegypti mosquitoes fell and died in 4 repetitions,
namely 76 individuals.While in the negative control (+) using
distilled water did not cause death.There was 80 Ae. aegypti




mosquitoes were death at a concentration of 15% occurred at 51-
55 minutes, a 20% concentration of 80 total deaths occurred at
41-45 minutes and a 25% concentration of 80 total deaths
occurred at 21-25 minutes.

Comment (AB10): Not
clear, please make in 2
dimension graph

Thank you for the correction regarding the three (3) dimensional
graph we have corrected to a two (2) dimensional graph in the
text on lines 162-168 as follows:
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Figure 2: The Average Mortality of Ae. aegypti at each
Concentration of Five Minutes Observation

Comment (AB11); (AB12);
(AB13): No need to put
the statistical anaylisis in
here. Write as result
please

Thank you for the correction to not include statistical analysis,
we have changed it to include only the results in the text on lines
169-188 as follows:

Based on the results of study in figure 1 and 2, explained that the
different concentrations of P. paniculata plant extracts gave
different effects on number of Ae. aegypti mosquitoes death in
each treatment and repetition. The number of Ae.aegypti
mosquitoes death tends to increase along with the increase in the
concentration of P. paniculata plant extracts. It’s means that the
higher used of the concentration, the higher of potency of the P.
paniculata plant extract as a bioinsecticide against the Ae.
Aegypti mosquito.During one hour observations showed the
increasing number of Ae. Aegypti mosquitos’s death. It’s
explained the longer an observation time, the greater potential as
a bioinsecticide. This is supported by the results of the Kruskall-
Wallis test (p-value of 0.001 <0.05), which means that there is a
significant difference between the death rate of the Ae. aegypti
mosquito and the difference in the concentration of the P.
paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown
Time acceleration. The results of the Kruskall-Wallis test in this
study were correct and continued with the Spearman correlation
test with the results of p-value 0.008 <0.05 there was a
significant correlation between the increase in the concentration




of the extract (treatment group) and the knockdown time of the
P. paniculata plant extract. From the results of the Kruskall-
Wallis test and the Spearman correlation test, it can be concluded
that the greater of concentration, the faster the time of death of
Ae. aegypti mosquito, the strength of the correlation is denoted
by a correlation coefficient 0.312 (31.2%).Correlation coefficient
occurred with positive value means that correlation is moderate.
The higher concentrations of P. paniculata plants extract then the
faster of knockdown time

Comment (AB14): Please
make the table more clear.
Explain the highlighting
data!

Thanks for the suggestion we have corrected the explanation on
lines 194-198 in the manuscript

Table 1 Average of Ae. Aegypti Falling Down At Various
Treatment Concentrations With Knockdown Timesy (KTso)

Time 10% 15% 20% 25% K(+) K()

5 2,75 4,5 6,75 13,5 19 0
10 3,75 6 8,5 18,5 20 0
15 5,25 7,5 11 19,75 20 0
20 7 9 13 19,75 20 0
25 8 11,5 13,25 20 20 0
30 8,75 13,5 15,5 20 20 0
35 9,25 15,25 17,5 20 20 0
40 10,5 17,75 19,75 20 20 0
45 10,75 19 20 20 20 0
50 12,5 19,5 20 20 20 0
55 12,75 20 20 20 20 0
60 13 20 20 20 20 0

: Ae. Aegypti Knockdown Time(KTsp);

Comment (AB15) untuk
tabel 5. What mean +?

Thank you we tried to explain Regarding the meaning of +
In table 5 : Insecticide Score of P. paniculata Plant Extract
Based on KTs,

The knockdown effect has been defined by WHO 2006 in the
book Guidelines for Testing Mosquitos Adulticides for Indoor
Residual Spraying and Treatment of Mosquitos Nets

That: Insectiside Score Based on KT 50

KT50 (minute)  Score Knockdown Interpretation
effect

>50 0 -

31-49 1

16-30 2 -

11-15 3 + Weak Knockdown
5-10 4 ++ Strong Knockdown

<5 5 +++ Quick Knockdown

source: WHO, 2006

A value of 3 means the median knockdown is in the range
of 11-15 minutes which is interpreted to have a knockdown




effect (+) but is weak. A value of 4 means the median
knockdown is in the range of 5-10 minutes which is interpreted
to have a strong knockdown effect (++). A value of 5 means the
median knockdown is in the range of less than 5 minutes which
is interpreted to have a knockdown effect (+++) that the
insecticide has a “Quick Knockdown Effect” (WHO, 2006).

So the + sign means explaining the Knockdown effect status of
Bioinsecticide

Comment (AB16): Please
change the scopus non-
indexed reference to the
scopus indexed reference

Thank you for the correction to change all non-Scopus references
to Scopus-indexed references, all of which we have changed to
Scopus-indexed references in the script as follows
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3.b. Response letter Reviewer 2

Reviewer’s Comments

Author’s Comments

1. Consider using Ae.
aegypti as an
abbreviation for Aedes

aegypti.

Thank you for providing corrections to change the abbreviation
Aedes aegypti to Ae. Aegypti, we have corrected this suggestion in
the manuscript

2. The abbreviations
YFV, ZIKV, CHIKV and
DENV are used to refer

to viruses (etiological
agents) and not to
diseases. Consider

tweaking your text (page
01)

Thank you for the suggestion to consider changing the text regarding
the abbreviations YHF, ZIKV, CHIKV and DENV in paragraph 1.
We have changed this in the text on lines 23-25 as follows:

The Aedes aegypti mosquito (L) belongs to the Order Diptera and
family Culicidae, the main vector often neglected as a transmitter of
diseases in humans. The diseases include Yellow Fever, Zica,
Chikungunya, = Dengue Haemorhaegic Fever and other arbo
viruses[1]-[4].

3. There is redundancy
between the Materials

and Methods topic
presented in the
subtopics "Preparation

of Materials and Tools"
and "Extract Making".
The text needs to be
adjusted to avoid such
redundancies (page 2-3).

Thank you for the correction

Regarding the redundancy between the topic of Materials and
Methods presented in the subtopic Preparation of Materials and Tools
and Preparation of Extracts in the text, we have corrected it on lines
78-83 in the text as follows:

Preparation of Materials and Tools

This study used 2500 gram P. paniculata, 5 litre of 96%
ethanol, 5 litre of distilled water, 1 bottle of synthetic insecticide
Baygon (cypermethrin), and 480 Ae. aegypti mosquito. The
equipment used in this study includes a blender, analytical scales,
Rotary Vacuum Evaporator, stopwatch, shaker water bath,
thermometer, hygrometer, Buchner funnel, stick, basin, test box,
syringe, and a spray bottle.

4. In Figure 1, only one
caption should be kept
for an image. The
descriptions that are in
the figure must be
placed in the legend

(page 4).

Thank you for the correction regarding the information in Figure
1, we have corrected it on line 144-147 as follows:
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Figure 1 Ae. Aegypti mosquitoes total mortality at each concentration
with four repetitions

5. When presenting the
data in Figure 01, it is
interesting to consider
the average number of
deaths by concentration
and not the sum of
deaths (Line 135).

Thank you for the advice. Figure 01 is retained but the average
mortality is made in Figure 02 as follows: on lines 144-147 and
lines 164-168
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Figure 2: The Average Mortality of Ae. aegypti at each Concentration
of Five Minutes Observation

6. Note the writing of
the  scientific name
"Aedes aegypti" on pages
5 and 6.

Thank you for the advice regarding scientific writing Aedes
aegypti " on pages 5 and 6 we have corrected it as suggested

7. In table 01 the date
presented in the table
(0.000) are different
from those discussed in
the text (0.001) (line
167)

Thank you for the advice. Based on input from other reviewers that
this table is not needed but the results from the table. This is
conveyed in the script narrative only on lines 169-188 as follows:

Based on the results of study in figure 1 and 2, explained that the
different concentrations of P. paniculata plant extracts gave different
effects on number of Ae. aegypti mosquitoes death in each treatment
and repetition. The number of Ae.aegypti mosquitoes death tends to
increase along with the increase in the concentration of P. paniculata
plant extracts. It’s means that the higher used of the concentration,
the higher of potency of the P. paniculata plant extract as a
bioinsecticide against the Ae. Aegypti mosquito.During one hour
observations showed the increasing number of Ae. Aegypti
mosquitos’s death. It’s explained the longer an observation time, the
greater potential as a bioinsecticide. This is supported by the results
of the Kruskall-Wallis test (p-value of 0.001 <0.05), which means
that there is a significant difference between the death rate of the Ae.
aegypti mosquito and the difference in the concentration of the P.
paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown
Time acceleration. The results of the Kruskall-Wallis test in this
study were correct and continued with the Spearman correlation test
with the results of p-value 0.008 <0.05 there was a significant
correlation between the increase in the concentration of the extract
(treatment group) and the knockdown time of the P. paniculata plant
extract. From the results of the Kruskall-Wallis test and the Spearman
correlation test, it can be concluded that the greater of concentration,
the faster the time of death of Ae. aegypti mosquito, the strength of
the correlation is denoted by a correlation coefficient 0.312
(31.2%).Correlation coefficient occurred with positive value means
that correlation is moderate. The higher concentrations of P.
paniculata plants extract then the faster of knockdown time

8. The wvalue 0.08 is
greater than 0.05, not
less. (line 185)

Thanks for the correction. We have deleted this information because
the related table has been changed to a new narrative

9. The Time required

Thank you for the suggestion, to use probit analysis to determine the




for 50% knockdown
of mosquitoes (KT50)
could be accurately
estimated using probit
analysis (table 4).

time required for 50% mosquito knockdown (KT50) in Table 4

We try to explain

Knockdown time (KT50) means the time it takes for each
concentration of P. paniculata Bioinsecticide to drop 50% of the
average Ae. aegypti.We did not use the probit analysis in Table 4,
because here we only looked at how many minutes the average
number of mosquitoes fell by 50% for each concentration of P.
paniculata Bioinsecticide.

10. In obtaining table 05,
mortality

were  the
averages considered?

Thank you for the correction.

We try to explain,

We have changed Table 05 to Table 02 because Tables 01, 02, 03
have been omitted according to input from other reviewers. For Table
02, we do not use the average mortality, but we use KTso (Time)
which is the time it takes to drop 50% of Ae. aegypti after being
sprayed with P. paniculata Bioinsecticide at each test concentration.

11. In line 196 refers to
table 04 and in line 207

refers to table 05.

Thank you for the correction. We have corrected the script on line
201-202 as follows:

Knockdown Timesy (KTsp) is the times to knockdown of Ae, aegypti
mosquitoes. In Table 1, the average repetition of the study show
during the 10% concentration of P. paniculata plant

12. According to the
presentation of the
text, I suggest that the
Results section be
presented separately
from the Discussion
section.

Thank you for the advice. We have corrected the manuscript
according to the following suggestions:

A. Results pada line 117
B. Discussion pada line 229
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3.c. Revised result mayor

Bio-insecticide’s Extract of Scented Root (Polygala paniculata) in Controlling
Aedes aegypti Mosquito

ABSTRACT

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effects on
humans, environmental residues, as well as contaminates food and water. Polygala paniculata
has potential as an alternative of insecticide in controlling Ae. Aegypti mosquitoes. This study
further aimed to determine the effect of the Insecticide Score of P. paniculata extract on Ae.
Aegypti mosquitoes’ mortality based on KTs. The 20 mosquitoes were used to examine the
effectiveness of 10%, 15%, 20%, 25% of P. paniculata concentration with positive and negative
controls in four repetitions every five minutes for one hour. The results showed the effect of
extract P. paniculata on Aeaegypti mosquitoes’ mortality. The Kruskal-Wallis test resulted in a
p-value of 0.001 < 0.05, while the Spearman Correlation test gave a p-value of 0.008 < 0.05.
Furthermore, the correlation strength was + 0.312 or 31.2%, with 10% concentration, while 15%
had KTso with Insecticide Scores of 1 and 2, implying no knockdown effect. A 20%
concentration had KTsowith an Insecticide Score of 3, indicating a weak knockdown effect, while
a 25% concentration had KTso with an Insecticide Score of 5, signifying a quick knockdown
effect. This shows that a 25% concentration has a quick knockdown timeinAe. Aegypti
mosquitoes. Therefore, extract P. paniculata may have the potential as a bio-insecticidesin
controlling Ae. aegypti mosquitoes.

Keywords: extract P. paniculata, Aedes aegypti mosquito, bio-insecticides

1. Introduction

The Aedes aegypti mosquito (L) belongs to the Order Diptera and family Culicidae, the
main vector often neglected as a transmitter of diseases in humans. The diseases include yellow
fever (YFV), Zika virus (ZIKV), Chikungunya (CHIKV), dengue virus (DENV), and other
arboviruses[1]-[4]. The human arboviral disease transmitted by Ae.aegypti is a global public
health threat[5]. This disease causes significant morbidity and mortality in developing countries
[1]. The transmission of dengue fever is increasing in urban and semi-urban areas in tropical
countries worldwide[6].. It is estimated that 40% or 50-528 million people worldwide are at risk
of becoming infected with dengue fever and around 10,000-20,000 people die yearly[7].
According to WHO, about 390 million cases of dengue virus infection occur every year, of
which 96 million manifest clinically with high severity. Furthermore, WHO reports that about
3.9 billion people are at risk of being infected with the dengue virus[8]

Indonesia is one of where dengue hemorrhagic fever (DHF) is an infectious disease and an
unresolved health problem. In 2020, there were 15,132 DHF cases in Indonesia, with a death rate
of 145 people and a DHF incident rate of 31.23[9].. This implies problems in efforts to control
the disease.However, long-term application and extensive use of synthetic insecticides cause the
accumulation of residues in food, water, soil and give adverse health effects on humans and
ecosystems[10], [11]. This leaves residues that pollute the environment [3], [12]. increasing
population resistance of Ae. aegypti[4], [5], [13]-[17].



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83
84
85
86
87

Controlling Ae.aegypti mosquitoes using synthetic insecticides involves fumigation with
pyrethroids and larvacides containing temephos[18].Pyrethroid resistance causes Ae. aegypti to
keep growing, increasing the incidence of dengue fever (DF) worldwide. This increases the risk
of almost half of the world's population being infected with the disease[5]. Similarly, using
temephos to kill larvae increases the resistance of mosquitoes larvae, A. aegypti. This has been
reported in several countries, such as Brazil[4], Mexico[19]and Southeast Asia countries,
including Indonesia Malaysia, Philippines, Thailand, Singapore, Laos, and Myanmar[5].

There is a need to obtain alternative insecticides effective in controlling the mosquito
population A. aegypti[20]. This could be achieved using natural plant chemical compounds with
the potential to control the mosquito population effectively. The environmentally friendly
method would guarantee plant protection and avoid the side effects of synthetic insecticides,[10],
[21], [22].Bioactive plant compounds are biodegradable, environmentally friendly, and non-toxic
to other insects[2].This is because bio-insecticides only affect the target insect without
destroying beneficial natural enemies. Additionally, they are a safe, economical, target-specific,
biodegradable, and residue-free environmental food source[23].

Polygala L. is one of the largest genera belonging to the Polygalaceae tribe. This genus
consists of 500 species and can be found in tropical, sub-tropical, temperate and mountainous
areas throughout the world except New Zealand. Most of these species grow in Central and
South Tropical America. Several types of Polygala L. that can be used as medicine such as
:Polygala chinensis L., Polygala paniculata L., Polygala polifoliaPresl., and Polygala sibirica
L.[24].Polygala paniculata, also known as vetiver in Riau, Indonesia, is a good-smelling annual
herbaceous plant belonging to the family Polygalaceae and the genus Polygala. The plant is often
used as traditional medicine, a tonic, and in inflammation cases of asthma, bronchitis, arthritis,
and other pathologies, as well as kidney disorders[25]. Moreover, P. paniculata is used for in-
vivo protection against the neurotoxic effects of Methylmercury (Hg)[26], bronchitis,
neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs[27]. The Polygala
extract produces secondary metabolites, including alkaloids, saponins, flavonoids, phenols,
tannins, steroids, and terpenoids[27].Therefore, these bioactive compounds make P. paniculata
potentially useful as a bio-insecticides. This becomes an interesting study topic because the
bioactive compounds extracted from P. paniculata have never been explored as bio-insecticides
in controlling the Ae. aegypti mosquito. Therefore, it is important to examine the insecticide
score of the toxin contained in the bioactive compounds of P. paniculata in killing the Ae.
aegypti mosquito.

2. Materials and Methods

Preparation of Materials and Tools

This study used 2500 gram sofplant P. paniculata obtained in Kubang Region Siak Hulu
sub-district, Kampar, Riau. This plant was proven by a laboratory certification test at the
Botanical Laboratory, Faculty of Mathematics and Natural Sciences, Riau University. The test
used 96% ethanol to macerate the P. paniculata plant powder. Furthermore,distilled water was
used as a solvent and as a negative control in the extraction process, while synthetic insecticide
Baygon (cypermethrin) was used as a positive control. The A. aegypti mosquito was obtained
from breeding kept at the Parasitology Laboratory of Abdurrab University Pekanbaru. The
equipment used in this study includes a blender, analytical scales, Rotary Vacuum Evaporator,
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stopwatch, shaker water bath, thermometer, hygrometer, Buchner funnel, stick, basin, test box,
syringe, and a spray bottle.

Test Animal Preparation

Test animals were bred using media containing clean water in a cool place and protected
from direct sunlight for the Ae. Aegypti mosquitoes to lay their eggs. The larvae were reared in
an aquarium at 24.2°C - 24.4°C, with a relative humidity of 67-70%. The larvae werefed with
coconut water[28] to become larvae instar 11l and IV before becoming mosquitoes. The adult
Ae.aegypti mosquitoes were then used as test animals.

Extraction Process

2500 grams of P. paniculata plants were washed and air-dried at room temperature and
blended them to form 400 grams of powder. The powder was macerated with 96% ethanol until
completely submerged for three days. The resulting solution was filtered using a Buchner funnel
and placed in a dark bottle. Furthermore, the dregs from the first filtering were then soaked again
for one day, filtered, and the process repeated in the third immersion. The results from the three
maceration processes were combined and concentrated using a Vacuum Rotary Evaporator to
evaporate 96% ethanol and obtain an extract. The extract obtained was stored in the refrigerator
to be used later[29].

Bio-insecticide’s Extract of P. paniculata Test against Ae. Aegypti Mosquitos

Bio-insecticide’s extract of P. paniculata tests against Ae. aegypti was carried out by
transferring 20 Ae. aegypti in each test boxes, then sprayed with various concentrationsof P.
paniculata plant extract with four repetitions, as well as for K (+) and K(-).The effect of the
concentrations on the A. aegypti mosquito was observed by looking at the changes in behavior,
movement, and physical condition until death. Ae. Aegypti mosquitoes death were counted every
five minutes for one hour. Moreover, the insecticide score of P. paniculata was determined from
the number of Ae. Aegypti mosquitoes considered deadat 5-minute intervals. Ae. Aegypti
mosquitoes that remained alive were left to die or killed with Baygon.

Data analysis

Data were analyzed using the Statistical Test of Analysis of Variance with RAL, followed
by the One Way ANOVA test. However, when the One Way ANOVA test does not meet the
requirements, the Kruskal-Wallis Non-Parametric Test and the Test Spearman Analysis are
conducted to examine the relationship between the independent and dependent variables.

3. Results and Discussion
A. Results

The Results of Observing Ae.aegypti Mosquitoes’ Death After Spraying the P. paniculata
Plant Extract

The Ae. aegypti mosquitoes died after spraying the P. paniculata plant extractat 10% and
15% concentrations. They died slowly by flying irregularly and actively and falling in a tilted
body position. The mosquitoes appeared weak, with some legs still moving, before becoming
paralyzed, dying, and their bodies remaining stiff. The death was faster at 20% and 25%
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concentrations. In the positive control (K+), death occurred in less than five minutes, while in the
negative control (K-), the Ae. Aegypti mosquitoes tried to avoid the spray during the four
experiment repetitions.

Ae. aegypti Mosquitoes Death Rate at Each Concentration With Four Repetitions

Based on Figure 1 In the treatment group, the P. paniculata plant extract was sprayed
with 10%, 15%, 20% and 25% concentration in the first 5 minutes of observation. Ae.aegypti
mosquitoes death rate with 4 repetitions in a row was 11, 18, 27 and 54 individuals. In the 60
minutes, the total mortality of Ae. aegypti mosquitoes in 4 repetitions was 52, 80, 80 and 80. In
positive control (K+) using synthetic insecticide baygon (cypermethrin) in less than 5 minutes
Ae. aegypti mosquitoes fell and died in 4 repetitions, namely 76 individuals.While in the
negative control (+) using distilled water did not cause death.There was 80 Ae. aegypti
mosquitoes were death at a concentration of 15% occurred at 51-55 minutes, a 20%
concentration of 80 total deaths occurred at 41-45 minutes and a 25% concentration of 80 total
deaths occurred at 21-25 minutes.

90
80 ./l="—"—" =
70
£ 60 1 > ——K(-)
£ e - —
5 50 ——K(+)
£ 0 KA .
E a0 X L 25%
° = 9
20 - 20%
10 + == 15%
0 I======0==0=0=0=0
10%
1 2 3 4 5 6 7 8 9 10 11 12
Observation/ 5 minute

Figure 1 Ae. Aegypti mosquitoes death rate at each concentration with four repetitions
(Primary Data. 2020 )

The Average of Ae. aegypti Death Rate at Each Concentration Every Five Minutes
Observation

Based on Figure 2, the treatment group was sprayed with P. paniculata plant extract with a
concentration of 10%, 15%, 20% and 25% in the first 5 minutes of observation, the average
mortality of Ae. aegypti mosquitoes with 4 repetitions in a row was 2.75 tails (13.75%), 4.5 tails
(22.5%), 6.75 tails (33.75% ) and 13 tails (67.5%).Ae.aegypti mosquitoes death rate in 60
minutes with 4 repetitions at a concentration of 10% was 13 tails (65%), while the concentrations
of 15%, 20% and 25% were 20 tails (100%). 95% Ae. aegypti mosquito fell and died in positive
control (K+) using synthetic insecticide Baygon (cypermethrin) in less than 5 minutes with 4
repetitions.While the negative control (-) using distilled water did not cause death.Ae.Aegypti
mosquitos totally died at 15% concentration in 51 until 55 minutes, 20% concentration of 80 total
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deaths occurred at 41-45 minutes and 25% concentration of 80 total deaths occurred at 21-25
minutes.
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Figure 2: The Average Mortality of Ae. aegypti at each Concentration of Five Minutes
Observation

Based on the results of study in figure 1 and 2, explained that the different concentrations
of P. paniculata plant extracts gave different effects on number of Ae. aegypti mosquitoes death
in each treatment and repetition. The number of Ae.aegypti mosquitoes death tends to increase
along with the increase in the concentration of P. paniculata plant extracts. It’s means that the
higher used of the concentration, the higher of potency of the P. paniculata plant extract as a
bioinsecticide against the Ae. Aegypti mosquito.During one hour observations showed the
increasing number of Ae. Aegypti mosquitos’s death. It’s explained the longer an observation
time, the greater potential as a bioinsecticide. This is supported by the results of the Kruskall-
Wallis test (p-value of 0.001 <0.05), which means that there is a significant difference between
the death rate of the Ae. aegypti mosquito and the difference in the concentration of the P.
paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown Time acceleration. The results
of the Kruskall-Wallis test in this study were correct and continued with the Spearman
correlation test with the results of p-value 0.008 <0.05 there was a significant correlation
between the increase in the concentration of the extract (treatment group) and the knockdown
time of the P. paniculata plant extract. From the results of the Kruskall-Wallis test and the
Spearman correlation test, it can be concluded that the greater of concentration, the faster the
time of death of Ae. aegypti mosquito, the strength of the correlation is denoted by a correlation
coefficient 0.312 (31.2%).Correlation coefficient occurred with positive value means that
correlation is moderate. The higher concentrations of P. paniculata plants extract then the faster
of knockdown time.
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Insecticide Score of P. paniculata Plants

Table 1 Average of Ae. Aegypti Falling Down At Various Treatment Concentrations With
Knockdown Timesy (KTsp)

Time 10%  15% 20% 2506 K (+) K()
5 2,75 45 6,75 13,5 19 0
10 3,75 6 8,5 18,5 20 0
15 5,25 7.5 11 19,75 20 0
20 7 9 13 19,75 20 0
25 8 11,5 13,25 20 20 0
30 8,75 13,5 15,5 20 20 0
35 9,25 15,25 17,5 20 20 0
40 10,5 17,75 19,75 20 20 0
45 10,75 19 20 20 20 0
50 12,5 19,5 20 20 20 0
55 12,75 20 20 20 20 0
60 13 20 20 20 20 0

. Ae. Aegypti Knockdown Time(KTsy);
Source :(Primary Data, 2020)

Knockdown Timesy (KTsp) is the times to knockdown of Ae, aegypti mosquitoes. In Table
1,the average repetition of the study show during the 10% concentration of P. paniculata plant
extract had a KTso between 36 until 40 minutes, 15% concentration had a KTso between 21 until
25 minutes, in the P. paniculata plant extract with 20% concentration the KT, was obtained
between 11 and 15 minutes and in the P. paniculata plant extract with a concentration of 25%,
the KTso was less than 5 minutes. In the average iteration of the study, there were no Ae. aegypti
mosquitoes that fell on the negative control and the Knockdown Timesy (KTso) was less than 5
minutes in the positive control. This means that the different concentrations of P. paniculata
plant extracts gave different effects on the number of Ae. aegypti that fell, as well as on each
treatment and repetition.

Table 2: Bio Insecticide Extract P. paniculata based on Knockdown Times

KT50 Knockdown Insecticide

Group Control Interpretation

(Time) Effect Score
Concentration 10% 36-40 - 1 -
Concentration 15% 21-25 - 2 -
Concentration 20% 11-15 + 3 Weak Knockdown
Concentration 25% <5 +++ 5 Quick Knockdown
Positive Control <5 +++ 5 Quick Knockdown

Interpretation Data(+ weak Knockdown +++ Quick Knockdown)[30]
(Primary Data, 2020)
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Table 2 shows the effectiveness level of the four P. paniculata plant extract
concentrations and positive control based on Insecticide Knockdown Timesy (KTsp). A 10%
concentration of the P. paniculata plant extract had a KT ofsy between 36-40 minutes. This
implies an Insecticide Score of 1 or no knockdown effect. Similarly, a 15% concentration of the
plant extracts had a KT ofsg between 21-25 minutes, indicating an Insecticide Score of 2 or no
knockdown. A 20% concentration of the plant extract had a KT ofsgbetween 11-15 minutes,
implying an Insecticide Score of 3 or a weak knockdown effect. Furthermore, a 25%
concentration of P. paniculata plant extract had a KTsg in less than 5 minutes. This indicates an
Insecticide Score of 5 or a quick knockdown effect. The 25% concentration had a KT in less
than 5 minutes, similar to the positive control, with an Insecticide Score of 5 or a quick
knockdown effect. Therefore, the 25% concentration of P. paniculata plant extract was most
effective in knocking out Ae. Aegypti mosquitoes, with an Insecticide Score of 5 or a quick
knockdown effect.

B. Discussion

The results in Figures 1 and 2 show that the number and percentage of Ae. aegypti
mosquito deaths increased with the concentration of P. paniculata plant extract. Higher
concentrations increase the accumulation of P. paniculata plant extract’s toxic bioactive
compounds in A. aegypti mosquitoes' bodies, increasing their mortality.

Kosini examined the effect of theGnidia kaussiana (Thymeleaceae) extracton
Callosobruchus maculatus. The study explained that increased absorption of toxic compounds in
the Gnidia kaussiana extract accelerates the mortality process of larvae Callosobruchus
maculatusby melanizing the cuticle. This disrupts the endocrine system due to the presence of
secondary metabolites such as terpenoids, alkaloids, and flavonoids[31].The study of da Botas et
al explained that essential oil Baccharisreticularia DC and limonene as a larvacide agent on
Controlling Ae. Aegypti (Diptera: Culicidae),it’s also able to inhibit the formation of
acetylcholinesterase enzyme by blocking the nerve signal of transduction which can cause the
death and paralysis in Ae. aegyptilarvae. The more larvae of Ae.aegypti absorbs the toxic
compounds in B. reticularia essential oil, the more Ae. aegypti death. Also, the longer exposure
to B. reticularia essential oil compounds will increase the level of toxicity.[32].

Many previous studies stated that the bioactive plant compounds have insecticidal,
larvicidal, repellent, and environmentally-friendly effects useful for insect control. According to
Suluvoy, essential oils, flavonoids, alkaloids, glycosides, esters, and fatty acids have anti-insect
effects. Therefore, they could be used as an alternative to chemical compounds in insect control
as repellents, feeding deterrents or antifeedants, toxicants, inhibitors, growth factors,
chemosterilants, and attractants[21].

Previous studies explained that Polygala plants contain bioactive compounds with
various biological activities, such as alkaloids, saponins, flavonoids, phenols, tannins, steroids,

and terpenoids[27]. Tannins and flavonoids are phenolic plant compounds that act as primary

antioxidants or free radical scavengers[33].The bioactive compounds of P. paniculata able to
affect the mortality of Ae. aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids,
steroids, and terpenoids. In this study,the Ae.aegypti mosquitoes death was caused by compounds
in the P. paniculata plant extract. The compounds entered the mosquito's body through contact
or respiratory poisoning and the mouth and digestive tract, causing stomach poisoning.
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The analysis showsthat the number of Ae.aegypti mosquitoes that died when exposed to
the P. paniculata plant extract varied with the extract’s concentration. Variations in the
concentrations affected the mortality of Ae.aegypti mosquitoes differently in each treatment and
repetition. The results in Figures 1 and 2 show that spraying a 25% concentration of the P.
paniculata plant extract for 60 minutes kills 80 Ae. Aegypti mosquitoes in less than the first five
minutes. This is the largest number of deaths that occurred faster than other concentrations.
Therefore, the higher concentration of the plant extract increased its effectiveness as a vegetable
insecticide against mosquitoes.

This study compared the effectiveness level of the four P. paniculata plant extract
concentrations with positive controls based on Insecticide Knockdown Timesy (KTsg). A 25%
concentration of the plant extract had a KTsy of less than five minutes, implying an Insecticide
Score of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which
stated that an insecticide is has a knockdown time required to drop a vector when the median
knockdown ranges between 3-5[30]. Furthermore, it has a quick knockdown effect when it has a
KTso of less than five minutes. According to Norris, a good insecticide requirement for
controlling disease vector insect species must cause a rapid knockdown of the target species,
especially active pathogens. Additionally, it must quickly intervene and kill adult mosquitoes
[17].

The 25% concentration had a KTsg of less than five minutes, similar to a positive control
Baygon containing cypermethrin. They both had an Insecticide Score 5, implying a quick
knockdown effect. Therefore, the 25% concentration of the P. paniculata plant extract was the
most effective in knocking down Ae. aegypti mosquitoes. This is because it had an Insecticide
Score of 5 or a quick knockdown effect. The positive control treatment was intended to compare
the quality of P. paniculata plant extract concentration. In contrast, the negative control
treatment was used to compare its effectiveness with the plant extract. The results showed that no
mosquito died after 60 minutes of observation.

Chang highlighted the need to use bio-insecticides as an alternative insect controller.
Using inappropriate insecticides causes insects to adapt easily by metabolic detoxification
quickly and survival. This causes synchronization of insect immunity passed on to their
offspring. Therefore, it is necessary to develop safe alternative insecticides, larvicides, and
repellents effective for humans, animals, the environment, and the ecosystem. Natural
insecticides are needed to suppress vector resistance and slow down their genetic
adaptation[34].According to Sulovoy and Grace., botanical insecticides only affect target insects,
do not destroy beneficial natural enemies, and are a safe and residue-free food source. [21].1t is
more environmentally friendly, effective, cheap, and naturally available[12].

Conclusion

The active substance contained in the P. paniculata plant extract has the ability to drop
and kill Ae. aegypti mosquitoes. This is because more compounds in the plant extracts exposed
to the mosquitoes increase the knockdown effect time. Therefore, the plant extract is a potential
alternative insecticide for controlling Ae. aegypti mosquitoes. It does not leave residues in the
environment and is safe for other living beings. Also, the extract’s compounds do not cause
resistance against Ae. aegypti mosquitoes, and the plant has economic value and is beneficial to
cultivate.
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4.a. Response letter Review 1 dan 2

Journal : Makara Journal of Science

Manuscript ID :
Title:

Bio-insecticides Extract of Scented Root (Polygala paniculata) in

Controlling Aedes aegypti Mosquito

There are some following issues that needs to be addressed:

Reviewer 1

Reviewer’s Comments

Author’s Comments

Reference Number
S$S21-078;
Comment (AB1). Please

revise the title with
appropriate english,
vegetable insectiside is

not comon to use in this
title

Thank you, we have corrected the suggestion regarding the title,
here are the improvements:

Bio-insecticide’s Extract of Scented Root (Polygala paniculata)
in Controlling Aedes aegypti Mosquito

Comment (AB2): It is
wrong way to abbrevaiate
Aedes. Please follow the
rule!!!

Thank you for the suggestion regarding the correct abbreviation
regarding Aedes to Ae. aegypti we have corrected everything in
the manuscript regarding the title we have corrected, here are the
corrections:

Comment (AB3): DHF not

only problem in
developing conutry.
Please rewrite the
paragraph

Thank you for your input regarding this paragraph, we have
corrected it in the text on lines 34-37 as follows:

Indonesia is one of where dengue hemorrhagic fever (DHF) is an
infectious disease and an unresolved health problem. In 2020,
there were 15,132 DHF cases in Indonesia, with a death rate of
145 people and a DHF incident rate of 31.23[9].. This implies
problems in efforts to control the disease.

Comment (AB4): It is not
relate between vaccine,
insectiside, vector. Author
can delete this paragraph.
Focus, please...

Thank you for your suggestion regarding there is no relationship
between vaccines , insecticides, vectors we have corrected in the
text on lines 38-41 as follows:

However, long-term application and extensive use of synthetic
insecticides cause the accumulation of residues in food, water,
soil and give adverse health effects on humans and
ecosystems[10], [11]. This leaves residues that pollute the
environment [3], [12]. increasing population resistance of Ae.

aegypti[4], [5], [13]-]17].

Comment (AB5): Explain
the dsitribution this plant,
in the world and in
Indonesia

Thank you for your suggestion to explain the distribution of this
plant in the world and Indonesia, we have added it to the text on
lines 57-63 as follows:




Polygala L. is one of the largest genera belonging to the
Polygalaceae tribe. This genus consists of 500 species and can
be found in tropical, sub-tropical, temperate and mountainous
areas throughout the world except New Zealand. Most of these
species grow in Central and South Tropical America. Several
types of Polygala L. that can be used as medicine such as
:Polygala chinensis L., Polygala paniculata L., Polygala
polifoliaPresl., and Polygala sibirica L.[24].Polygala
paniculata, also known as vetiver in Riau, Indonesia, is a good-
smelling annual herbaceous plant belonging to the family
Polygalaceae and the genus Polygala.

Comment (AB6): Use good
english please

Thank you for We have corrected the correction regarding the
subtitles to use good English in the text on line 91 as follows

Extraction Process

Comment (AB7): Explain
the kind of testing

Thank you for the correction regarding the type of test we have
corrected and added to the text on line 100-109 as follows:

Bio-insecticide’s Extract of P. paniculata Test against Ae.
Aegypti Mosquitos

Bio-insecticide’s extract of P. paniculata tests against Ae.
aegypti was carried out by transferring 20 Ae. aegypti in each test
boxes, then sprayed with various concentrationsof P. paniculata
plant extract with four repetitions, as well as for K (+) and K(-
).The effect of the concentrations on the A. aegypti mosquito was
observed by looking at the changes in behavior, movement, and
physical condition until death. Ae. Aegypti mosquitoes death
were counted every five minutes for one hour. Moreover, the
insecticide score of P. paniculata was determined from the
number of Ae. Aegypti mosquitoes considered deadat 5-minute
intervals. Ae. Aegypti mosquitoes that remained alive were left to
die or killed with Baygon.

Comment (AB9): Use good
English please

Thank you for the correction to use correct English, we have
corrected the text on line 134-143 as follows:

Based on Figure 1 In the treatment group, the P. paniculata plant
extract was sprayed with 10%, 15%, 20% and 25% concentration
in the first 5 minutes of observation. Ae.aegypti mosquitoes death
rate with 4 repetitions in a row was 11, 18, 27 and 54 individuals.
In the 60 minutes, the total mortality of Ae. aegypti mosquitoes
in 4 repetitions was 52, 80, 80 and 80. In positive control (K+)
using synthetic insecticide baygon (cypermethrin) in less than 5
minutes Ae. aegypti mosquitoes fell and died in 4 repetitions,
namely 76 individuals.While in the negative control (+) using
distilled water did not cause death.There was 80 Ae. aegypti




mosquitoes were death at a concentration of 15% occurred at 51-
55 minutes, a 20% concentration of 80 total deaths occurred at
41-45 minutes and a 25% concentration of 80 total deaths
occurred at 21-25 minutes.

Comment (AB10): Not
clear, please make in 2
dimension graph

Thank you for the correction regarding the three (3) dimensional
graph we have corrected to a two (2) dimensional graph in the
text on lines 162-168 as follows:
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Figure 2: The Average Mortality of Ae. aegypti at each
Concentration of Five Minutes Observation

Comment (AB11); (AB12);
(AB13): No need to put
the statistical anaylisis in
here. Write as result
please

Thank you for the correction to not include statistical analysis,
we have changed it to include only the results in the text on lines
169-188 as follows:

Based on the results of study in figure 1 and 2, explained that the
different concentrations of P. paniculata plant extracts gave
different effects on number of Ae. aegypti mosquitoes death in
each treatment and repetition. The number of Ae.aegypti
mosquitoes death tends to increase along with the increase in the
concentration of P. paniculata plant extracts. It’s means that the
higher used of the concentration, the higher of potency of the P.
paniculata plant extract as a bioinsecticide against the Ae.
Aegypti mosquito.During one hour observations showed the
increasing number of Ae. Aegypti mosquitos’s death. It’s
explained the longer an observation time, the greater potential as
a bioinsecticide. This is supported by the results of the Kruskall-
Wallis test (p-value of 0.001 <0.05), which means that there is a
significant difference between the death rate of the Ae. aegypti
mosquito and the difference in the concentration of the P.
paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown
Time acceleration. The results of the Kruskall-Wallis test in this
study were correct and continued with the Spearman correlation
test with the results of p-value 0.008 <0.05 there was a
significant correlation between the increase in the concentration




of the extract (treatment group) and the knockdown time of the
P. paniculata plant extract. From the results of the Kruskall-
Wallis test and the Spearman correlation test, it can be concluded
that the greater of concentration, the faster the time of death of
Ae. aegypti mosquito, the strength of the correlation is denoted
by a correlation coefficient 0.312 (31.2%).Correlation coefficient
occurred with positive value means that correlation is moderate.
The higher concentrations of P. paniculata plants extract then the
faster of knockdown time

Comment (AB14): Please
make the table more clear.
Explain the highlighting
data!

Thanks for the suggestion we have corrected the explanation on
lines 194-198 in the manuscript

Table 1 Average of Ae. Aegypti Falling Down At Various
Treatment Concentrations With Knockdown Timesy (KTso)

Time 10% 15% 20% 25% K(+) K()

5 2,75 4,5 6,75 13,5 19 0
10 3,75 6 8,5 18,5 20 0
15 5,25 7,5 11 19,75 20 0
20 7 9 13 19,75 20 0
25 8 11,5 13,25 20 20 0
30 8,75 13,5 15,5 20 20 0
35 9,25 15,25 17,5 20 20 0
40 10,5 17,75 19,75 20 20 0
45 10,75 19 20 20 20 0
50 12,5 19,5 20 20 20 0
55 12,75 20 20 20 20 0
60 13 20 20 20 20 0

: Ae. Aegypti Knockdown Time(KTsp);

Comment (AB15) untuk
tabel 5. What mean +?

Thank you we tried to explain Regarding the meaning of +
In table 5 : Insecticide Score of P. paniculata Plant Extract
Based on KTs,

The knockdown effect has been defined by WHO 2006 in the
book Guidelines for Testing Mosquitos Adulticides for Indoor
Residual Spraying and Treatment of Mosquitos Nets

That: Insectiside Score Based on KT 50

KT50 (minute)  Score Knockdown Interpretation
effect

>50 0 -

31-49 1

16-30 2 -

11-15 3 + Weak Knockdown
5-10 4 ++ Strong Knockdown

<5 5 +++ Quick Knockdown

source: WHO, 2006

A value of 3 means the median knockdown is in the range
of 11-15 minutes which is interpreted to have a knockdown




effect (+) but is weak. A value of 4 means the median
knockdown is in the range of 5-10 minutes which is interpreted
to have a strong knockdown effect (++). A value of 5 means the
median knockdown is in the range of less than 5 minutes which
is interpreted to have a knockdown effect (+++) that the
insecticide has a “Quick Knockdown Effect” (WHO, 2006).

So the + sign means explaining the Knockdown effect status of
Bioinsecticide

Comment (AB16): Please
change the scopus non-
indexed reference to the
scopus indexed reference

Thank you for the correction to change all non-Scopus references
to Scopus-indexed references, all of which we have changed to
Scopus-indexed references in the script as follows
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Reviewer 2

Reviewer’s Comments

Author’s Comments

1. Consider using Ae.
aegypti as an
abbreviation for Aedes

aegypti.

Thank you for providing corrections to change the abbreviation
Aedes aegypti to Ae. Aegypti, we have corrected this suggestion in
the manuscript

2. The abbreviations
YFV, ZIKV, CHIKV and
DENV are used to refer

to viruses (etiological
agents) and not to
diseases. Consider

tweaking your text (page
01)

Thank you for the suggestion to consider changing the text regarding
the abbreviations YHF, ZIKV, CHIKV and DENV in paragraph 1.
We have changed this in the text on lines 23-25 as follows:

The Aedes aegypti mosquito (L) belongs to the Order Diptera and
family Culicidae, the main vector often neglected as a transmitter of
diseases in humans. The diseases include Yellow Fever, Zica,
Chikungunya, = Dengue Haemorhaegic Fever and other arbo
viruses[1]-[4].

3. There is redundancy
between the Materials

and  Methods topic
presented in the
subtopics "Preparation

of Materials and Tools"
and "Extract Making".
The text needs to be
adjusted to avoid such
redundancies (page 2-3).

Thank you for the correction

Regarding the redundancy between the topic of Materials and
Methods presented in the subtopic Preparation of Materials and Tools
and Preparation of Extracts in the text, we have corrected it on lines
78-83 in the text as follows:

Preparation of Materials and Tools

This study used 2500 gram P. paniculata, 5 litre of 96%
ethanol, 5 litre of distilled water, 1 bottle of synthetic insecticide
Baygon (cypermethrin), and 480 Ae. aegypti mosquito. The
equipment used in this study includes a blender, analytical scales,
Rotary Vacuum Evaporator, stopwatch, shaker water bath,
thermometer, hygrometer, Buchner funnel, stick, basin, test box,
syringe, and a spray bottle.

4. In Figure 1, only one
caption should be kept
for an image. The
descriptions that are in
the figure must be
placed in the legend

(page 4).

Thank you for the correction regarding the information in Figure
1, we have corrected it on line 144-147 as follows:
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Figure 1 Ae. Aegypti mosquitoes total mortality at each concentration
with four repetitions

5. When presenting the
data in Figure 01, it is
interesting to consider
the average number of
deaths by concentration
and not the sum of
deaths (Line 135).

Thank you for the advice. Figure 01 is retained but the average
mortality is made in Figure 02 as follows: on lines 144-147 and
lines 164-168
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Figure 1 Ae. Aegypti mosquitoes total mortality at each concentration
with four repetitions
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Figure 2: The Average Mortality of Ae. aegypti at each Concentration
of Five Minutes Observation

6. Note the writing of

Thank you for the advice regarding scientific writing Aedes




the  scientific  name
"Aedes aegypti" on pages
5 and 6.

aegypti " on pages 5 and 6 we have corrected it as suggested

7. In table 01 the date
presented in the table
(0.000) are different
from those discussed in
the text (0.001) (line
167)

Thank you for the advice. Based on input from other reviewers that
this table is not needed but the results from the table. This is
conveyed in the script narrative only on lines 169-188 as follows:

Based on the results of study in figure 1 and 2, explained that the
different concentrations of P. paniculata plant extracts gave different
effects on number of Ae. aegypti mosquitoes death in each treatment
and repetition. The number of Ae.aegypti mosquitoes death tends to
increase along with the increase in the concentration of P. paniculata
plant extracts. It’s means that the higher used of the concentration,
the higher of potency of the P. paniculata plant extract as a
bioinsecticide against the Ae. Aegypti mosquito.During one hour
observations showed the increasing number of Ae. Aegypti
mosquitos’s death. It’s explained the longer an observation time, the
greater potential as a bioinsecticide. This is supported by the results
of the Kruskall-Wallis test (p-value of 0.001 <0.05), which means
that there is a significant difference between the death rate of the Ae.
aegypti mosquito and the difference in the concentration of the P.
paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown
Time acceleration. The results of the Kruskall-Wallis test in this
study were correct and continued with the Spearman correlation test
with the results of p-value 0.008 <0.05 there was a significant
correlation between the increase in the concentration of the extract
(treatment group) and the knockdown time of the P. paniculata plant
extract. From the results of the Kruskall-Wallis test and the Spearman
correlation test, it can be concluded that the greater of concentration,
the faster the time of death of Ae. aegypti mosquito, the strength of
the correlation is denoted by a correlation coefficient 0.312
(31.2%).Correlation coefficient occurred with positive value means
that correlation is moderate. The higher concentrations of P.
paniculata plants extract then the faster of knockdown time

8. The wvalue 0.08 is
greater than 0.05, not
less. (line 185)

Thanks for the correction. We have deleted this information because
the related table has been changed to a new narrative

9. The Time required
for 50% knockdown
of mosquitoes (KT50)
could be accurately
estimated using probit
analysis (table 4).

Thank you for the suggestion, to use probit analysis to determine the
time required for 50% mosquito knockdown (KT50) in Table 4
We try to explain

“"Knockdown time  (KT50) means  the ~time it ~takes ~for ~each |

concentration of P. paniculata Bioinsecticide to drop 50% of the
average Ae. aegypti.We did not use the probit analysis in Table 4,
because here we only looked at how many minutes the average
number of mosquitoes fell by 50% for each concentration of P.
paniculata Bioinsecticide.




10. In obtaining table 05,
were the  mortality
averages considered?

Thank you for the correction.

We try to explain,

We have changed Table 05 to Table 02 because Tables 01, 02, 03
have been omitted according to input from other reviewers. For Table
02, we do not use the average mortality, but we use KTsy (Time)
which is the time it takes to drop 50% of Ae. aegypti after being
sprayed with P. paniculata Bioinsecticide at each test concentration.

11. In line 196 refers to
table 04 and in line 207
refers to table 05.

Thank you for the correction. We have corrected the script on line
201-202 as follows:

Knockdown Timesy (KTsp) is the times to knockdown of Ae, aegypti
mosquitoes. In Table 1, the average repetition of the study show
during the 10% concentration of P. paniculata plant

12. According to the
presentation of the
text, I suggest that the
Results section be
presented separately
from the Discussion
section.

Thank you for the advice. We have corrected the manuscript
according to the following suggestions:

A. Results pada line 117
B. Discussion pada line 229
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Bio-insecticide’s Extract of Scented Root (Polygala paniculata) in Controlling
The Mosquito Aedes aegypti Mesguita(L.) |

[Formatted: Left
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ABSTRACT-

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effeets-on
humans, environmental residues, as—weH—as—and contaminates food and water. Polygala
paniculata has-is a potentlal as—an-alternative ef-insectieideto insecticides in controlling Ae.
Aegypti-moesguitoes:aegypti. This study further-aimed to determine the effect of the Insectmde
Score of P. paniculata extract-extracts on Ae—Aegypti-mesquitoes—the mortality of Ae. aegypti
mosquitoes based on KTso. Fhre-A total of 20 mosquitoes for each concentration were used to
examine the effectiveness of 10%, 15%, 20%, and 25% concentration of P. paniculata
coneentration-with-extracts compared to a positive and a negative eentrels—in-control with four
repetitions-every-five-minutesfor-one-hourreplications. The results showed the-effect-ofextract
that P. paniculata extracts had an effect on Aeaegypti mesguitees’mosquito mortality. Fre-There
were_significant differences in mortality rate between concentrations (Kruskal-Wallis test
resutted-ina-, p-value-of = 0.001-<-0-05;-while-the-).Spearman Correlation test gave a p-value of
0.008 < 0.05. FurthermeretheSimilarly, there was a weak but significant correlation strength
was—+between plant extract concentration and mortality (Spearman correlation: r = +0.312, p =
0.312-6r-31-2%;-with-0,008). The 10% eencentrationwhie_and 15% concentrations had KT50,
with Insecticide Scores of 1 and 2, respectively, implying that both had no knockdown effect. A
20% concentration had KF50witha KT50 with an Insecticide Score of 3, indicating a weak
knockdown effect, whilewhereas a 25% concentration had KT50, with an Insecticide Score of 5,
signifying a quick knockdown effect. Fhis-showsThese results show that a 25% concentration
has a quick knockdown timeirAetime on Ae. Aegypti mosquitoes. Therefore, extract P.
paniculata may-havethe-extract at a concentration of 25% has a potential for use as a bio-
nsectieidesininsecticide in controlling Ae. aegypti mosquitoes.

Keywords: extract P. paniculata, Aedes aegypti mosquito, bio-insecticides

1. Introduction

The Aedes aegypti mosquito (L}), which belongs to the Order Diptera and family Culicidae,
is the main vector, often neglected-as—a-transmitter—of, transmitting human diseases ir-humans:
Fhe-diseases-ineludeincluding Yellow Fever, Zica, Chikungunya, -Dengue Haemorhaegic Fever

and other arbo V|ruses_J[1]—[:4]}.—'Fhe. Aedes aegypti transmits the human arboviral disease /
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transmitted-by-Ae-aegypti-is, a global public health threat[5]—Fhis-¢disease_that causes significant
morbidity and mortality in developing countries [1]. The transmission of dengue fever is
increasing in urban and semi-urban areas in tropical countries worldwide_[6]=. It is estimated that
40% or 50—_to 528 million people worldwide are at risk of becoming infected with dengue fever
and around 10,000-20,000 people die yearly [7]. According to WHO, about 390 million cases of
dengue virus infection occur every year, of which 96 million manifest clinically with high
severity. Furthermore, WHO reports that about 3.9 billion people are at risk of being infected
with the dengue virus [8].

Indonesia is one of the countries where dengue hemorrhagic fever (DHF) occurs and is an
infectiousdisease-and-an-unresolved health problem. In 2020, there were 15,132 DHF cases and

145 deaths in Indonesia, with-a-death-rate-of 145-people-and a DHF fincident rate of 31.23 % [9]--

Fhisimplies; indicating -problems in effortste-controlcontrolling the disease.
Hewever—lenrgLong-term application and extensive use of synthetic insecticides cause the

accumulation of residues in food, water, and soil, -and give-adverseaffect human and ecosystem

health effects-on-humans-and-ecosystems[10}f-11]. FhisUse of insecticides leaves residues that
pollute the environment [3}—-12]—inecreasing—poputation_and cause resistance ofin Ae.
aegyptiAegypti populations [4++, 5F. 13HE17].

Controlling Ae. aegypti mosquitoes using synthetic insecticides involves fumigation with
pyrethroids and larvacides containing temephos_ [18].Pyrethroid Aedes aegypti develops
resistance causes-Ae—aegypti-to keep—growing;pyrethroid and multiply rapidly increasing the
incidence of dengue fever-(BF)} worldwide. This inereases—the—risk—-ef-puts almost half of the
world's population at the risk of being infected with the disease_[5]. Simiarhs—usingUsing
temephos to kill larvae inereases-theresistance—of-mosquitoestarvae—A—aegypti-has a similar
effect. This has been reported in several countries, such as Brazil_[4], Mexico_[19] and Seutheast
Asia—countries_in _south-east Asia, including Indonesia, Malaysia, Philippines, Thailand,
Singapore, Laos, and Myanmar [5].

There is a need to obtain alternative insecticides effective in controlling the mosguitoA.

aegypti populatlon A—aegypH[ZO] Th|s could be achleved QLusmg natural plant chemical
compounds w op y—Fhethat are
environmentally frlendly methed—weam—gew}tee—plant—preteeuen—and av0|d the S|de effects of
synthetic insecticides;_[10}—234}—f22]._ Bioactive plant compounds are biodegradable,
environmentally friendly, and non-toxic to ethernon-target insects_[2]. Fhis—is—beeause—bio-
insecticides_They only affect the target insect without destroying beneficial natural enemies.
AdditionalhyGenerally, they are a safe, economical, target-specific, biodegradable, and residue-
free environmental-food-seuree[23].

Polygala L. is one of the largest genera belonging to the Polygalaceae tribe. This genus
consists of 500 species and can be found in tropical, sub-tropical, temperate, and mountainous
areas throughout the world except New Zealand. Most of these species grow in Central and
South Tropical America. SeveraltypesThere are several species of Polygala L. that can be used
as medicine sweh—as—including Polygala chinensis L., Polygala paniculata L., Polygala
polifeliaPrestpolifolia Presl., and Polygala sibirica L.[24]._Polygala paniculata, also known as
vetiver in Riau, Indonesia, is a good-smelling annual herbaceous plant belonging to the family

Polygalaceaeﬂand—the—geH%—Fleergala.—._IT he plant is often used as-in traditional medicine;-_as a

Comment [Editor3]: Remark: Please check
this this. | think incidence rate should be
reported as a percentage or decimal.

tonic, and in-inflammationfor controlling inflammatory cases of asthma, bronchitis, arthritis, and

otherpathologiesas-well-askidney disorders_[25]. Moreover, P. paniculata is used for in-_vivo
protection against the neurotoxic effects of Methymereurymethylmercury (Hg)) [26], bronchitis,
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neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs_[27]. Fhe-Polygala
extract—producesextracts contain secondary metabolites, including alkaloids, saponins,
flavonoids, phenols, tannins, steroids, and terpenoids_[27].Fherefore—these_These bioactive
compounds make P. paniculata potentially useful as a bio-insecticides—Fhis—becomes—an
interesting—study—topic—because—theinsecticide. The bioactive compounds extracted from P.
paniculata have revernot vet been explored as bio-insecticides in controlling the Ae. aegypti
mosquito. Therefore, it-is-mpeortantthe main objective of this study was to examineevaluate the
linsecticide Sscore of the toxin contained in the bioactive compounds of P. paniculata in Killing
the Ae. aegypti mosquito.

2. Materials and Methods

Preparation-of-Materials and Feelsequipment
This study used 2500 gramg P. paniculata, 5 literre of 96% ethanol, 5 literre of distilled

water, 1one bottle of synthetic insecticide Baygon (cypermethrin), and 480 Ae. aegypti
moesgute-mosquitoes. The equipment used in this study ineludesincluded a blender, analytical
scales, Rotary Vacuum Evaporator, stopwatch, L%haker water bath, thermometer, hygrometer,

Buchner funnel, stick, basin, test box, syringe, and a spray bottle.

Test Animal-Preparationanimal preparation

Test animals were bred usingin media containing clean water in a cool place and protected
from direct sunlight for the Ae. Aegyptiaegypti mosquitoes to lay their eggs. The larvae were
reared in an aquarium at 24.2°C2 - 24.4°c4 °C, with a relative humidity of 67—70%. The larvae
werefedwere fed with coconut water_[28] te—beeeme—lawae ntil they reached instar Il and IV
stages before becoming mosquitoes. The adult Ae._aegypti mosquitoes were then used as test
animals.

Extraction Preeessprocess

A mass of 2500 gramsg of P. paniculata plants were washed and air-dried at room
temperature, and blended them-to formgive a final mass of 400 gramsg of powder. The powder
was macerated with 96% ethanol until completely submerged for three days. The resulting
solution was filtered using a Buchner funnel and placed in a dark bottle. Furthermere—the-The
dregs from the first filtering were then—soaked again for one day, filtered, and the process
repeated #nfor the third immersientime. The resultsfiltrates from the three maceration processes
were combined and concentrated using a Vacuum Rotary Evaporator to evaporate 96% ethanol
and obtain an extract. The extract obtained was stored in the refrigerator to be used later [29].

Bio-insecticide’s—ExtraetTests of extracts of P. paniculata Fest—against Ae. Aegypti
Mesguitesmosquitoes

Bio-insecticide’s-extractTests of P. paniculata testsextracts against Ae. aegypti was-carried
eutwere performed by transferring 20 Ae. aegypti in each test bexes—then-sprayedbox before
spraying —with varieus—concentrationsoefdifferent concentrations of P. paniculata plant
extraetextracts with four repetitions_per concentration, as well as for_C (+) and C (-) ]K (+) and
K()!The effect of the eencentrations—extracts on the A. aegypti mosquito was observed by
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Aegypti mosquitoes death-were counted every five-minutes5 min for one hour. Moreover, the
linsecticide Sscore of P. paniculata was determined from the number of Ae. Aegypti mosquitoes
considered deadatdead at 5-minute intervals. Ae—AegyptiAedes. aegypti mosquitoes that
remained alive were left to die or killed with Baygon.

Data analysis

Data were analyzed using the Statistical Fest-ef-One-Way Analysis of Variance with-RAL;
followed-by-the-One-Way-ANOVA-test. However, when the One-Way-ANOVA-test-doesdata did
not meetconform to the assumptions of parametric tests the reguirements—thenon-parametric

Kruskal—Wallis Nen-Parametric-Test-test and the-TFest-Spearman-Analysis-arethe Spearman test
were conducted to examine the relationship between the independent and dependent variables.

3. Results and Discussion
A. Results

FheResultsObservations on_deaths of Observing—Ae.aegypti Mesquitees>™Death—After
SprayingMosquitoes after spraying the P. paniculata Plant-Extraetplant extracts

The Ae. aegypti mosquitoes died after spraying-the-P—exposure to concentration of 10% and 15
9% P. paniculata plant extractat—10%and—15% concentrations-extracts. They died slowly by

flying irregularly and actively and-before falling in a tilted body position. Fhe-After falling, the
mosquitoes appeared weak, with seme-legsstit-mevinglimited leg movements, before becoming
paralyzed, and eventually dying—and-theirbedies—remaining-stiff.. The death was faster at 20%
and 25% concentrations. In the positive control (K+), death occurred in less than five minutes,
while in the negative control (K-), there was no death.

the Ae. Aegypti mosquitoes tried to avoid the spray during the four experiment repetitions.|

Total mortality of Ae. aegypti Mesgquitoes—Fotal—Meortalitymosquitoes at Eaeh
Concentration-With-FourRepetitionseach concentration

—— BPosedonFigire i the readmentgroupthe After exposure to P. paniculata plant
extract was-sprayed-with-at 10%, 15%, 20%, and 25% concentration, total mortalities of 11, 18,
27 and 54 individuals, respectively, were recorded in the first 5 minutesmin of observation-

(quure 1). After 60 mins, the total mortalltles of Aeaegypﬂ—mesquﬁees—death—me—wm

Ae— aegyptl mosqunoes m—4—repemrens—waswere 52;_at 10%, 80—89 each at 15%, 20% and
80:25%. In the positive control (K+)}-using+), which was a synthetic insecticide baygen{called
cypermethrin}—n-less-than-5-minutes, 76 Ae. aegypti mosquitoes fell and died in 4—+repetitions;
namely-76-individuals:-While-in-the-less than 5 min (Figure 1). In the negative control {+)-using

(K-), which was distilled water-did-net-cause-death-TFhere-was-80-Ae—aegypti-, mosquitoes were
deathdid not die. There were 80 Ae. aegypti mosquitoes deaths after 51-55 min at a

concentration of 15%-oceurred-at-51-55-minutes; %, after 41-45 min at 20% concentration e£-80
total-deaths—occurred—at-41-45-minutes-and a—25%-concentration—of-80-total-deaths—occurred
atafter -21—-25 minutes: at 25% concentration
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Figure 1: Ae—Total mortality of Aegypti mosquitoes tetal-mertality-at each concentration with
fourrepetitions-at five-minute intervals
PrmanyData2020

The-AverageMean mortalities of Ae. aegypti Death-Rate-at Each-Coneentration Every Five

Minutes-Observationeach concentration at five-minute intervals

Based-on-Figure-2-the-treatment-group-was-sprayed-withAfter exposure to P. paniculata
plant extract with-a-econcentrationat concentrations of 10%, 15%, 20%, and 25%-%, the mean

mortality of Ae. aegypti mosquitoes were 2.75 individuals (13.75%), 4.5 individuals (22.5%),
6.75 individuals (33.75%), and 13 individuals (67.5%), respectively, in the first 5 miautesmin of
observatlon—the—average (quure 2). Mean mortallty rate of Ae. —aegyptl mosquitoes Wl&h—4

(67—5%)—Ae—aegyp&-mesq+mges-death+.a{e—maﬁer 60 mm%es—m&h#mpeﬂﬂens—at—a—eeneen#aﬂen
of10%-wasmin of exposure were 13 tailsindividuals (65%)while-the-%) at 10%, 20 individuals

(100%). at each of concentrations of 15%, 20%, and 25% were-20-taHs(Figure 2). All (100%)-

95%%) Ae. aegypti mesquite-individuals fell and died in positive control (K+) using-synthetic
mseenende—%@en—(eype#nemnn)—

in Iess than 5 mmutes—w&h—#repenﬂens—wmmle—mm In the
negative control A ¥ #(K-) no

deaths (0% mortality) were recorded AII (100%) of Ae aeqyptl |nd|V|duaIs dled after 51-55 min
at 15% concentration-ir-53-until-55-minutes;, after 41-45 min at 20% concentration-e£-80-total
deaths-oceurred-at-41-45-minutes, -and after 21-25 min at 25% concentration ef-80-tetal-deaths
occurred-at 21-25-minutes:(Figure 2).
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Figure 2: Fhe-Average-MortalityMean mortality of Ae. aegypti at each Ceneentration-ofFive
Minutes-Observationconcentration at five-minute intervals

Based-on-theThese results efstudy-in-figure-1and-2-explainedindicate that the different
concentratlons of P panlculata plant extracts gavehad different effects on nember—et—Ae—aegyptr

tendsmortlalty of Ae. aeqyptr |nd|V|duaIs Mortallty tended to increase alengLth th&mereas&rn
the concentration of P. paniculata plant extracts—it’s—means, indicating that the higher the
concentration of extract used-efthe-concentration, the higher of potency of the P. paniculata

plant extract as a bIO |nsect|(:|de+nseetrerde agalnst the Ae Aegyptr—mesqutte—Deﬁng—ene—heur

Aegyp —Thls iswas
supported by the results of the KruskaII—Wallls test (p—vateeef 0. 00149435) which means that

there s-was a srgnrfrcant drf‘ference mortalrty rate of the Ae aegypti mosqurto between the death

heconcentrations of

P. pamculata plant e*traetextracts (10%, 15%, 20%, 25 %)—ef—léneekelemm—'lirme
aceeleration-%). The results of the Kruskall—Wallis test in-this-study-were-correct-and-continued

withconcurred with those of the Spearman correlation test with-theresults-of p-value 0:008-<0.65
there—was—which showed a significant correlation (p = 0.008) between the—increase—in—the

concentratlon of the extraet—étreatment—greup}extracts —and the knockdown tlme—ef—the—P—

eerrelatlen—test—rt—ean—be—eenemded tThese results |nd|cate that the greater—ef gher th
concentration, the fastershorter the time efto death of Ae. aegypti mosquito, the strength of the
correlatlon is denoted by a correlation coeff|C|ent 0.312 (31.2%).Cerrelation-coefficient-oceurred
The higher concentrations of P.

paniculata plants extract then the fastershorter of knockdown time. It was also noted that

mortality increased with increased duration of exposure to the plant extracts
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Insecticide Score of P. paniculata Plantsplant extracts

Table 1 AverageMean falling down times of Ae. Aegypti-Faling—Down-At-Various
Treatment-Concentrations—Withaegypti at various treatment concentrations with Knockdown
T|me50 (KT50)

Time 10%  15% 20% 25% K (+) K()

5 2,75 4,5 6,75 13,5 19 0
10 3,75 6 8,5 18,5 20 0
15 525 75 11 19,75 20 0
20 7 9 13 19,75 20 0
25 8 115 13,25 20 20 0
30 8,75 13,5 155 20 20 0
35 9,25 15,25 17,5 20 20 0
40 10,5 17,75 19,75 20 20 0
45 10,75 19 20 20 20 0
50 12,5 19,5 20 20 20 0
55 12,75 20 20 20 20 0
60 13 20 20 20 20 0

—: Ae. Aegypti Knockdown Time_(KTso);
Source-: (Primary Data, 2020)

Knockdown T|me50 (KTso) is the timestime to knockdown of Ae;. aegyptl mosqunoes an

plant—e*t%aet—had—aThe hlghest KT50 of between 36 untd—and 40 m|nutes—1—5 was recorded for
the10% concentration of P. paniculata plant extract followed by that of the15% concentration
had-aKTFso-of between 21 untiand 25 minutes—nmin, and that of the P—panictlata-plant-extract
with-20% concentration the-KFs-was-obtained-between 11 and 15 minutesmin, -and inthat of the
Ppanictlataplant-extract-with-a25% concentration of 25%;-the-KTso-was-less than 5 minutes:
In-the-average-iteration-of-the-study—theremin (Table 1). There were no Ae. aegypti mosquitoes
that fell-endied in the negative control and the KnreckdownTFimesy (KFso)—was—tess—than-5
minutes K Tso of the positive control—Fhis-means was less than 5 min (Table 1). These results
indicate that the different concentrations of P. paniculata plant extracts gave—had different
effeetsKTysy on the—number—of—Ae. aegypti thatfelb—as—wellas—on—each—treatment—and

repetitionmosquito.

Table 2: Bie-Insecticide Extractscores of e of P. paniculata_plant extracts based on
Knockdown Timesy

KT50 Knockdown Insecticide
(Time) Effect Score
Concentration 10%  36—40 - 1 -

Group Control Interpretation
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Concentration 15% 2125 - 2 -

i 0,
Concentration 20% 11--15 + 3 Weak
Knockdown
Concentration 25% <5 t 5 Quick
Knockdown
Positive Control <5 it 5 Quick
Knockdown

Interpretation Bataof data (+ weak Knockdown +++ Quick Knockdown}) [30]
(Primary Data, 2020)

Table 2 shows the effectiveness level of the four P. paniculata plant extract
concentrations and positive control based on HasecticideKneckdown—Fimesy {KTso):. A 10%
concentration of the P. paniculata plant extract had a KFofs;0KTs between 36- and 40 mindtes.
Fhis—mpliesmin giving an Insecticide Score of 1 or no knockdown effect. Similarly, a 15%
concentration of the plant extracts had a KF—efs;sKTso of between 21-21and 25 minutesmin,
indicating an Insecticide Score of 2 or no knockdown. A 20% concentration of the plant extract
had a KF-efsebetweerKTsg of between 11—15 minutesmphyirgmin, giving an Insecticide Score
of 3 or a weak knockdown effect. Furthermore, a 25% concentration of P. paniculata plant
extract had a KTsp #-0f less than 5 minutes—Fhisindicatesmin, indicating an Insecticide Score of
5 or a quick knockdown effect. The 25% concentration had a KTsg irof less than 5 minutesmin,
similar to_that of the positive control, with an Insecticide Score of 5 or a quick knockdown effect.
Therefore, the 25% concentration of P. paniculata plant extract was the most effective in
knocking out Ae. Aegypti mosquitoes, with an Insecticide Score of 5 or a quick knockdown
effect.

B. Discussion
The results in-Figures-1-and-2showshowed that the number and percentage of Ae. aegypti

mosquito deaths increased with the concentration of P. paniculata plant extract. HigherThis was
expected as higher concentrations inerease-of the aceumulation-of-P. paniculata plant extraet’s
toxieextract a higher exposure of A. aegypti mosquitoesto higher levels of the bioactive

compounds-in-A—aegypti-mesgtitoes-boedies-increasing-their-mortality.

Kosini examinedtheeffectof-theGridiakaussiana—{Fhymeleaceae}-extracton—reported
similar results for Callosobruchus maculatus—Fhe-study-explained-that larvae exposed to Gnidia

kaussiana plant extracts and attributed them to an increased absorption of toxic compounds in by
the larvae at higher concentration of the Gridia—kaussianraplant extract, which accelerates the
mortality process of larvae-CaHesebruchus-mactlatusby-melanizing-the-cuticle—Fhis. Absorption
of toxic plant bioactive compounds disrupts the endocrine system due to the presence of
secondary metabolites such as terpenoids, alkaloids, and flavonoids_[31] Fhe-stuey-of- da Botas
et al explained-that-essential-oi-attributed the larcide effect of Baccharlsretlcularla DC and
limonene as—a—larvacide—agent—on Controling—Ae. } :
ableaegypti to its ability to inhibit the formation of acetylcholinesterase enzyme—by—bleekmg—the
nerve—signal—ef—transduction, which can cause the—death and paralysis in Ae.
aegyptiarvae-Aegypti larvae. The more the larvae of Ae._aegypti abserbsabsorb the toxic
compounds in B. reticularia essential oil, the mere-higher the Ae. aegypti death-mortality rate.
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Also, the longer the exposure to B. reticularia essential oil compounds wit-inereasethe higher
the level of toxicity- [32].

ManyOur results corroborate those of many previous studies statedstating that the
bioactive plant compounds have insecticidal, larvicidal, repelent—and-environmentathy-friendly
effects useful—for—insect—eontrokinsects. According to Suluvoy, essential oils, flavonoids,
alkaloids, glycosides, esters, and fatty acids have-anti-insect-effects—TFherefore,they-couldcan be
used asan alternatlve to chemlcal compounds m—mseet—eentrel—as—repeuents—feedmg—dete#ents

antsbecause they

have anti- |nsect effects [21]

Previous studies explainedreported that Polygala plants contain bioactive compounds
with varlous blologlcal activities; such as aIkaI0|ds saponlns flavon0|ds phenols, tannins,

abte—te—a#eet—the—mertaﬁty—ef—Ae h’he bloactlve compounds in P panlculata extracts able to

cause mortality of Ae. -aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids, steroids,
and terpenoids. In this study, the mortality of Ae._aegypti mosquitoes death-was most probably
caused by compounds in the P. paniculata plant extract—Fhe—compeunds_they entered the
mosquito's body through contact or respiratory poisoning and the mouth and digestive tract,
causing stomach poisoning.

The analysis—showsthatresults showed that the aumbermortality rate of Ae._aegypti
mosquitoes that-cied-when exposed to the P. paniculata plant extract varied with the extraet’s

concentration.—Variatiens—in— of the eeneentraﬂens—aﬁeeted—the—mertahty—ef—%aegypﬂ

eeeurred—faster—than@ther—eoneentrattens—jherefore the hlgher the concentratlon of the plant
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extract inereased-its-effectivenessthe more effective it was as a-vegetablean insecticide against
mosquitoes.

This study compared the effectiveness level-of the four P. paniculata plant extract
concentrations with that of the positive eentrolscontrol based on Insecticide Knockdown Times
(KTso). A 25% concentration of the plant extract had a KTsy of less than five minutes,
imphrrgwhich was similar to that of the positive control. This KTsq implies an Insecticide Score
of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which stated that
an insecticide is-has a knockdown time required to drop a vector when the median knockdown
ranges between 3—5 min [30]. Furthermore, #-an insecticide has a quick knockdown effect when
it has a KTs of less than five—minutes:5 min. According to Norris, a good insecticide
requirement for controlllng dlsease vector insect spemes is that |t must cause a rapld knockdown
of the target species; ; y v g

adHEmoasgHtaas[17].

kneekde\meﬁeep Therefore the 25% concentratlon of the P. panlculata plant extract was the
most effective concentration in knocking down Ae. aegypti mosquitoes—Fhis-is-beeause as it had
an Insecticide Score of 5 or a quick knockdown effect. The positive control treatment was
intended—to—comparea benchmark for comparing the quality of P. paniculata plant extract
coneentration-extracts. In contrast, the negative control treatment was used to compare its
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effectiveness with that of the plant extract. Fhe-results-showed-that-ne-mesgquito-died-after 60
miRutes-of-abservation:
[Chang hlghllghted the need to use bio- |nsect|C|des as an alternative |nsect controller

e#spnng#he#efepe—mt is necessary to develop safe alternatlve msectmdes Iarvmdes and
repellents effective for humans, animals, the environment, and the ecosystem. Natural
insecticides are needed to suppress vector resistance and slow down their genetic adaptation [34],
According to Sulovoy and Grace--betanieal, plant insecticides only affect target insects, do not
destroy beneficial natural enemies, and are a safe and residue-free food source. [21]._It is more
environmentally friendly, effective, cheap, and naturally available [12]/
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Conclusion
The aetive-substanee-bioactive compounds contained in the P. paniculata plant extraet
hasextracts have the ablllty to drop and kill Ae. aegyptl mosqmtoes Jihrs—rs—beeaese—mere

Therefore, the plant extract-isextracts P. paniculata are a potentlal alternative |nsect|C|de for

controlling Ae. aegypti mosquitoes. H-deesLike other plant insecticides, it is expected that P.
paniculata extracts will not leave residues in the environment and is—safe—for—othertiving
beings-will be environmentally friendly. Also, the extraet’sbioactive compounds dein the

extracts will not cause resistance against Ae. aegypti mosquitoes—and-the-plant-has—econemic
value-and-is-heneficial-to-cultivate-.
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