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Vegetable Insecticide Extract of Scented Root (Polygala paniculata) in Controlling Aedes 4 

aegypti Mosquito 5 
 6 

ABSTRACT  7 

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effects on 8 

humans, environmental residues, as well as contaminates food and water. Polygala paniculata 9 

has potential as an alternative of insecticide in controlling A. aegypti mosquitoes. This study 10 

further aimed to determine the effect of the Insecticide Score of P. paniculata extract on             11 

A. aegypti mosquitoes’ mortality based on KT50. The 20 mosquitoes were used to examine the 12 

effectiveness of 10%, 15%, 20%, 25% of P. paniculata concentration with positive and negative 13 

controls in four repetitions every five minutes for one hour. The results showed the effect of 14 

extract P. paniculata on A aegypti mosquitoes’ mortality. The Kruskal-Wallis test resulted in a p-15 

value of 0.001 < 0.05, while the Spearman Correlation test gave a p-value of 0.008 < 0.05. 16 

Furthermore, the correlation strength was + 0.312 or 31.2%, with 10% concentration, while 15% 17 

had KT50, with Insecticide Scores of 1 and 2, implying no knockdown effect. A 20% 18 

concentration had KT50 with an Insecticide Score of 3, indicating a weak knockdown effect, 19 

while a 25% concentration had KT50, with an Insecticide Score of 5, signifying a quick 20 

knockdown effect. This shows that a 25% concentration has a quick knockdown time in A. 21 

aegypti mosquitoes. Therefore, extract P. paniculata may have the potential as a vegetable 22 

insecticide in controlling A aegypti mosquitoes. 23 

Keywords: extract P. paniculata, Aedes aegypti mosquito, vegetable insecticide 24 

1. Introduction 25 
The Aedes aegypti mosquito (L) belongs to the Order Diptera and family Culicidae, the 26 

main vector often neglected as a transmitter of diseases in humans. The diseases include yellow 27 

fever (YFV), Zika virus (ZIKV), Chikungunya (CHIKV), dengue virus (DENV), and other 28 

arboviruses [1]–[4]. The human arboviral disease transmitted by A. aegypti is a global public 29 

health threat [5]. This disease causes significant morbidity and mortality in developing countries 30 

[2]. The transmission of dengue fever is increasing in urban and semi-urban areas in tropical 31 

countries worldwide [6]. It is estimated that 40% or 50–528 million people worldwide are at risk 32 

of becoming infected with dengue fever and around 10,000–20,000 people die yearly [7]. 33 

According to WHO, about 390 million cases of dengue virus infection occur every year, of 34 

which 96 million manifest clinically with high severity. Furthermore, WHO reports that about 35 

3.9 billion people are at risk of being infected with the dengue virus [8]. 36 

Indonesia is one of the developing countries where dengue hemorrhagic fever (DHF) is an 37 

infectious disease and an unresolved health problem. In 2020, there were 15,132 DHF cases in 38 

Indonesia, with a death rate of 145 people and a DHF incident rate of 31.23 [9]. This implies 39 

problems in efforts to control the disease. 40 

There is no specific vaccine for dengue fever, hence its control is conducted by eradicating 41 

the mosquito vector using synthetic insecticides [2]–[4], [10], [11]. However, long-term 42 

application and extensive use of synthetic insecticides cause the accumulation of residues in 43 
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food, water, soil and give adverse health effects on humans and ecosystems [12], [13]. This 44 

leaves residues that pollute the environment [4], [14] increasing population resistance of A. 45 

aegypti [3], [5], [15]–[19]. 46 

Controlling A. aegypti mosquitoes using synthetic insecticides involves fumigation with 47 

pyrethroids and larvacides containing temephos [11]. Pyrethroid resistance causes A. aegypti to 48 

keep growing, increasing the incidence of dengue fever (DF) worldwide. This increases the risk 49 

of almost half of the world's population being infected with the disease [5]. Similarly, using 50 

temephos to kill larvae increases the resistance of mosquitoes larvae, A. aegypti. This has been 51 

reported in several countries, such as Brazil [3], Mexico [20] and Southeast Asia countries, 52 

including Indonesia    [5], Malaysia, Philippines, Thailand, Singapore, Laos, and Myanmar [21] 53 

There is a need to obtain alternative insecticides effective in controlling the mosquito 54 

population A. aegypti [22]. This could be achieved using natural plant chemical compounds with 55 

the potential to control the mosquito population effectively. The environmentally friendly 56 

method would guarantee plant protection and avoid the side effects of synthetic insecticides [13], 57 

[23], [24]. Bioactive plant compounds are biodegradable, environmentally friendly, and non-58 

toxic to other insects [1]. This is because bio-insecticides only affect the target insect without 59 

destroying beneficial natural enemies. Additionally, they are a safe, economical, target-specific, 60 

biodegradable, and residue-free environmental food source [23], [25]. 61 

Polygala paniculata, also known as vetiver in Riau, Indonesia, is a good-smelling annual 62 

herbaceous plant belonging to the family Polygalaceae and the genus Polygala. The plant is often 63 

used as traditional medicine, a tonic, and in inflammation cases of asthma, bronchitis, arthritis, 64 

and other pathologies, as well as kidney disorders [26]. Moreover, P. paniculata is used for in-65 

vivo protection against the neurotoxic effects of Methylmercury (Hg) [27]. bronchitis, 66 

neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs [28]. The Polygala 67 

extract produces secondary metabolites, including alkaloids, saponins, flavonoids, phenols, 68 

tannins, steroids, and terpenoids [28]. Similarly, P. paniculata contains alkaloids, flavonoids, 69 

tannins, saponins, and steroids [29]. Therefore, these bioactive compounds make P. paniculata 70 

potentially useful as a vegetable insecticide. This becomes an interesting study topic because the 71 

bioactive compounds extracted from P. paniculata have never been explored as vegetable 72 

insecticides in controlling the A. aegypti mosquito. Therefore, it is important to examine the 73 

insecticide score of the toxin contained in the bioactive compounds of P. paniculata in killing the 74 

A. aegypti mosquito. 75 

  76 

2. Materials and Methods 77 

  78 

Preparation of Materials and Tools 79 
This study used 2500 grams of plant P. paniculata obtained in Kubang Region Siak Hulu 80 

sub-district, Kampar, Riau. This plant was proven by a laboratory certification test at the 81 

Botanical Laboratory, Faculty of Mathematics and Natural Sciences, Riau University. The test 82 

used 96% ethanol to macerate the P. paniculata plant powder. Furthermore, distilled water was 83 

used as a solvent and as a negative control in the extraction process, while synthetic insecticide 84 

Baygon cypermethrin was used as a positive control. The A. aegypti mosquito was obtained from 85 

breeding kept at the Parasitology Laboratory of Abdurrab University Pekanbaru. The equipment 86 

used in this study includes a blender, analytical scales, Rotary Vacuum Evaporator, stopwatch, 87 

shaker water bath, thermometer, hygrometer, Buchner funnel, stick, basin, test box, syringe, and 88 

a spray bottle. 89 
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Test Animal Preparation 90 
Test animals were bred using media containing clean water in a cool place and protected 91 

from direct sunlight for the A. aegypti mosquitoes to lay their eggs. The larvae were reared in an 92 

aquarium at 24.2
0
C - 24.4

0
C, with a relative humidity of 67-70%. The larvae were fed with 93 

coconut water [30] to become larvae instar III and IV before becoming mosquitoes. The adult   94 

A. aegypti mosquitoes were then used as test animals. 95 

Extract Making 96 
2500 grams of P. paniculata plants were washed and air-dried at room temperature and 97 

blended them to form 400 grams of powder. The powder was macerated with 96% ethanol until 98 

completely submerged for three days. The resulting solution was filtered using a Buchner funnel 99 

and placed in a dark bottle. Furthermore, the dregs from the first filtering were then soaked again 100 

for one day, filtered, and the process repeated in the third immersion. The results from the three 101 

maceration processes were combined and concentrated using a Vacuum Rotary Evaporator to 102 

evaporate 96% ethanol and obtain an extract. The extract obtained was stored in the refrigerator 103 

to be used later [31]. 104 

Testing 105 
The test was conducted by transferring 20 A. aegypti mosquitoes to each test boxes and 106 

spraying them with various P. paniculata plant extract, K (+), and K(-) concentrations four 107 

times. The effect of the concentrations on the A. aegypti mosquito was observed by looking at 108 

the changes in behavior, movement, and physical condition until death. The dead of A. aegypti 109 

mosquitoes were counted every five minutes for one hour. Moreover, the insecticide score of     110 

P. paniculata was determined from the number of A. aegypti mosquitoes considered dead          111 

at 5-minute intervals. At the end of each treatment, A. aegypti mosquitoes that remained alive 112 

were left to die or killed with Baygon. 113 

Data analysis 114 
Data were analyzed using the Statistical Test of Analysis of Variance with RAL, followed 115 

by the One Way ANOVA test. However, when the One Way ANOVA test does not meet the 116 

requirements, the Kruskal-Wallis Non-Parametric Test and the Test Spearman Analysis are 117 

conducted to examine the relationship between the independent and dependent variables. 118 

  119 

3. Results and Discussion 120 

  121 

The results of observing the A. aegypti mosquitoes’ death after spraying the P. paniculata 122 

plant extract 123 
The A. aegypti mosquitoes died after spraying the P. paniculata plant extract at 10% and 124 

15% concentrations. They died slowly by flying irregularly and actively and falling in a tilted 125 

body position. The mosquitoes appeared weak, with some legs still moving, before becoming 126 

paralyzed, dying, and their bodies remaining stiff. The death was faster at 20% and 25% 127 

concentrations. In the positive control (K+), death occurred in less than five minutes, while in the 128 

negative control (K-), the A. aegypti mosquitoes tried to avoid the spray during the four 129 

experiment repetitions. 130 

  131 

Total mortality of A. aegypti mosquitoes at each concentration with four repetitions 132 
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 133 

 134 

Figure 1. Total mortality of A. aegypti mosquitoes at each concentration 135 

with four repetitions (Primary Data. 2020) 136 

Figure 1 shows that 10%. 15%, 20%, and 25% concentrations of the P. paniculata plant 137 

extract were sprayed to the treatment group. In the first five minutes of observation, the four 138 

repetitions of spraying caused the mortality of 11, 18, 27, and 54 A. aegypti mosquitoes. The 139 

mortality increased to 52, 80, 80, and 80 in the 60
th

 minute. In positive control (K+) using 140 

synthetic insecticide Baygon (cypermethrin), the four repetitions of spraying caused the death of 141 

76 A. aegypti mosquitoes in less than five minutes. The test in the negative control (K-) using 142 

distilled water did not cause death. The highest total mortality of 80 A. aegypti mosquitoes at 143 

15% concentration occurred at 51-55 minutes. Furthermore, a 20% concentration caused 80 144 

deaths at 41-45 minutes, while a 25% concentration caused 80 deaths at 21-25 minutes. 145 

 146 

The death percentage of A. aegypti mosquitoes at each concentration after every five 147 

minutes of observation 148 
In Figure 2, the treatment group was sprayed with 10%, 15%, 20%, and 25% 149 

concentrations of the P. paniculata plant extract. The mortality percentage of A. aegypti 150 

mosquitoes in four repetitions was 13.75%, 22.5%, 33.75%, and 67.5% in five minutes of the 151 

observation. The total mortality increased to 65%, 100%, 100%, and 100% in the 60
th

 minute. 152 

The positive control (K+) test using synthetic insecticide Baygon (cypermethrin) caused a 95% 153 

mortality, where the first A. aegypti mosquito died in less than five minutes during the four test 154 

repetitions. In contrast, the negative control (K-) test using distilled water did not cause death. 155 

The highest total mortality of 100% A. aegypti mosquitoes at 15% concentration occurred at 51-156 

55 minutes. The 20% and 25% concentrations caused 80 deaths at 41-45 and 21-25 minutes, 157 

respectively. 158 

 159 
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 160 

Figure 2: Percentage of A. aegypti mosquito mortality at each concentration 161 

every five minutes of observation (Primary Data, 2020) 162 

 163 

Kruskal Wallis Non-Parametric Test 164 

a. Concentration 165 
Table 1. Non-Parametric Test Results Kruskal Wallis Concentration 166 

 167 

 Knockdown 

Chi-Square 30.324 

Df 5 

Asymp. Sig. .000 

Primary Data, 2020 168 

 169 

In the Non-Parametric Kruskal-Wallis concentration, the significant value was 0.001 < 170 

0.05. This indicates a significant difference in mosquito mortality between the treatment groups 171 

with different mean rank values. Therefore, the different concentrations of P. paniculata plant 172 

extract significantly affect mosquito mortality because the significant value is <0.05. 173 

 174 

b. Time 175 
Table 2. Non-Parametric Test Results Kruskal Wallis (Time) 176 

 Knockdown 

Chi-Square 19.512 

Df 11 

Asymp. Sig. .052 

  Primary Data, 2020 177 

  178 

In the Non-Parametric Kruskal Wallis, the significant value is 0.052 > 0.05. This implies a 179 

significant difference in the A. aegipty mosquito mortality between the treatment groups with 180 

different mean rank values. Therefore, the contact time of P. paniculata plant extracts 181 
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significantly affects the mortality of A. aegipty mosquitoes because the significant value is > 182 

0.05. 183 

  184 

Spearman Analysis 185 

Table 3. Spearman Analysis Test Results 186 

   Concentration Time Knockdown 

 

Spearman's rho Concentration Koefisien 

korelasi 

1.000 .000 
.312** 

  Sig. (2-tailed) . 1.000 .008 

  N 72 72 72 

Primary Data, 2020 187 

The Spearman Analysis test results show a significant value of 0.08 <0.05. This indicates a 188 

correlation between the different concentrations of P. paniculata plant extracts and the mortality 189 

of A. aegipty mosquitoes. The correlation strength is denoted by the coefficient of 0.312 or 190 

31.2%. Moreover, the positive correlation means that the higher concentration of P. paniculata 191 

plant extract increased the number of deaths of A. aegipty mosquitoes. 192 

 Insecticide Score of P. paniculata Plants 193 

Table 4. The average percentage of death of A. aegypti mosquitoes at various 194 

concentrations of treatment with Knockdown Time (KT50) 195 

 196 

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 

 Primary Data, 2020 197 

 198 

In Table 1, the test repetition using a 10% concentration of the P. paniculata plant extract 199 

produced KT50 between 36-40 minutes. The test using 15%, 20%, and 25% concentrations 200 

produced KT50 between 21-25, 11-15, and less than five minutes, respectively. On average, no A. 201 

aegypti mosquitoes fell in the negative control, while KT50 occurred in less than five minutes in 202 

the positive control. This means that the different concentrations of P. paniculata plant extracts 203 

affected the number of A. aegypti differently during each treatment and repetition. 204 
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  205 

Table 5: Insecticide Score of P. paniculata Plant Extract Based on KT50 206 

 207 

Group Control 
KT50 

(Time) 

Knockdown 

Effect 

Insecticide 

Score  
Interpretation 

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 

Primary Data, 2020 208 

 209 

Table 2 shows the effectiveness level of the four P. paniculata plant extract 210 

concentrations and positive control based on Insecticide Knockdown Time50 (KT50). A 10% 211 

concentration of the P. paniculata plant extract had a KT of50, between 36-40 minutes. This 212 

implies an Insecticide Score of 1 or no knockdown effect. Similarly, a 15% concentration of the 213 

plant extracts had a KT of50, between 21-25 minutes, indicating an Insecticide Score of 2 or no 214 

knockdown. A 20% concentration of the plant extract had a KT of50 between 11-15 minutes, 215 

implying an Insecticide Score of 3 or a weak knockdown effect. Furthermore, a 25% 216 

concentration of P. paniculata plant extract had a KT50 in less than 5 minutes. This indicates an 217 

Insecticide Score of 5 or a quick knockdown effect. The 25% concentration had a KT50 in less 218 

than 5 minutes, similar to the positive control, with an Insecticide Score of 5 or a quick 219 

knockdown effect. Therefore, the 25% concentration of P. paniculata plant extract was most 220 

effective in knocking out A. aegypti mosquitoes, with an Insecticide Score of 5 or a quick 221 

knockdown effect. 222 

The results in Figures 1 and 2 show that the number and percentage of A. aegypti 223 

mosquito deaths increased with the concentration of P. paniculata plant extract. Higher 224 

concentrations increase the accumulation of P. paniculata plant extract’s toxic bioactive 225 

compounds in A. aegypti mosquitoes' bodies, increasing their mortality. 226 

Kosini examined the effect of the Gnidia kaussiana (Thymeleaceae) extract on 227 

Callosobruchus maculatus. The study explained that increased absorption of toxic compounds in 228 

the Gnidia kaussiana extract accelerates the mortality process of larvae Callosobruchus 229 

maculatus by melanizing the cuticle. This disrupts the endocrine system due to the presence of 230 

secondary metabolites such as terpenoids, alkaloids, and flavonoids [32]. Furthermore, another 231 

study examined the effect of Ocimmum basilicum, vegetable insecticides, on the death of A. 232 

aegypti mosquitoes. The results showed that the mortality of A. aegypti mosquitoes increases 233 

with an increase in the absorption of toxic compounds in the O. basilicum extract. Also, longer 234 

exposure to the extract increases the toxicity [33]. A previous study examined the effect of 235 

vegetable larvicides of Carbera manghas leaves on A. aegypti mosquito larvae. The findings 236 

showed the larvicide toxicity increased with the C. manghas extract’s concentration and 237 

exposure time. This is because the absorption of more toxic compounds affects the body's 238 

metabolism and increases the mortality of A. aegypti larvae [34]. 239 

Many previous studies stated that the bioactive plant compounds have insecticidal, 240 
larvicidal, repellent, and environmentally-friendly effects useful for insect control. According to 241 

Hikal, essential oils, flavonoids, alkaloids, glycosides, esters, and fatty acids have anti-insect 242 

effects. Therefore, they could be used as an alternative to chemical compounds in insect control 243 
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as repellents, feeding deterrents or antifeedants, toxicants, inhibitors, growth factors, 244 

chemosterilants, and attractants [23]. 245 

Previous studies explained that Polygala plants contain bioactive compounds with 246 

various biological activities, such as alkaloids, saponins, flavonoids, phenols, tannins, steroids, 247 

and terpenoids [28], [29]. Tannins and flavonoids are phenolic plant compounds that act as 248 

primary antioxidants or free radical scavengers [35]. The bioactive compounds of P. paniculata 249 

able to affect the mortality of A. aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids, 250 

steroids, and terpenoids. In this study, the A. aegypti mosquitoes death was caused by 251 

compounds in the P. paniculata plant extract. The compounds entered the mosquito's body 252 

through contact or respiratory poisoning and the mouth and digestive tract, causing stomach 253 

poisoning. 254 

The analysis shows that the number of A. aegypti mosquitoes that died when exposed to 255 

the P. paniculata plant extract varied with the extract’s concentration. Variations in the 256 

concentrations affected the mortality of A. aegypti mosquitoes differently in each treatment and 257 

repetition. The results in Figures 1 and 2 show that spraying a 25% concentration of the P. 258 

paniculata plant extract for 60 minutes kills 80 A. aegypti mosquitoes in less than the first five 259 

minutes. This is the largest number of deaths that occurred faster than other concentrations. 260 

Therefore, the higher concentration of the plant extract increased its effectiveness as a vegetable 261 

insecticide against mosquitoes. 262 

This study compared the effectiveness level of the four P. paniculata plant extract 263 

concentrations with positive controls based on Insecticide Knockdown Time50 (KT50). A 25% 264 

concentration of the plant extract had a KT50 of less than five minutes, implying an Insecticide 265 

Score of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which 266 

stated that an insecticide is has a knockdown time required to drop a vector when the median 267 

knockdown ranges between 3-5. Furthermore, it has a quick knockdown effect when it has a 268 

KT50 of less than five minutes. According to Norris, a good insecticide requirement for 269 

controlling disease vector insect species must cause a rapid knockdown of the target species, 270 

especially active pathogens. Additionally, it must quickly intervene and kill adult mosquitoes 271 

[16]. 272 

The 25% concentration had a KT50 of less than five minutes, similar to a positive control 273 

Baygon containing cypermethrin. They both had an Insecticide Score 5, implying a quick 274 

knockdown effect. Therefore, the 25% concentration of the P. paniculata plant extract was the 275 

most effective in knocking down A. aegypti mosquitoes. This is because it had an Insecticide 276 

Score of 5 or a quick knockdown effect. The positive control treatment was intended to compare 277 

the quality of P. paniculata plant extract concentration. In contrast, the negative control 278 

treatment was used to compare its effectiveness with the plant extract. The results showed that no 279 

mosquito died after 60 minutes of observation. 280 

Chang highlighted the need to use vegetable insecticides as an alternative insect 281 

controller. Using inappropriate insecticides causes insects to adapt easily by metabolic 282 

detoxification quickly and survival. This causes synchronization of insect immunity passed on to 283 

their offspring. Therefore, it is necessary to develop safe alternative insecticides, larvicides, and 284 

repellents effective for humans, animals, the environment, and the ecosystem. Natural 285 
insecticides are needed to suppress vector resistance and slow down their genetic adaptation [36]. 286 

According to Hikal et al., botanical insecticides only affect target insects, do not destroy 287 

beneficial natural enemies, and are a safe and residue-free food source. Hikal et al. recommended 288 

using plant-based insecticides as an integrated insect management program that greatly reduces 289 



the use of synthetic insecticides [23]. It is more environmentally friendly, effective, cheap, and 290 

naturally available [14].  291 

 292 

Conclusion 293 
The active substance contained in the P. paniculata plant extract has the ability to drop 294 

and kill A. aegypti mosquitoes. This is because more compounds in the plant extracts exposed to 295 

the mosquitoes increase the knockdown effect time. Therefore, the plant extract is a potential 296 

alternative insecticide for controlling A. aegypti mosquitoes. It does not leave residues in the 297 

environment and is safe for other living beings. Also, the extract’s compounds do not cause 298 

resistance against A. aegypti mosquitoes, and the plant has economic value and is beneficial to 299 

cultivate. 300 
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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 : 
SS21-078; 
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: 

 

 

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 Time50 (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 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(KT50); 

 

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 KT50. 

 

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 

effect 

Interpretation 

>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: 
 



 
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 
 

 
Figure 1 Ae. Aegypti mosquitoes total mortality at each concentration 

with four repetitions 

 

 



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 value 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, 
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 KT50 (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 Time50 (KT50) 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 

 

 
 
 



3.c. Revised result mayor 1 

 2 

Bio-insecticide’s Extract of Scented Root (Polygala paniculata) in Controlling 3 

Aedes aegypti Mosquito 4 
 5 

ABSTRACT  6 

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effects on 7 

humans, environmental residues, as well as contaminates food and water. Polygala paniculata 8 

has potential as an alternative of insecticide in controlling Ae. Aegypti mosquitoes. This study 9 

further aimed to determine the effect of the Insecticide Score of P. paniculata extract on Ae. 10 

Aegypti mosquitoes’ mortality based on KT50. The 20 mosquitoes were used to examine the 11 

effectiveness of 10%, 15%, 20%, 25% of P. paniculata concentration with positive and negative 12 

controls in four repetitions every five minutes for one hour. The results showed the effect of 13 

extract P. paniculata on Aeaegypti mosquitoes’ mortality. The Kruskal-Wallis test resulted in a 14 

p-value of 0.001 < 0.05, while the Spearman Correlation test gave a p-value of 0.008 < 0.05. 15 

Furthermore, the correlation strength was + 0.312 or 31.2%, with 10% concentration, while 15% 16 

had KT50, with Insecticide Scores of 1 and 2, implying no knockdown effect. A 20% 17 

concentration had KT50with an Insecticide Score of 3, indicating a weak knockdown effect, while 18 

a 25% concentration had KT50, with an Insecticide Score of 5, signifying a quick knockdown 19 

effect. This shows that a 25% concentration has a quick knockdown timeinAe. Aegypti 20 

mosquitoes. Therefore, extract P. paniculata may have the potential as a bio-insecticidesin 21 

controlling Ae. aegypti mosquitoes. 22 

Keywords: extract P. paniculata, Aedes aegypti mosquito, bio-insecticides 23 

1. Introduction 24 
The Aedes aegypti mosquito (L) belongs to the Order Diptera and family Culicidae, the 25 

main vector often neglected as a transmitter of diseases in humans. The diseases include yellow 26 

fever (YFV), Zika virus (ZIKV), Chikungunya (CHIKV), dengue virus (DENV), and other 27 

arboviruses[1]–[4]. The human arboviral disease transmitted by Ae.aegypti is a global public 28 

health threat[5]. This disease causes significant morbidity and mortality in developing countries 29 

[1]. The transmission of dengue fever is increasing in urban and semi-urban areas in tropical 30 

countries worldwide[6].. It is estimated that 40% or 50–528 million people worldwide are at risk 31 

of becoming infected with dengue fever and around 10,000–20,000 people die yearly[7]. 32 

According to WHO, about 390 million cases of dengue virus infection occur every year, of 33 

which 96 million manifest clinically with high severity. Furthermore, WHO reports that about 34 

3.9 billion people are at risk of being infected with the dengue virus[8] 35 

Indonesia is one of where dengue hemorrhagic fever (DHF) is an infectious disease and an 36 

unresolved health problem. In 2020, there were 15,132 DHF cases in Indonesia, with a death rate 37 

of 145 people and a DHF incident rate of 31.23[9].. This implies problems in efforts to control 38 

the disease.However, long-term application and extensive use of synthetic insecticides cause the 39 

accumulation of residues in food, water, soil and give adverse health effects on humans and 40 

ecosystems[10], [11]. This leaves residues that pollute the environment [3], [12]. increasing 41 

population resistance of Ae. aegypti[4], [5], [13]–[17].  42 



Controlling Ae.aegypti mosquitoes using synthetic insecticides involves fumigation with 43 

pyrethroids and larvacides containing temephos[18].Pyrethroid resistance causes Ae. aegypti to 44 

keep growing, increasing the incidence of dengue fever (DF) worldwide. This increases the risk 45 

of almost half of the world's population being infected with the disease[5]. Similarly, using 46 

temephos to kill larvae increases the resistance of mosquitoes larvae, A. aegypti. This has been 47 

reported in several countries, such as Brazil[4], Mexico[19]and Southeast Asia countries, 48 

including Indonesia Malaysia, Philippines, Thailand, Singapore, Laos, and Myanmar[5].  49 

There is a need to obtain alternative insecticides effective in controlling the mosquito 50 

population A. aegypti[20]. This could be achieved using natural plant chemical compounds with 51 

the potential to control the mosquito population effectively. The environmentally friendly 52 

method would guarantee plant protection and avoid the side effects of synthetic insecticides,[10], 53 

[21], [22].Bioactive plant compounds are biodegradable, environmentally friendly, and non-toxic 54 

to other insects[2].This is because bio-insecticides only affect the target insect without 55 

destroying beneficial natural enemies. Additionally, they are a safe, economical, target-specific, 56 

biodegradable, and residue-free environmental food source[23].   57 

 Polygala L. is one of the largest genera belonging to the Polygalaceae tribe. This genus 58 

consists of 500 species and can be found in tropical, sub-tropical, temperate and mountainous 59 

areas throughout the world except New Zealand. Most of these species grow in Central and 60 

South Tropical America. Several types of Polygala L. that can be used as medicine such as 61 

:Polygala chinensis L., Polygala paniculata L., Polygala polifoliaPresl., and Polygala sibirica 62 

L.[24].Polygala paniculata, also known as vetiver in Riau, Indonesia, is a good-smelling annual 63 

herbaceous plant belonging to the family Polygalaceae and the genus Polygala. The plant is often 64 

used as traditional medicine, a tonic, and in inflammation cases of asthma, bronchitis, arthritis, 65 

and other pathologies, as well as kidney disorders[25]. Moreover, P. paniculata is used for in-66 

vivo protection against the neurotoxic effects of Methylmercury (Hg)[26], bronchitis, 67 

neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs[27]. The Polygala 68 

extract produces secondary metabolites, including alkaloids, saponins, flavonoids, phenols, 69 

tannins, steroids, and terpenoids[27].Therefore, these bioactive compounds make P. paniculata 70 

potentially useful as a bio-insecticides. This becomes an interesting study topic because the 71 

bioactive compounds extracted from P. paniculata have never been explored as bio-insecticides 72 

in controlling the Ae. aegypti mosquito. Therefore, it is important to examine the insecticide 73 

score of the toxin contained in the bioactive compounds of P. paniculata in killing the Ae. 74 

aegypti mosquito. 75 

  76 

2. Materials and Methods 77 

  78 

Preparation of Materials and Tools 79 
This study used 2500 gram sofplant P. paniculata obtained in Kubang Region Siak Hulu 80 

sub-district, Kampar, Riau. This plant was proven by a laboratory certification test at the 81 

Botanical Laboratory, Faculty of Mathematics and Natural Sciences, Riau University. The test 82 

used 96% ethanol to macerate the P. paniculata plant powder. Furthermore,distilled water was 83 

used as a solvent and as a negative control in the extraction process, while synthetic insecticide 84 

Baygon (cypermethrin) was used as a positive control. The A. aegypti mosquito was obtained 85 

from breeding kept at the Parasitology Laboratory of Abdurrab University Pekanbaru. The 86 

equipment used in this study includes a blender, analytical scales, Rotary Vacuum Evaporator, 87 



stopwatch, shaker water bath, thermometer, hygrometer, Buchner funnel, stick, basin, test box, 88 

syringe, and a spray bottle. 89 

Test Animal Preparation 90 
Test animals were bred using media containing clean water in a cool place and protected 91 

from direct sunlight for the Ae. Aegypti mosquitoes to lay their eggs. The larvae were reared in 92 

an aquarium at 24.2
0
C - 24.4

0
C, with a relative humidity of 67-70%. The larvae werefed with 93 

coconut water[28] to become larvae instar III and IV before becoming mosquitoes. The adult 94 

Ae.aegypti mosquitoes were then used as test animals. 95 

Extraction Process 96 
2500 grams of P. paniculata plants were washed and air-dried at room temperature and 97 

blended them to form 400 grams of powder. The powder was macerated with 96% ethanol until 98 

completely submerged for three days. The resulting solution was filtered using a Buchner funnel 99 

and placed in a dark bottle. Furthermore, the dregs from the first filtering were then soaked again 100 

for one day, filtered, and the process repeated in the third immersion. The results from the three 101 

maceration processes were combined and concentrated using a Vacuum Rotary Evaporator to 102 

evaporate 96% ethanol and obtain an extract. The extract obtained was stored in the refrigerator 103 

to be used later[29]. 104 

Bio-insecticide’s Extract of P. paniculata Test against Ae. Aegypti Mosquitos 105 
  106 

Bio-insecticide’s extract of P. paniculata tests against Ae. aegypti was carried out by 107 

transferring 20 Ae. aegypti in each test boxes, then sprayed with various concentrationsof P. 108 

paniculata plant extract with four repetitions, as well as for K (+) and K(-).The effect of the 109 

concentrations on the A. aegypti mosquito was observed by looking at the changes in behavior, 110 

movement, and physical condition until death. Ae. Aegypti mosquitoes death were counted every 111 

five minutes for one hour. Moreover, the insecticide score of P. paniculata was determined from 112 

the number of Ae. Aegypti mosquitoes considered deadat 5-minute intervals. Ae. Aegypti 113 

mosquitoes that remained alive were left to die or killed with Baygon. 114 

Data analysis 115 
Data were analyzed using the Statistical Test of Analysis of Variance with RAL, followed 116 

by the One Way ANOVA test. However, when the One Way ANOVA test does not meet the 117 

requirements, the Kruskal-Wallis Non-Parametric Test and the Test Spearman Analysis are 118 

conducted to examine the relationship between the independent and dependent variables. 119 

  120 

3. Results and Discussion 121 

A. Results 122 

  123 

The Results of Observing Ae.aegypti Mosquitoes’ Death After Spraying the P. paniculata 124 

Plant Extract 125 
The Ae. aegypti mosquitoes died after spraying the P. paniculata plant extractat 10% and 126 

15% concentrations. They died slowly by flying irregularly and actively and falling in a tilted 127 

body position. The mosquitoes appeared weak, with some legs still moving, before becoming 128 

paralyzed, dying, and their bodies remaining stiff. The death was faster at 20% and 25% 129 



concentrations. In the positive control (K+), death occurred in less than five minutes, while in the 130 

negative control (K-), the Ae. Aegypti mosquitoes tried to avoid the spray during the four 131 

experiment repetitions. 132 

  133 

Ae. aegypti Mosquitoes Death Rate at Each Concentration With Four Repetitions 134 

 135 
 Based on Figure 1 In the treatment group, the P. paniculata plant extract was sprayed 136 

with 10%, 15%, 20% and 25% concentration in the first 5 minutes of observation. Ae.aegypti 137 

mosquitoes death rate with 4 repetitions in a row was 11, 18, 27 and 54 individuals. In the 60 138 

minutes, the total mortality of Ae. aegypti mosquitoes in 4 repetitions was 52, 80, 80 and 80. In 139 

positive control (K+) using synthetic insecticide baygon (cypermethrin) in less than 5 minutes 140 

Ae. aegypti mosquitoes fell and died in 4 repetitions, namely 76 individuals.While in the 141 

negative control (+) using distilled water did not cause death.There was 80 Ae. aegypti 142 

mosquitoes were death at a concentration of 15% occurred at 51-55 minutes, a 20% 143 

concentration of 80 total deaths occurred at 41-45 minutes and a 25% concentration of 80 total 144 

deaths occurred at 21-25 minutes. 145 

 146 

 147 
 148 

Figure 1 Ae. Aegypti mosquitoes death rate at each concentration with four repetitions  149 

(Primary Data. 2020 ) 150 

 151 

The Average of Ae. aegypti Death Rate at Each Concentration Every Five Minutes 152 

Observation 153 

 154 
Based on Figure 2, the treatment group was sprayed with P. paniculata plant extract with a 155 

concentration of 10%, 15%, 20% and 25% in the first 5 minutes of observation, the average 156 

mortality of Ae. aegypti mosquitoes with 4 repetitions in a row was 2.75 tails (13.75%), 4.5 tails 157 

(22.5%), 6.75 tails (33.75% ) and 13 tails (67.5%).Ae.aegypti mosquitoes death rate in 60 158 

minutes with 4 repetitions at a concentration of 10% was 13 tails (65%), while the concentrations 159 

of 15%, 20% and 25% were 20 tails (100%). 95% Ae. aegypti mosquito fell and died in positive 160 

control (K+) using synthetic insecticide Baygon (cypermethrin) in less than 5 minutes with 4 161 

repetitions.While the negative control (-) using distilled water did not cause death.Ae.Aegypti 162 

mosquitos totally died at 15% concentration in 51 until 55 minutes, 20% concentration of 80 total 163 
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deaths occurred at 41-45 minutes and 25% concentration of 80 total deaths occurred at 21-25 164 

minutes. 165 

 166 

 167 
 168 

Figure 2: The Average Mortality of Ae. aegypti at each Concentration of Five Minutes 169 

Observation 170 

 Based on the results of study in figure 1 and 2, explained that the different concentrations 171 

of P. paniculata plant extracts gave different effects on number of Ae. aegypti mosquitoes death 172 

in each treatment and repetition. The number of Ae.aegypti mosquitoes death tends to increase 173 

along with the increase in the concentration of P. paniculata plant extracts. It’s means that the 174 

higher used of the concentration, the higher of potency of the P. paniculata plant extract as a 175 

bioinsecticide against the Ae. Aegypti mosquito.During one hour observations showed the 176 

increasing number of Ae. Aegypti mosquitos’s death. It’s explained the longer an observation 177 

time, the greater potential as a bioinsecticide. This is supported by the results of the Kruskall-178 

Wallis test (p-value of 0.001 <0.05), which means that there is a significant difference between 179 

the death rate of the Ae. aegypti mosquito and the difference in the concentration of the P. 180 

paniculata plant extract (10%, 15%, 20%, 25 %) of Knockdown Time acceleration. The results 181 

of the Kruskall-Wallis test in this study were correct and continued with the Spearman 182 

correlation test with the results of p-value 0.008 <0.05 there was a significant correlation 183 

between the increase in the concentration of the extract (treatment group) and the knockdown 184 

time of the P. paniculata plant extract. From the results of the Kruskall-Wallis test and the 185 

Spearman correlation test, it can be concluded that the greater of concentration, the faster the 186 

time of death of Ae. aegypti mosquito, the strength of the correlation is denoted by a correlation 187 

coefficient 0.312 (31.2%).Correlation coefficient occurred with positive value means that 188 

correlation is moderate. The higher concentrations of P. paniculata plants extract then the faster 189 

of knockdown time.  190 

 191 
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 193 

 194 

 195 

Insecticide Score of P. paniculata Plants 196 

Table 1 Average of Ae. Aegypti Falling Down At Various Treatment Concentrations With 197 

Knockdown Time50 (KT50) 198 

 199 

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(KT50);  200 

Source :(Primary Data, 2020) 201 
 202 
Knockdown Time50 (KT50) is the times to knockdown of Ae, aegypti mosquitoes. In Table 203 

1,the average repetition of the study show during the 10% concentration of P. paniculata plant 204 

extract had a KT50 between 36 until 40 minutes, 15% concentration had a KT50 between 21 until 205 

25 minutes, in the P. paniculata plant extract with 20% concentration the KT50 was obtained 206 

between 11 and 15 minutes and in the P. paniculata plant extract with a concentration of 25%, 207 

the KT50 was less than 5 minutes. In the average iteration of the study, there were no Ae. aegypti 208 

mosquitoes that fell on the negative control and the Knockdown Time50 (KT50) was less than 5 209 

minutes in the positive control. This means that the different concentrations of P. paniculata 210 

plant extracts gave different effects on the number of Ae. aegypti that fell, as well as on each 211 

treatment and repetition. 212 

Table 2: Bio Insecticide Extract P. paniculata based on Knockdown Time50 213 

Group Control 
KT50 

(Time) 

Knockdown 

Effect 

Insecticide 

Score  
Interpretation 

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]  214 
(Primary Data, 2020)  215 



 216 

Table 2 shows the effectiveness level of the four P. paniculata plant extract 217 

concentrations and positive control based on Insecticide Knockdown Time50 (KT50). A 10% 218 

concentration of the P. paniculata plant extract had a KT of50, between 36-40 minutes. This 219 

implies an Insecticide Score of 1 or no knockdown effect. Similarly, a 15% concentration of the 220 

plant extracts had a KT of50, between 21-25 minutes, indicating an Insecticide Score of 2 or no 221 

knockdown. A 20% concentration of the plant extract had a KT of50between 11-15 minutes, 222 

implying an Insecticide Score of 3 or a weak knockdown effect. Furthermore, a 25% 223 

concentration of P. paniculata plant extract had a KT50 in less than 5 minutes. This indicates an 224 

Insecticide Score of 5 or a quick knockdown effect. The 25% concentration had a KT50 in less 225 

than 5 minutes, similar to the positive control, with an Insecticide Score of 5 or a quick 226 

knockdown effect. Therefore, the 25% concentration of P. paniculata plant extract was most 227 

effective in knocking out Ae. Aegypti mosquitoes, with an Insecticide Score of 5 or a quick 228 

knockdown effect. 229 

 230 

B. Discussion 231 
The results in Figures 1 and 2 show that the number and percentage of Ae. aegypti 232 

mosquito deaths increased with the concentration of P. paniculata plant extract. Higher 233 

concentrations increase the accumulation of P. paniculata plant extract’s toxic bioactive 234 

compounds in A. aegypti mosquitoes' bodies, increasing their mortality. 235 

Kosini examined the effect of theGnidia kaussiana (Thymeleaceae) extracton   236 

Callosobruchus maculatus. The study explained that increased absorption of toxic compounds in 237 

the Gnidia kaussiana extract accelerates the mortality process of larvae Callosobruchus 238 

maculatusby melanizing the cuticle. This disrupts the endocrine system due to the presence of 239 

secondary metabolites such as terpenoids, alkaloids, and flavonoids[31].The study of da Botas et 240 

al explained that essential oil Baccharisreticularia DC and limonene as a larvacide agent on 241 

Controlling Ae. Aegypti (Diptera: Culicidae),it’s also able to inhibit the formation of 242 

acetylcholinesterase enzyme by blocking the nerve signal of transduction which can cause the 243 

death and paralysis in Ae. aegyptilarvae. The more larvae of Ae.aegypti absorbs the toxic 244 

compounds in B. reticularia essential oil, the more Ae. aegypti death. Also, the longer exposure 245 

to B. reticularia essential oil compounds will increase the level of toxicity.[32].  246 

Many previous studies stated that the bioactive plant compounds have insecticidal, 247 

larvicidal, repellent, and environmentally-friendly effects useful for insect control. According to 248 

Suluvoy, essential oils, flavonoids, alkaloids, glycosides, esters, and fatty acids have anti-insect 249 

effects. Therefore, they could be used as an alternative to chemical compounds in insect control 250 

as repellents, feeding deterrents or antifeedants, toxicants, inhibitors, growth factors, 251 

chemosterilants, and attractants[21]. 252 

Previous studies explained that Polygala plants contain bioactive compounds with 253 

various biological activities, such as alkaloids, saponins, flavonoids, phenols, tannins, steroids, 254 

and terpenoids[27]. Tannins and flavonoids are phenolic plant compounds that act as primary 255 

antioxidants or free radical scavengers[33].The bioactive compounds of P. paniculata able to 256 

affect the mortality of Ae.  aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids, 257 
steroids, and terpenoids. In this study,the Ae.aegypti mosquitoes death was caused by compounds 258 

in the P. paniculata plant extract. The compounds entered the mosquito's body through contact 259 

or respiratory poisoning and the mouth and digestive tract, causing stomach poisoning. 260 



The analysis showsthat the number of Ae.aegypti mosquitoes that died when exposed to 261 

the P. paniculata plant extract varied with the extract’s concentration. Variations in the 262 

concentrations affected the mortality of Ae.aegypti mosquitoes differently in each treatment and 263 

repetition. The results in Figures 1 and 2 show that spraying a 25% concentration of the P. 264 

paniculata plant extract for 60 minutes kills 80 Ae. Aegypti mosquitoes in less than the first five 265 

minutes. This is the largest number of deaths that occurred faster than other concentrations. 266 

Therefore, the higher concentration of the plant extract increased its effectiveness as a vegetable 267 

insecticide against mosquitoes. 268 

This study compared the effectiveness level of the four P. paniculata plant extract 269 

concentrations with positive controls based on Insecticide Knockdown Time50 (KT50). A 25% 270 

concentration of the plant extract had a KT50 of less than five minutes, implying an Insecticide 271 

Score of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which 272 

stated that an insecticide is has a knockdown time required to drop a vector when the median 273 

knockdown ranges between 3-5[30]. Furthermore, it has a quick knockdown effect when it has a 274 

KT50 of less than five minutes. According to Norris, a good insecticide requirement for 275 

controlling disease vector insect species must cause a rapid knockdown of the target species, 276 

especially active pathogens. Additionally, it must quickly intervene and kill adult mosquitoes 277 

[17].  278 

The 25% concentration had a KT50 of less than five minutes, similar to a positive control 279 

Baygon containing cypermethrin. They both had an Insecticide Score 5, implying a quick 280 

knockdown effect. Therefore, the 25% concentration of the P. paniculata plant extract was the 281 

most effective in knocking down Ae. aegypti mosquitoes. This is because it had an Insecticide 282 

Score of 5 or a quick knockdown effect. The positive control treatment was intended to compare 283 

the quality of P. paniculata plant extract concentration. In contrast, the negative control 284 

treatment was used to compare its effectiveness with the plant extract. The results showed that no 285 

mosquito died after 60 minutes of observation. 286 

Chang highlighted the need to use bio-insecticides as an alternative insect controller. 287 

Using inappropriate insecticides causes insects to adapt easily by metabolic detoxification 288 

quickly and survival. This causes synchronization of insect immunity passed on to their 289 

offspring. Therefore, it is necessary to develop safe alternative insecticides, larvicides, and 290 

repellents effective for humans, animals, the environment, and the ecosystem. Natural 291 

insecticides are needed to suppress vector resistance and slow down their genetic 292 

adaptation[34].According to Sulovoy and Grace., botanical insecticides only affect target insects, 293 

do not destroy beneficial natural enemies, and are a safe and residue-free food source. [21].It is 294 

more environmentally friendly, effective, cheap, and naturally available[12]. 295 

Conclusion 296 
The active substance contained in the P. paniculata plant extract has the ability to drop 297 

and kill Ae. aegypti mosquitoes. This is because more compounds in the plant extracts exposed 298 

to the mosquitoes increase the knockdown effect time. Therefore, the plant extract is a potential 299 

alternative insecticide for controlling Ae. aegypti mosquitoes. It does not leave residues in the 300 

environment and is safe for other living beings. Also, the extract’s compounds do not cause 301 

resistance against Ae. aegypti mosquitoes, and the plant has economic value and is beneficial to 302 

cultivate. 303 
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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 : 
SS21-078; 
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: 

 

 

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 Time50 (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 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(KT50); 

 

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 KT50. 

 

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 

effect 

Interpretation 

>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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6, no. 5, pp. 396–399, May 2016. 

[2] D. A. Fernandes et al., “Larvicidal compounds extracted 

from helicteres velutina K. Schum (Sterculiaceae) 
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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: 
 



 
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 
 

 
Figure 1 Ae. Aegypti mosquitoes total mortality at each concentration 

with four repetitions 

 

 

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 value 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 KT50 (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 
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ABSTRACT  14 

Controlling Aedes aegypti mosquitoes with chemical insecticides causes resistance effects on 15 

humans, environmental residues, as well as and contaminates food and water. Polygala 16 

paniculata has is a potential as an alternative of insecticideto insecticides in controlling Ae. 17 

Aegypti mosquitoes.aegypti. This study further aimed to determine the effect of the Insecticide 18 

Score of P. paniculata extract extracts on Ae. Aegypti mosquitoes‟ the mortality of Ae. aegypti 19 

mosquitoes based on KT50. The A total of 20 mosquitoes for each concentration were used to 20 

examine the effectiveness of 10%, 15%, 20%, and 25% concentration of P. paniculata 21 

concentration with extracts compared to a positive and a negative controls in control with four 22 

repetitions every five minutes for one hour.replications. The results showed the effect of extract 23 

that P. paniculata extracts had an effect on Aeaegypti mosquitoes‟mosquito mortality. The There 24 

were significant differences in mortality rate between concentrations (Kruskal-Wallis test 25 

resulted in a , p-value of = 0.001 < 0.05, while the ).Spearman Correlation test gave a p-value of 26 

0.008 < 0.05. Furthermore, theSimilarly, there was a weak but significant correlation strength 27 

was +between plant extract concentration and mortality (Spearman correlation: r = +0.312, p = 28 

0.312 or 31.2%, with 0,008). The 10% concentration, while and 15% concentrations had KT50, 29 

with Insecticide Scores of 1 and 2, respectively, implying that both had no knockdown effect. A 30 

20% concentration had KT50witha KT50 with an Insecticide Score of 3, indicating a weak 31 

knockdown effect, whilewhereas a 25% concentration had KT50, with an Insecticide Score of 5, 32 

signifying a quick knockdown effect. This showsThese results show that a 25% concentration 33 

has a quick knockdown timeinAetime on Ae. Aegypti mosquitoes. Therefore, extract P. 34 

paniculata may have the extract at a concentration of 25% has a potential for use as a bio-35 

insecticidesininsecticide in controlling Ae. aegypti mosquitoes. 36 

Keywords: extract P. paniculata, Aedes aegypti mosquito, bio-insecticides 37 

1. Introduction 38 
The Aedes aegypti mosquito (L)), which belongs to the Order Diptera and family Culicidae, 39 

is the main vector, often neglected as a transmitter of, transmitting human diseases in humans. 40 

The diseases includeincluding Yellow Fever, Zica, Chikungunya,  Dengue Haemorhaegic Fever 41 

and other arbo viruses [1]–[–4]. The. Aedes aegypti transmits the human arboviral disease 42 
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transmitted by Ae.aegypti is, a global public health threat[5]. This disease that causes significant 43 

morbidity and mortality in developing countries [1]. The transmission of dengue fever is 44 

increasing in urban and semi-urban areas in tropical countries worldwide [6]... It is estimated that 45 

40% or 50– to 528 million people worldwide are at risk of becoming infected with dengue fever 46 

and around 10,000–20,000 people die yearly [7]. According to WHO, about 390 million cases of 47 

dengue virus infection occur every year, of which 96 million manifest clinically with high 48 

severity. Furthermore, WHO reports that about 3.9 billion people are at risk of being infected 49 

with the dengue virus [8]. 50 

Indonesia is one of the countries where dengue hemorrhagic fever (DHF) occurs and is an 51 

infectious disease and an unresolved health problem. In 2020, there were 15,132 DHF cases and 52 

145 deaths in Indonesia, with a death rate of 145 people and a DHF incident rate of 31.23 % [9].. 53 

This implies; indicating  problems in efforts to controlcontrolling the disease.  54 

However, longLong-term application and extensive use of synthetic insecticides cause the 55 

accumulation of residues in food, water, and soil,  and give adverseaffect human and ecosystem 56 

health effects on humans and ecosystems[10], [–11]. ThisUse of insecticides leaves residues that 57 

pollute the environment [3], [–12]. increasing population and cause resistance ofin Ae. 58 

aegyptiAegypti populations [4], [, 5], [, 13]–[–17].  59 

Controlling Ae. aegypti mosquitoes using synthetic insecticides involves fumigation with 60 

pyrethroids and larvacides containing temephos [18].Pyrethroid Aedes aegypti develops 61 

resistance causes Ae. aegypti to keep growing,pyrethroid and multiply rapidly increasing the 62 

incidence of dengue fever (DF) worldwide. This increases the risk of puts almost half of the 63 

world's population at the risk of being infected with the disease [5]. Similarly, usingUsing 64 

temephos to kill larvae increases the resistance of mosquitoes larvae, A. aegypti.has a similar 65 

effect. This has been reported in several countries, such as Brazil [4], Mexico [19] and Southeast 66 

Asia countries in south-east Asia, including Indonesia, Malaysia, Philippines, Thailand, 67 

Singapore, Laos, and Myanmar [5].  68 

There is a need to obtain alternative insecticides effective in controlling the mosquitoA. 69 

aegypti population A. aegypti[20]. This could be achieved by using natural plant chemical 70 

compounds with the potential to control the mosquito population effectively. Thethat are 71 

environmentally friendly method would guarantee plant protection and avoid the side effects of 72 

synthetic insecticides, [10], [–21], [22]. Bioactive plant compounds are biodegradable, 73 

environmentally friendly, and non-toxic to othernon-target insects [2].This is because bio-74 

insecticides They only affect the target insect without destroying beneficial natural enemies. 75 

AdditionallyGenerally, they are a safe, economical, target-specific, biodegradable, and residue-76 

free environmental food source[23].   77 

 Polygala L. is one of the largest genera belonging to the Polygalaceae tribe. This genus 78 

consists of 500 species and can be found in tropical, sub-tropical, temperate, and mountainous 79 

areas throughout the world except New Zealand. Most of these species grow in Central and 80 

South Tropical America. Several typesThere are several species of Polygala L. that can be used 81 

as medicine such as :including Polygala chinensis L., Polygala paniculata L., Polygala 82 

polifoliaPreslpolifolia Presl., and Polygala sibirica L.[24]. Polygala paniculata, also known as 83 

vetiver in Riau, Indonesia, is a good-smelling annual herbaceous plant belonging to the family 84 

Polygalaceae and the genus Polygala. . The plant is often used as in traditional medicine,  as a 85 

tonic, and in inflammationfor controlling inflammatory cases of asthma, bronchitis, arthritis, and 86 

other pathologies, as well as kidney disorders [25]. Moreover, P. paniculata is used for in- vivo 87 

protection against the neurotoxic effects of Methylmercurymethylmercury (Hg)) [26], bronchitis, 88 
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neurahenia, inflammation, amnesia, topical anesthetic, and expectorant drugs [27]. The Polygala 89 

extract producesextracts contain secondary metabolites, including alkaloids, saponins, 90 

flavonoids, phenols, tannins, steroids, and terpenoids [27].Therefore, these These bioactive 91 

compounds make P. paniculata potentially useful as a bio-insecticides. This becomes an 92 

interesting study topic because theinsecticide. The bioactive compounds extracted from P. 93 

paniculata have nevernot yet been explored as bio-insecticides in controlling the Ae. aegypti 94 

mosquito. Therefore, it is importantthe main objective of this study was to examineevaluate the 95 

Iinsecticide Sscore of the toxin contained in the bioactive compounds of P. paniculata in killing 96 

the Ae. aegypti mosquito. 97 

  98 

2. Materials and Methods 99 

  100 

Preparation of Materials and Toolsequipment 101 
 This study used 2500 gramg P. paniculata, 5 literre of 96% ethanol, 5 literre of distilled 102 

water, 1one bottle of synthetic insecticide Baygon (cypermethrin), and 480 Ae. aegypti 103 

mosquito.mosquitoes. The equipment used in this study includesincluded a blender, analytical 104 

scales, Rotary Vacuum Evaporator, stopwatch, shaker water bath, thermometer, hygrometer, 105 

Buchner funnel, stick, basin, test box, syringe, and a spray bottle. 106 

 107 

Test Animal Preparationanimal preparation 108 
Test animals were bred usingin media containing clean water in a cool place and protected 109 

from direct sunlight for the Ae. Aegyptiaegypti mosquitoes to lay their eggs. The larvae were 110 

reared in an aquarium at 24.2
0
C2 - 24.4

0
C4 

0
C, with a relative humidity of 67–-70%. The larvae 111 

werefedwere fed with coconut water [28] to become larvaeuntil they reached instar III and IV 112 

stages before becoming mosquitoes. The adult Ae. aegypti mosquitoes were then used as test 113 

animals. 114 

Extraction Processprocess 115 
A mass of 2500 gramsg of P. paniculata plants were washed and air-dried at room 116 

temperature, and blended them to formgive a final mass of 400 gramsg of powder. The powder 117 

was macerated with 96% ethanol until completely submerged for three days. The resulting 118 

solution was filtered using a Buchner funnel and placed in a dark bottle. Furthermore, the The 119 

dregs from the first filtering were then soaked again for one day, filtered, and the process 120 

repeated infor the third immersion.time. The resultsfiltrates from the three maceration processes 121 

were combined and concentrated using a Vacuum Rotary Evaporator to evaporate 96% ethanol 122 

and obtain an extract. The extract obtained was stored in the refrigerator to be used later [29]. 123 

Bio-insecticide’s ExtractTests of extracts of P. paniculata Test against Ae. Aegypti 124 

Mosquitosmosquitoes 125 
  126 

Bio-insecticide‟s extractTests of P. paniculata testsextracts against Ae. aegypti was carried 127 

outwere performed by transferring 20 Ae. aegypti in each test boxes, then sprayedbox before 128 

spraying  with various concentrationsofdifferent concentrations of P. paniculata plant 129 

extractextracts with four repetitions per concentration, as well as for C (+) and C (-) K (+) and 130 

K(-).The effect of the concentrations extracts on the A. aegypti mosquito was observed by 131 

looking at the changes in behavior, movement, and physical condition until death. Deaths of Ae. 132 
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Aegypti mosquitoes death were counted every five minutes5 min for one hour. Moreover, the 133 

Iinsecticide Sscore of P. paniculata was determined from the number of Ae. Aegypti mosquitoes 134 

considered deadatdead at 5-minute intervals. Ae. AegyptiAedes. aegypti mosquitoes that 135 

remained alive were left to die or killed with Baygon. 136 

Data analysis 137 
Data were analyzed using the Statistical Test of One-Way Analysis of Variance with RAL, 138 

followed by the One Way ANOVA test. However, when the One Way ANOVA test doesdata did 139 

not meetconform to the assumptions of parametric tests the requirements, thenon-parametric 140 

Kruskal-–Wallis Non-Parametric Test test and the Test Spearman Analysis arethe Spearman test 141 

were conducted to examine the relationship between the independent and dependent variables. 142 

  143 

3. Results and Discussion 144 

A. Results 145 

  146 

The ResultsObservations on deaths of Observing Ae.aegypti Mosquitoes’ Death After 147 

SprayingMosquitoes after spraying the P. paniculata Plant Extractplant extracts 148 
The Ae. aegypti mosquitoes died after spraying the P. exposure to concentration of 10% and 15 149 

% P. paniculata plant extractat 10% and 15% concentrations.extracts. They died slowly by 150 

flying irregularly and actively and before falling in a tilted body position. The After falling, the 151 

mosquitoes appeared weak, with some legs still movinglimited leg movements, before becoming 152 

paralyzed, and eventually dying, and their bodies remaining stiff.. The death was faster at 20% 153 

and 25% concentrations. In the positive control (K+), death occurred in less than five minutes, 154 

while in the negative control (K-), there was no death.  155 

 the Ae. Aegypti mosquitoes tried to avoid the spray during the four experiment repetitions. 156 

 157 

 158 

 159 

  160 

Total mortality of Ae. aegypti Mosquitoes Total Mortalitymosquitoes at Each 161 

Concentration With Four Repetitionseach concentration  162 

 163 
 Based on Figure 1 In the treatment group, the  After exposure to P. paniculata plant 164 

extract was sprayed with at 10%, 15%, 20%, and 25% concentration, total mortalities of 11, 18, 165 

27 and 54 individuals, respectively, were recorded in the first 5 minutesmin of observation.  166 

(Figure 1). After 60 mins, the total mortalities of Ae.aegypti mosquitoes death rate with 4 167 

repetitions in a row was 11, 18, 27 and 54 individuals. In the 60 minutes, the total mortality of 168 

Ae.  aegypti mosquitoes in 4 repetitions waswere 52, at 10%, 80, 80 each at 15%, 20%, and 169 

80.25%. In the positive control (K+) using+), which was a synthetic insecticide baygon (called 170 

cypermethrin) in less than 5 minutes, 76 Ae. aegypti mosquitoes fell and died in 4 repetitions, 171 

namely 76 individuals.While in the less than 5 min (Figure 1). In the negative control (+) using 172 

(K-), which was distilled water did not cause death.There was 80 Ae. aegypti , mosquitoes were 173 

deathdid not die. There were 80 Ae. aegypti mosquitoes deaths after 51–55 min at a 174 

concentration of 15% occurred at 51-55 minutes,%, after 41–45 min at 20% concentration of 80 175 

total deaths occurred at 41-45 minutes and a 25% concentration of 80 total deaths occurred 176 

atafter  21–-25 minutes. at 25% concentration  177 
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 178 

 179 
 180 

Figure 1: Ae. Total mortality of Aegypti mosquitoes total mortality at each concentration with 181 

four repetitions at five-minute intervals 182 

(Primary Data. 2020 ) 183 

 184 

The AverageMean mortalities of Ae. aegypti Death Rate at Each Concentration Every Five 185 

Minutes Observationeach concentration at five-minute intervals  186 

 187 
Based on Figure 2, the treatment group was sprayed withAfter exposure to P. paniculata 188 

plant extract with a concentrationat concentrations of 10%, 15%, 20%, and 25% %, the mean 189 

mortality of Ae. aegypti mosquitoes were 2.75 individuals (13.75%), 4.5 individuals (22.5%), 190 

6.75 individuals (33.75%), and 13 individuals (67.5%), respectively, in the first 5 minutesmin of 191 

observation, the average (Figure 2). Mean mortality rate of Ae. aegypti mosquitoes with 4 192 

repetitions in a row was 2.75 tails (13.75%), 4.5 tails (22.5%), 6.75 tails (33.75% ) and 13 tails 193 

(67.5%).Ae.aegypti mosquitoes death rate inafter 60 minutes with 4 repetitions at a concentration 194 

of 10% wasmin of exposure were 13 tailsindividuals (65%), while the %) at 10%, 20 individuals 195 

(100%). at each of concentrations of 15%, 20%, and 25% were 20 tails(Figure 2). All (100%). 196 

95%%) Ae. aegypti mosquito individuals fell and died in positive control (K+) using synthetic 197 

insecticide Baygon (cypermethrin) in less than 5 minutes with 4 repetitions.While min. In the 198 

negative control (-) using distilled water did not cause death.Ae.Aegypti mosquitos totally(K-) no 199 

deaths (0% mortality) were recorded. All (100%) of Ae. aegypti individuals died after 51–55 min 200 

at 15% concentration in 51 until 55 minutes,, after 41–45 min at 20% concentration of 80 total 201 

deaths occurred at 41-45 minutes,  and after 21–25 min at 25% concentration of 80 total deaths 202 

occurred at 21-25 minutes.(Figure 2).  203 

 204 
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 205 
 206 

Figure 2: The Average MortalityMean mortality of Ae. aegypti at each Concentration of Five 207 

Minutes Observationconcentration at five-minute intervals  208 

 Based on theThese results of study in figure 1 and 2, explainedindicate that the different 209 

concentrations of P. paniculata plant extracts gavehad different effects on number of Ae. aegypti 210 

mosquitoes death in each treatment and repetition. The number of Ae.aegypti mosquitoes death 211 

tendsmortlaity of Ae. aegypti individuals. Mortality tended to increase along with the increase in 212 

the concentration of P. paniculata plant extracts. It‟s means, indicating that the higher the 213 

concentration of extract used of the concentration, the higher of potency of the P. paniculata 214 

plant extract as a bio-insecticideinsecticide against the Ae. Aegypti mosquito.During one hour 215 

observations showed the increasing number of Ae. Aegypti mosquitos‟s death. It‟s explained the 216 

longer an observation time, the greater potential as a bioinsecticide.Aegypti.  This iswas 217 

supported by the results of the Kruskall-–Wallis test (p-value of= 0.001 <0.05), which means that 218 

there is was a significant difference mortality rate of the Ae. aegypti mosquito between the death 219 

rate of the Ae. aegypti mosquito and the difference in the concentration of theconcentrations of 220 

P. paniculata plant extractextracts (10%, 15%, 20%, 25 %) of Knockdown Time 221 

acceleration.%). The results of the Kruskall–-Wallis test in this study were correct and continued 222 

withconcurred with those of the Spearman correlation test with the results of p-value 0.008 <0.05 223 

there was which showed a significant correlation (p = 0.008) between the increase in the 224 

concentration of the extract (treatment group)extracts  and the knockdown time of the P. 225 

paniculata plant extract. From the results of the Kruskall-Wallis test and the Spearman 226 

correlation test, it can be concluded. These results indicate that the greater ofhigher the 227 

concentration, the fastershorter the time ofto death of Ae. aegypti mosquito, the strength of the 228 

correlation is denoted by a correlation coefficient 0.312 (31.2%).Correlation coefficient occurred 229 

with positive value means that correlation is moderate. The higher concentrations of P. 230 

paniculata plants extract then the fastershorter of knockdown time. It was also noted that 231 

mortality increased with increased duration of exposure to the plant extracts 232 

 233 

 234 
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 236 

 237 

Insecticide Score of P. paniculata Plantsplant extracts 238 

Table 1 AverageMean falling down times of Ae. Aegypti Falling Down At Various 239 

Treatment Concentrations Withaegypti at various treatment concentrations with Knockdown 240 

Time50 (KT50) 241 

 242 

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 (KT50);  243 

Source :: (Primary Data, 2020) 244 

 245 

Knockdown Time50 (KT50) is the timestime to knockdown of Ae,. aegypti mosquitoes. In 246 

Table 1,the average repetition of the study show during the 10% concentration of P. paniculata 247 

plant extract had aThe highest KT50 of between 36 until and 40 minutes, 15 was recorded for 248 

the10% concentration of P. paniculata plant extract followed by that of the15% concentration 249 

had a KT50 of between 21 untiland 25 minutes, inmin, and that of the P. paniculata plant extract 250 

with 20% concentration the KT50 was obtained between 11 and 15 minutesmin,  and inthat of the 251 

P. paniculata plant extract with a25% concentration of 25%, the KT50 was less than 5 minutes. 252 

In the average iteration of the study, theremin (Table 1). There were no Ae. aegypti mosquitoes 253 

that fell ondied in the negative control and the Knockdown Time50 (KT50) was less than 5 254 

minutes inKT50 of the positive control. This means was less than 5 min (Table 1). These results 255 

indicate that the different concentrations of P. paniculata plant extracts gave had different 256 

effectsKT50 on the number of Ae. aegypti that fell, as well as on each treatment and 257 

repetitionmosquito. 258 

Table 2: Bio Insecticide Extractscores of e of P. paniculata plant extracts based on 259 

Knockdown Time50 260 

Group Control 
KT50 

(Time) 

Knockdown 

Effect 

Insecticide 

Score  
Interpretation 

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 

 261 

Interpretation Dataof data (+ weak Knockdown +++ Quick Knockdown)) [30]  262 

(Primary Data, 2020)  263 

 264 

Table 2 shows the effectiveness level of the four P. paniculata plant extract 265 

concentrations and positive control based on Insecticide Knockdown Time50 (KT50).. A 10% 266 

concentration of the P. paniculata plant extract had a KT of50KT50, between 36- and 40 minutes. 267 

This impliesmin giving an Insecticide Score of 1 or no knockdown effect. Similarly, a 15% 268 

concentration of the plant extracts had a KT of50KT50 of, between 21-21and 25 minutesmin, 269 

indicating an Insecticide Score of 2 or no knockdown. A 20% concentration of the plant extract 270 

had a KT of50betweenKT50 of between 11–-15 minutes, implyingmin, giving an Insecticide Score 271 

of 3 or a weak knockdown effect. Furthermore, a 25% concentration of P. paniculata plant 272 

extract had a KT50 in of less than 5 minutes. This indicatesmin, indicating an Insecticide Score of 273 

5 or a quick knockdown effect. The 25% concentration had a KT50 inof less than 5 minutesmin, 274 

similar to that of the positive control, with an Insecticide Score of 5 or a quick knockdown effect. 275 

Therefore, the 25% concentration of P. paniculata plant extract was the most effective in 276 

knocking out Ae. Aegypti mosquitoes, with an Insecticide Score of 5 or a quick knockdown 277 

effect. 278 

 279 

B. Discussion 280 
The results in Figures 1 and 2 showshowed that the number and percentage of Ae. aegypti 281 

mosquito deaths increased with the concentration of P. paniculata plant extract. HigherThis was 282 

expected as higher concentrations increase of the accumulation of P. paniculata plant extract‟s 283 

toxicextract a higher exposure of A. aegypti mosquitoesto higher levels of the bioactive 284 

compounds in A. aegypti mosquitoes' bodies, increasing their mortality. 285 

Kosini examined the effect of theGnidia kaussiana (Thymeleaceae) extracton  reported 286 

similar results for Callosobruchus maculatus. The study explained that larvae exposed to Gnidia 287 

kaussiana plant extracts and attributed them to an increased absorption of toxic compounds in by 288 

the larvae at higher concentration of the Gnidia kaussianaplant extract, which accelerates the 289 

mortality process of larvae Callosobruchus maculatusby melanizing the cuticle. This. Absorption 290 

of toxic plant bioactive compounds disrupts the endocrine system due to the presence of 291 

secondary metabolites such as terpenoids, alkaloids, and flavonoids [31].The study of  da Botas 292 

et al explained that essential oil attributed the larcide effect of Baccharisreticularia DC and 293 

limonene as a larvacide agent on Controlling Ae. Aegypti (Diptera: Culicidae),it‟s also 294 

ableaegypti to its ability to inhibit the formation of acetylcholinesterase enzyme by blocking the 295 

nerve signal of transduction, which can cause the death and paralysis in Ae. 296 

aegyptilarvae.Aegypti larvae. The more the larvae of Ae. aegypti absorbsabsorb the toxic 297 

compounds in B. reticularia essential oil, the more higher the Ae. aegypti death.mortality rate. 298 
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Also, the longer the exposure to B. reticularia essential oil compounds will increasethe higher 299 

the level of toxicity. [32].  300 

ManyOur results corroborate those of many previous studies statedstating that the 301 

bioactive plant compounds have insecticidal, larvicidal, repellent, and environmentally-friendly 302 

effects useful for insect control.insects. According to Suluvoy, essential oils, flavonoids, 303 

alkaloids, glycosides, esters, and fatty acids have anti-insect effects. Therefore, they couldcan be 304 

used as an alternative to chemical compounds in insect control as repellents, feeding deterrents 305 

or antifeedants, toxicants, inhibitors, growth factors, chemosterilants, and attractantsbecause they 306 

have anti-insect effects [21]. 307 

Previous studies explainedreported that Polygala plants contain bioactive compounds 308 

with various biological activities, such as alkaloids, saponins, flavonoids, phenols, tannins, 309 

steroids, and terpenoids [27]. Tannins and flavonoids are phenolic plant compounds that act as 310 

primary antioxidants or free radical scavengers[33].The bioactive compounds of P. paniculata 311 

able to affect the mortality of Ae. The bioactive compounds in P. paniculata extracts able to 312 

cause mortality of Ae.  aegipty mosquitoes are flavonoids, saponins, tannins, alkaloids, steroids, 313 

and terpenoids. In this study, the mortality of Ae. aegypti mosquitoes death was most probably 314 

caused by compounds in the P. paniculata plant extract. The compounds they entered the 315 

mosquito's body through contact or respiratory poisoning and the mouth and digestive tract, 316 

causing stomach poisoning. 317 

The analysis showsthatresults showed that the numbermortality rate of Ae. aegypti 318 

mosquitoes that died when exposed to the P. paniculata plant extract varied with the extract‟s 319 

concentration. Variations in  of the concentrations affected the mortality of Ae.aegypti 320 

mosquitoes differently in each treatment and repetition. The results in Figures 1 and 2 show that 321 

spraying a 25% concentration of the P. paniculata plant extract for 60 minutes kills 80 Ae. 322 

Aegypti mosquitoes in less than the first five minutes. This is the largest number of deaths that 323 

occurred faster than other concentrations. . Therefore, the higher the concentration of the plant 324 

extract increased its effectivenessthe more effective it was as a vegetablean insecticide against 325 

mosquitoes. 326 

This study compared the effectiveness level of the four P. paniculata plant extract 327 

concentrations with that of the positive controlscontrol based on Insecticide Knockdown Time50 328 

(KT50). A 25% concentration of the plant extract had a KT50 of less than five minutes, 329 

implyingwhich was similar to that of the positive control. This KT50 implies an Insecticide Score 330 

of 5 or a quick knockdown effect. This is in line with the 2006 WHO standard, which stated that 331 

an insecticide is has a knockdown time required to drop a vector when the median knockdown 332 

ranges between 3–-5 min [30]. Furthermore, it an insecticide has a quick knockdown effect when 333 

it has a KT50 of less than five minutes.5 min. According to Norris, a good insecticide 334 

requirement for controlling disease vector insect species is that it must cause a rapid knockdown 335 

of the target species, especially active pathogens. Additionally, it must quickly intervene and kill 336 

adult mosquitoes [17].  337 

The 25% concentration had a KT50 of less than five minutes, similar to a positive control 338 

Baygon containing cypermethrin. They both had an Insecticide Score 5, implying a quick 339 

knockdown effect.. Therefore, the 25% concentration of the P. paniculata plant extract was the 340 

most effective concentration in knocking down Ae. aegypti mosquitoes. This is because as it had 341 

an Insecticide Score of 5 or a quick knockdown effect. The positive control treatment was 342 

intended to comparea benchmark for comparing the quality of P. paniculata plant extract 343 

concentration.extracts. In contrast, the negative control treatment was used to compare its 344 
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effectiveness with that of the plant extract. The results showed that no mosquito died after 60 345 

minutes of observation. 346 

Chang highlighted the need to use bio-insecticides as an alternative insect controller. 347 

Using inappropriate insecticides causes insects to adapt easily by metabolic detoxification 348 

quickly and survival. This causes synchronization of insect immunity passed on to their 349 

offspring. Therefore, itIt is necessary to develop safe alternative insecticides, larvicides, and 350 

repellents effective for humans, animals, the environment, and the ecosystem. Natural 351 

insecticides are needed to suppress vector resistance and slow down their genetic adaptation [34]. 352 

According to Sulovoy and Grace., botanical, plant insecticides only affect target insects, do not 353 

destroy beneficial natural enemies, and are a safe and residue-free food source. [21]. It is more 354 

environmentally friendly, effective, cheap, and naturally available [12]. 355 

Conclusion 356 
The active substance bioactive compounds contained in the P. paniculata plant extract 357 

hasextracts have the ability to drop and kill Ae. aegypti mosquitoes. This is because more 358 

compounds in the plant extracts exposed to the mosquitoes increase the knockdown effect time. 359 

Therefore, the plant extract isextracts P. paniculata are a potential alternative insecticide for 360 

controlling Ae. aegypti mosquitoes. It doesLike other plant insecticides, it is expected that P. 361 

paniculata extracts will not leave residues in the environment and is safe for other living 362 

beings.will be environmentally friendly. Also, the extract‟sbioactive compounds doin the 363 

extracts will not cause resistance against Ae. aegypti mosquitoes, and the plant has economic 364 

value and is beneficial to cultivate..  365 
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