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Susceptibility of Aedes albopictus larvae, the competence vector for arboviruses to the 1 

larvicidal activity of three types of Derris elliptica extract  2 

 3 

Abstract.  4 

Background and Objective: The methanol, ethyl acetate, and n-hexane extracts of D. elliptica root 5 

have high larvicidal activity against Ae. aegypti larvae, the primary vector of Dengue but have not 6 

been understood their potential against Ae. albopictus larvae, the secondary vector of Dengue that 7 

also transmits Chikungunya and Zika viruses. This invitro study aims to understand the larvicidal 8 

activity of the three extract types of D. elliptica root against Ae. albopictus larvae. Materials and 9 

Methods: The tuba root extract types were obtained from the sequential extraction process with 10 

three steps of liquid – liquid partition as described in the previous report. Six concentrations were 11 

occupied in this experiment ranging of 0.5, 1.0, 2.0, 4.0, 10.0, and 15.0 mg L-1 Each concentration 12 

was five time replicated and placed in a 250 mL plastic cups. As many as twenty of third instar 13 

larvae of Ae. albopictus were subjected in each treatment cup, and larval mortality was observed 14 

after 24 and 48 hours of exposure.  Results: Larval mortality rates based on concentration ranged 15 

of 13.75-97.00 and 43,75-100%, 14.00-44.00 and 34.00-90.00%, and 12.00-47.00 and 28.00-16 

88.00%, with the LC50 after 24 and 48 hours of exposure were 2.925 and 0.414, 16.184 and 2.900, 17 

and 15.789 and 4.380 mg L-1, respectively for methanol, ethyl acetate, and n-hexane extracts. 18 

Conclusion: The methanol, ethyl acetate, and n-hexane extract of tuba root have high larvicidal 19 

activity against Ae. albopictus larvae. Further study on prototype formulation of larvicide and 20 

elucidation the specific phytochemical compounds of the extracts were necessary conducted. 21 

  22 

Keywords: Aedes albopictus, arboviruses vector, Derris elliptica root extract, larvicidal activity, 23 

Dengue vector 24 

 25 



 1 

INTRODUCTION  2 

The competence of Ae. albopictus mosquito transmitted arboviruses such as Dengue1,2, 3 

Chikungunya3, and Zika4 has been reported in several countries, and its ability in transmitting the 4 

other arboviral has been indicated5. The vectorial competence has triggered a community attention 5 

in the arboviral impacted areas for implementing the control measures1. Unfortunately, the preferred 6 

habitat for this species is places with lush trees and far from human settlements such as cemeteries 7 

and beaches6. Globally, the area affected by Dengue has expanded to 129 countries, mainly (70%) 8 

in Asia, and the number of new cases has increased more than eightfold in two decades7. This has 9 

sparked community efforts to control its vectors, including Ae. albopictus. 10 

The use of chemical methods in dengue vector control for decades has resulted in the 11 

emergence of Aedes mosquito strains that are resistant to several insecticide formulations, including 12 

the Temephos larvicide in Southeast Asia8. Several studies also proved that Ae. albopictus was 13 

resistant to the larvicide Temephos in Mexico9, Pakistan10, India, Malaysia, Sri Lanka, China, and 14 

Central Africa11. This phenomenon also occurs in Indonesia, including in Surabaya12 and 15 

Samarinda, East Kalimantan13. This resistance issue can hinder the success of arboviruses infection 16 

prevention efforts in affected areas. This is also exacerbated by other factors such as population 17 

mobility and high connectivity between rural and urban areas which can provide greater 18 

opportunities for arbovirus exposure by Ae. albopictus mosquitoes14. The emergence of Temephos 19 

resistant strain of Ae. albopictus can hinder efforts to control infectious diseases. This situation 20 

triggers researchers to develop alternative larvicides that are effective and environmentally friendly 21 

by exploring new active compounds15, including chemical compounds from natural ingredients. 22 

Studies on the larvicidal activity of various plant extracts have been carried out, especially for 23 

Ae. aegypti larvae. Previous studies resulted in ranking the effectiveness of plant extract larvicides, 24 

namely high, moderate, low, and ineffective based on the lethal concentration 50% (LC50) values 25 



<50, 50-100, 100-750, and higher than 750 mg L-1 16. D. elliptica is one of the local plants that has 1 

high larvicidal potential against Ae. aegypti larvae. Experiments with three types of plant extracts, 2 

namely methanol, ethyl acetate, and n-hexane, showed a low effective concentration (LC50), of 3 

14.066, 21.063, and 4.086 mg L-1, respectively17. In particular, the results of the bioassay test for 4 

ethyl acetate of Derris elliptica extract also showed effective larvicidal activity even though it was 5 

exposed to larvae from Ae. aegypti mosquitoes that were resistant to Cypermethrin 0.05%, with an 6 

LC50 of 34.945 mg L-1 18. These results are interesting to apply to the secondary vector of Dengue, 7 

the Ae. albopictus mosquito. This in vitro study was aimed to determine the larvicidal activity of 8 

methanol, ethyl acetate, and n-hexane extracts of tubal roots against Ae. albopictus larvae. 9 

 10 

 11 

MATERIAL AND METHODS 12 

Study site, tuba root collection and processing. The origin, collection, and processing of tubal 13 

roots were described as in previous studies17. The extracts have been processed since April 2021, 14 

and stored in a refrigerator at 4-80C. 15 

Mosquito collection and rearing. The Aedes albopictus mosquito was obtained from larval surveys 16 

around the Muhammadiyah University Semarang campus, especially in breeding places far from 17 

human habitation, cemeteries and gardens with lush trees6. Mosquito larvae from the survey were 18 

reared into adult mosquitoes and subjected to morphological species identification. During rearing, 19 

the larvae are fed with dog food. Breeding is continued until the second generation of eggs is 20 

obtained. During breeding, mosquitoes were fed with a solution of 10% sugar and guinea pig blood, 21 

and the environmental conditions were maintained at a temperature of 28±20C and a humidity of 22 

75±10%. The eggs of the second offspring were bred into third instar larvae and subjected to 23 

experiments, as many as twenty larvae per treatment. 24 



Experiments. The bioassay test was carried out in several stages. Preliminary tests were carried out 1 

with concentration ranges of 4, 25, and 40 mg L-1 based on the previous study's LC50 and LC90
17 2 

and obtained larval mortality of 27, 87, and 98 percent, respectively. Based on these results, a 3 

bioassay test was determined with a lower concentration range of 2, 4, 10, and 20 mg L-1 and resulted 4 

in a larval mortality range of 24 – 97%. Lower concentration ranges were achieved in the third stage 5 

of the bioassay test, namely 0.5, 1.0, 2.0, 4.0, 10.0, and 15.0 mg L-1. Each concentration level was 6 

carried out in five replications. Experiments were compared with two control groups, namely 7 

Temephos 0.02 mg L-1 as a positive control as well as a standard concentration, while the negative 8 

control was distilled water. The research subjects were third instar Aedes albopictus larvae with 9 

active movement conditions. Twenty larvae were subject to each treatment, and larval mortality rate 10 

was observed at 24th and 48th hours post-exposure. 11 

Data analysis. Larval mortality data were analysed descriptively in the form of tables and graphs, 12 

and analytically with Probit and Two Way Anova tests to determine the effective concentration and 13 

significance of mortality based on the type and concentration of the extract. Data analysis using 14 

SPSS and excel software.  15 

Ethical approval. This study was obtained the ethical approval from the Ethics Committee of 16 

Health Research of Public Health Faculty of Universitas Muhammadiyah Semarang with 17 

registration number 231/KEPK-FKM/UNIMUS/2019. 18 
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RESULTS 21 

Overall, the tuba root extracts showed high larvicidal activity against Ae. albopictus larvae. After 22 

48 hours of exposure, the results showed that the mortality rates based on the lowest to highest 23 

concentrations ranged from 43.75-100%, 34-90%, and 28-88%, respectively, for methanol, ethyl 24 

acetate, and n-hexane extracts (Table 1). Based on observation time of 24 hours after exposure, only 25 



methanol extract showed high larvicidal potential with a mortality rate of 13.75-97.00%. However, 1 

the three types of extracts showed a high trend of increasing larvicidal activity based on observations 2 

48 hours after exposure (Fig. 1). The results of statistical analysis showed significant differences in 3 

larval mortality based on extract type, concentration, and interaction of extract type and 4 

concentration (Table 2). Based on the types of extracts, there were significant differences in larval 5 

mortality with the order of larvicidal activity from highest to lowest were methanol, ethyl acetate, 6 

and n-hexane extracts (Table 3). The final results of the bioassay test showed that the effective 7 

concentrations (LC50 and LC90) of each type of extract were 2.925 and 4.886, 16.184 and 34.899, 8 

and 15.789 and 32.022 mg L-1 at 24 hours observation, and then 0.414 and 3.938, 2.900 and 13.473, 9 

and 4.380 and 14.767 mg L-1 at 48 hours observation, respectively for methanol, ethyl acetate, and 10 

n-hexane extracts (Table 4). The dead larvae were not found in the negative control and 100% 11 

mortality was found in the positive control groups. This finding indicated that the mortality of larvae 12 

in the treatment group was caused by the larvicidal activity of tuba root extracts.  13 

  14 

DISCUSSION 15 

In general, the results showed that the three types of tuba root extract indicated a high larvicidal 16 

activity, according to the classification of larvicidal effectiveness of plant extracts that had been 17 

previously reported16. Larval mortality increased with increasing concentration and exposure time. 18 

The highest potency was shown by the methanol extract, both after 24 and 48 hours of exposure, 19 

equivalent to the combined extract of petroleum-ether and methanol-chloroform19. From the aspect 20 

of cost, time, and resources, this study is more efficient because it applies a sequential extraction 21 

which is carried out in a series of processes and with cheaper solvents, although both sequential and 22 

direct extraction have advantages and disadvantages20. 23 

The effective concentration in this study was lower than the exposure of the same extract to Ae. 24 

aegypti larvae in the previous study17. This indicates that the larvicidal activity or susceptibility of 25 



Ae. albopictus larvae is higher. Aedes albopictus larvae were more susceptible to the larvicidal 1 

activity of tuba root extract. This vulnerability can be attributed to the habitat preferences and flight 2 

ability of this species. The population of Aedes albopictus has a different habitat preference from 3 

Aedes aegypti, although co-occurrence often occurs21. The Aedes albopictus mosquito occupies 4 

habitats far from human settlements6 so it has a low chance of exposure to insecticides from dengue 5 

vector control programs, including the larvicide Temephos. The fact shows that there are fewer 6 

reports of monitoring Ae. albopictus resistance to insecticides from arboviruses control programs 7 

than Ae. Aegypti22, including in Indonesia12,13 which is only reported from a limited number of 8 

locations. This low history of exposure to insecticides causes the development of resistance 9 

mechanisms, both knockdown and lower metabolic rates8. Several studies have shown that this 10 

species is more dominant in rural and suburban areas than in urban areas23, but this species is also 11 

dominant in urban and suburban environments in low temperature areas24, or in settlements where 12 

small breeding sites are found outdoors21. This low susceptibility is also supported by other factors, 13 

namely the flight distance of Ae. albopictus which reaches more than 200 m which allows it to avoid 14 

exposure to adulticides25. 15 

This study indicated that the methanol extract had a higher and faster larvicidal potential than the 16 

ethyl acetate and n-hexane extract types. Methanol is a solvent that can produce high extract 17 

products and phytochemical constituents, namely phenolics, alkaloids, flavonoids, and terpenoids 18 

[26]. Flavonoids are secondary metabolites that are widely found in tubal plants27-29. Flavonoids 19 

work by inhibiting the enzyme acetylcholinesterase by prolonging the effect of acetylcholine which 20 

increases nerve impulses at synapses30, causing the larvae to spasm and die. Rotenone is one of the 21 

dominant flavonoids in D. elliptica. The activity of these compounds affects electron transport or 22 

oxidative phosphorylation which inhibits cellular oxygen uptake so that energy production drops 23 

drastically. This situation triggers anaerobic cellular metabolism leading to increased lactic acid 24 

production and tissue acidosis and anoxia, and death from heart and nervous system failure31. 25 



The larvicidal activity of the n-hexane extract in this study was lower than previous findings17, with 1 

the order of highest to lowest larvicidal potency being n-hexane, methanol, and ethyl acetate. In this 2 

study, the larvicidal activity of n-hexane extract was the lowest after methanol and ethyl acetate. 3 

This condition is thought to be due to the degradation of phytochemical compounds, especially 4 

polyphenols, as reported by a study which proved that storage of fresh extracts for a period of three 5 

to six months caused the degradation of these compounds, except for methanol extracts which 6 

tended to be more stable32. The three types of tuba root extract used in this study were extracted six 7 

months ago and stored in a refrigerator at 4-80C so that this degradation factor is suspected to occur. 8 

Nevertheless, the larvicidal activity of this tubal root extract shows promising potential to be 9 

developed to the level of larvicidal prototype formulation, and further exploration of the specific 10 

phytochemical compounds that play a role is also carried out.   11 

 12 

Conclusion  13 

Three types of Tuba root extract, namely methanol, ethyl acetate, and n-hexane, respectively have 14 

high larvicidal potential against the Ae. albopictus larvae. Further studies on technical grade of 15 

larvicidal prototype and elucidation of specific chemical compounds are necessary done.   16 

 17 

ACKNOWLEDGEMENT 18 

We would like to thank the Deputy for Strengthening Research and Development, Ministry of 19 

Research and Technology/National Research and Innovation Agency for funding this research. 20 

 21 

SIGNIFICANCE STATEMENT 22 

This study found the high larvicidal activity in three types of a tuba root extract that can be beneficial 23 

for obtaining the specific chemical compounds as larvicide material for Aedes mosquitoes. This 24 

study will help the researchers to uncover critical areas of finding alternative methods for solving 25 



the resistance problems in mosquito vector control that many researchers are unable to explore. This 1 

finding reinforces that new theories on herbal chemical compounds can be arrived at the near times. 2 
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Table 1. Larval mortality of Aedes albopictus based on the types and concentrations Tuba root extract  1 
Extract type Concentration 

(ppm) 

Post exposure larval mortality (%) 

24 h 48 h 

Min  Max  Mean  Min  Max  Mean  

Methanol         

 0.1 10.0 25.0 13.75 40.0 50.0 43.75 

 0.5 15.0 25.0 16.25 65.0 70.0 66.25 

 1.0 25.0 25.0 22.00 80.0 90.0 83.00 

 2.0 25.0 30.0 24.00 85.0 90.0 86.00 

 4.0 25.0 30.0 26.00 90.0 95.0 91.00 

 10.0 40.2 86.0 83.00 85.0 100.0 98.00 

 15.0 96.0 100.0 97.00 100.0 100.0 100.00 

Ethyl acetate         

 0.5 10.0 20.0 14.00 25.0 40.0 34.00 

 1.0 15.0 20.0 15.00 30.0 55.0 40.00 

 2.0 15.0 25.0 17.00 35.0 70.0 49.00 

 4.0 15.0 30.0 21.00 55.0 85.0 66.00 

 10.0 30.0 45.0 37.00 60.0 95.0 81.00 

 15.0 35.0 50.0 44.00 85.0 95.0 90.00 

n-Hexane         

 0.5 10.0 15.0 12.00 25.0 35.0 28.00 

 1.0 10.0 15.0 13.00 25.0 35.0 30.00 

 2.0 15.0 15.0 15.00 35.0 60.0 47.00 

 4.0 15.0 20.0 17.00 45.0 70.0 55.00 

 10.0 25.0 50.0 33.00 50.0 90.0 78.00 

 15.0 40.0 60.0 47.00 80.0 95.40 88.00 

Temephos* 0.02 100 100 100 - - - 

Aquadest#  0 0 0 0 0 0 0 
*positive control; #negative control 2 
 3 
  4 
  5 



 1 
  2 

 3 
Figure 1. Mortality rate of Aedes albopictus larvae after 24 h and 48 h exposure to three extract type, 4 
namely methanol (MeOH), Ethyl acetate (EA), and n-hexane (Hex).  MeOH extract type showed the rapid 5 
progress on mortality of research subject.  6 
 7 
 8 
  9 



Table 2. Effect of extract type, concentration, and their interaction on larval mortality  1 

Variables F p 

Intercept  62.538 0.001 

Extract types  37.662 0.000 

Concentrations 31.564 0.000 

Extract types and concentrations 2.360 0.018 

 2 

  3 



Table 3. Multiple comparison of extract types on larval mortality  1 
Extract types  Mean difference  p 95% Confidence Interval 

Methanol – Ethyl acetate  23.83 0.000 19.10-28.57 

Methanol – n-Hexane 30.00 0.000 25.26-34.74 

Ethyl acetate – n-hexane  6.17 0.011 1.43-10.90 

 2 
 3 
 4 
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Table 4. The Lethal Concentration (LC50 and LC90) of the methanol, ethyl acetate, and n-hexane extract 1 
types on mortality of Aedes albopictus larvae 2 

Extract types Regression equation Lethal Concentrationa (ppm) Chi 

Square 

p 

LC50 (95% CI) LC90 (95% CI) 

24 h exposure       

Methanol Y = -1.915+0.655X 2.925 (2.641-3.200) 4.882 (4.487-5.423) 52.713 0.002 

Ethyl acetate Y = -1.108_0.068 16.184 (13.492-20.751) 34.899 (28.239-46.937) 12.013 0.999 

n-hexane Y = -1.246+0.079 15.789 (13.455-19.471) 32.022 (26.596-41.130) 10.400 0.999 

48 h exposure       

Methanol Y = -0.151+0.364X 0.414 (-11.872-1.863) 3.938 (2.291-40.334) 467.885 0.000 

Ethyl acetate Y = -0.351+0.121 2.900 (1.527-4.092) 13.473 (11.262-17.051) 49.079 0.011 

n-hexane Y = -0.540+0.123 4.380 (3.283-5.468) 14.767 (12.648-17.972) 40.834 0.071 

 3 
 4 
 5 
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have high larvicidal activity against Ae. aegypti larvae, the primary vector of Dengue but have not 27 

been understood their potential against Ae. albopictus larvae, the secondary vector of Dengue that 28 

also transmits Chikungunya and Zika viruses. This in-vitro study aims to understand the larvicidal 29 

activity of the three extract types of D. elliptica root against Ae. albopictus larvae. Materials and 30 

Methods: The tuba root extract types were obtained from the sequential extraction process with 31 

three steps of liquid – -liquid partition as described in the previous report. Six concentrations were 32 
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larvae of Ae. albopictus were subjected in each treatment cup, and larval mortality was observed 1 

after 24 and 48 hours of exposure.  Results: Larval mortality rates based on concentration ranged 2 

of 13.75-97.00 and 43,75-100%, 14.00-44.00 and 34.00-90.00%, and 12.00-47.00 and 28.00-3 

88.00%, with the LC50 after 24 and 48 hours of exposure were 2.925 and 0.414, 16.184 and 2.900, 4 

and 15.789 and 4.380 mg L-1, respectively for methanol, ethyl acetate, and n-hexane extracts. 5 

Conclusion: The methanol, ethyl acetate, and n-hexane extract of tuba root have high larvicidal 6 

activity against Ae. albopictus larvae. Further study on prototype formulation of larvicide and 7 

elucidation of the specific phytochemical compounds of the extracts were necessarily conducted. 8 

  9 

Keywords: Aedes albopictus, arboviruses vector, Derris elliptica, methanol extract, ethyl acetate 10 

extraxt, n-hexane extraxt, larvicidal activity  11 

 12 

 13 

INTRODUCTION  14 

The competence of Ae. albopictus mosquito mosquito-transmitted arboviruses such as 15 

Dengue1,2, Chikungunya3, and Zika4 has been reported in several countries, and its ability in 16 

transmitting the other arboviral has been indicated5. The vectorial competence has triggered a 17 

community attention in the arboviral impacted areas for implementing the control measures1. 18 

Unfortunately, the preferred habitat for this species is places placed with lush trees and far from 19 

human settlements such as cemeteries and beaches6. Globally, the area affected by Dengue has 20 

expanded to 129 countries, mainly in Asia, and the number of new cases has increased more than 21 

eightfold in two decades7. This has sparked community efforts to control its vectors, including Ae. 22 

albopictus. 23 

The use of chemical methods in dengue vector control for decades has resulted in the 24 

emergence of Aedes mosquito strains that are resistant to several insecticide formulations, including 25 

the Temephos larvicide in Southeast Asia8. Several studies also proved that Ae. albopictus was 26 

resistant to the larvicide Temephos in Brazil9, Pakistan10, India, Malaysia, Sri Lanka, China, and 27 

Central Africa11. This phenomenon also occurs in Indonesia, including in Surabaya12 and 28 

Bengkulu13 where Ae albopictus resistant to organophosphate insecticides (Temephos and 29 

Malathion). This resistance issue can hinder the success of arboviruses infection prevention efforts 30 

in affected areas. This is also exacerbated by other factors such as population mobility and high 31 

connectivity between rural and urban areas which can provide greater opportunities for arbovirus 32 

exposure by Ae. albopictus mosquitoes14. The emergence of Temephos resistant strain of Ae. 33 

albopictus can hinder efforts to control infectious diseases. This situation triggers researchers to 34 
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develop alternative larvicides that are effective and environmentally friendly by exploring new 1 

active compounds15, including chemical compounds from natural ingredients. 2 

Studies on the larvicidal activity of various plant extracts have been carried out, especially for 3 

Ae. aegypti larvae. Previous studies resulted in ranking the effectiveness of plant extract larvicides, 4 

namely high, moderate, low, and ineffective based on the lethal concentration 50% (LC50) values 5 

<50, 50-100, 100-750, and higher than 750 mg L-1 16. D. elliptica is one of the local plants that has 6 

high larvicidal potential against Ae. aegypti larvae. Experiments with three types of plant extracts, 7 

namely methanol, ethyl acetate, and n-hexane, showed a low effective concentration (LC50), of 8 

14.066, 21.063, and 4.086 mg L-1, respectively17. In particular, the results of the bioassay test for 9 

ethyl acetate of Derris elliptica extract also showed effective larvicidal activity even though it was 10 

exposed to larvae from Ae. aegypti mosquitoes that were resistant to Cypermethrin 0.05%, with an 11 

LC50 of 34.945 mg L-1 18. These results are interesting to apply to the secondary vector of Dengue, 12 

the Ae. albopictus mosquito. This in vitro study was aimed to determine the larvicidal activity of 13 

methanol, ethyl acetate, and n-hexane extracts of tubal roots against Ae. albopictus larvae. 14 

 15 

 16 

MATERIAL AND METHODS 17 

Study site,: This study was carried out at two different laboratory, namely the Natural Chemical 18 

Laboratory of Sciences and Mathematics Faculty of Garut University, West Java Province for 19 

extraction process, and Laboratory of Epidemiology and Tropical Diseases of Universitas 20 

Muhammadiyah Semarang, Central Java, Indonesia for mosquito collection, rearing and bioassay 21 

experiments.  22 

Tuba root collection and processing. The origin, collection, and processing of tubal roots were 23 

described as in the previous studies17. The extracts have been processed since April to June 2021, 24 

delivered and stored in a refrigerator at 4-80C in Laboratory of Epidemiologi and Tropical Diseases 25 

of Universitas Muhammadiyah Semarang. 26 

Mosquito collection and rearing. The Aedes albopictus mosquito was obtained from larval surveys 27 

around the Muhammadiyah University Semarang campus, especially in breeding places far from 28 

human habitation, cemeteries and gardens with lush trees6. Mosquito larvae from the survey were 29 

reared into adult mosquitoes and subjected to morphological species identification. During rearing, 30 

the larvae are fed with dog food. Breeding is continued until the second generation of eggs is 31 

obtained. During breeding, mosquitoes were fed with a solution of 10% sugar and guinea pig blood, 32 

and the environmental conditions were maintained at a temperature of 28±20C and a humidity of 33 
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75±10%. The eggs of the second offspring were bred into third instar larvae and subjected to 1 

experiments, as many as twenty larvae per treatment. 2 

Experiments. The bioassay test was carried out in several stages. Preliminary tests were carried out 3 

with concentration ranges of 4, 25, and 40 mg L-1 based on the previous study's LC50 and LC90
17 4 

and obtained larval mortality of 27, 87, and 98 percent, respectively. Based on these results, a 5 

bioassay test was determined with a lower concentration range of 2, 4, 10, and 20 mg L-1 and resulted 6 

in a larval mortality range of 24 – 97%. Lower concentration ranges were achieved in the third stage 7 

of the bioassay test, namely 0.5, 1.0, 2.0, 4.0, 10.0, and 15.0 mg L-1. Each concentration level was 8 

carried out in five replications. Experiments were compared with two control groups, namely 9 

Temephos 0.02 mg L-1 as a positive control as well as a standard concentration, while the negative 10 

control was distilled water. The research subjects were third instar Aedes albopictus larvae with 11 

active movement conditions. Twenty larvae were subject to each treatment, and the larval mortality 12 

rate was observed at 24th and 48th hours post-exposure. 13 

Data analysis. Larval mortality data were analysed descriptively in the form of tables and graphs, 14 

and analytically with Probit and Two Way, Anova tests to determine the effective concentration and 15 

significance of mortality based on the type and concentration of the extract. Data analysis using 16 

SPSS and excel Excel software.  17 

Ethical approval. This study was obtained the ethical approval from the Ethics Committee of 18 

Health Research of Public Health Faculty of Universitas Muhammadiyah Semarang with 19 

registration number 231/KEPK-FKM/UNIMUS/2019. 20 

 21 

 22 

RESULTS 23 

Overall, the tuba root extracts showed high larvicidal activity against Ae. albopictus larvae. After 24 

48 hours of exposure, the results showed that the mortality rates based on the lowest to highest 25 

concentrations ranged from 43.75-100%, 34-90%, and 28-88%, respectively, for methanol, ethyl 26 

acetate, and n-hexane extracts (Table 1). 27 

 Based on observation time of 24 hours after exposure, only methanol extract showed high larvicidal 28 

potential with a mortality rate of 13.75-97.00%. However, the three types of extracts showed a high 29 

trend of increasing larvicidal activity based on observations 48 hours after exposure (Fig. 1).  30 

The results of statistical analysis showed significant differences in larval mortality based on extract 31 

type, concentration, and interaction of extract type and concentration (Table 2). Based on the types 32 

of extracts, there were significant differences in larval mortality with the order of larvicidal activity 33 

from highest to lowest were methanol, ethyl acetate, and n-hexane extracts (Table 3).  34 



The final results of the bioassay test showed that the effective concentrations (LC50 and LC90) of 1 

each type of extract were 2.925 and 4.882, 16.184 and 34.899, and 15.789 and 32.022 mg L-1 at 24 2 

hours observation, and then 0.414 and 3.938, 2.900 and 13.473, and 4.380 and 14.767 mg L-1 at 48 3 

hours observation, respectively for methanol, ethyl acetate, and n-hexane extracts (Table 4). The 4 

dead larvae were not found in the negative control and 100% mortality was found in the positive 5 

control groups. This finding indicated that the mortality of larvae in the treatment group was caused 6 

by the larvicidal activity of tuba root extracts.  7 

  8 

DISCUSSION 9 

In general, the results showed that the three types of tuba root extract indicated a high larvicidal 10 

activity, according to the classification of larvicidal effectiveness of plant extracts that had been 11 

previously reported16. Larval mortality increased with increasing concentration and exposure time. 12 

The highest potency was shown by the methanol extract, both after 24 and 48 hours of exposure, 13 

equivalent to the combined extract of petroleum-ether and methanol-chloroform19. From the aspect 14 

of cost, time, and resources, this study is more efficient because it applies a sequential extraction 15 

which is carried out in a series of processes and with cheaper solvents, although both sequential and 16 

direct extraction have advantages and disadvantages20. 17 

The effective concentration in this study was lower than the exposure of the same extract to Ae. 18 

aegypti larvae in the previous study17. This indicates that the larvicidal activity or susceptibility of 19 

Ae. albopictus larvae is are higher. Aedes albopictus larvae were more susceptible to the larvicidal 20 

activity of tuba root extract. This vulnerability can be attributed to the habitat preferences and flight 21 

ability of this species. The population of Aedes albopictus has a different habitat preference from 22 

Aedes aegypti, although co-occurrence often occurs21. The Aedes albopictus mosquito occupies 23 

habitats far from human settlements6 so it has a low chance of exposure to insecticides from dengue 24 

vector control programs, including the larvicide Temephos. The fact shows that there are fewer 25 

reports of monitoring Ae. albopictus resistance to insecticides from arboviruses control programs 26 

than Ae. Aegypti22, including in Indonesia12,13 which is only reported from a limited number of 27 

locations. This low history of exposure to insecticides causes the development of resistance 28 

mechanisms, both knockdown and lower metabolic rates8. Several studies have shown that this 29 

species is more dominant in rural and suburban areas than in urban areas23, but this species is also 30 

dominant in urban and suburban environments in low low-temperature areas24, or in settlements 31 

where small breeding sites are found outdoors21. This low susceptibility is also supported by other 32 

factors, namely the flight distance of Ae. albopictus which reaches more than 200 m which allows 33 

it to avoid exposure to adulticides25. 34 



This study indicated that the methanol extract had a higher and faster larvicidal potential than the 1 

ethyl acetate and n-hexane extract types. Methanol is a solvent that can produce high extract 2 

products and phytochemical constituents, namely phenolics, alkaloids, flavonoids, and terpenoids 3 

26. Flavonoids are secondary metabolites that are widely found in tubal plants27-29. Flavonoids work 4 

by inhibiting the enzyme acetylcholinesterase by prolonging the effect of acetylcholine which 5 

increases nerve impulses at synapses30, causing the larvae to spasm and die. Rotenone is one of the 6 

dominant flavonoids in D. elliptica. The activity of these compounds affects electron transport or 7 

oxidative phosphorylation which inhibits cellular oxygen uptake so that energy production drops 8 

drastically. This situation triggers anaerobic cellular metabolism leading to increased lactic acid 9 

production and tissue acidosis and anoxia, and death from heart and nervous system failure31. 10 

The larvicidal activity of the n-hexane extract in this study was lower than previous findings17, with 11 

the order of highest to lowest larvicidal potency being n-hexane, methanol, and ethyl acetate. In this 12 

study, the larvicidal activity of n-hexane extract was the lowest after methanol and ethyl acetate. 13 

This condition is thought to be due to the degradation of phytochemical compounds, especially 14 

polyphenols, as reported by a study which that proved that storage of fresh extracts for a period of 15 

three to six months caused the degradation of these compounds, except for methanol extracts which 16 

tended to be more stable32. The three types of tuba root extract used in this study were extracted six 17 

months ago and stored in a refrigerator at 4-80C so that this degradation factor is suspected to occur. 18 

Nevertheless, the larvicidal activity of this tubal root extract shows promising potential to be 19 

developed to the level of larvicidal prototype formulation, and further exploration of the specific 20 

phytochemical compounds that play a role is also carried out.   21 

 22 

Conclusion  23 

Three types of Tuba root extract, namely methanol, ethyl acetate, and n-hexane, respectively have 24 

high larvicidal potential against the Ae. albopictus larvae. Further studies on the technical grade of 25 

larvicidal prototypes and elucidation of specific chemical compounds are necessary done.   26 

 27 
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This study found the high larvicidal activity in three types of a tuba root extract that can be beneficial 1 

for obtaining the specific chemical compounds as larvicide material for Aedes mosquitoes. This 2 

study will help the researchers to uncover critical areas of finding alternative methods for solving 3 

the resistance problems in mosquito vector control that many researchers are unable to explore. This 4 

finding reinforces that new theories on herbal chemical compounds can be arrivedarrive at the near 5 

times. 6 

 7 
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Table 1. Larval mortality of Aedes albopictus based on the types and concentrations of Tuba root 8 

extract  9 

Extract type Concentration 

(ppm) 

Post Post-exposure larval mortality (%) 

24 h 48 h 

Min  Max  Mean  Min  Max  Mean  

Methanol         

 0.1 10.0 25.0 13.75 40.0 50.0 43.75 

 0.5 15.0 25.0 16.25 65.0 70.0 66.25 

 1.0 25.0 25.0 22.00 80.0 90.0 83.00 

 2.0 25.0 30.0 24.00 85.0 90.0 86.00 

 4.0 25.0 30.0 26.00 90.0 95.0 91.00 

 10.0 40.2 86.0 83.00 85.0 100.0 98.00 

 15.0 96.0 100.0 97.00 100.0 100.0 100.00 

Ethyl acetate         

 0.5 10.0 20.0 14.00 25.0 40.0 34.00 

 1.0 15.0 20.0 15.00 30.0 55.0 40.00 

 2.0 15.0 25.0 17.00 35.0 70.0 49.00 

 4.0 15.0 30.0 21.00 55.0 85.0 66.00 

 10.0 30.0 45.0 37.00 60.0 95.0 81.00 

 15.0 35.0 50.0 44.00 85.0 95.0 90.00 

n-Hexane         

 0.5 10.0 15.0 12.00 25.0 35.0 28.00 

 1.0 10.0 15.0 13.00 25.0 35.0 30.00 

 2.0 15.0 15.0 15.00 35.0 60.0 47.00 

 4.0 15.0 20.0 17.00 45.0 70.0 55.00 



 10.0 25.0 50.0 33.00 50.0 90.0 78.00 

 15.0 40.0 60.0 47.00 80.0 95.40 88.00 

Temephos* 0.02 100 100 100 - - - 

Aquadest#  0 0 0 0 0 0 0 

Footnote: *positive control; #negative control 1 
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Figure 1. Mortality The mortality rate of Aedes albopictus larvae after 24 h and 48 h exposure to 7 

three extract types., namely methanol (MeOH), Ethyl acetate (EA), and n-hexane (Hex). 8 

Footnote:  three extract types, namely methanol (MeOH), Ethyl acetate (EA), and n-hexane (Hex). 9 

MeOH extract type showed the rapid progress on mortality of research subject.  10 

 11 

 12 

  13 
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Table 2. Effect of extract type, concentration, and their interaction on larval mortality  1 

Variables F p 

Intercept  62.538 0.001 

Extract types  37.662 0.000 

Concentrations 31.564 0.000 

Extract types and concentrations 2.360 0.018 

 2 

  3 



Table 3. Multiple comparison of extract types on larval mortality  1 

Extract types  Mean difference  p 95% Confidence Interval 

Methanol – Ethyl acetate  23.83 0.000 19.10-28.57 

Methanol – n-Hexane 30.00 0.000 25.26-34.74 

Ethyl acetate – n-hexane  6.17 0.011 1.43-10.90 

 2 

 3 

 4 

  5 



Table 4. The Lethal Concentration (LC50 and LC90) of the methanol, ethyl acetate, and n-hexane 1 

extract types on mortality of Aedes albopictus larvae 2 

Extract types Regression equation Lethal Concentrationa (ppm) Chi Chi-

Square 

p 

LC50 (95% CI) LC90 (95% CI) 

24 h exposure       

Methanol Y = -1.915+0.655X 2.925 (2.641-3.200) 4.882 (4.487-5.423) 52.713 0.002 

Ethyl acetate Y = -1.108_0.068 16.184 (13.492-20.751) 34.899 (28.239-46.937) 12.013 0.999 

n-hexane Y = -1.246+0.079 15.789 (13.455-19.471) 32.022 (26.596-41.130) 10.400 0.999 

48 h exposure       

Methanol Y = -0.151+0.364X 0.414 (-11.872-1.863) 3.938 (2.291-40.334) 467.885 0.000 

Ethyl acetate Y = -0.351+0.121 2.900 (1.527-4.092) 13.473 (11.262-17.051) 49.079 0.011 

n-hexane Y = -0.540+0.123 4.380 (3.283-5.468) 14.767 (12.648-17.972) 40.834 0.071 

 3 

 4 

 5 



12/14/23, 1:47 PM Gmail - TRY AGAIN TO SUBMIT YOUR ARTICLE

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-f:1720493900352854215&simpl=msg-f:1720493900352… 1/1

Sayono Sayono <say.epid@gmail.com>

TRY AGAIN TO SUBMIT YOUR ARTICLE
1 pesan

Science Alert <support@scialert.com> 29 Desember 2021 pukul 22.13
Kepada: Sayono <say.epid@gmail.com>

Received on: December 29, 2021
Manuscript No.: 108398-PJBS-ANSI
Submitted to: Pakistan Journal of Biological Sciences
Title: Effect of periodic and permanent use on the larvicidal potency of tuba root extracts against
Aedes aegypti larvae

Dear Sayono,

You have attempted to submit the article as mentioned above via an online submission system.

I am very sorry to inform you that your file(s) has not been successfully uploaded on the server
machine.

Therefore, I would like to request you to please TRY AGAIN to submit the manuscript via the online
submission system at https://scialert.com.

Please note that the above-mentioned article will automatically be removed from the listwhen you
receive this email.

Waiting for your quick response

Regard
M. Imran Pasha
Publication Manager
Pakistan Journal of Biological Sciences

http://track.smtpsendemail.com/9068138/c?p=U307i6BA3eLpuXz9dwfFzJycRczIr3n7L3iXUUbsOJ9HN-z11YUVxKxXZOxPdjQCe1086gBL2k5KklbIP_qZMplqshAg023aFGPHWfTehZLDXy_OM47byxA9I_sWcR0A


12/14/23, 1:47 PM Gmail - information for payment

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-a:r2627043333287905245&simpl=msg-a:r57351101872… 1/1

Sayono Sayono <say.epid@gmail.com>

information for payment
1 pesan

Sayono Sayono <say.epid@gmail.com> 31 Desember 2021 pukul 10.24
Kepada: apc@scialert.com

Dear Kesiya Johnson
Account Manager of Science Alert

Based on the attached invoice, we will pay the APC of my article in Pakistan Journal of Biological Sciences. For the
payment process, we need the bank account number of the Science Alert. We wait for the account number as soon as
possible. 

Best regards

S. Sayono
Department of Epidemiology and Tropical Diseases
School of Public Health  of Universitas Muhammadiyah Semarang
Jalan Kedung Mundu Raya 18, Semarang, 50273
Indonesia

107325-PJBS-ANSI.pdf
151K

https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0e848643a1d8c&attid=0.1&disp=attd&realattid=f_kxtu1dha0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0e848643a1d8c&attid=0.1&disp=attd&realattid=f_kxtu1dha0&safe=1&zw


12/14/23, 1:48 PM Gmail - 107325-PJBS-ANSI - Urgent Request for Payment

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-f:1720589205210707248&simpl=msg-f:1720589205210… 1/2

Sayono Sayono <say.epid@gmail.com>

107325-PJBS-ANSI - Urgent Request for Payment
3 pesan

Science Alert <support@scialert.com> 30 Desember 2021 pukul 23.28
Kepada: Sayono <say.epid@gmail.com>

Dear Mr. Sayono

This is with regard to your submitted manuscript, 107325-PJBS-ANSI, titled Susceptibility of Aedes albopictus 
larvae, the competence vector for arboviruses to the larvicidal activity of three types of Derris elliptica extract , 
submitted to Pakistan Journal of Biological Sciences on 19 November, 2021 for consideration as a Original 
Article.

The above-mentioned manuscript has been finally accepted by the Reviewer for publication in Pakistan 
Journal of Biological Sciences as Original Article.

Now the article is pending due to the payment of the Article Processing Cost.  If you are responsible to pay 
the Article Processing Charges of this article, please download the invoice from the following link and pay the 
APC IMMEDIATELY. 

https://scialert.com/ems/invz/107325-PJBS-ANSI.pdf

Your quick response will help us to publish your article in the coming issue. 

We look forward to hearing from you.

Regard
Jasmine Wulf
Communication Manager
Pakistan Journal of Biological Sciences

Sayono Sayono <say.epid@gmail.com> 31 Desember 2021 pukul 09.32
Kepada: Science Alert <support@scialert.com>

Dear Jasmine Wulf
Communication Manager
Pakistan Journal of Biological Sciences

This morning I went to an overseas money transfer service agent with the attached invoice. However, the agent asked
for a clearer name and identity of the recipient. Is there a bank name, account number and beneficiary (name and
ID)?

S. Sayono
On behalf of authors
Department of Epidemiology and Tropical Diseases
School of Public Health  of Universitas Muhammadiyah Semarang
Jalan Kedung Mundu Raya 18, Semarang, 50273
Indonesia

[Kutipan teks disembunyikan]

107325-PJBS-ANSI.pdf
151K

Sayono Sayono <say.epid@gmail.com> 31 Desember 2021 pukul 14.01
Kepada: Science Alert <support@scialert.com>

https://scialert.com/ems/invz/107325-PJBS-ANSI.pdf
https://scialert.com/ems/invz/107325-PJBS-ANSI.pdf
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0e546637e579a&attid=0.1&disp=attd&realattid=f_kxts5qbb0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0e546637e579a&attid=0.1&disp=attd&realattid=f_kxts5qbb0&safe=1&zw


12/14/23, 1:48 PM Gmail - 107325-PJBS-ANSI - Urgent Request for Payment

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-f:1720589205210707248&simpl=msg-f:1720589205210… 2/2

Dear Jasmine Wulf
Communication Manager
Pakistan Journal of Biological Sciences

We have paid the article processing charge (Attachment 1) according to the payment invoice (Attachment 2). We are
waiting for the good news of the next process.

Best Regards
S. Sayono
Department of Epidemiology and Tropical Diseases
School of Public Health  of Universitas Muhammadiyah Semarang
Jalan Kedung Mundu Raya 18, Semarang, 50273
Indonesia

[Kutipan teks disembunyikan]

2 lampiran

img20211231_13500180.pdf
115K

107325-PJBS-ANSI.pdf
151K

https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0f4b3d0c83854&attid=0.1&disp=attd&realattid=f_kxu1s9ed0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0f4b3d0c83854&attid=0.1&disp=attd&realattid=f_kxu1s9ed0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0f4b3d0c83854&attid=0.2&disp=attd&realattid=f_kxu1sfv41&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2d6a7d3c49&view=att&th=17e0f4b3d0c83854&attid=0.2&disp=attd&realattid=f_kxu1sfv41&safe=1&zw


12/14/23, 1:49 PM Gmail - 107325-PJBS-ANSI - Check Final Proof

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-f:1724122815711761475&simpl=msg-f:1724122815711… 1/1

Sayono Sayono <say.epid@gmail.com>

107325-PJBS-ANSI - Check Final Proof
1 pesan

Science Alert <support@scialert.com> 7 Februari 2022 pukul 23.33
Kepada: Sayono <say.epid@gmail.com>

Dear Mr. Sayono

This is with regard to your submitted manuscript, 107325-PJBS-ANSI, titled Susceptibility of Aedes albopictus 
larvae, the competence vector for arboviruses to the larvicidal activity of three types of Derris elliptica extract , 
submitted to Pakistan Journal of Biological Sciences on 19 November, 2021 for consideration as a Original 
Article.

Production Department has prepared final proof of your above mentioned manuscript for publication in the 
coming issue of Pakistan Journal of Biological Sciences. 

You may please download the final proof of your article for final checking after log in to your account with 
User ID: say.epid@gmail.com. 

If you have forgot your password, you may retrieve your password from the following link by providing your 
User ID say.epid@gmail.com.
  
http://scialert.com/forgot_password.php

Please check the final proof carefully and provide us the list of corrections by replying this email. Please note 
that after this step this article will be published immediately and we will not be in a position to modify any part 
of the paper later on. 

It is therefore, requested to please submit list of corrections within next two days. If the provided final proof is 
suitable and you did not find any mistake in this final proof, please send us email and write that you are 
satisfied with the provided final proof. 

Your quick response will help us to publish your article in the coming issue. 

We look forward to hearing from you.

Regard
Academic Editor
Pakistan Journal of Biological Sciences

mailto:say.epid@gmail.com
mailto:say.epid@gmail.com
http://scialert.com/forgot_password.php
http://scialert.com/forgot_password.php


12/14/23, 1:49 PM Gmail - Status has been changed for your article No. 107325-PJBS-ANSI

https://mail.google.com/mail/u/0/?ik=2d6a7d3c49&view=pt&search=all&permthid=thread-f:1725547302846064690&simpl=msg-f:1725547302846… 1/1

Sayono Sayono <say.epid@gmail.com>

Status has been changed for your article No. 107325-PJBS-ANSI
2 pesan

Science Alert <no-reply@scialert.com> 23 Februari 2022 pukul 16.55
Kepada: Sayono <say.epid@gmail.com>

Dear Sayono,

Status of your above mentioned manuscript has been changed. Current status of your manuscript
is as under:

Published: Manuscript has been published in Pakistan Journal of Biological Sciences

For further information, please logon the system at http://www.scialert.com/login.php with your user
id and password.

Best Regards
Science Alert Support Team

Science Alert <no-reply@scialert.com> 23 Februari 2022 pukul 16.55
Kepada: Sayono <say.epid@gmail.com>

[Kutipan teks disembunyikan]

http://track.smtpsendemail.com/9068138/c?p=a0xPSN_X_iicr8-PTk2P-pfbhKpfaiTAPrpuGRC25_b4myr7lUNhNUXoQvoPfOjzzFVkAy2UXH-A5UGTg2ar9KTuM5IGbvQOSvceRv9VjjgS-NxD6_oRRQI36TZKwd2qGnd4bQY95vmtbcJXR2hBKmV4BSVg_Hj7d4cT5nq-ILI=
http://www.scialert.com/login.php
http://www.scialert.com/login.php

	0-Susceptibility of Aedes albopictus-PJBS-2021-full.pdf (p.1-19)
	cover letter to PJBS.pdf (p.1)
	Title page albo.pdf (p.2)
	Susceptibility of Aedes albopictus-PJBS-2021.pdf (p.3-19)

	1-Gmail - Status has been changed for your article No. 107325-PJBS-ANSI.pdf (p.20)
	2-Gmail - Status has been changed for your article No. 107325-PJBS-ANSI.pdf (p.21)
	3-Gmail - Status has been changed for your article No. 107325-PJBS-ANSI.pdf (p.22)
	4-Gmail - 107325-PJBS-ANSI - Request for Revised Article.pdf (p.23)
	5-Gmail - 107325-PJBS-ANSI - Request for Revised Article.pdf (p.24)
	6-107325-PJBS-ANSI - revised version (1).pdf (p.25-40)
	7-Gmail - TRY AGAIN TO SUBMIT YOUR ARTICLE.pdf (p.41)
	8-Gmail - information for payment.pdf (p.42)
	9-Gmail - 107325-PJBS-ANSI - Urgent Request for Payment.pdf (p.43-44)
	10-Gmail - 107325-PJBS-ANSI - Check Final Proof.pdf (p.45)
	11-Gmail - Status has been changed for your article No. 107325-PJBS-ANSI.pdf (p.46)

