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Abstract. Bintaro (Cerbera manghas L.) seeds contain phytochemical 
compounds like cerberin, flavonoid, steroid, tannin, and saponin. These 
compounds may act as a natural eradication of Aedes aegypti L. in the adult 
stage or are called natural adulticides. This study aimed to determine the 
effectiveness of Bintaro seed extract on the mortality of Ae. aegypti 
mosquitoes. This experimental research uses the post-test-only control 
group design. There were seven Bintaro seed extract concentrations as 
treatment, namely 300ppm, 350ppm, 400ppm, 450ppm, 500ppm, 550ppm, 
and 600ppm. The control treatment used ethanol (96%). The research 
sample was 480 mosquitoes aged 3-5 days (for three repetitions). Each 
treatment uses 20 mosquitoes in a Duran bottle 250 mL. The data were 
processed using SPSS type 22 with normality and homogeneity tests, then 
analyzed using the Kruskal-Wallis test to determine differences in effective 
concentrations on mosquito mortality. The results showed that Bintaro seed 
extract at a concentration of 600ppm was the most effective on the mortality 
of Ae. aegypti mosquitoes but not significantly different from the other 
concentrations. While the results of the LC50 probit regression analysis were 
453.071 ppm, and the LC90 value was 1737.760 ppm. 

1 Introduction 

Dengue fever in Indonesia is still a problem in the community, as evidenced by the incidence 
of dengue fever which has increased every year [1]. Based on data from the Ministry of 
Health in 2019, the increase in dengue fever cases in the vulnerable years 2010-2019. 
Recorded that the highest incidence rate of dengue occurred in 2010, 2016, and 2019. The 
cause of high dengue cases is due to increased mobility and population density, community 
behavior, climate, and environmental conditions [2]. The condition of the home environment 
that is clean and there are many puddles of clean water can cause the spread of dengue, 
because the mosquitoes that cause dengue are more adaptable and prefer to lay their eggs in 
clean water compared to dirty water [3]. Other factors that cause high dengue cases include 
vector behavior, disease vector density, and disease vector control [4]. 
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The main vector of dengue fever is the Aedes aegypti mosquito, which has a preference 
to bite inside the house, while the second vector of dengue fever is the Aedes albopictus 
mosquito, which has a preference to bite outside the house or plantation [5]. Aedes aegypti 
mosquitoes prefer dark places, for example under tables, under chairs, behind long-hanging 
clothes, and in dark bathrooms [6]. The breeding ground for Aedes aegypti mosquitoes is in 
the form of water reservoirs, for example, water collected in containers [7]. The Aedes 
aegypti mosquito has a perfect metamorphosis, starting from the egg, larva, pupa, and adult 
mosquito. The Aedes aegypti mosquito has a very active time when sucking human blood, 
namely during the day [8], and at that time the Aedes aegypti mosquito also spreads the 
dengue virus. 

Dengue virus spread by Aedes aegypti mosquitoes requires an incubation period of 4 - 7 
days, this virus belongs to the group B Arthropod virus (Arbovirus) which is identified in 
four types of serotypes, namely: DEN-1, DEN-2, DEN-3, and DEN-4 [9]. The spread of the 
dengue virus begins after the mosquito sucks the viremic blood, the mosquito salivates from 
its proboscis, the virus enters the vector's stomach and multiplies, then the dengue virus is 
found in the salivary glands [10] and the vector is ready to continue the chain of transmission 
by being transferred from mosquitoes to humans [11]. The dengue virus can cause dengue 
fever. Dengue fever is commonly found in tropical and subtropical regions of the world, [12]. 
Dengue fever has characteristics, namely sudden high fever accompanied by bleeding 
manifestations, and tends to cause injury and death [13]. 

Many efforts have been made by the government through the Ministry of Health to break 
the chain of the spread of dengue fever caused by the dengue virus. One of them is the 
socialization of the mosquito nest eradication program with 3M (menutup, menguras, 
mengubur – closing, draining, and burying) in water reservoirs, either artificial or natural 
water reservoirs. This is intended for the community to independently control dengue vectors 
[14]. Other efforts made by the government in controlling dengue vectors include fogging 
using insecticides and eradicating mosquitoes using abate. The fact field that is done by the 
community in breaking the chain of the spread of dengue is the use of chemical insecticides 
such as mosquito sprays, electricity, ointment, and burns. One of the contents contained in 
these insecticides is malathion and themephos which are insecticides from the 
organophosphate class [15], and cypermethrin, palmetrin, transflutrin and D-alletrin which 
are insecticides from the pyrethroid group  [16]. 

The continuous use of chemicals to control adult-stage Aedes aegypti mosquitoes has 
various negative impacts. Among them, it can cause resistance in mosquitoes, endanger 
environmental health because it can be a pollutant, and spread free radicals [17].  According 
to [18], the use of chemical insecticides such as organochlorines, carbamates, pyrethroids, 
and organophosphates such as malathion, if used for a long period will cause resistance, so 
other alternative solutions are needed. More effective alternative solutions are needed to 
break the chain of the spread of Aedes aegypti mosquitoes, such as the utilization of natural 
extracts for adulticides. Adulticide from natural extracts can be obtained from Piper betle 
[19], Ayzygium aromaticum [20], Spondias mombin [21], Zanthoxylum limonella [22], 
Melaleuca cajuputi [23] which have been done by previous researchers. However, in this 
study employs Bintaro (Cerbera manghas L.) seeds as a natural extract for adulticidal 
purposes due to the presence of various chemical compounds within the seeds that exhibit 
potential adulticidal activity against Aedes aegypti mosquitoes. Furthermore, investigations 
focusing on the adulticidal properties of natural extracts derived from Bintaro seeds remain 
limited in the existing scientific literature. 

Bintaro seeds contain active compounds that are toxic such as flavonoids, steroids, 
saponins, alkaloids, and tannins [24]. Flavonoid compounds act as antimicrobials and attack 
the nerves of vital insect organs [25]. Steroid compounds act as a protective agent by 
inhibiting the molting process in insects [26]. Tannin compounds act as antifeedants [27], 

which damage protein absorption and block the digestive process, causing a decrease in the 
work system of the digestive organs. Saponin compounds act as stomach poisons, contact 
poisons, and respiratory poisons in insects that cause cell damage, and disrupt the respiration 
process so that it can cause death to Aedes aegypti mosquitoes  [28]. The alkaloid compound 
contained in Bintaro seeds is cerberin, which is a bitter-tasting and toxic substance that can 
inhibit calcium ion channels in the heart muscle of mosquitoes which causes death [29]. 
Flavonoid compounds act as antimicrobials and attack the nerves of vital insect organs [30]. 
So, the aim of this research is to investigate the influence of Bintaro (Cerbera manghas L.) 
seed extract on the mortality of Aedes aegypti mosquitoes, with the objective of determining 
the potential of the extract as an effective adulticidal agent in controlling the population of 
Aedes aegypti mosquitoes. 

2 Method 

The approach used in this study was quantitative. The data then generated in the form of the 
percentage of mortality of adult-stage Aedes aegypti mosquitoes were analyzed statistically. 
The type of research used is experiment research to find the effectiveness of Bintaro fruit 
seed extract (Cerbera manghas L.) on the mortality of adult-stage Aedes aegypti mosquitoes. 
The posttest-only control group design was used in the study. The treated group is referred 
to as the experimental group, while the untreated group is the control group. The adulticide 
test method is using with a 250 mL Duran bottle with seven treatments namely Bintaro seed 
extract concentrations of 300ppm, 350ppm, 400ppm, 450ppm, 500ppm, 550ppm, 600ppm, 
and one control treatment (96% ethanol). The research sample was Aedes aegypti mosquitoes 
aged 3-5 days with as many as 480 which were used for three replicates. The research stages 
consist of collecting Bintaro seeds and making extracts, looking for Aedes aegypti mosquito 
larvae, identifying larvae including Aedes aegypti, treating larvae until they become 
mosquitoes by feeding poultry pellets and sugar water, after mosquitoes aged 3-5 days, 
adulticide tests were carried out using Duran bottles and Bintaro seed extracts with seven 
concentration treatments and one control treatment. Each treatment was filled with 20 
mosquitoes in each bottle. Data from the study were processed using SPSS type 22 with 
normality and homogeneity tests, then analyzed using the Kruskal-Wallis test to determine 
differences in effective concentrations on mosquito mortality. 

 The adulticide test procedure using a Duran bottle is described as follows. (1) The Duran 
bottle used for the adulticide experiment was washed using warm water and soap once, and 
then the bottle was washed using running water three times. (2) the Duran bottle is put into 
the oven at 50 degrees Celsius for ± 20 minutes until the bottle is dry, then the bottle is 
smeared with extract according to the concentration of 0.1 ml. (3) the Duran bottle that has 
been smeared with the extract is leveled by turning the bottle so that the extract is perfectly 
flat. (4) After that, the Duran bottle as a whole is covered with aluminum foil, and a small 
gap is left as a place to see during observation. (5) The top side of the Duran bottle is closed 
using aluminum foil and given a small hole for breathing for mosquitoes. (6) The Duran 
bottle that has been given the extract and closed using aluminum foil is placed in a container 
that does not have light for 24 hours to ensure that the extract in the bottle is dry. (7) After 
24 hours the bottle can be used for an adulticide test by inserting 20 mosquitoes in each bottle. 
(8) Observations were made every six hours in 24 hours to note the mortality of mosquitoes. 

3 Results and Discussion 

The outcomes of the investigation regarding the efficacy of Bintaro seed extract on Aedes 
aegypti mosquito mortality are presented in Table 1. The results indicate that the highest 
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mortality rate among Aedes aegypti mosquitoes occurred in the groups treated with Bintaro 
seed extract concentrations of 450ppm (U3), 550ppm (U3), and 600ppm (U3), where a total 
of 14 mosquitoes exhibited mortality, corresponding to a percentage value of 70%. The 
lowest mortality rate among the treated mosquitoes occurred at a concentration of 300ppm 
(U1), where a total of 4 mosquitoes experienced mortality, corresponding to a percentage 
value of 20%. The control group (U1) exhibited the lowest mortality rate among all tests 
conducted, with 0 mosquitoes showing mortality, representing a percentage value of 0%. 

Table 1. The mortality data of Aedes aegypti mosquitoes. 

Treatment 
(ppm) 

Repetition 
Number of dead mosquitoes 

Total 
Percentage 

(%) 
Mean 6 

hours 
12 

hours 
18 

hours 
24 

hours 

300 

1 2 0 2 0 4 20 

28.33 2 0 2 1 2 5 25 

3 1 2 1 4 8 40 

350 

1 2 3 1 3 9 45 

31.67 2 3 1 1 0 5 25 

3 1 3 0 1 5 25 

400 

1 2 2 1 2 7 35 

35 2 1 1 1 5 8 40 

3 2 1 1 2 6 30 

450 

1 3 1 1 3 8 40 

53.33 2 2 2 2 4 10 50 

3 2 4 0 8 14 70 

500 

1 4 1 4 2 11 55 

55 2 0 0 4 5 9 45 

3 4 3 4 2 13 65 

550 

1 3 4 0 6 13 65 

55 2 0 2 2 2 6 30 

3 3 7 0 4 14 70 

600 

1 4 4 0 4 12 60 

63.33 2 4 5 0 3 12 60 

3 5 3 4 2 14 70 

Control 

1 0 0 0 0 0 0 

3.33 2 0 1 0 0 1 5 

3 0 0 0 1 1 5 

 
The presence of various active compounds contained in Bintaro seeds can cause death in 

Aedes aegypti mosquitoes. This is following Table 1 which states that mosquito mortality at 
concentrations of 450ppm, 550ppm and 600ppm can kill mosquitoes by 70%. This is because 
the higher the concentration given, the higher the toxic concentration of Bintaro seed extract 
(Cerbera manghas L.) which can cause a large number of mosquitoes to die [31]. In contrast 
to the control concentration which can only kill mosquitoes as much as 0%, this is because 
mosquitoes that get low concentrations, the workings of the active compounds are slow so it 
can be said that low concentrations do not have an even effect on mosquito death [32].  

Each increment in concentration utilized yields varying mortality percentage data, 
resulting in a tendency towards increased outcomes. This trend is evidenced by the mortality 
percentages of Aedes aegypti mosquitoes at concentrations of 300ppm, 350ppm, 400ppm, 
450ppm, 500ppm, 550ppm, and 600ppm, which are recorded as 28.33%, 31.67%, 35%, 
53.33%, 55%, 55%, and 63.33%, respectively. Hence, it can be inferred that the Bintaro seed 
extract employed as a treatment group exhibits an adulticidal effect on the Aedes aegypti 
mosquito. This finding aligns with the research conducted by [31], which posits that Bintaro 
contain bioactive compounds capable of inducing mortality in insects. Cerbera manghas 
contains various bioactive compounds including saponins, terpenoids, alkaloids, phenolic 
acids, flavonoids, cardiac glycosides, steroids, iridoids, lignans, and other compounds [31–
33]. The main phytochemical compounds in Cerbera manghas are cardiac glycosides, 
followed by terpenoids and phenolic acids [34]. This plant also exhibits antioxidant, 
anticancer, anti-inflammatory, DNA damage protection, and antimicrobial activities [35]. In 
addition, a derivative of Cerbera manghas aldehyde called cyclopentenopyridine has been 
found to have activity against plant viruses, insects, and plant pathogenic bacteria [36]. 
Cerbera manghas leaf extract also shows antibacterial activity against plant and animal 
pathogens, as well as antioxidant activity [35–37–38]. Cerbera manghas seeds contain 
cerberin, a cardiac glycoside toxin that blocks calcium ion channels in heart muscle [37–39]. 

Furthermore, the normality test results (Shapiro-Wilk test) based on Table 2 informs that 
the mortality results of Aedes aegypti mosquitoes at a concentration of 300ppm [W(3) = 
0.923, p = 0.463], a concentration of 350ppm [W(3) = 0.750, p = 0.000], a concentration of 
400ppm [W(3) = 1. 000, p = 1.000], 450ppm concentration [W(3) = 0.964, p = 0.637], 
500ppm concentration [W(3) = 1.000, p = 1.000], 5500ppm concentration [W(3) = 0.842, p 
= 0.220], 600ppm concentration [W(3) = 0.750, p = 0.000], Control group [W(3) = 0.750, p 
= 0.000]. The data on normality is considered abnormal due to two concentrations having a 
Sig value of less than 0.05 (<0.05), namely the 350ppm concentration and the 600ppm 
concentration.  

Table 2. Normality test result. 

Treatment (ppm) 
Shapiro-Wilk 

Statistic df Sig. 

300 .923 3 .463 

350 .750 3 .000 

400 1.000 3 1.000 

450 .964 3 .637 

500 1.000 3 1.000 

550 .842 3 .220 

600 .750 3 .000 

Control .750 3 .000 

 
The results of the homogeneity test with the Levene test in Table 3 inform that the 

variance of the data on the mortality results of Aedes aegypti mosquitoes is not homogeneous 
because the Sig value is less than 0.05 [F (7, 16) = 2.854, p = 0.039]. Therefore, the data 
cannot be continued using the one-way ANOVA parametric test considering that 2 conditions 
must be met, namely; data must be normal and data must be homogeneous. Both conditions 
are not met, so the data can be continued with a non-parametric test to replace one-way 
ANOVA, namely the Kruskal-Wallis non-parametric test. 
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cannot be continued using the one-way ANOVA parametric test considering that 2 conditions 
must be met, namely; data must be normal and data must be homogeneous. Both conditions 
are not met, so the data can be continued with a non-parametric test to replace one-way 
ANOVA, namely the Kruskal-Wallis non-parametric test. 
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Table 3. Homogeneity test result. 

Levene Statistic df1 df2 Sig. 

2.854 7 16 .039 

 
The results of the Kruskal-Wallis test based on Table 4. inform that the Assymp Sig value 

is 0.018. This value is less than 0.05 (<0.05), indicating that there is a difference in the 
average mortality of Aedes aegypti mosquitoes in the effect of each extract concentration. 
Furthermore, there is a further test after the Kruskal-Wallis test which is useful for knowing 
the concentration that has a difference in the mortality of Aedes aegypti mosquitoes and can 
be seen in Table 5. Based on Table 5, it is indicated that the concentration of Bintaro seeds 
effective for killing Aedes aegypti mosquitoes is 600ppm. However, this concentration does 
not exhibit a significant difference from the concentrations of 500ppm, 550ppm, 450ppm, 
400ppm, 350ppm, and 300ppm. 

Table 4. Kruskal-Wallis test result. 

Test Statisticsa,b 

Chi-Square 16.868 

Df 7 

Asymp. Sig. .018 

Table 5. The notation of Kruskal-Wallis further test result. 

Treatment (ppm) Mean Notation 

Control 3.33 a  

300ppm 28.33 a b 

350ppm 31.67 a b 

400ppm 35 a b 

450ppm 53.33 a b 

500ppm 55 a b 

550ppm 55 a b 

600ppm 63.33  b 

 
Based on the results of the Kruskal-Wallis test used to determine the presence of 

differences in the concentration of Bintaro seed extract on mosquito mortality, can be seen 
in Table 4 and Table 5. The results stated that the concentration of 600ppm was effective in 
killing Aedes aegypti mosquitoes but was not significantly different from the concentrations 
of 550ppm, 500ppm, 450ppm, 400ppm, 350ppm, and 300ppm. This occurs because the 
determination of the concentration range used is not high enough, namely only a range of 
50ppm at each concentration, and temperature conditions in the unfortunate area in February-
March when mosquito rearing is less stable. 

Then, Table 6 shows that the probit regression test obtained an estimate of the LC50 of 
Bintaro seed extract at a concentration of 453.071ppm. This means that giving Bintaro seed 
extract with a concentration of 453.071ppm will cause 50% mortality of Aedes aegypti 

mosquitoes. Furthermore, the results of the probit regression test obtained an estimate or 
estimate of the LC90 of Bintaro seed extract at a concentration of 1737.760ppm. The 
estimated LC90 has a value of 1737.760ppm which means that giving Bintaro seed extract 
with a concentration of 1737.760ppm can have an impact of 90% mortality of Aedes aegypti 
mosquitoes. 

Table 6. The results of probit regression analysis. 

Probit Regression Analysis Estimate (ppm) 

Probit LC50 453.071 

Probit LC90 1737.760 

 
Based on the results of the LC50 and LC90 probit regression tests in Table 6, the LC50 value 

obtained is 453.071ppm and the LC90 value obtained is 1737.760 ppm. So, it can be assumed 
that the Bintaro seed extract can cause the death of 50% of the total mosquitoes at a 
concentration of 453.071ppm and can cause the death of 90% of the total mosquitoes at a 
concentration of 453.071ppm. The lower the value of LC50 and LC90, the higher the toxicity 
level of an insecticide. It can be concluded that an extract can be said to be toxic if the LC50 

value is <1000ppm. As previously explained, Bintaro also contains saponins, terpenoids, 
alkaloids, phenolic acids, flavonoids, and cardiac glycosides [33–37–40]. Saponin works as 
an insecticide by providing a toxic effect on insect pests. They have been found to have 
repellent or deterrent activity, causing reduced food intake, digestive disorders, weight loss, 
developmental retardation, reduced reproductive rates, and death in insects [33–41–45] . 
Saponins are surface-active compounds with high molecular weight present in many plants. 
They have a non-polar aglycone moiety combined with a polar sugar molecule. This 
compound has been shown to be effective against a variety of insect pests, including diamond 
moth larvae, aphids [43], mosquito larvae [45], caterpillars [42], and Japanese beetles [44]. 
According to this secondary plant metabolites, have been found to have insecticidal activity 
by causing cell membrane permeation and damage to the insect midgut epithelium [46]. 

On the other hand, terpenoids act as insecticides through various mechanisms. They can 
inhibit detoxification enzymes in insects, making them effective in formulating botanical 
insecticides [47]. Additionally, terpenoids can synergize with other insecticides, increasing 
their effectiveness [48]. Furthermore, terpenoids can penetrate the integument of larvae, 
increasing their insecticidal activity [49]. Overall, terpenoids act as insecticides by directly 
influencing pest physiology or by increasing the effectiveness of other insecticides. While 
alkaloids have been investigated for their potential use as insecticides on mosquitoes. Natural 
alkaloids were evaluated for their inhibitory effects on AChE in Aedes aegypti, with alpha-
solanine identified as a potential inhibitor [50]. Amaryllidaceae alkaloids from Nerine 
sarniensis tubers show adulticidal activity against Aedes aegypti  [51]. These findings 
indicate that alkaloids in Bintaro also have the potential to be used as insecticides for 
mosquito control. 

Moreover, flavonoids work as insecticides in mosquitoes by inhibiting the activity of 
certain enzymes and disrupting hormonal processes in insects. They have been shown to 
inhibit the activity of glutathione S-transferase Noppera-BO (Nobo), an enzyme involved in 
the biosynthesis of the insect steroid hormone ecdysone [52]. In addition, flavonoids can act 
as general toxins, growth inhibitors, reproductive inhibitors, repellents, and oviposition 
deterrents [53]. The larvicidal activity of flavonoids has been observed in various mosquito 
species, including Aedes aegypti, Aedes albopictus, and Culex pipiens pallens [54]. However, 
the exact way flavonoids work as mosquito adulticides is not fully understood 
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Furthermore, there is a further test after the Kruskal-Wallis test which is useful for knowing 
the concentration that has a difference in the mortality of Aedes aegypti mosquitoes and can 
be seen in Table 5. Based on Table 5, it is indicated that the concentration of Bintaro seeds 
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not exhibit a significant difference from the concentrations of 500ppm, 550ppm, 450ppm, 
400ppm, 350ppm, and 300ppm. 

Table 4. Kruskal-Wallis test result. 

Test Statisticsa,b 

Chi-Square 16.868 

Df 7 

Asymp. Sig. .018 

Table 5. The notation of Kruskal-Wallis further test result. 
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400ppm 35 a b 
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500ppm 55 a b 

550ppm 55 a b 
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Based on the results of the Kruskal-Wallis test used to determine the presence of 

differences in the concentration of Bintaro seed extract on mosquito mortality, can be seen 
in Table 4 and Table 5. The results stated that the concentration of 600ppm was effective in 
killing Aedes aegypti mosquitoes but was not significantly different from the concentrations 
of 550ppm, 500ppm, 450ppm, 400ppm, 350ppm, and 300ppm. This occurs because the 
determination of the concentration range used is not high enough, namely only a range of 
50ppm at each concentration, and temperature conditions in the unfortunate area in February-
March when mosquito rearing is less stable. 

Then, Table 6 shows that the probit regression test obtained an estimate of the LC50 of 
Bintaro seed extract at a concentration of 453.071ppm. This means that giving Bintaro seed 
extract with a concentration of 453.071ppm will cause 50% mortality of Aedes aegypti 

mosquitoes. Furthermore, the results of the probit regression test obtained an estimate or 
estimate of the LC90 of Bintaro seed extract at a concentration of 1737.760ppm. The 
estimated LC90 has a value of 1737.760ppm which means that giving Bintaro seed extract 
with a concentration of 1737.760ppm can have an impact of 90% mortality of Aedes aegypti 
mosquitoes. 

Table 6. The results of probit regression analysis. 

Probit Regression Analysis Estimate (ppm) 

Probit LC50 453.071 

Probit LC90 1737.760 

 
Based on the results of the LC50 and LC90 probit regression tests in Table 6, the LC50 value 

obtained is 453.071ppm and the LC90 value obtained is 1737.760 ppm. So, it can be assumed 
that the Bintaro seed extract can cause the death of 50% of the total mosquitoes at a 
concentration of 453.071ppm and can cause the death of 90% of the total mosquitoes at a 
concentration of 453.071ppm. The lower the value of LC50 and LC90, the higher the toxicity 
level of an insecticide. It can be concluded that an extract can be said to be toxic if the LC50 

value is <1000ppm. As previously explained, Bintaro also contains saponins, terpenoids, 
alkaloids, phenolic acids, flavonoids, and cardiac glycosides [33–37–40]. Saponin works as 
an insecticide by providing a toxic effect on insect pests. They have been found to have 
repellent or deterrent activity, causing reduced food intake, digestive disorders, weight loss, 
developmental retardation, reduced reproductive rates, and death in insects [33–41–45] . 
Saponins are surface-active compounds with high molecular weight present in many plants. 
They have a non-polar aglycone moiety combined with a polar sugar molecule. This 
compound has been shown to be effective against a variety of insect pests, including diamond 
moth larvae, aphids [43], mosquito larvae [45], caterpillars [42], and Japanese beetles [44]. 
According to this secondary plant metabolites, have been found to have insecticidal activity 
by causing cell membrane permeation and damage to the insect midgut epithelium [46]. 

On the other hand, terpenoids act as insecticides through various mechanisms. They can 
inhibit detoxification enzymes in insects, making them effective in formulating botanical 
insecticides [47]. Additionally, terpenoids can synergize with other insecticides, increasing 
their effectiveness [48]. Furthermore, terpenoids can penetrate the integument of larvae, 
increasing their insecticidal activity [49]. Overall, terpenoids act as insecticides by directly 
influencing pest physiology or by increasing the effectiveness of other insecticides. While 
alkaloids have been investigated for their potential use as insecticides on mosquitoes. Natural 
alkaloids were evaluated for their inhibitory effects on AChE in Aedes aegypti, with alpha-
solanine identified as a potential inhibitor [50]. Amaryllidaceae alkaloids from Nerine 
sarniensis tubers show adulticidal activity against Aedes aegypti  [51]. These findings 
indicate that alkaloids in Bintaro also have the potential to be used as insecticides for 
mosquito control. 

Moreover, flavonoids work as insecticides in mosquitoes by inhibiting the activity of 
certain enzymes and disrupting hormonal processes in insects. They have been shown to 
inhibit the activity of glutathione S-transferase Noppera-BO (Nobo), an enzyme involved in 
the biosynthesis of the insect steroid hormone ecdysone [52]. In addition, flavonoids can act 
as general toxins, growth inhibitors, reproductive inhibitors, repellents, and oviposition 
deterrents [53]. The larvicidal activity of flavonoids has been observed in various mosquito 
species, including Aedes aegypti, Aedes albopictus, and Culex pipiens pallens [54]. However, 
the exact way flavonoids work as mosquito adulticides is not fully understood 
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Cerbera manghas fruit extract, which contains cerberin [37–40], has been shown to have 
bio-larvicidal activity against Sitophilus oryzae, a type of beetle [55]. It is possible that 
cerberin, similar to other cardiac glycosides (CG), disrupts the normal function of the insect's 
nervous system or other vital processes, leading to paralysis or death [33–37–39–40–56]. CG 
act as insecticides by inhibiting the sodium-potassium pump (Na+/K+-ATPase), which 
disrupts ionic homeostasis in cells and causes increased calcium concentration and cell death. 
Insects that can absorb CG in their tissues are protected from predation due to the toxicity of 
this compound [57]. The mechanism of action of CG involves binding to specific receptor 
sites on the sodium pump [58]. Binding of these receptors leads to the activation of second 
messengers and can even function as a growth factor at physiological concentrations [59]. 
However, at higher concentrations reached after consuming exogenous cardenolides, CG 
inhibits the pump and produces toxic consequences [60]. Thus, the cerberin content in 
Cerbera manghas has great potential to be used as a natural insecticide against Aedes aegypti. 
Overall, the active compound content in Bintaro seed extract (saponins, terpenoids, alkaloids, 
flavonoids, and cerberin) has a potential mortality effect on the Aedes aegypti mosquito. 

4 Conclusion  

Based on the results of research and discussion about the effectiveness of Bintaro seed extract 
as adulticide against Aedes aegypti mosquitoes. There is an effect of Bintaro seed extract on 
the mortality of Aedes aegypti mosquitoes at a concentration of 600ppm, but each treatment 
concentration shows that it is not significantly different. This occurs because the 
determination of the concentration range used is not high enough, only 50ppm, and the 
temperature when treating Aedes aegypti mosquito larvae until they become adults is less 
stable. The LC50 value of Bintaro seed extract on Aedes aegypti mosquito mortality is 
453.071ppm while the LC90 value of Bintaro seed extract on Aedes aegypti mosquito 
mortality is 1737.760ppm, Bintaro seed extract is said to be toxic because it has an LC50 
value <1000ppm. 
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as adulticide against Aedes aegypti mosquitoes. There is an effect of Bintaro seed extract on 
the mortality of Aedes aegypti mosquitoes at a concentration of 600ppm, but each treatment 
concentration shows that it is not significantly different. This occurs because the 
determination of the concentration range used is not high enough, only 50ppm, and the 
temperature when treating Aedes aegypti mosquito larvae until they become adults is less 
stable. The LC50 value of Bintaro seed extract on Aedes aegypti mosquito mortality is 
453.071ppm while the LC90 value of Bintaro seed extract on Aedes aegypti mosquito 
mortality is 1737.760ppm, Bintaro seed extract is said to be toxic because it has an LC50 
value <1000ppm. 

References 

1. Kementerian Kesehatan Republik Indonesia, Profil Kesehatan Indonesia 2016 
(2016). 

2. KEMENKES RI, Profil Kesehatan Indonesia 2020 (2021). 

3. M. Widawati & N. H. Kusumastuti, Insektisida rumah tangga dan keberadaan larva 
Aedes aegypti di Jakarta Selatan. ASPIRATOR - Journal of Vector-borne Disease 
Studies, 9 (2017). https://doi.org/10.22435/aspirator.v9i1.5562.35-42. 

4. R. Yudhastuti & M. F. D. Lusno, Gambaran kasus Demam Berdarah Dengue (DBD) 
di Pulau Bali Tahun 2012-2017. Jurnal Kesehatan Lingkungan Indonesia, 19 (2020) 
27. https://doi.org/10.14710/jkli.19.1.27-34. 

5. L. P. Ambarita, H. Sitorus, & R. H. Komaria, Habitat Aedes pradewasa dan indeks 
entomologi di 11 kabupaten/kota Provinsi Sumatera Selatan. Balaba: Jurnal Litbang 
Pengendalian Penyakit Bersumber Binatang Banjarnegara, 12 (2016) 111–120. 
https://doi.org/10.22435/blb.v12i2.5002.111-120. 

6. E. Atikasari & L. Sulistyorini, Pengendalian vektor nyamuk Aedes aegypti di rumah 
sakit Kota Surabaya. The Indonesian Journal of Public Health, 13 (2019) 73. 
https://doi.org/10.20473/ijph.v13i1.2018.73-84. 

7. S. L. Nasifah & D. M. Sukendra, Kondisi lingkungan dan perilaku dengan kejadian 
DBD di wilayah kerja Puskesmas Kedungmundu. Indonesian Journal of Public 
Health and Nutrition, 1 (2021) 62–72. 

8. S. Zen, Kemelimpahan dan aktivitas menggigit nyamuk Aedes sp pada daerah 
endemis demam berdarah dengue di Kota Metro, Lampung. BIOEDUKASI (Jurnal 
Pendidikan Biologi), 5 (2017) 151. https://doi.org/10.24127/bioedukasi.v5i2.794. 

9. C. Montolalu & C. Mongi, Analisis bifurkasi hopf dan kestabilan model dinamik 
transmisi virus dengue dengan waktu tunda dalam pengaruhnya terhadap 
kemunculan penyakit Demam Berdarah Dengue. d’CARTESIAN, 6 (2017) 86. 
https://doi.org/10.35799/dc.6.2.2017.17970. 

10. M. R. Ridha, A. Fadilly, & N. A. Rosvita, Aktivitas nokturnal Aedes aegypti dan Ae. 
albopictus (Diptera : Culicidae) di berbagai daerah di Kalimantan. Journal of Health 
Epidemiology and Communicable Diseases (JHECDs), 3 (2017) 50–55. 

11. N. W. Widhidewi, Epidemiologi dan pencegahan transmisi virus dengue. 
WICAKSANA: Jurnal Lingkungan dan Pembangunan, 3 (2019) 2–7. 

12. H. S. Parulian Manalu & A. Munif, Pengetahuan dan perilaku masyarakat dalam 
pencegahan Demam Berdarah Dengue di Provinsi Jawa Barat dan Kalimantan Barat. 
ASPIRATOR - Journal of Vector-borne Disease Studies, 8 (2016) 69–76. 
https://doi.org/10.22435/aspirator.v8i2.4159.69-76. 

13. E. Lesar, W. B. S. Joseph, & O. R. Pinontoan, Gambaran pengetahuan dan tindakan 
masyarakat tentang pengendalian vektor demam berdarah dengue di Desa Touure 
Kabupaten Minahasa Tahun 2020. Fakultas Kesehatan Masyarakat Universitas Sam 
Ratulagi Manado, 9 (2020) 168–175. 

14. F. Priesley, M. Reza, & S. R. Rusdji, Hubungan perilaku Pemberantasan Sarang 
Nyamuk dengan Menutup, Menguras dan Mendaur Ulang Plus (PSN M Plus) 
terhadap kejadian Demam Berdarah Dengue (DBD) di Kelurahan Andalas. Jurnal 
Kesehatan Andalas, 7 (2018) 124. https://doi.org/10.25077/jka.v7.i1.p124-130.2018. 

15. E. S. Majawati, Kerentanan vektor Demam Berdarah Dengue terhadap insektisida 
golongan organofosfat. Jurnal Kedokteran Mediktek, 21 (2015) 1–4. 

16. M. Widawati & N. H. Kusumastuti, Insektisida rumah tangga dan keberadaan larva 
Aedes aegypti di Jakarta Selatan. ASPIRATOR - Journal of Vector-borne Disease 
Studies, 9 (2017). https://doi.org/10.22435/aspirator.v9i1.5562.35-42. 

17. A. A. Almadiy, Chemical composition, insecticidal and biochemical effects of two 
plant oils and their major fractions against Aedes aegypti, the common vector of 
dengue fever. Heliyon, 6 (2020) e04915. 
https://doi.org/10.1016/j.heliyon.2020.e04915. 

18. A. Y. Syani & S. Sutarto, Insecticide resistance in Aedes aegypti. J Agromedicine, 5 
(2018) 582–586. 

19. R. Martianasari & P. H. Hamid, Larvicidal, adulticidal, and oviposition-deterrent 
activity of Piper betle L. essential oil to Aedes aegypti. Veterinary World, 12 (2019) 
367–371. https://doi.org/10.14202/vetworld.2019.367-371. 

20. N. Faris, Muhammad., Lusiyana, Efek adulticida minyak atsiri bunga cengkeh 
(Ayzygium aromaticum) sebagai bahan anti nyamuk elektrik terhadap nyamuk 
Aedes aegypti. JIMK, 8 (2021) 68–76. 

21. E. E. Ajaegbu, S. P. Y. Danga, I. U. Chijoke, & F. B. C. Okoye, Mosquito adulticidal 
activity of the leaf extracts of Spondias mombin L. against Aedes aegypti L. and 
isolation of active principles. Journal of Vector Borne Diseases, 53 (2016) 17–22. 

9

BIO Web of Conferences 117, 01017 (2024)	 https://doi.org/10.1051/bioconf/202411701017
ICoLiST 2023



22. M. Diana, C. Sales, H. B. Costa, & D. D. Meira, Adulticidal, larvicidal, pupicidal 
and oviposition deterrent activities of essential oil from Zanthoxylum limonella 
Alston (Rutaceae) against Aedes aegypti (L.) and Culex quinquefasciatus (Say). 
Asian Paci fi c Journal of Tropical Biomedicine pineapple, 6 (2016) 26–31. 

23. A. A. Bakar, H. Ahmad, S. Sulaiman, B. Omar, & R. M. Ali, Evaluation of in vitro 
Bioactivity of Melaleuca cajuputi Powell Essential Oil against Aedes aegypti (L.) 
and Aedes albopictus (Skuse). Sains Malaysiana, 48 (2019) 1919–1926. 
https://doi.org/10.17576/jsm-2019-4809-13. 

24. K. Wulandari & M. Ahyanti, Efektivitas ekstrak biji Bintaro (Cerbera manghas) 
sebagai larvasida hayati pada larva Aedes aegypti instar III. Jurnal Kesehatan, 9 
(2018) 218. https://doi.org/10.26630/jk.v9i2.889. 

25. M. Saleh, A. Susilawaty, S. Syarfaini, & M. Musdalifah, Uji efektivitas ekstrak kulit 
buah jeruk nipis (Citrus aurantifolia) sebagai insektisida hayati terhadap nyamuk 
Aedes aegypti. Jurnal Kesehatan Lingkungan, 3 (2017) 30–36. 

26. M. Widawati & H. Prasetyowati, Efektivitas ekstrak buah Beta vulgaris L . (buah bit) 
dengan berbagai fraksi pelarut terhadap mortalitas larva Aedes aegypti. Aspirator, 5 
(2013) 23–29. 

27. Z. Al Amin, T. Wardhani, & S. Pratamaningtyas, Pengaruh metode maserasi jazzar 
dan balafif dalam memperoleh ekstrak air daun mindi (Melia azedarach L.) sebagai 
insektisida botani pada ulat grayak (Spodoptera litura F.). AGRIKA: Jurnal Ilmi-Ilmu 
Pertanian, 10 (2016) 110–121. https://doi.org/10.31328/ja.v10i2.458. 

28. D. Wahyuni & I. Loren, Perbedaan toksisitas ekstrak daun sirih (Piper betle L.) 
dengan ekstrak biji srikaya (Annona squamosa L.) terhadap larva nyamuk Aedes 
aegypti L. Saintifika, 17 (2015) 38–48. 

29. Muharram, I. Dini, adnan, & A. Fudhail, Senyawa metabolit sekunder dan 
bioaktivitas dari ekstrak tumbuhan Hutan Tropis Sulawesi Selatan. (2017) 8. 

30. M. Saleh, A. Susilawaty, S. Syarfaini, & M. Musdalifah, Uji efektivitas ekstrak kulit 
buah jeruk nipis (Citrus aurantifolia) sebagai insektisida hayati terhadap nyamuk 
Aedes aegypti. Jurnal Kesehatan Lingkungan, 3 (2017) 30–36. 

31. K. Wulandari & M. Ahyanti, Efektivitas ekstrak biji Bintaro (Cerbera manghas) 
sebagai larvasida hayati pada larva Aedes aegypti instar III. Jurnal Kesehatan, 9 
(2018) 218. https://doi.org/10.26630/jk.v9i2.889. 

32. M. R. A. Putri, E. Wydiamala, & L. Hayatie, Efektivitas ekstrak etanol daun sirih 
merah (Piper crocatum Ruiz dan Pav.) sebagai repelen terhadap nyamuk Aedes 
aegypti. Jurnal Kesehatan Maharatu, 5 (2022) 623–631. 
https://doi.org/10.20527/ht.v5i3.7736. 

33. P. K. Maharana, Ethnobotanical, phytochemical, and pharmacological properties of 
Cerbera manghas L. Journal of Biosciences, 46 (2021) 1–8. 
https://doi.org/10.1007/S12038-021-00146-6. 

34. L. Ling, Z. Jiyong, Y. Shengyong, H. Cui, C. Kaihong, & D. Chaoyang, Aromatic 
cyclopentenopyridine as well as synthesis method and application thereof. (2019). 

35. P. Iawsipo, W. Choksawangkarn, C. Promdan, & P. Nilkasam, Antibacterial and 
antioxidant activities of Cerbera manghas and C. odollam leaf extracts. 22 (2017) 
129–140. 

36. M. Basyuni, A. N. Prabuanisa, R. Wati, I. K. T. W. Kusuma, Hamiudin, Guntur, & 
H. Oku, Distribution of polyisoprenoids in various tissues of Bintaro (Cerbera 
manghas). 2021 (2018) 30008. https://doi.org/10.1063/1.5062732. 

37. M. Saxena, E. B. Jadhav, M. S. Sankhla, M. Singhal, K. Parihar, K. K. Awasthi, & 
G. Awasthi, Bintaro (Cerbera odollam and Cerbera manghas): an overview of its eco-
friendly use, pharmacology, and toxicology. Environmental Science and Pollution 
Research, 30 (2022) 71970–71983. https://doi.org/10.1007/s11356-022-22585-w. 

38. M. Y. Musdja, Chadidjah, & I. Djajanegara, Antibacterial activity of 
dichloromethane and ethyl acetate extracts of bintaro leaf (cerbera manghas, linn) 
against staphylococcus aureus and escherichia coli. (2019). 

39. Y. Deng, Y. Liao, J.-J. Li, L. Yang, H. Zhong, Q. Zhou, & Z. Qing, Acaricidal 
activity against Panonychus citri and active ingredient of the mangrove plant Cerbera 
manghas. Natural Product Communications, 9 (2014) 1265. 
https://doi.org/10.1177/1934578X1400900911. 

40. S. S. Prasanth & R. Aiyalu, Quantitative determination of cerberin in seed extract of 
cerbera odollam and rat serum by high performance thin layer chromatography. 
journal of applied pharmaceutical science, 5 (2015) 61–69. 

41. B. Singh & A. Kaur, Control of insect pests in crop plants and stored food grains 
using plant saponins: A review. Lwt - Food Science and Technology, 87 (2018) 93–
101. https://doi.org/10.1016/J.LWT.2017.08.077. 

42. E. De Geyter, D. Geelen, & G. Smagghe, First results on the insecticidal action of 
saponins. Communications in agricultural and applied biological sciences, 72 (2007) 
645–648. 

43. S. K. Dolma, E. Sharma, A. Gulati, & S. G. E. Reddy, Insecticidal activities of tea 
saponin against diamondback moth, Plutella xylostella and aphid, Aphis craccivora. 
Toxin Reviews, 37 (2018) 52–55. https://doi.org/10.1080/15569543.2017.1318405. 

44. I. Iovinella, F. Barbieri, E. Biazzi, C. Sciandra, A. Tava, G. Mazza, L. Marianelli, A. 
Cini, P. F. Roversi, & G. Torrini, Antifeedant and insecticidal effects of alfalfa 
saponins in the management of the Japanese beetle Popillia japonica. Journal of 
Applied Entomology, (2023). https://doi.org/10.1111/jen.13153. 

45. N. E.-H. Djeghader, L. Aïssaoui, K. Amira, & H. Boudjelida, Toxicity evaluation 
and effects on the development of a plant extract, the Saponin, on the domestic 
mosquito, Culex pipiens. International Journal of Mosquito Research, 5 (2018) 1–5. 

46. E. De Geyter, Toxicity and mode of action of steroid and terpenoid secondary plant 
metabolites against economically important pest insects in agriculture, 2012. 

47. M. Fazolin, H. R. Bizzo, & A. F. M. Monteiro, Potential use of terpenoids for control 
of insect pests. Terpenoids: Recent Advances in Extraction, Biochemistry and 
Biotechnology (2022), pp. 246–278. 
https://doi.org/10.2174/9781681089645122010013. 

48. O. S. Baker, E. J. Norris, & E. R. Burgess, Insecticidal and synergistic potential of 
htree monoterpenoids against the Yellow Fever Mosquito, Aedes aegypti (Diptera: 
Culicidae), and the House Fly, Musca domestica (Diptera: Muscidae). Molecules, 28 
(2023) 3250. https://doi.org/10.3390/molecules28073250. 

49. Z. Liu, Q. Li, & B. Song, Pesticidal activity and mode of action of monoterpenes. 
Journal of Agricultural and Food Chemistry, 70 (2022) 4556–4571. 
https://doi.org/10.1021/acs.jafc.2c00635. 

50. C. Balachandran, S. Anbalagan, C. Kandeepan, N. A. Nagendran, M. Jayakumar, E. 
F. Abd_Allah, A. A. Alqarawi, A. Hashem, & K. Baskar, Molecular docking studies 
of natural alkaloids as acetylcholinesterase (AChE1) inhibitors in Aedes aegypti. 
Journal of Asia-pacific Entomology, 24 (2021) 645–652. 
https://doi.org/10.1016/J.ASPEN.2021.05.011. 

10

BIO Web of Conferences 117, 01017 (2024)	 https://doi.org/10.1051/bioconf/202411701017
ICoLiST 2023



22. M. Diana, C. Sales, H. B. Costa, & D. D. Meira, Adulticidal, larvicidal, pupicidal 
and oviposition deterrent activities of essential oil from Zanthoxylum limonella 
Alston (Rutaceae) against Aedes aegypti (L.) and Culex quinquefasciatus (Say). 
Asian Paci fi c Journal of Tropical Biomedicine pineapple, 6 (2016) 26–31. 

23. A. A. Bakar, H. Ahmad, S. Sulaiman, B. Omar, & R. M. Ali, Evaluation of in vitro 
Bioactivity of Melaleuca cajuputi Powell Essential Oil against Aedes aegypti (L.) 
and Aedes albopictus (Skuse). Sains Malaysiana, 48 (2019) 1919–1926. 
https://doi.org/10.17576/jsm-2019-4809-13. 

24. K. Wulandari & M. Ahyanti, Efektivitas ekstrak biji Bintaro (Cerbera manghas) 
sebagai larvasida hayati pada larva Aedes aegypti instar III. Jurnal Kesehatan, 9 
(2018) 218. https://doi.org/10.26630/jk.v9i2.889. 

25. M. Saleh, A. Susilawaty, S. Syarfaini, & M. Musdalifah, Uji efektivitas ekstrak kulit 
buah jeruk nipis (Citrus aurantifolia) sebagai insektisida hayati terhadap nyamuk 
Aedes aegypti. Jurnal Kesehatan Lingkungan, 3 (2017) 30–36. 

26. M. Widawati & H. Prasetyowati, Efektivitas ekstrak buah Beta vulgaris L . (buah bit) 
dengan berbagai fraksi pelarut terhadap mortalitas larva Aedes aegypti. Aspirator, 5 
(2013) 23–29. 

27. Z. Al Amin, T. Wardhani, & S. Pratamaningtyas, Pengaruh metode maserasi jazzar 
dan balafif dalam memperoleh ekstrak air daun mindi (Melia azedarach L.) sebagai 
insektisida botani pada ulat grayak (Spodoptera litura F.). AGRIKA: Jurnal Ilmi-Ilmu 
Pertanian, 10 (2016) 110–121. https://doi.org/10.31328/ja.v10i2.458. 

28. D. Wahyuni & I. Loren, Perbedaan toksisitas ekstrak daun sirih (Piper betle L.) 
dengan ekstrak biji srikaya (Annona squamosa L.) terhadap larva nyamuk Aedes 
aegypti L. Saintifika, 17 (2015) 38–48. 

29. Muharram, I. Dini, adnan, & A. Fudhail, Senyawa metabolit sekunder dan 
bioaktivitas dari ekstrak tumbuhan Hutan Tropis Sulawesi Selatan. (2017) 8. 

30. M. Saleh, A. Susilawaty, S. Syarfaini, & M. Musdalifah, Uji efektivitas ekstrak kulit 
buah jeruk nipis (Citrus aurantifolia) sebagai insektisida hayati terhadap nyamuk 
Aedes aegypti. Jurnal Kesehatan Lingkungan, 3 (2017) 30–36. 

31. K. Wulandari & M. Ahyanti, Efektivitas ekstrak biji Bintaro (Cerbera manghas) 
sebagai larvasida hayati pada larva Aedes aegypti instar III. Jurnal Kesehatan, 9 
(2018) 218. https://doi.org/10.26630/jk.v9i2.889. 

32. M. R. A. Putri, E. Wydiamala, & L. Hayatie, Efektivitas ekstrak etanol daun sirih 
merah (Piper crocatum Ruiz dan Pav.) sebagai repelen terhadap nyamuk Aedes 
aegypti. Jurnal Kesehatan Maharatu, 5 (2022) 623–631. 
https://doi.org/10.20527/ht.v5i3.7736. 

33. P. K. Maharana, Ethnobotanical, phytochemical, and pharmacological properties of 
Cerbera manghas L. Journal of Biosciences, 46 (2021) 1–8. 
https://doi.org/10.1007/S12038-021-00146-6. 

34. L. Ling, Z. Jiyong, Y. Shengyong, H. Cui, C. Kaihong, & D. Chaoyang, Aromatic 
cyclopentenopyridine as well as synthesis method and application thereof. (2019). 

35. P. Iawsipo, W. Choksawangkarn, C. Promdan, & P. Nilkasam, Antibacterial and 
antioxidant activities of Cerbera manghas and C. odollam leaf extracts. 22 (2017) 
129–140. 

36. M. Basyuni, A. N. Prabuanisa, R. Wati, I. K. T. W. Kusuma, Hamiudin, Guntur, & 
H. Oku, Distribution of polyisoprenoids in various tissues of Bintaro (Cerbera 
manghas). 2021 (2018) 30008. https://doi.org/10.1063/1.5062732. 

37. M. Saxena, E. B. Jadhav, M. S. Sankhla, M. Singhal, K. Parihar, K. K. Awasthi, & 
G. Awasthi, Bintaro (Cerbera odollam and Cerbera manghas): an overview of its eco-
friendly use, pharmacology, and toxicology. Environmental Science and Pollution 
Research, 30 (2022) 71970–71983. https://doi.org/10.1007/s11356-022-22585-w. 

38. M. Y. Musdja, Chadidjah, & I. Djajanegara, Antibacterial activity of 
dichloromethane and ethyl acetate extracts of bintaro leaf (cerbera manghas, linn) 
against staphylococcus aureus and escherichia coli. (2019). 

39. Y. Deng, Y. Liao, J.-J. Li, L. Yang, H. Zhong, Q. Zhou, & Z. Qing, Acaricidal 
activity against Panonychus citri and active ingredient of the mangrove plant Cerbera 
manghas. Natural Product Communications, 9 (2014) 1265. 
https://doi.org/10.1177/1934578X1400900911. 

40. S. S. Prasanth & R. Aiyalu, Quantitative determination of cerberin in seed extract of 
cerbera odollam and rat serum by high performance thin layer chromatography. 
journal of applied pharmaceutical science, 5 (2015) 61–69. 

41. B. Singh & A. Kaur, Control of insect pests in crop plants and stored food grains 
using plant saponins: A review. Lwt - Food Science and Technology, 87 (2018) 93–
101. https://doi.org/10.1016/J.LWT.2017.08.077. 

42. E. De Geyter, D. Geelen, & G. Smagghe, First results on the insecticidal action of 
saponins. Communications in agricultural and applied biological sciences, 72 (2007) 
645–648. 

43. S. K. Dolma, E. Sharma, A. Gulati, & S. G. E. Reddy, Insecticidal activities of tea 
saponin against diamondback moth, Plutella xylostella and aphid, Aphis craccivora. 
Toxin Reviews, 37 (2018) 52–55. https://doi.org/10.1080/15569543.2017.1318405. 

44. I. Iovinella, F. Barbieri, E. Biazzi, C. Sciandra, A. Tava, G. Mazza, L. Marianelli, A. 
Cini, P. F. Roversi, & G. Torrini, Antifeedant and insecticidal effects of alfalfa 
saponins in the management of the Japanese beetle Popillia japonica. Journal of 
Applied Entomology, (2023). https://doi.org/10.1111/jen.13153. 

45. N. E.-H. Djeghader, L. Aïssaoui, K. Amira, & H. Boudjelida, Toxicity evaluation 
and effects on the development of a plant extract, the Saponin, on the domestic 
mosquito, Culex pipiens. International Journal of Mosquito Research, 5 (2018) 1–5. 

46. E. De Geyter, Toxicity and mode of action of steroid and terpenoid secondary plant 
metabolites against economically important pest insects in agriculture, 2012. 

47. M. Fazolin, H. R. Bizzo, & A. F. M. Monteiro, Potential use of terpenoids for control 
of insect pests. Terpenoids: Recent Advances in Extraction, Biochemistry and 
Biotechnology (2022), pp. 246–278. 
https://doi.org/10.2174/9781681089645122010013. 

48. O. S. Baker, E. J. Norris, & E. R. Burgess, Insecticidal and synergistic potential of 
htree monoterpenoids against the Yellow Fever Mosquito, Aedes aegypti (Diptera: 
Culicidae), and the House Fly, Musca domestica (Diptera: Muscidae). Molecules, 28 
(2023) 3250. https://doi.org/10.3390/molecules28073250. 

49. Z. Liu, Q. Li, & B. Song, Pesticidal activity and mode of action of monoterpenes. 
Journal of Agricultural and Food Chemistry, 70 (2022) 4556–4571. 
https://doi.org/10.1021/acs.jafc.2c00635. 

50. C. Balachandran, S. Anbalagan, C. Kandeepan, N. A. Nagendran, M. Jayakumar, E. 
F. Abd_Allah, A. A. Alqarawi, A. Hashem, & K. Baskar, Molecular docking studies 
of natural alkaloids as acetylcholinesterase (AChE1) inhibitors in Aedes aegypti. 
Journal of Asia-pacific Entomology, 24 (2021) 645–652. 
https://doi.org/10.1016/J.ASPEN.2021.05.011. 

11

BIO Web of Conferences 117, 01017 (2024)	 https://doi.org/10.1051/bioconf/202411701017
ICoLiST 2023



51. M. Masi, A. Cala, N. Tabanca, A. Cimmino, I. R. Green, J. R. Bloomquist, W. A. L. 
Van Otterlo, F. A. Macías, & A. Evidente, Alkaloids with Activity against the Zika 
Virus Vector Aedes aegypti (L.)-Crinsarnine and Sarniensinol, Two New Crinine 
and Mesembrine Type Alkaloids Isolated from the South African Plant Nerine 
sarniensis. Molecules, 21 (2016) 1432. 
https://doi.org/10.3390/MOLECULES21111432. 

52. K. Inaba, K. Ebihara, M. Senda, R. Yoshino, C. Sakuma, K. Koiwai, D. Takaya, C. 
Watanabe, A. Watanabe, Y. Kawashima, K. Fukuzawa, R. Imamura, H. Kojima, T. 
Okabe, N. Uemura, S. Kasai, H. Kanuka, T. Nishimura, K. Watanabe, H. Inoue, Y. 
Fujikawa, T. Honma, T. Hirokawa, T. Senda, & R. Niwa, Molecular action of 
larvicidal flavonoids on ecdysteroidogenic glutathione S-transferase Noppera-bo in 
Aedes aegypti. BMC Biology, 20 (2022). https://doi.org/10.1186/s12915-022-01233-
2. 

53. H. Perumalsamy, M. J. Jang, J.-R. Kim, M. Kadarkarai, & Y.-J. Ahn, Larvicidal 
activity and possible mode of action of four flavonoids and two fatty acids identified 
in Millettia pinnata seed toward three mosquito species. Parasites & Vectors, 8 
(2015) 237. https://doi.org/10.1186/S13071-015-0848-8. 

54. A. Saxena, G. Saxena, R. Arnold, P. Anand, & S. Tiwari, Evaluation of larvicidal 
potential of flavonoid extracted from Sphaeranthus indicus Linn (Asteraceae) for 
controlling mosquito Culex quinquefaciatus (Culicidae) Diptera (2013). 

55. I. Guswenrivo, D. Tarmadi, & S. Yusuf, Insecticide activity of Cerbera manghas fruit 
exstract to Sitophilus oryzae (Coleoptera: Curculionidae). 11 (2013) 82–89. 
https://doi.org/10.51850/JITKT.V11I1.107. 

56. P. Ss & A. Rajasekaran, Derivative ultra-violet spectroscopic method for the 
estimation of cerberin in rat plasma. International journal of pharma and bio 
sciences, 6 (2015) 749–758. 

57. R. S. El-Mallakh, K. Brar, & R. R. Yeruva, Cardiac glycosides in human physiology 
and disease: Update for entomologists. Insects, 10 (2019) 102. 
https://doi.org/10.3390/INSECTS10040102. 

58. D. A. S. Smith, Cardiac glycosides in Danaus chrysippus (L.) provide some 
protection against an insect parasitoid. Cellular and Molecular Life Sciences, 34 
(1978) 844–845. https://doi.org/10.1007/BF01939655. 

59. B. Li-Ping, Z. Zheng, Z. Xiaobo, G.-Y. Zhu, & J. Zhi-Hong, Cardiac glycoside 
compound, synthesis method and application thereof. (2021). 

60. L. Hui, M. Fucheng, F. Danqing, Y. Qiu, Y.-K. Qiu, K. Caihuan, & P. Su, 
Application of cardiac glycoside compound in marine biofouling prevention, 2016. 

  
 

12

BIO Web of Conferences 117, 01017 (2024)	 https://doi.org/10.1051/bioconf/202411701017
ICoLiST 2023


