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 Dengue hemorrhagic fever (DHF) is an infectious disease caused by the 

dengue virus, with Aedes albopictus as one of its vectors. Vector control can 

be conducted using larvicides; however, the uncontrolled use of chemical 

larvicides may lead to resistance. Therefore, the development of natural 

larvicides is a promising alternative. Clove (Syzygium aromaticum) leaves 

contain bioactive compounds such as eugenol, which have demonstrated 

larvicidal activity against mosquito larvae. This study aimed to evaluate the 

effectiveness of eugenol extracted from clove leaves originating from 

Ambon Island on the mortality of Ae. albopictus larvae at concentrations of 

200 µl, 300 µl, and 400 µl. A bioassay method was employed to assess 

larvicidal activity, and statistical analyses were conducted to determine 

differences in mortality among the concentrations. The results showed that 

larval mortality reached 100% at 200 µl within 7 hours, 100% at 300 µl 

within 6 hours, and 100% at 400 µl within 4 hours. The results of the 

statistical test using Kruskal Wallis showed a P value 0.005. These findings 

indicate that higher eugenol concentrations lead to faster larval mortality. In 

conclusion, eugenol from clove leaves has potential as an active ingredient 

in natural larvicides for the control of Ae. albopictus. 

 
I. Introduction 

Dengue Hemorrhagic Fever (DHF) is an 

infectious disease characterized by acute fever and 

caused by the dengue virus (Akollo, 2023; Padonou 

et al., 2023). This disease remains a major public 

health problem worldwide, including in Indonesia 

(Akollo, 2019). The dengue virus is transmitted to 

humans through mosquito bites (Akollo, 2019; 

Akollo et al., 2020). The mosquito species that act 

as vectors of DHF are Aedes aegypti and Ae. 

albopictus (Akollo, 2022; Herath et al., 2024; 

Watmanlussy et al., 2024). 

One of the strategies for controlling dengue 

fever is vector management through the use of 

larvicides (Matiadis et al., 2021; Mohd-Nawi et al., 

2022; Wira Utami & Roskiana Ahmad, 2016). 

Larvicides are applied to eliminate Ae. aegypti and 

Ae. albopictuslarvae, thereby reducing the risk of 

dengue transmission (Akollo et al., 2023; Palomino 

et al., 2022). However, continuous and extensive use 

of larvicides has led to the development of resistance 

in Ae. aegypti and Ae. albopictus populations 

(Davila-Barboza et al., 2024; Dwicahya et al., 2023), 

making the larvae more difficult to eliminate and 

consequently hindering effective dengue control 

(Boyer et al., 2022; Dwicahya et al., 2023). 

Larvae of Ae. aegypti and Ae. albopictus have 

been reported to develop resistance to synthetic 

larvicides in several Indonesian islands, including 

Java, Sumatra, Kalimantan, Sulawesi, and Papua 

(Dwicahya et al., 2023; Nurmayanti et al., 2020). 

The emergence of resistant dengue vectors poses a 

major challenge to effective dengue control. 

Therefore, the development of natural larvicides is 

urgently required (Boyer et al., 2022). One plant part 

with promising potential as a natural larvicide is 

clove (Syzygium aromaticum) leaves (Akollo et al., 

2024). 

Clove (Syzygium aromaticum L.) leaves 

contain several bioactive compounds with larvicidal 

properties, one of which is eugenol (Budiman et al., 

2022; Ouadi et al., 2022). Eugenol affects the 

nervous system, leading to mortality in insects 

(Akollo et al., 2024). The neurotoxic properties of 

eugenol cause exposed larvae to become immobile 

and eventually die (Adhikari et al., 2022). In 

addition, eugenol also induces larval death by 

disrupting the digestive system (Akollo et al., 2024). 

Ambon Island is well known for its spice 

production, particularly clove. Clove leaves are 

often regarded as waste by local communities and 

remain underutilized, despite their potential to be 

developed as a natural larvicide (Akollo et al., 2024; 

Lameky et al., 2023). Several previous studies have 

reported the effectiveness of eugenol in inducing 

mosquito larval mortality. Research conducted in 

India demonstrated that eugenol extracted from 
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lemongrass was effective in killing Ae. aegypti 

larvae (Adhikari et al., 2022). Similarly, a study in 

Iran showed that eugenol derived from clove flowers 

exhibited larvicidal activity against Anopheles 

stephensi (Osanloo et al., 2018). However, no 

studies have yet investigated the larvicidal efficacy 

of eugenol extracted from clove leaves originating 

from Ambon Island against Ae. aegypti and Ae. 

albopictus larvae. This knowledge gap forms the 

main focus of the present study. 

The research question addressed in this 

study is whether eugenol extracted from clove 

(Syzygium aromaticum) leaves originating from 

Ambon Island is effective as a natural larvicidal 

agent against Ae. aegypti and Ae. albopictuslarvae. 

The objective of this study is to evaluate the 

larvicidal efficacy of eugenol from Ambon clove 

leaves against Ae. albopictus larvae at 

concentrations of 200 µL, 300 µL, and 400 µL. 

II. Research Method 

This study was an experimental research 

employing a randomized control group design. The 

research was conducted at three different locations. 

Essential oil distillation was carried out at PT. 

Ghema Berkat Abadi. Eugenol isolation was 

performed at the Organic Chemistry Laboratory, 

Pattimura University (UNPATTI) and the larvicidal 

bioassay of eugenol against Ae. albopictus larvae 

was conducted at the Epidemiology Laboratory, 

Faculty of Medicine, Maluku Indonesia Christian 

University, Indonesia. This research has passed the 

ethical test from the Maluku Husada Health College 

(No: RK. 198/KEPK/STIK/VII/2025).  

Eugenol in this study was obtained from 

clove leaves originating from Ambon Island. The 

dried clove leaves were collected, sorted, and 

subjected to a distillation process to produce 

essential oil (Akollo et al., 2024). The essential oil 

was then isolated to obtain eugenol through the 

following procedure. A total of 75 mL of essential 

oil was mixed with a sodium hydroxide solution and 

stirred using a magnetic stirrer. The mixture was 

transferred into a separatory funnel and extracted. 

The extraction yielded two layers: an aqueous layer 

containing sodium eugenolate and an oil layer 

containing caryophyllene. The aqueous sodium 

eugenolate layer was then acidified with 25% HCl to 

pH 3, transferred into a separatory funnel, and 

extracted. The aqueous layer was mixed with 25 mL 

of ether and re-extracted to separate eugenol from 

water. The eugenol was washed three times with 

distilled water, dried over 1 gram of anhydrous 

Na₂SO₄, and filtered using filter paper. The eugenol 

was gently heated to evaporate residual ether. The 

resulting eugenol was subsequently used to kill 

larvae of Ae. albopictus. 

 The mosquito population was randomly 

divided into six groups. The first three treatment 

groups were exposed to eugenol from clove leaves 

at concentrations of 200 µL, 300 µL, and 400 µL, 

respectively, while the remaining three control 

groups received no treatment and were only 

provided with distilled water. A total of 810 Ae. 

albopictuslarvae were used for each concentration, 

consisting of 648 test larvae and 162 control larvae. 

All larvae used were in the third instar stage 

(Adhikari et al., 2022; Akollo et al., 2024). 

The larvicidal bioassay of eugenol was 

conducted as follows (Akollo, et al., 2024; Centers 

for Disease Control and Prevention, 2010). Five 

plastic cups were prepared with water, four of which 

were treated with eugenol to a final volume of 200 

mL, while the fifth cup served as a negative control. 

18 Ae. albopictus larvae were introduced into each 

cup. Each test was repeated three times, resulting in 

270 larvae per concentration. larval mortality was 

observed and recorded. 

Larvae that did not move, even after being 

touched, were considered dead. If mortality in the 

control group was below 10%, the corrected 

mortality in the test groups was calculated using 

Abbott’s formula. The larvicidal efficacy of eugenol 

against Ae. albopictus larvae was analyzed using 

one-way ANOVA. If the data were not normally 

distributed, the Kruskal–Wallis test was used as an 

alternative (Lameky & Akollo, 2024). The mortality 

of control larvae occurred below 10%, the mortality 

of the larva trated groups will be calculated 

following Abbott’s formula 1 (Adhikari et al., 2022).  

Mortality (%)= 
(C – T) 

x 100% 
C 

Where C = percentage of larvae survived in 

the control group, T = percentage of larvae survived 

in the treated group. 

III. Result and Discussion 

The isolation of eugenol from 75 ml of 

essential oil originating from Ambon Island yielded 

25 ml of eugenol. The isolated eugenol can be seen 

in Figure 1. 

 

 

 

 

 

 

Figure 1. Eugenol  

The results of the study indicated that Ae. 

albopictus larval mortality reached 100% within 7 

hours at a eugenol concentration of 200 µL. At 300 

µL, 100% mortality was achieved within 6 hours, 

while at 400 µL, complete larval mortality occurred 

within 4 hours. These findings indicate that eugenol 

at 400 µL exhibits higher larvicidal activity 

compared to 200 µL and 300 µL concentrations. 

(1) 
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The Kruskal–Wallis test assessing 

differences in larvicidal efficacy among the 200 µL, 

300 µL, and 400 µL concentrations yielded a p-value 

of 0.005, indicating significant differences in larval 

mortality among the concentrations. These results 

demonstrate that increasing the eugenol 

concentration leads to higher mortality rates of Ae. 

albopictus larvae. The detailed results are presented 

in Table 1. 

 

Table 1. Differences in the time of death of Ae. albopictus larvae at concentrations of 200 µl, 300 µl, and 400 µl 

Eugenol 

concentration 
Repetition 

Number 

of 

larvae 

Time of Larval Death Number 

of larval 

deaths 

Percentage 

of larval 

mortality 

Statistical 

test results 
1 h 2 h 3 h 4 h 5 h 6 h 7 h 8 h 24 h 

200 µl 3 216 97 189 201 201 207 210 216 216 216 216 100 

0,005 

Control - 3 54 0 0 0 0 0 0 0 0 0 0 0 

300 µl 3 216 87 183 198 207 210 216 216 216 216 216 100 

Control - 3 54 0 0 0 0 0 0 0 0 0 0 0 

400 µl 3 216 87 180 186 216 216 216 216 216 216 216 100 

Control - 3 54 0 0 0 0 0 0 0 0 0 0 0 

 

Several factors influence the efficacy or 

lethality of natural insecticides, encompassing both 

internal and external factors. Internal factors include 

age, cuticle thickness, and insect species (Anissa & 

Lamdo, 2025). External factors include the 

concentration of the compound, frequency and 

duration of application, application method (Akram 

et al., 2025), and environmental conditions such as 

temperature, humidity, and weather (Akram et al., 

2025; Anissa & Lamdo, 2025). 

The primary factor affecting the lethality of 

natural insecticides is the chemical concentration of 

the compound (Akollo et al., 2024; Akram et al., 

2025). In this study, the larvicidal efficacy of 

eugenol was influenced by the concentrations 

applied. The results demonstrated that higher 

eugenol concentrations corresponded with increased 

mortality, whereas lower concentrations resulted in 

reduced lethality. Increased eugenol concentrations 

enhance its accumulation within larval bodies, 

thereby elevating larval mortality (Adhikari et al., 

2022; Akollo et al., 2024). Adhikari et al., (2022) 

reported a direct correlation between higher eugenol 

concentrations and increased mortality in Ae. 

aegypti larvae. Similarly, a study in Iran showed that 

eugenol derived from clove flowers exhibited 

larvicidal activity against An. stephensi (Osanloo et 

al., 2018). 

Other factors potentially affecting eugenol 

lethality include environmental conditions and larval 

cuticle thickness. Environmental factors, such as 

temperature, can influence the stability and activity 

of active compounds in natural insecticides. 

Elevated temperatures may increase the volatility of 

active compounds, thereby reducing insecticidal 

efficacy (Akram et al., 2025). Additionally, cuticle 

thickness affects the susceptibility of mosquito 

larvae to natural insecticidal compounds. The 

sensitivity of insects, including mosquito larvae, to 

these compounds is determined by the ability of 

chemicals to penetrate the cuticular barrier and reach 

the internal body (Anissa & Lamdo, 2025). 

The results of this study indicate that eugenol 

exhibits high larvicidal activity against Ae. 

albopictuslarvae. All eugenol concentrations tested 

achieved 100% larval mortality, although the time 

required to reach this mortality varied. Achieving 

complete mortality within a relatively short period 

indicates that eugenol acts rapidly in inducing larval 

death. 

Eugenol exerts its lethal effect on mosquito 

larvae by disrupting the digestive and nervous 

systems (Akollo et al., 2024; Kasma et al., 2019; 

Sapulette et al., 2019). This compound can cause 

neurological disruption that ultimately leads to 

insect death (Akollo et al., 2024; Sapulette et al., 

2019). The neurotoxic properties of eugenol result in 

immobilization and eventual mortality of the larvae 

(Adhikari et al., 2022). 

IV. Conclusions 

Eugenol derived from clove leaves from 

Ambon Island is effective in killing Ae. 

albopictuslarvae. Larval mortality reached 100%, 

although the time to achieve this effect varied 

depending on the concentration. Higher 

concentrations of eugenol resulted in greater larval 

mortality. Eugenol from clove leaves has the 

potential to be developed as the active ingredient in 

natural larvicides, serving as an alternative to 

synthetic insecticides, which often contribute to 

resistance development and negative environmental 

impacts. 
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