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Abstract  
 

 Dengue Hemorrhagic Fever (DHF) is a disease caused by the bite of Aedes sp. mosquitoes carrying 
the dengue virus. One of the current efforts to control DHF is through abatement using temephos. However, 
long-term use of temephos can lead to the development of insecticide resistance, thereby reducing its 
effectiveness. As an alternative, efforts are needed to develop larvicides derived from natural plant-based 
ingredients, such as soursop leaves and garlic bulbs. This study aimed to compare the effectiveness of ethanol 
extracts of soursop leaves and garlic bulbs on the mortality of Aedes aegypti larvae. This study was a true 
experimental study with a post-test only control group design. The experiment was conducted in three 
replications using 25 Aedes aegypti instar III–IV larvae in 12 groups, consisting of one positive control group, 
one negative control group, and five treatment groups for each extract at concentrations of 0.05%, 0.1%, 0.2%, 
0.4%, and 0.8%. Based on the Post Hoc Mann-Whitney statistical analysis, each tested extract showed the 
highest larvicidal effect at a concentration of 0.8%, with comparisons to the positive control showing a p-value 
> 0.05. The LC50 values of the soursop leaf and garlic bulb extracts were 0.102 and 0.116, respectively. Thus, 
it can be concluded that ethanol extracts of soursop leaves and garlic bulbs are effective as phytolarvicidal 
agents against Aedes aegypti larvae; however, the ethanol extract of soursop leaves had a stronger effect than 
that of garlic bulbs. 
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INTRODUCTION 
Dengue hemorrhagic fever (DHF) 

remains one of the greatest public health 
challenges, particularly in tropical and sub-
tropical regions, including Indonesia, mak-
ing continuous surveillance and research 
highly important. This disease has complex 
epidemiological characteristics because it is 
caused by four different dengue virus sero-
types (DEN-1, DEN-2, DEN-3, and DEN-
4), which can circulate simultaneously 
within a population. Infection with different 
serotypes may increase the risk of severe 
dengue due to an immunological mecha-
nism known as antibody-dependent en-
hancement (ADE). This condition makes 
dengue transmission patterns difficult to 
predict and subject to change over time. 
Additionally, high population mobility, ur-
banization, and environmental changes con-
tinue to influence transmission patterns, 
making accurate monitoring data and up-to-

date scientific research essential for risk 
mapping. (1–3) 

The high incidence of dengue infec-
tion in Indonesia continues to make it a 
country with a high prevalence of dengue 
fever. (4,5) Data from the 2023 Indonesia 
Health Survey indicate that dengue infec-
tion has spread across all provinces, with an 
average prevalence of 0.64%, the highest 
incidence occurring among children aged 5
–14 years, and a higher prevalence in urban 
areas. (6) In response to this situation, the 
Indonesian government has set a target of 
achieving “Zero Dengue Deaths in Indone-
sia” by 2030. To achieve this target, the 
government has formulated six key strate-
gies, including strengthening effective, 
safe, and sustainable vector control. (4) 

On the other hand, dengue vectors—
Aedes aegypti and Aedes albopictus—have 
demonstrated remarkable environmental 
adaptability. Global climate change, such as 
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tion, which may result in varying effective-
ness against mosquito larvae. Therefore, 
further study is needed to evaluate the ef-
fects of ethanol extracts of soursop leaves 
and garlic bulbs on the mortality of Aedes 
aegypti larvae. This comparison is im-
portant for identifying natural compounds 
that are more effective, economical, and 
have the potential to be developed as safer 
and more environmentally friendly alterna-
tives to conventional larvicides.  

 
METHODS 

This was a laboratory-based experi-
mental study using 96% ethanol extracts of 
soursop leaves (Annona muricata L.) and 
garlic bulbs (Allium sativum L.) as test ma-
terials. These extracts were obtained 
through a maceration process using 96% 
ethanol and had previously passed quality 
control testing at the UPF Traditional 
Health Services Testing Laboratory in Ta-
wangmangu, under certificate number 
TL.02.04/D.XI.6/133.059/2024. Each test 
material was prepared in five different con-
centration levels: 0.05%, 0.1%, 0.2%, 
0.4%, and 0.8%. The positive control used 
was 1% temephos, while PEG 400, which 
also served as a diluent, was used as the 
negative control. The experiment was repli-
cated three times for each treatment group. 
The study population consisted of instar III
–IV Aedes aegypti larvae, with 25 larvae 
used in each study group. (18) The study 
was conducted after obtaining approval 
from the Ethics Committee under number 
5175/A.1/KEPC-FKUMS/I/2024.  

Larvicidal tests were conducted in 
accordance with laboratory bioassay guide-
lines. Each concentration of the test materi-
als, as well as the positive and negative 
controls, was prepared in a container with a 
test volume of 200 mL, into which 25 lar-
vae were introduced. The larvae were ex-
posed for 24 hours, with observations per-
formed every 6 hours and mortality record-
ed at each interval. Larvae were considered 
dead if they showed no response or move-
ment when gently touched, or if they were 
unable to rise to the surface. (18) Mortality 
data were statistically analyzed using the 
Kruskal-Wallis test, followed by the Mann-

rising temperatures and unstable rainfall 
patterns, has expanded mosquito habitats 
and prolonged the transmission season. In-
secticide resistance in mosquitoes, particu-
larly to temephos, an organophosphate-
based insecticide, which has been frequent-
ly reported in various regions, also reduces 
the effectiveness of conventional vector 
control methods. To date, no specific anti-
viral therapy for dengue is available, and 
the effectiveness of vaccines remains lim-
ited to certain population groups. (4,7,8)   

Given this situation, research on lar-
vicides derived from natural resources is 
increasingly being conducted, as these 
agents are biodegradable and considered 
more environmentally friendly and safer for 
humans. (9,10) As a tropical country, Indo-
nesia has great potential to provide a varie-
ty of natural resources as the basis for alter-
native larvicides. Traditionally, several 
plants have long been used by communities 
as natural agents to repel and kill mosqui-
toes. This practice is common in many 
tropical regions, including Indonesia. Some 
of these plants include soursop leaves 
(Annona muricata L.) and garlic bulbs 
(Allium sativum L.), whose bioactive com-
pounds are believed to possess both toxic 
and repellent effects against insects. In ad-
dition, both materials are readily available, 
inexpensive, and derived from natural 
sources, making them relatively more envi-
ronmentally friendly than synthetic chemi-
cal larvicides. (11–13)  

Previous studies have shown that 
soursop seed salt extract is able to kill Ae-
des aegypti larvae at a lethal concentration 
(LC50) of 0.009 mg/mL, while soursop leaf 
hydroethanolic extract is effective as a lar-
vicide against Culex quinquefasciatus with 
an LC50 of 210.17 μg/mL. (14,15) Another 
study showed that garlic essential oil had a 
stronger larvicidal effect than essential oils 
extracted from Bali orange leaves or peel 
against Culex quinquefasciatus larvae. (16) 
Garlic ethanol extract has also been shown 
to be effective in killing Anopheles sp. lar-
vae. (17) Based on these positive findings, 
both plants have similar potential as natural 
larvicides; however, their active com-
pounds have different mechanisms of ac-
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The data presented in Figure 1 were 
subsequently analyzed statistically. The 
results of the normality test using the 
Shapiro–Wilk test yielded a p-value of 
0.002, while the heterogeneity test using 
Levene’s test yielded a p-value of 0.008. 
To determine whether there were signifi-
cant differences among the data groups, the 
data were further analyzed using the Krus-
kal–Wallis test, which yielded a p-value of 
0.001. To identify pairs of groups with sig-
nificant differences, the analysis was con-
tinued using the Mann–Whitney post hoc 
test, the results of which are presented in 
Table 1.  
 The final analysis involved a Probit 
test to determine the LC50 values. The re-
sults of the Probit test for each 6-hour ob-
servation period are presented in Table 2.  

Whitney post hoc test, and probit analysis 
was performed to determine the LC50 with 
a 95% confidence interval. The extract 
preparation procedure was conducted at the 
Pharmacology Laboratory, while the larvi-
cidal tests were carried out at the Parasitol-
ogy Laboratory, Faculty of Medicine, Uni-
versitas Muhammadiyah Surakarta.     

 
RESULTS 

The initial observation involved 
counting the number of Aedes aegypti lar-
vae that died every 6 hours over a 24-hour 
observation period. The results are present-
ed in Figure 1.  

Figure 1. Graph showing the number of larval 
deaths every 6 hours of observation 

Notes: 
C+  : 1% temephos positive control group 
C-  : PEG 400 negative control group 
SL1 : 0.05% soursop leaf extract group 
SL2 : 0.1% soursop leaf extract group 
SL3 : 0.2% soursop leaf extract group 
SL4  : 0.4% soursop leaf extract group 
SL5 : 0.8% soursop leaf extract group 
GB1 : 0.05% garlic bulb extract group 
GB2      : 0.1% garlic bulb extract group 
GB3      : 0.2% garlic bulb extract group 
GB4      : 0.4% garlic bulb extract group 
GB5      : 0.8% garlic bulb extract group 

Table 1. Results of the Mann–Whitney post hoc test  

  C+ C- SL1 SL2 SL3 SL4 SL5 GB1 GB2 GB3 GB4 GB5 

C+   0,025* 0,034* 0,037* 0,121 1,000 1,000 0,037* 0,034* 0,121 1,000 1,000 

C- 0,025*   0,034* 0,037* 0,037* 0,025* 0,025* 0,037* 0,037* 0,037* 0,034* 0,025* 

SL1 0,034* 0,034*   0,043* 0,046* 0,034* 0,034* 0,046* 0,046* 0,487 0,043* 0,034* 

SL2 0,037* 0,037* 0,043*   0,77 0,037* 0,037* 0,050 0,046* 0,376 0,037* 0,037* 

SL3 0,121 0,037* 0,046* 0,77   0,121 0,121 0,050 0,046* 0,822 0,121 0,121 

SL4 1,000 0,025* 0,034* 0,037* 0,121   1,000 0,037* 0,034* 0,121 1,000 1,000 

SL5 1,000 0,025* 0,034* 0,037* 0,121 1,000   0,037* 0,034* 0,121 1,000 1,000 

GB1 0,037* 0,037* 0,046* 0,050 0,050 0,037* 0,037*   0,046* 0,050 0,037* 0,037* 

GB2 0,034* 0,037* 0,046* 0,046* 0,046* 0,034* 0,034* 0,046*   0,046* 0,034* 0,034* 

GB3 0,121 0,037* 0,487 0,822 0,822 0,121 0,121 0,050 0,046*   0,121 0,121 

GB4 1,000 0,034* 0,043* 0,121 0,121 1,000 1,000 0,037* 0,034* 0,121   1,000 

GB5 1,000 0,025* 0,034* 0,121 0,121 1,000 1,000 0,037* 0,034* 0,121 1,000   
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whereas GB4 and GB5 showed a signifi-
cant increase, with mortality rates of 60–
90% at the 24-hour mark. These findings 
indicate that garlic extract possesses larvi-
cidal activity but requires higher concentra-
tions to achieve efficacy comparable to that 
of soursop leaf extract. 

Overall, the cumulative mortality pat-
terns indicate that both extracts exhibit lar-
vicidal activity, although with differing po-
tencies. Soursop leaves demonstrated a 
stronger and more consistent spectrum of 
efficacy, whereas garlic exhibited moderate 
activity that was more dependent on in-
creasing concentrations. The progressive 
increase in mortality from the 6th to the 
24th hour, which corresponded with in-
creasing extract concentrations, further 
supports the hypothesis that the mecha-
nisms of action of both extracts are time-
dependent and dose-dependent. When the 
exposure duration is brief or the extract 
concentration remains low, only a small 
number of active molecules are able to 
reach and damage key targets in the larvae, 
resulting in a relatively low mortality rate. 
However, when the exposure duration is 
extended or the dose is increased, the num-
ber of active molecules interacting with 
larval membranes, enzymes, and structural 
components becomes greater, resulting in 
more severe damage. (24,25) These find-
ings support the use of natural substances 
as alternative larvicides, with soursop 
leaves showing the most promising poten-
tial for controlling the Aedes aegypti vec-
tor. 

The results of the Mann–Whitney 
post hoc test indicated significant differ-
ences among most treatment groups, both 
between the control groups and among the 
concentrations of soursop leaf and garlic 
bulb extracts. Comparisons between the 
positive control (C+) and nearly all treat-
ment groups yielded p-values < 0.05, con-
firming that the extract treatments, particu-
larly at medium to high concentrations, 
produced significantly different larvicidal 
effects compared to the positive control. 
Conversely, comparisons between C+ and 
SL4, SL5, GB4, and GB5 yielded p-values 
> 0.05, indicating that the efficacy of both 

DISCUSSION 
Preliminary results from the larvicid-

al test presented in Figure 1 indicate that 
each treatment group exhibited different 
levels of effectiveness against Aedes ae-
gypti larval mortality over a 6- to 24-hour 
observation period. In the positive control 
group (C+), mortality reached 100% within 
6 hours of observation, confirming that the 
test procedure was valid and that the larvae 
were responsive to the standard larvicide. 
(19) In contrast, the negative control group 
(C–) showed no mortality, indicating that 
neither the medium nor the solvent used 
exerted any toxic effects. (20,21) 

In the soursop leaf (SL) extract 
groups (SL1–SL5), a consistent pattern of 
increasing mortality was observed as the 
concentration increased. The SL5 treat-
ment, which used the highest concentration, 
showed a mortality rate approaching that of 
the positive control group by the 24th hour, 
indicating strong larvicidal potential. Mor-
tality in the SL groups generally began to 
rise sharply after the 12th hour and peaked 
at the 24th hour, suggesting that the extract 
acts gradually through a toxicity mecha-
nism that requires a certain exposure time 
to affect larval physiology. This finding is 
consistent with several previous studies on 
phyto-larvicides in Indonesia, which have 
shown that the larvicidal effects of natural 
substances require time to develop and in-
crease with prolonged larval exposure to 
the substance. (22,23) 

The garlic bulb (GB) groups (GB1–
GB5) showed lower efficacy compared to 
the soursop leaf groups at equivalent con-
centrations. Mortality in GB1 and GB2 re-
mained relatively low even after 24 hours, 

Table 2. Probit test results for each study group at 6
-hour observation intervals 

Study 

group 
LC50 

at 6hrs 

LC50 
at 

12hrs 

LC50 
at 

18hrs 

LC50 

at 24 

hrs 

Soursop 

leaves 
0.137 0.128 0.117 0.102 

Garlic 

bulb 
0.686 0.229 0.144 0.116 
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increased over time. However, despite this 
increase in toxicity, the larvicidal efficacy 
of garlic bulb remained lower than that of 
soursop leaves at all observation points. 

This difference reinforces the finding 
that soursop leaves contain active com-
pounds that act more rapidly and possess 
greater potency, such as acetogenins, flavo-
noids, and annonaceous compounds, which 
are known to be toxic to insects. In con-
trast, sulfur compounds in garlic bulb, such 
as allicin, exhibit maximum larvicidal ef-
fects only after a longer contact period. 
Thus, from the perspective of natural-based 
vector control potential, soursop leaves 
demonstrate superior larvicidal efficacy 
compared to garlic bulb.  

Analysis of the LC₅₀ values at various 
observation times showed that soursop leaf 
extract has greater larvicidal potential than 
garlic bulb extract against Aedes aegypti 
larvae. This is indicated by the LC₅₀ values 
for soursop leaves, which ranged from 
0.102 to 0.137—substantially lower than 
those of garlic bulb extract, which ranged 
from 0.116 to 0.686. A lower LC₅₀ value 
indicates that a lower concentration is re-
quired to kill 50% of the larval population, 
thereby demonstrating greater efficacy. 

Soursop leaves are known to contain 
various secondary metabolites believed to 
possess larvicidal activity, particularly 
acetogenins, alkaloids, tannins, flavonoids, 
and saponins. Among these compounds, 
acetogenins (such as annonacin, squamo-
cin, and bullatacin) are the dominant com-
ponents and are primarily responsible for 
the toxic effects on mosquito larvae. Aceto-
genins act by inhibiting complex I in the 
electron transport chain of larval mitochon-
dria, thereby disrupting ATP production. 
This inhibition causes cellular energy defi-
ciency, ultimately leading to larval death 
through cellular dysfunction. (26) 

In addition, saponins act as natural 
surfactants that disrupt the integrity of lar-
val cell membranes. Saponins reduce sur-
face tension and cause cell lysis by increas-
ing the permeability of intestinal mem-
branes and the integument. Flavonoids and 
alkaloids also contribute by inducing oxi-
dative stress and disrupting the larval nerv-

extracts at high concentrations approached 
that of the positive control. 

The negative control (C–) consistent-
ly showed significant differences compared 
to nearly all treatment groups (p < 0.05), 
indicating that larval mortality in the treat-
ment groups was influenced by extract ad-
ministration. In the soursop leaf groups 
(SL1–SL5), the pattern of significance indi-
cated that increasing concentrations corre-
lated with increased efficacy. Lower con-
centrations (SL1–SL2) still showed signifi-
cant differences compared to several other 
groups, whereas medium to high concentra-
tions (SL4–SL5) tended to be statistically 
indistinguishable from the positive control, 
indicating strong larvicidal activity. 

In the garlic bulb groups (GB1–
GB5), a similar pattern was observed. GB1 
and GB2 showed significant differences 
compared to many other groups, indicating 
relatively low to moderate effects. Mean-
while, GB4 and GB5 showed non-
significant p-values when compared to the 
positive control and high concentrations of 
soursop leaf extract, indicating that high 
concentrations of garlic bulb extract were 
also capable of producing comparable lar-
vicidal effects. 

Overall, this analysis indicates that 
both soursop leaf extract and garlic bulb 
extract exhibit significant larvicidal activi-
ty, with potency increasing as concentration 
increases. The highest concentrations of 
both extracts produced effects comparable 
to the positive control, suggesting their po-
tential for development as alternative phyto
-larvicides. Furthermore, the significant 
differences between groups confirm that 
each dose increase resulted in a measurable 
change in Aedes aegypti larval mortality, 
reinforcing the validity of the dose–
response relationship observed in this 
study. 

In the soursop leaf extract, the LC₅₀ 
value remained relatively stable throughout 
the observation period, indicating con-
sistent toxicity from the 6th to the 24th 
hour. Meanwhile, the garlic bulb extract 
showed a marked decrease in LC₅₀ value 
from 0.686 at the 6th hour to 0.116 at the 
24th hour, indicating that its effectiveness 
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mately leads to paralysis and larval death. 
(27) 

The combination of toxic properties, 
tissue-damaging effects, and disruption of 
cellular metabolism makes garlic bulb ex-
tract an effective natural larvicide against 
Aedes aegypti. This potential supports the 
use of garlic as a natural and environmen-
tally friendly alternative to synthetic chem-
ical insecticides for vector control. 

 
CONCLUSION 

A 96% ethanol extract of soursop 
leaves and garlic bulb was found to exhibit 
time-dependent and dose-dependent larvi-
cidal effects against Aedes aegypti larvae. 
A concentration of 0.8% was the most ef-
fective, producing results nearly equivalent 
to those of temephos. However, the effica-
cy of soursop leaf extract against Aedes 
aegypti larvae was found to be greater than 
that of garlic bulb extract. The findings of 
this study indicate that ethanol extracts of 
soursop leaves and garlic bulb have poten-
tial as natural and environmentally friendly 
larvicides against Aedes aegypti. These ex-
tracts may serve as alternative vector con-
trol agents to reduce reliance on synthetic 
larvicides such as temephos. Future studies 
are needed to evaluate their safety, stabil-
ity, active compounds, and effectiveness 
under field conditions. 
 
ACKNOWLEDGMENTS  
 The authors would like to express 
their gratitude to Muhammadiyah Universi-
ty of Surakarta for providing the facilities 
and funding for this research. 
 
REFFERENCE 
1. ECDC. Dengue Worldwide Over-

view [Internet]. 2023 [cited 2023 Sep 
19]. Available from: https://
www.ecdc.europa.eu/en/dengue-
monthly 

2. Kementerian Kesehatan RI. Informa-
si Dengue 2023 [Internet]. 2023 
[cited 2023 Sep 19]. Available from: 
https://p2pm.kemkes.go.id/publikasi/
infografis/info-dbd-minggu-ke-33-
tahun-2023 

3. World Health Organization. Dengue- 

ous system, including through inhibition of 
the enzyme acetylcholinesterase. Tannins, 
which possess astringent properties, can 
bind to proteins on the larval body surface 
and disrupt respiration by blocking the spir-
acles. (27) 

Synergistically, the combination of 
these active compounds causes multifacto-
rial disruptions, ranging from membrane 
damage and metabolic disorders to nervous 
system dysfunction and internal tissue dam-
age. Therefore, soursop leaf extract demon-
strates strong larvicidal potential and is ef-
fective in reducing the viability of Aedes 
aegypti larvae, making it a promising can-
didate for development as a natural-based 
vector control alternative. 

Garlic bulb is also known to contain 
various bioactive compounds with larvicid-
al potential, particularly allicin, ajoene, or-
ganosulfur compounds (such as diallyl di-
sulfide and diallyl trisulfide), and flavo-
noids. Among these compounds, allicin is 
the primary component formed when garlic 
bulb is crushed or extracted through the 
action of the enzyme alliinase. Allicin is 
known to possess toxic properties against 
insects, including mosquito larvae, through 
mechanisms that target several key biologi-
cal processes. (28) 

The primary mechanism of action of 
allicin and other sulfur compounds involves 
the inhibition of essential enzymes through 
reactions with thiol groups (–SH) on larval 
proteins and enzymes, particularly those 
involved in cellular respiration. This dis-
ruption leads to metabolic dysfunction, 
structural protein damage, and ultimately 
cellular apoptosis. Additionally, organosul-
fur compounds can penetrate larval cell 
membranes, causing membrane destabiliza-
tion, ion leakage, and damage to integu-
mentary tissue. Allicin is also thought to 
induce oxidative stress, increase free radi-
cal production, and disrupt the larval anti-
oxidant defense system. These conditions 
lead to mitochondrial damage, reduced 
ATP production, and cellular dysfunction. 
(29) Meanwhile, flavonoids in garlic bulb 
exert neurotoxic effects through inhibition 
of acetylcholinesterase, thereby disrupting 
nerve impulse transmission, which ulti-



 

 

WMJ (Warmadewa Medical Journal), Vol. 11 No. 1, May 2026, Page. 15 

WMJ (Warmadewa Medical Journal), Vol.11, No.1, May 2026, p-ISSN 2527-4627 

DOI: https://doi.org/10.22225/wmj.11.1.14096.9-16 

nopharmacol. 2020 Oct;260:112974.  
12. Elfahmi, Woerdenbag HJ, Kayser O. 

Jamu: Indonesian traditional herbal 
medicine toward rational phytophar-
macological use. Journal of Herbal 
Medicine. 2014 Jun;4(2):51–73.  

13. Syazana N, Porusia M. Kajian Litera-
tur Efektivitas Biolarvasida Ekstrak 
Daun Sirsak Terhadap Jentik Nya-
muk Aedes aegypti. ENVIRON-
MENTAL OCCUPATIONAL 
HEALTH AND SAFETY JOUR-
NAL [Internet]. 2022 Mar 15 [cited 
2025 Dec 10];2(2):203. Available 
from: https://jurnal.umj.ac.id/
index.php/EOHSJ/article/view/9453 

14. Maia SL, Lopes CF, Saldanha AA, 
Silva NL, Sartori ÂLB, Carollo CA, 
et al. Larvicidal Effect from Different 
Annonaceae Species on Culex quin-
quefasciatus. Environmental Science 
and Pollution Research. 2020 Oct 
23;27(29):36983–93.  

15. Parthiban E, Arokiyaraj C, Ramani-
bai R. Annona Muricata: An Alter-
nate Mosquito Control Agent with 
Special Reference to Inhibition of 
Detoxifying Enzymes in Aedes Ae-
gypti. Ecotoxicol Environ Saf. 2020 
Feb;189:110050.  

16. Mahanta S, Khanikor B, Sarma R. 
Allium sativum (Liliales: Aspara-
gales) Essential Oil - Based Combi-
nations – A Potential Larvicide for 
Culex quinquefasciatus (Diptera: Cu-
licidae). Int J Trop Insect Sci. 2020 
Dec 21;40(4):837–44.  

17. Ani OC, Ama E, Nnamonu EI. Com-
parative Study on Larvicidal Poten-
tials of Cymbopogon citratus stapf, 
Ricinus communis L. and Allium sa-
tivum L. on Fourth Instar Larvae of 
Anopheles Mosquitoes. The Journal 
of Basic and Applied Zoology. 2022 
Dec 2;83(1):51.  

18. World Health Organization. Global 
strategy for dengue prevention and 
control, 2012-2020. [Internet]. World 
Health Organization; 2012 [cited 
2024 Mar 17]. 35 p. Available from: 
https://iris.who.int/bitstream/
handle/10665/75303/9789241504034

Global situation [Internet]. 2023 
[cited 2024 Mar 17]. Available from: 
https://www.who.int/emergencies/
disease-outbreaC-news/item/2023-
DON498#:~:text=The%20most%
20affected%20countries%20are,the%
20Philippines%2C%20and%20Viet%
20Nam. 

4. Kementerian Kesehatan Republik In-
donesia. Strategi Nasional Penanggu-
langan Dengue 2021-2025. Kemen-
terian Kesehatan RI; 2021.  

5. Utarini A. Dengue Control in Yogya-
karta, Indonesia: Lessons Learned 
from Public Health Innovation Using 
Wolbachia-infected Aedes aegypti 
Mosquitoes. In: In Sickness and In 
Health. ISEAS–Yusof Ishak Institute 
Singapore; 2022. p. 222–41.  

6. Badan Kebijakan Pembangunan 
Kesehatan. Survei Kesehatan Indone-
sia (SKI) 2023 Dalam Angka 
[Internet]. 2023 [cited 2024 Oct 27]. 
Available from: https://
www.badankebijakan.kemkes.go.id/
ski-2023-dalam-angka/ 

7. Cerna EAF, Sherman C, Martinez 
MM. Dengue Reduction through 
Vector Control. In 2023.  

8. Suwantika AA, Supadmi W, Ali M, 
Abdulah R. Cost-effectiveness and 
budget impact analyses of dengue 
vaccination in Indonesia. PLoS Negl 
Trop Dis. 2021 Aug 12;15
(8):e0009664.  

9. de Souza Wuillda ACJ, Campos Mar-
tins RC, Costa F das N. Larvicidal 
Activity of Secondary Plant Metabo-
lites in Aedes aegypti Control: An 
Overview of the Previous 6 Years. 
Nat Prod Commun. 2019 Jul 23;14
(7):1934578X1986289.  

10. Silvério MRS, Espindola LS, Lopes 
NP, Vieira PC. Plant Natural Prod-
ucts for the Control of Aedes aegypti: 
The Main Vector of Important Arbo-
viruses. Molecules. 2020 Jul 31;25
(15):3484.  

11. Rahayu YYS, Araki T, Rosleine D. 
Factors Affecting The Use of Herbal 
Medicines in The Universal Health 
Coverage System in Indonesia. J Eth-



 

 

WMJ (Warmadewa Medical Journal), Vol. 11 No. 1, May 2026, Page. 16 

WMJ (Warmadewa Medical Journal), Vol.11, No.1, May 2026, p-ISSN 2527-4627 

DOI: https://doi.org/10.22225/wmj.11.1.14096.9-16 

https://journal.um-surabaya.ac.id/
qanunmedika/article/view/22132 

24. Khoirunnisya HA, Afifah L, Surjana 
T, Yustiano A. Toxicity Test of An-
nona Muricata L. Leaf Extract as a 
Biopesticide Against Mortality of 
Spodoptera Frugiperda. Jurnal Ag-
roplasma [Internet]. 2022 [cited 2025 
Dec 10];9(2):161–9. Available from: 
https://jurnal.ulb.ac.id/index.php/
agro/article/view/3160 

25. Kumara CJ, Bestari RS, Dewi LM. 
Efektivitas Flavonoid, Tanin, Sapo-
nin dan Alkaloid terhadap Mortalitas 
Larva Aedes aegypty. In: The 13 
th  University Research Colloqium 
2021 [Internet]. 2021 [cited 2023 Jun 
6]. Available from: http://
repository.urecol.org/index.php/
proceeding/article/view/1311 

26. Sagala Z, Asshegaf SSF. Uji Aktivi-
tas Ekstrak Etanol 70% Kulit 
Bawang Putih (Allium Sativum L.) 
Terhadap Larva Nyamuk Aedes Ae-
gypti Instar III. INDONESIA NATU-
RAL RESEARCH PHARMACEU-
TICAL JOURNAL [Internet]. 2022 
Dec 28 [cited 2025 Dec 10];7(2):108
–20. Available from: https://
journal.uta45jakarta.ac.id/index.php/
INRPJ/article/view/5432 

27. Shang A, Cao SY, Xu XY, Gan RY, 
Tang GY, Corke H, et al. Bioactive 
CompounSL and Biological Func-
tions of Garlic (Allium sativum L.). 
FooSL [Internet]. 2019 Jul 5 [cited 
2025 Dec 10];8(7):246. Available 
from: https://www.mdpi.com/2304-
8158/8/7/246  

_eng.pdf?sequence=1 
19. Martínez-Mercado JP, Sierra-Santoyo 

A, Verdín-Betancourt FA, Rojas-
García AE, Quintanilla-Vega B. 
Temephos, an organophosphate larvi-
cide for residential use: a review of 
its toxicity. Crit Rev Toxicol. 2022 
Feb 7;52(2):113–24.  

20. Ibrahim M, Ramadan E, Elsadek NE, 
Emam SE, Shimizu T, Ando H, et al. 
Polyethylene glycol (PEG): The na-
ture, immunogenicity, and role in the 
hypersensitivity of PEGylated prod-
ucts. Journal of Controlled Release. 
2022 Nov;351:215–30.  

21. Hutanu D. Recent Applications of 
Polyethylene Glycols (PEGs) and 
PEG Derivatives. Modern Chemistry 
& Applications. 2014;02(02).  

22. Dewi LM, Salsabila TV, Bestari RS, 
Wahyuni S. Larvicidal Activity of 
Bay Leaf (Syzygium polyanthum) 
Ethanolic Extract in Addition of PEG 
Diluent on Aedes aegypti Larvae. 
Jurnal Farmasi Galenika (Galenika 
Journal of Pharmacy) (e-Journal) 
[Internet]. 2024 Oct 4 [cited 2025 
Dec 10];10(2). Available from: 
https://bestjournal.untad.ac.id/
index.php/Galenika/article/
view/16335 

23. Dewi PT, Dewi LM. Larvicide activi-
ty of ethanol extracts from Zodia 
(Evodia suaveolens S.) leaves and 
Cananga (Cananga odorata) flowers 
on Aedes aegypti larvae. Qanun Med-
ika - Medical Journal Faculty of 
Medicine Muhammadiyah Surabaya 
[Internet]. 2025 Jan 30 [cited 2025 
Dec 10];9(01). Available from: 


