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Potential of Bay Leaf (Syzygium polyanthum) Extract as 
Bioinsecticide Against Aedes aegypti. Pesticides contribute to 
environmental pollution, health problems, and resistance. 
Bioinsecticides offer an alternative solution. This study evaluated 
the potential of bay leaf juice (Syzygium polyanthum) as a 
bioinsecticide in the 2024 efficacy test against Aedes aegypti 
mosquitoes. This research is pseudo-experimental, with a post-test 
only control group design. The object of this study was female Aedes 
aegypti mosquitoes aged 2–5 days. This study used replication 5 
times. The variables of this study were the variation of bay leaf juice 
12%, 17%, 22%, 27%, 32%, and the number of deaths of Aedes 
aegypti mosquitoes after one hour. Data were analysed using One 
Way Anova. Bay leaf juice has the potential to kill Aedes aegypti 
mosquitoes. Variations in the concentration of bay leaf juice caused 
significant differences in the mortality of Aedes aegypti mosquitoes. 
The concentration of bay leaf juice at 31.136% is LC50, and the 
concentration of bay leaf juice at 52.803% is LC95. Other 
researchers can test the active ingredients of bay leaf juice that have 
the highest effect on killing Aedes aegypti mosquitoes. 
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INTRODUCTION 

Pesticides can cause adverse effects, such as environmental contamination, health disorders 
in humans, and resistance. Environmental degradation refers to soil pollution caused by 
pesticides, which in turn reduces soil quality and its capacity to support plant nutrition [1]. 
Chronic illnesses resulting from pesticide exposure include cancer, neurological disorders, 
and respiratory complications [2]. Resistance is a condition where vectors enhance their 
immune system against frequently used insecticides. Resistance in mosquitoes has been 
demonstrated in studies showing that Aedes aegypti mosquitoes in Ngawonggo, Kajen, and 
Meger sub-districts of Klaten Regency were resistant to cypermethrin [3]. 
Dengue Hemorrhagic Fever (DHF) in Indonesia remains a significant vector-borne disease 
and has yet to be fully addressed. The number of DHF cases in Indonesia continues to rise—
from 73,518 cases in 2021 to 143,184 cases in 2022—with 35,694 cases and 270 deaths 
recorded by May 2023. Prevention is essential to reduce the population of Aedes aegypti 
mosquitoes [4]. Mosquito vector control methods include physical or mechanical, chemical, 
and biological approaches. While insecticide use can yield rapid and convenient results, 
excessive application can have negative consequences for both the environment and human 
health [4]. Improper usage may also lead to insect resistance to insecticides [5]. According to 
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a statement by the World Health Organization cited in a study by Haidah et al., chemical 
insecticides cause stress in mosquitoes, prompting them to adapt for survival—even under 
varying dosage conditions [5]. An alternative approach involves the use of natural insecticides, 
or bioinsecticides. 
Bioinsecticides are derived from natural ingredients, such as plants. Bay leaf (Syzygium 
polyanthum) is one such plant, containing active compounds like flavonoids, tannins, eugenol, 
citric acid, carbohydrates, steroids, alkaloids, triterpenoids, and essential oils. Bay leaves 
contain tannins (21.7%), flavonoids (0.4%), and essential oils (0.05%) [7]. Saponins, 
flavonoids, tannins, and alkaloids are the active ingredients in bay leaves that make them 
effective as bioinsecticides. 
A study by Chandra Bagaskara Putra and Ngadino (2022) [8] using bay leaf (Syzygium 
polyanthum) filtrate on houseflies (Musca domestica) showed an LC50 concentration of 
9.64%. Another study using powdered bay leaves as a cockroach repellent showed a 
repellency rate of 91.6% at a concentration of 10 grams, with an average of 9.1 cockroaches 
[9]. A study by Umami and Ahsanunnisa (2019) using bay leaf (Syzygium polyanthum) extract 
as a bioinsecticide for Aedes aegypti mosquitoes found that a concentration of 0.8% resulted 
in the highest mosquito mortality, with an average of 95%. Research by Haidina Ali and 
Mulyati (2021) using bay leaf extract as a larvicide for Aedes aegypti larvae showed that a 5% 
concentration was most effective, with a larval mortality rate of 89.6%. 
Excessive use of chemical pesticides can pollute the environment, trigger chronic diseases in 
humans, and lead to resistance in disease vectors. The continuous rise in Dengue 
Hemorrhagic Fever (DHF) cases in Indonesia highlights the need for safer control of Aedes 
aegypti mosquitoes. Natural-based bioinsecticides such as bay leaf (Syzygium polyanthum) 
offer a promising alternative due to their active compounds (flavonoids, tannins, saponins, 
and alkaloids) that are effective in killing insects. Several previous studies have demonstrated 
the efficacy of bay leaves against various insect species, including mosquitoes. Based on 
preliminary tests, different concentrations of bay leaf extract showed varying levels of 
effectiveness in killing Aedes aegypti mosquitoes. Therefore, this study aims to analyze the 
potential of bay leaf extract as an eco-friendly bioinsecticide in the efficacy test against Aedes 
aegypti mosquitoes in 2024. 
 
 

MATERIALS AND RESEARCH METHODS 
This study employed a quasi-experimental design using a post-test-only control group 
approach. The research was conducted from November 2023 to April 2024 at the 
Entomology Laboratory of the East Java Provincial Health Office. The test subjects were 
female Aedes aegypti mosquitoes aged 2 to 5 days [12]. A total of 25 mosquitoes were used 
in each treatment unit. Each concentration of bay leaf extract was tested with five 
replications. 
The variables of the study were as follows: 
Independent variable: variations in the concentration of bay leaf extract (12%, 17%, 22%, 
27%, and 32%), Dependent variable: the number of Aedes aegypti mosquito deaths within 
1 hour, Controlled variables: temperature and humidity of the testing chamber 
 
Study procedures included: 
Preparation of Bay Leaf Extract, Wash the prepared bay leaves, Weigh the bay leaves 
according to the desired concentration, using the following formula: 

Concentration (%) =
X

V
 X 100% 

 

Grind the bay leaves using distilled water (aquadest). Strain the blended mixture using 
gauze and transfer the liquid into a spray bottle. 
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Experimental Procedure 
Prepare a test cage made of glass measuring 60 cm × 60 cm × 60 cm, Use a hygrometer to 
measure the temperature and humidity of the testing room, Collect 25 mosquitoes using an 
aspirator, then place them into the test cages labeled with 12%, 17%, 22%, 27%, and 32% 
concentrations, Use a sprayer filled with the bay leaf extract and spray it into the mosquito 
test cage, Observe and record the number of mosquitoes that fall (paralyzed or dead) every 
minute until the 10th minute after spraying, Continue observing and recording the fallen 
mosquitoes (paralyzed or dead) every 10 minutes until the 60th minute. Observe the 
mosquito mortality at the second and fourth hours, Collect both live and dead mosquitoes 
from the test cage into a container covered with gauze and provide moist cotton soaked in 
sugar solution, Conduct final observations and record the mosquito mortality rate 24 hours 
after the bioinsecticide application. 
This study employed a quasi-experimental method with a post-test only control group 
design. The research was conducted at the Entomology Laboratory of the East Java Provincial 
Health Office from November 2023 to April 2024. The study subjects were female Aedes 
aegypti mosquitoes aged 2 to 5 days, with 25 mosquitoes per treatment unit and five 
replications. The independent variable was the concentration of bay leaf extract (12%, 17%, 
22%, 27%, 32%), the dependent variable was the number of mosquito deaths after 1 hour, 
while the controlled variables included room temperature and humidity. The bay leaf extract 
was prepared by washing the leaves, weighing them according to the required concentration, 
grinding them using distilled water, and filtering the mixture to obtain a solution, which was 
then transferred into a spray bottle. The testing was carried out by spraying the solution into 
mosquito cages, followed by observation of mosquito mortality every minute up to the 10th 
minute, every 10 minutes up to the 60th minute, and again at the second, fourth, and 24th 
hours post-treatment. The mortality data were analyzed using One-Way ANOVA, followed by 
Post-Hoc LSD test, and Probit analysis to determine the LC50 and LC95 values. 
 

 
RESEARCH RESULTS AND DISCUSSION 
The application of bay leaf extract (Syzygium polyanthum) as a bioinsecticide showed 
mosquito mortality rates of 12%, 17%, 22%, 27%, and 32% within one hour of exposure. 
The data are presented in the following table: 

 
Table 1. Percentage of Aedes aegypti Mosquito Mortality Due to Bay Leaf Extract (Syzygium 

polyanthum) as a Bioinsecticide at the 1st Hour 
Concentration Number of Mosquito Deaths Number of 

Test 
Mosquitoes 

Averange Percentage 
(%) I II III IV V 

Control (-) 0 0 0 0 0 25 0 0 
12% 2 3 1 1 2 25 1,8 7,2 
17% 4 4 3 4 5 25 4 16 
22% 5 6 6 7 6 25 6 24 
27%      25 8,2 32,8 
32%      25 14 56 

Source: Primary Data, 2024 

 
The test results showed that increasing the concentration of bay leaf extract led to a higher 
mortality rate of Aedes aegypti mosquitoes. After 1 hour of observation, the average 
mortality rates at concentrations of 12%, 17%, 22%, 27%, and 32% were 7.2%, 16%, 24%, 
32.8%, and 56%, respectively, while the negative control showed no mortality. This study 
also measured temperature and humidity as control variables to determine whether 
mosquito mortality was influenced by environmental conditions in the test chamber. The 
data on temperature and humidity measurements are presented in the following table: 
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Table 2. Results of Temperature and Humidity Measurements in the Test Chamber 
Measurement Optimum Temperatur Room Temperature Optimum Humidity Room Humidity 

I 25-30℃ 28℃ 70-90% 73% 
I 25-30℃ 28℃ 70-90% 73% 
II 25-30℃ 28℃ 70-90% 73% 
IV 25-30℃ 28℃ 70-90% 73% 
V 25-30℃ 28℃ 70-90% 73% 

Averange  28  73 

Source: Primary Data, 2024 

 
Table 2 shows that the average room temperature in the Entomology Laboratory of the East 
Java Provincial Health Office was 28°C. This temperature can still be categorized as the 
optimum temperature for the growth and development of mosquitoes, which ranges 
between 25–30°C. The average room humidity in the laboratory was 73%, which also falls 
within the optimum humidity range for mosquito growth and development, typically 
between 70–90%. 
The data on the number of Aedes aegypti mosquito deaths caused by bay leaf (Syzygium 
polyanthum) extract were then analyzed using One-Way ANOVA. The analysis was conducted 
to determine whether there were significant differences in mosquito mortality rates across 
the different concentrations of bay leaf extract. The results are presented in the following 
table: 

 
Table 3. One-Way ANOVA Results on the Number of Aedes aegypti Mosquito Deaths at Each 

Concentration of Bay Leaf Extract 
Note Sum of Squares df Mean Square F Sig. 

Between Groups  436.400 4 109.100 111.327 .000 
Within Groups 19.600 20 .980   

Total 456.000 24    

Source: Primary Data, 2024 

 
Based on Table 3, the statistical analysis using One-Way ANOVA yielded a significance value 
of p = 0.000 (< 0.05), indicating that there were significant differences in mosquito mortality 
across the different concentrations of the extract. 

  
Table 4. Post Hoc Test Results on Aedes aegypti Mortality at Each Concentration of Bay Leaf 

(Syzygium polyanthum) Extract 
Concentration Difference Test Sig 

12% 17% .002 
22% .000 
27% .000 
32% .000 

17% 
 

22% .005 
27% .000 
32% .000 

22% 27% .002 
32% .000 

27% 32% .000 

Source: Primary Data, 2024 
 

Table 4 shows that the significance value from the Post Hoc LSD test method must not exceed 
0.05. Therefore, the significance value meets the criteria for rejecting H₀ if p < α (0.05). The 
LSD Post Hoc test confirms that each concentration difference has a significant effect on 
mosquito mortality. 
The next step is to perform a Probit analysis to determine the concentration of bay leaf juice 
that can cause 50% and 95% mortality in test organisms. The data are presented in the 
following table: 
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Table 5. LC₅₀ and LC₉₅ Values of Bay Leaf (Syzygium polyanthum) Extract on Aedes aegypti 

Mortality 
Lethal Concentration Estimate Lower Bound Upper Bound 

LC₅₀ 31,136 29,240  
LC₉₅ 52,803 47,395  

Source: Primary Data, 2024 

 
Based on Table 5 of the Probit analysis, the LC₅₀ concentration was determined at 31.136% 
and LC₉₅ at 52.803%, indicating that a concentration higher than 32% is still required to 
achieve optimal mortality rates. 
 

Bay leaf extract (Syzygium polyanthum) exhibits potential as a bioinsecticide. This is 
evidenced by the mortality of Aedes aegypti mosquitoes in response to varying 
concentrations of the extract. Mortality occurred due to direct contact between the 
mosquitoes and the active compounds within the aerosolized particles of the sprayed extract. 
The alkaloid content in bioinsecticides can be used to control and even eliminate insect 
populations in the environment [6]. Plant-based bioinsecticides are derived from organs such 
as roots, leaves, and stems. Active compounds with bioinsecticidal potential include 
flavonoids, tannins, steroids, alkaloids, and terpenoids [7]. The results of this study confirm 
that bay leaf extract has bioinsecticidal properties, with mosquito mortality increasing 
proportionally with concentration. 
The mortality of Aedes aegypti mosquitoes can also be influenced by the testing environment. 
The glass chamber restricts mosquito flight, increasing contact between the test mosquitoes 
and the aerosolized particles. It also limits the escape of aerosol particles, especially smaller 
ones that remain suspended in the air longer [8]. The mode of action of this natural insecticide 
stems from active compounds such as flavonoids, tannins, saponins, alkaloids, and essential 
oils, which can disrupt the respiratory, digestive, and nervous systems of insects, ultimately 
causing death. These findings align with previous studies demonstrating the insecticidal 
effectiveness of bay leaf against various insect species. 
Environmental variables such as temperature and humidity can interfere with experimental 
outcomes and were therefore measured in the test room. Aedes aegypti mosquitoes may die 
due to inappropriate temperature and humidity levels [9]. The optimal temperature for 
mosquito development is between 25–30°C. Temperatures above 40°C can lead to adult 
mosquito death and developmental failure in eggs and larvae. At extreme temperatures 
below 11°C and above 36°C, Aedes aegypti mosquitoes struggle to survive. Female Aedes 
aegypti mosquitoes are unable to blood-feed at temperatures of 14–15°C and will die within 
2–3 days without a blood meal [10]. These mosquitoes can fly at 15–32°C, with an optimum of 
21°C. The gonotrophic cycle shortens with increasing temperature [11]. The optimum 
humidity range for mosquito development is 70–90% [12]. Mosquito lifespan is affected by 
humidity; they can survive at a minimum of 60% humidity. Below this threshold, their life 
expectancy decreases. Mosquitoes are ineffective as vectors when virus transfer from the gut 
to the salivary glands is impaired. A humidity level of 80–85% supports adult mosquito 
growth and egg production [13]. Increased humidity and temperature fluctuations affect 
mosquito breeding, adult survival and reproduction, parasite development, and human–
mosquito contact duration [14]. 
One-Way ANOVA was used to assess differences in Aedes aegypti mortality across extract 
concentration variations. This test determines whether the various concentrations of 
Syzygium polyanthum extract result in statistically different mosquito mortality rates within 
a 1-hour period. According to Table 3, One-Way ANOVA confirmed significant differences in 
mortality between concentration groups. Post-Hoc analysis was conducted to determine 
which specific concentrations differed significantly. The Least Significant Difference (LSD) 
test was chosen to assess all pairwise comparisons between group means [21]. As presented 
in Table 4, the Post-Hoc test results indicate significant differences in mosquito mortality 
among the various extract concentrations. This confirms that the number of Aedes aegypti 



 

142 Jurnal Kesehatan Lingkungan Vol. 22 No. 1, January 2025 

 

deaths was influenced by the concentration level used—the higher the concentration, the 
greater the mortality observed. This finding is supported by Sidauruk et al. (2020) [15], who 
stated that higher chemical concentrations contain greater amounts of active substances, 
thereby increasing insecticidal potency. Statistical analysis further confirms significant 
differences in mosquito mortality at each concentration level, with LC₅₀ and LC₉₅ values of 
31.136% and 52.803%, respectively. These results indicate that even the highest 
concentration tested in this study did not achieve full effectiveness (95% mortality). 
Flavonoids used as bioinsecticides can act as respiratory inhibitors or toxins by disrupting 
the respiratory muscles and nerves of Aedes aegypti mosquitoes [23]. Alkaloids, found in plant 
parts such as leaves, branches, flowers, seeds, bark, and roots [24], act as stomach poisons for 
insects, impairing their digestive tracts and inhibiting gustatory receptors in the mouthparts 
[25]. Saponins function as respiratory and contact poisons. Exposure to saponins can damage 
mosquito cuticle mucosa, leading to blood hemolysis, enzyme disruption, and ultimately 
death [26]. This is corroborated by Kurniawan et al. (2021) [27], who reported that saponins 
act as contact toxins that damage insect cell membranes. Tannins protect certain woody 
plants by impairing the insect digestive process [16]. In insect digestive systems, tannins bind 
to growth-related proteins and reduce feeding due to their bitter taste [17]. Steroids are active 
compounds used in pest control due to their bioactivity, including antifeedant, antiparasitic, 
and toxic properties that suppress feeding, digestion, and metabolism [18]. Essential oils from 
various plants have demonstrated toxicity against Aedes aegypti. The volatile bioactive 
compounds in these oils interact with mosquito odor receptors (ORNs), and inhalation can 
lead to neurotoxic effects resulting in death [19]. 
The LC₅₀ and LC₉₅ values were estimated using Probit analysis. In this study, the 
concentrations of Syzygium polyanthum extract capable of killing 50% and 95% of Aedes 
aegypti mosquitoes within 1 hour were 31.136% and 52.803%, respectively. A pesticide is 
considered effective if it causes at least 80% mortality among test organisms [20]. Based on 
this criterion, none of the five tested concentrations of bay leaf extract reached the threshold 
required to effectively eliminate the mosquito population. The highest concentration used 
was 32%, which did not achieve LC₉₅. Toxicity tests should ideally induce less than 95% 
mortality to ensure the test concentrations are within acceptable survival ranges [21]. Thus, 
this study does not require a repetition of the toxicity test, as mosquito mortality did not 
exceed 95%. Overall, bay leaf extract demonstrates potential as an environmentally friendly 
bioinsecticide for controlling dengue vector mosquitoes. However, further investigation into 
higher concentrations or optimized formulations of the active compounds is necessary to 
develop an effective and widely applicable product. 
 

 
CONCLUSIONS AND RECOMMENDATIONS 
Bay leaf extract (Syzygium polyanthum) shows potential as a bioinsecticide against Aedes 
aegypti mosquitoes. The percentage of mosquito mortality after 1 hour of exposure to extract 
concentrations of 12%, 17%, 22%, 27%, and 32% was 7.2%, 16%, 24%, 32.8%, and 56%, 
respectively. Significant differences in Aedes aegypti mortality were observed across the 
tested concentration levels. The LC₅₀ and LC₉₅ values at 1-hour exposure were 31.136% and 
52.803%, respectively. 
Higher extract concentrations are needed to determine the effective dose required to kill at 
least 80% of Aedes aegypti mosquitoes. A dosage of 31.136 grams of bay leaf extract may be 
used as a bioinsecticide to help reduce dengue transmission in the community. This study 
demonstrates that bay leaf extract has environmentally friendly bioinsecticidal potential for 
controlling Aedes aegypti. Although mortality increases with concentration, the current 
formulation has not yet achieved optimal effectiveness. Therefore, further research is 
recommended to explore the active compounds in bay leaf, as well as to develop more 
effective concentrations and application methods for broad-scale community use in dengue 
prevention. 



Vianita Fitria Funny, Irwan Sulistio, Suprijandani, Marlik , Teguh Suranta Sinulingga.  

Potential of Bay Leaf (Syzygium polyanthum) Extract as Bioinsecticide Against Aedes aegypti in 2024 
143 

 

 
 

 
REFERENCES 
1. Alfiansyah H, Ardikoesoema N, Samuel J. Potensi degradasi lingkungan dampak 

eksistensi karbofuran di Indonesia. J Bisnis Kehutanan Dan Lingkungan. 2023;1(1). 
2. European Environmental Agency. How pesticides impact human health and ecosystems 

in Europe. 2023;1-28. 
3. Irawati NB, Putri NE. Resistensi Nyamuk Aedes aegypti terhadap Cypermethrin di 

Kabupaten Klaten, Jawa Tengah. Ruwa Jurai: J Kesehatan Lingkungan. 2021;15(1):1-7. 
4. Haidah N, Nurmayanti D, Marlik IS. Detecting Conventional Resistence of Aedes aegypti 

in Kediri District, East Java, Indonesia. 
5. Sari DE, Fitrianti F. Perbandingan Jenis-Jenis Arthropoda di Lahan yang Diaplikasikan 

Pestisida Nabati dan Refugia. Bioma J Biol Makassar. 2021;7(1):68-75. 
6. Batool S, Khera RA, Hanif MA, Ayub MA. Bay Leaf. Med Plants South Asia Nov Sources 

Drug Discov. 2019;63-74. 
7. Utami PR. Uji daya hambat ekstrak daun salam (Syzygium polyanthum [Wight] Walp) 

terhadap pertumbuhan bakteri Escherichia coli. J Ilmiah Pannmed. 2020;15(2):255-9. 
8. Putra CB, Ngadino N, Setiawan S. Potensi Filtrat Daun Salam sebagai Bioinsektisida Lalat 

Rumah dengan Metode Efikasi Aerosol. J Penelitian Kesehatan SUARA FORIKES. 
2022;13(3):865-9. 

9. Nurhayyi AG, Prijanto TB, Kahar K. Serbuk Daun Salam (Syzygium polyanthum) sebagai 
Repellent Kecoa (Periplaneta americana) di Industri Pangan. J Riset Kesehatan Poltekkes 
Depkes Bandung. 2022;14(2):302-8. 

10. Umami NR, Ahsanunnisa R. Potensi ekstrak daun salam (Syzygium polyanthum) sebagai 
insektisida hayati terhadap nyamuk Aedes aegypti. Prosiding Seminar Nasional Sains 
dan Teknologi Terapan. 2019;2. 

11. Ali H, Mulyati S. Efektivitas Ekstrak Daun Salam (Syzygium polyanthum) sebagai 
Larvasida Nyamuk Aedes sp. J Nursing Public Health Unived Bengkulu. 2021;9(1):27-34. 

12. World Health Organization. Guidelines for efficacy testing of household insecticide 
products: mosquito coils, vaporizer mats, liquid vaporizers, ambient emanators and 
aerosols. Geneva: World Health Organization; 2009. 

13. Laksono FW, Sari NL, Salsabila S, Kurniasari L. Pengaruh Insektisida Alami Ekstrak Daun 
Jelatang (Urtica Dioica L.) terhadap Mortalitas Larva Aedes aegypti. Prosiding Sains 
Nasional dan Teknologi. 2022;12(1):1-8. 

14. Jannah NA, Yuliani Y. Keefektifan Ekstrak Daun Pluchea indica dan Chromolaena odorata 
sebagai Bioinsektisida terhadap Mortalitas Larva Plutella xylostella. LenteraBio. 
2021;10(1):33-9. 

15. Bremmer HJ, Blom WM, van Hoeven-Arentzen PH, Prud'Homme de Lodder LC, Van Raaij 
MT, Straetmans EH, Van Veen MP, Van Engelen JG. Pest Control Products Fact Sheet. To 
assess the risks for the consumer. Updated version for ConsExpo 4. RIVM rapport 
320005002. 2006. 

16. Suhari IP, Suprijandani S, Marlik M, Sulistio I. Daya Bunuh Anti Nyamuk Bakar Daun 
Kemangi (Ocimum basilicum) pada Nyamuk Aedes aegypti. J Vektor Penyakit. 
2022;16(2):135-44. 

17. Liu Z, Zhang Q, Li L, He J, Guo J, Wang Z, Huang Y, Xi Z, Yuan F, Li Y, Li T. The effect of 
temperature on dengue virus transmission by Aedes mosquitoes. Front Cell Infect 
Microbiol. 2023;13:1242173. 

18. Bellone R, Failloux AB. The role of temperature in shaping mosquito-borne viruses 
transmission. Front Microbiol. 2020;11:584846. 

19. Keman S, Sulistyorini L, Yudhastuti R, Agung Y. Analysis of the Effect of Climate Risk 
Factors on Cases of Dengue Hemorrhagic Fever (DHF) in Kendari City. NeuroQuantology. 
2022;20(6):6030-42. 



 

144 Jurnal Kesehatan Lingkungan Vol. 22 No. 1, January 2025 

 

20. Brown JJ, Pascual M, Wimberly MC, Johnson LR, Murdock CC. Humidity–The overlooked 
variable in the thermal biology of mosquito‐borne disease. Ecol Lett. 2023;26(7):1029-
49. 

21. IBM. One-Way ANOVA Post Hoc Tests [Internet]. 2023. Available from: 
https://www.ibm.com/docs/en/spss-statistics/saas?topic=anova-one-way-post-hoc-
tests 

22. Sidauruk L, Manalu CJ, Sinukaban DE. Efektifitas Pestisida Nabati dengan Berbagai 
Konsentrasi pada Pengendalian Serangan Hama dan Produksi Tanaman Jagung Manis 
(Zea Mays Saccharata Sturt). Rhizobia. 2020;2(1):3445-3448. 

23. Kumara CJ. Efektivitas Flavonoid, Tanin, Saponin dan Alkaloid terhadap Mortalitas Larva 
Aedes aegypti. Doctoral dissertation, Universitas Muhammadiyah Surakarta. 

24. Maisarah M, Chatri M, Advinda L. Characteristics and Functions of Alkaloid Compounds 
as Antifungals in Plants. Meode Penelitian. 2023;8(2):231-6. 

25. Khoiron K, Moelyaningrum AD. Analisis Kualitas Udara Ambien di Kabupaten Jember 
sebagai Salah Satu Indikator Kota Sehat. 

26. Utami I, Cahyati WH. Potensi ekstrak daun kamboja (Plumeria acuminata) sebagai 
Insektisida terhadap Nyamuk Aedes aegypti. HIGEIA J Public Health Res Dev. 
2017;1(1):22-8. 

27. Kurniawan A, Muhfahroyin M, Sutanto A. Efektivitas Variasi Konsentrasi Ekstrak Daging 
Buah Bintaro sebagai Insektisida Lepidoptera pada Bawang Daun sebagai Sumber 
Belajar Pencemaran Lingkungan. Biolova. 2021;2(1):54-63. 

28. Tima MT, Supardi PN. Analisis Senyawa Metabolit Sekunder Ekstrak Daun Ruba Re’e dan 
Uji Aktivitasnya sebagai Pestisida Nabati. J Penelitian Hutan Tanaman. 2021;18(2):125-
36. 

29. Ainiyah R, Nugroho ED, Fathurrohman A, Ahwan Z, Dayat M, Wibisono M, Aji FR, 
Kasiman K, Anam K. Formulasi Insektisida Nabati Kombinasi Daun Brugmansia 
suaveolens dan Daun Swietenia macrophylla untuk Mengendalikan Hama 
Hypothenemus hampei. Agrikultura. 2023;34(2):218-27. 

30. Asikin S, Khairullah I. Efektivitas Ekstrak Gulma Rawa sebagai Bahan Bioinsektisida 
untuk Mengendalikan Ulat Grayak (Spodoptera litura). J Agrikultura. 2021;32(2):85-92. 

31. Tunjung WAS, Khair N. Minyak Atsiri sebagai Bioinsektisida Pencegahan Demam 
Berdarah [Internet]. Kanal Pengetahuan Fakultas Biologi. 2019. Available from: 
https://bioprospek.hayati.ugm.ac.id/2019/01/02/minyak-atsiri-menjadi-
bioinsektisida-pencegahan-demam-berdarah/ 

32. Pradana RA. Pencegahan tindak pidana aborsi melalui pengawasan obat misoprostol 
(studi kasus pengawasan oleh Balai Besar Pengawas Obat dan Makanan Yogyakarta). 

33. Mangkoedihardjo S, Samudro G. Ekotoksikologi Teknosfer. 1st ed. Dadang, editor. 
Surabaya: Guna Widya; 2009. 337 p. 

 
 


