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Extracts  
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Abstract 

Background and Objective: The resistance of Ae. aegypti larvae against Temephos become 

an obstacle in controlling the arboviral vector. This condition triggered researchers to 

investigate the larvicidal activity of phytochemical compounds that are effective, safe, 

biodegradable, and eco-friendly from various medicinal plants. This study evaluated the 

susceptibility of Ae. aegypti larvae on the larvicidal activity of K. galanga rhizome extracts. 

Material and Methods: Four solvents with different polarities, namely ethanol, ethyl acetate, 

n-hexane, and water were used in the sequential extraction. The final larvicidal bioassay test of 

the four extract types was designed in five replicates of five concentration ranges, namely 1.0, 

8.75, 17.5, 35.0, and 70.0 ppm. A total of 20 3rd instar larvae of Ae. aegypti were contacted with 

each replicate in a plastic cup. Larval mortality and effective concentration of larvicide were 

calculated and determined after 24 and 48 hours of exposure. Results: The average range of 

larval mortality according to the concentration of larvicide extracts of ethanol, ethyl acetate, n-

hexane, and water was 40-91%, 2-36%, 7-83%, and 44-86% after 24 hours, and 88-100 %, 11-

84%, 12-99%, and 77-100% after 48 hours of exposure. The data yielded LC50 for 24 and 48 

hours of exposure at 1,563 and 0.061 ppm, 206,739 and 7,623 ppm, 47,579 and 38,063 ppm, 

and 1.33 and 0.300 ppm, respectively. Conclusion: The polar extract of K. galanga showed 

high effectiveness so it is necessary to design the right formulation for field application, potency 

stability, and active period of this larvicide residue.  

Keywords: larvicidal activity, Kaempferia galanga, extract types, Aedes aegypti, arboviral 

vector   

mailto:say.epid@gmail.com
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INTRODUCTION 

The role of the Ae. aegypti mosquito as the vector for some of the most important 

arboviral diseases such as Dengue, Chikungunya, and Zika1,2 (1-Jones et al. 2020; 2-Madewell 

et al. 2020), and in addition to Rift Valley3 (3-Ahmed et al. 2020), and Yellow fever4 (4-Agha 

et al. 2017) has been well known by the community in endemic areas of the disease, so they 

carried out various efforts for vector control5 (5-Buhler et al. 2019). They also have very high 

confidence that Temephos larvicide and fumigation are effective in suppressing the Aedes 

mosquito population6 (6-Legorreta-Soberanis et al. 2017), so the larvicide is one of the most 

widespread methods used in Aedes control measures in endemic areas, including Indonesia7 (7-

Sibuea et al. 2022). Long-term use of Temephos has given rise to resistant strains in Ae. aegypti 

mosquito populations in various countries, such as recent reports in Brazil8 (8-Corte et al. 2018), 

Cuba9 (9-Bisset et al. 2020), Indonesia10 (10-Adyatma et al. 2021), Malaysia11 (11-Rasli et al. 

2021), and Peru12 (12-Palomino et al. 2022), in addition to genotoxic effects in humans13 (13-

Satriawan et al. 2019). 

The emergence of Temephos-resistant strains in the Ae. aegypti populations have 

hampered the efforts to control these arboviral vectors and triggering researchers to study new 

herbal-based phytochemical compounds that are effective, safe, eco-friendly, and 

biodegradable14-16 (14-Schorkopf et al. 2016; 15-Alyahya et al. 2021; 16-Piazzoni et al. 2022). 

As a general criterion, the larvicidal activity effectiveness of a phytochemical compound is 

classified into three levels based on the lethal concentration of 50% (LC50) which is high, 

medium, and low if LC50 is less than 50, 250, and 750 ppm17 (17-Komalamisra et al. 2005). 

Several studies report various types of plant extracts that meet the criteria including Thai 

plants17 (17-Komalamisra et al. 2005), local Derris elliptica18-20 (18-Sayono et al. 2019; 19-

Sayono et al. 2020; 20-Sayono et al. 2022), several medicinal plants in India21 (21-Prabakaran 
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et al. 2017), and Brazilian plants22,23 (22-Rocha et al. 2022; 23-Chaona et al. 2019). These plants 

contain a class of phytochemical compounds that have larvicidal potency, especially flavonoids, 

saponins, tannins, steroids, cardiac glycosides, alkaloids, anthraquinones, and terpenoids. The 

compounds cause DNA damage and affect the detoxifying enzymes24,25 (24-Zulhasnain et al. 

2020; 25-Inaba et al. 2022). 

K. galanga is a member of the Zingiberaceae family26 (26-Lianah et al. 2020) where the 

rhizome contains several secondary metabolite compounds such as steroids, saponins, 

flavonoids, terpenoids, phenols, alkaloids, tannins, cardiac glycosides, and essential oils27,28 

(27-Rao et al. 2014; 28-Wang et al. 2021). Traditionally, K. galanga rhizome is used as an 

antipyretic, anti-infection, digestive disorder, and bioinsecticide29,30 (29-Kumar 2020; 30-

Khairullah et al. 2021). During the Covid-19 pandemic, K. galanga became the top five rhizome 

plants that were mostly used by people in Indonesia31 (31-Rukmana et al. 2022). The potential 

for bioinsecticide of K. galanga rhizome extracts and essential oils has been reported by several 

researchers for vector control of arboviruses in various countries with varying effective 

concentrations. The lethal concentration (LC50) of larvicidal activity of K. galanga essential 

oils was 39.22 ppm32 (32-Alshalhi et al. 2020); ether and chloroform extracts of 64.08 ppm and 

105.02 ppm33 (33-Satoto et al. 2013); methanol, hexane, chloroform, ethyl acetate, and water 

extracts were 30.4, 27.9, 40.9, 133.7, and >200 ppm34 (34-Ahn et al. 2008). Production of K. 

galanga rhizomes in Indonesia is bountiful and placed at the fourth level after ginger, turmeric, 

and galangal. The production number in 2021 reached 54.4 million kg, of which 28.69% were 

from Central Java Province35 (35-Central Bureau of Statistics 2022). This fact strongly supports 

the efforts to diversify the use of K. galanga more broadly for health. This study aimed to 

evaluate the susceptibility of Ae. aegypti larvae to the larvicidal activity of ethanol, ethyl 

acetate, n-hexane, and aqueous extracts of K. galanga rhizome.  
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MATERIAL AND METHODS 

 

Research reagents and materials: The technical grade ethanol, ethyl acetate, n-hexane, and 

aquadest were purchased from a local chemical distributor in Semarang City, Central Java, 

Indonesia. K. galanga rhizome was purchased from a spice farmer in Gunung Kidul Regency, 

Yogyakarta Special Region Province, Indonesia. The rhizome is made simplicia, dried, and 

made into powder. 

 

Plant material and extraction: The extraction process was carried out at the Chemical 

Laboratory of Natural Materials, Garut University, West Java Province, Indonesia following 

the previous research procedure19,34 (34-Ahn et al. 2008; 19-Sayono et al. 2020) with minor 

modifications. In short, the dry powder of K. galanga rhizome simplicia was macerated with 

ethanol for 3x24 hours. The impurities are filtered and the solution is evaporated to produce 

ethanol extract. Part of the extract was dissolved in distilled water and liquid-liquid partitioned 

with ethyl acetate in a separating funnel to produce two layers: water and ethyl acetate. The 

ethyl acetate layer is evaporated and yields the ethyl acetate extract. The water layer was 

partitioned with n-hexane solvent to produce water and n-hexane layers. Both are evaporated 

and produce aqueous and n-hexane extracts. 

 

Determination of larvicidal activity: The initial bioassay test applied three levels of larvicide 

concentration of K. galanga extract in which five replicates were made, namely 85, 105, and 

125 ppm, and placed in a plastic cup. A total of 20 3rd instar Ae. aegypti larvae with healthy 

conditions were subject to each cup and contacted for 24 hours. Larval mortality after 24-hour 

exposure was 90, 98, and 100 percent. This data is used to design new concentration levels, 

namely 1, 8.75, 17.5, 35, and 70 ppm. The experiment was equipped with a positive control 
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(0.02 ppm temephos solution) and a negative (aquadest) control. The effective concentrations 

(LC50 and LC90) were determined by the Probit test36 (36-Lei et al. 2018), and the results were 

compared with related references17 (17-Komalamisra et al. 2005). 

  

Review of Ethics: The research protocol was reviewed and obtained ethical approval from the 

Health Research Ethics Commission, Faculty of Public Health, University of Muhammadiyah 

Semarang number: 516/KEPK-FKM/UNIMUS/2021. 

 

Data analysis: The data were analyzed statistically according to the post-test-only control 

group experimental design using a two-way analysis of variance mean difference test. The 

difference test between groups used the least significant difference (LSD) at a probability level 

of 0.05. Determination of LC50 using the Probit test. All data analysis using SPSS version 16.0 

software. Visualization of data in graphs using Microsoft Excel. 

 

RESULTS  

In total, mortality data for Ae. aegypti larvae showed variations in larvicidal activity based 

on the types of K. galanga rhizome extract. The order from highest to lowest larval mortality 

was ethanol extract, water, n-hexane, and ethyl acetate with the average mortality at the highest 

concentration reaching 91%. A significant increase in larvicidal activity occurred after 48 hours 

of exposure where larval mortality reached 100%, even since the concentration of 35 ppm in 

ethanol and water extracts. This increasing phenomenon occurred in the n-hexane extract, 

although 99% mortality could be achieved at a twice higher concentration of 70 ppm. During 

the observation period, ethanol and water extracts showed equivalent larvicidal activity. This 

experimental condition was well controlled. It was shown that no dead larvae were found in the 

negative control group and 100% of dead larvae were found in the positive control group (Table 
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1). The temperature and pH of the water showed the suitable conditions for the life of mosquito 

larvae (Table 2). 

Fig.1. shows the description of larvicidal activity based on the concentration of K. 

galanga rhizome extracts. The ethanol and water extracts showed higher larvicidal potency and 

equivalence than ethyl acetate and n-hexane, even since the concentrations were low. All types 

of extracts showed an increase in larvicidal potency after 48 hours of exposure, even ethanol 

and water extracts reached 100% mortality at a concentration of 35 ppm. Meanwhile, the ethyl 

acetate extract showed the lowest potency, while the n-hexane extract showed the highest 

potency after 48 hours of exposure. 

The larvicidal potency of K. galanga extract showed significant differences, both 

separately based on type and concentration, as well as the interaction between the two (Table 

3). This difference can be seen in almost all types of extracts, except for ethanol and water 

extracts. These two extracts showed the lowest difference in the mean larval mortality (Table 

4). The LC50 data after 48 hours of exposure showed that all types of K. galanga extract were 

effective larvicides with high activity, although at 24 hours of exposure the ethyl acetate extract 

showed moderate larvicidal activity (Table 5). 

 

DISCUSSION 

This finding proved that local K. galanga rhizome has good larvicidal activity whereas 

the extracts produced from polar solvents show higher larvicidal activity than semi-polar and 

non-polar. In general, larval mortality increased with the concentration of K. galanga rhizome 

extract, which indicates a dose-response effect phenomenon. On the other hand, the 

phenomenon of larval mortality in the experimental group, positive control, negative control, 

and physical factors also showed the quality of controlled experiments. Temperature and pH 

data showed the optimum range for the life of Aedes larvae so that death was not caused by 
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physical factors of water. Aedes larvae stopped moving and died at 80C37 (37-Reinhold et al. 

2018) and pH 137 (38-Sequihod 2016). 

Ethanol and water are the polar extraction solvent. The literature stated that ethanol 

extracts contain higher phytochemical compounds than aqueous extracts, especially the 

presence of four classes of secondary metabolites of steroids, flavonoids, saponins, and 

terpenoids. There are six secondary metabolites found in both extracts, namely alkaloids, 

tannins, phenols, coumarins, cardiac glycosides, and phlobatinins27 (27-Rao et al. 2014). The 

ethanol extract of K. galanga also contains seven minor compounds39 (39-Nonglang et al. 

2022). This larvicidal activity is related to secondary metabolites of alkaloids, phenols, 

coumarins, terpenoids, and flavonoids that interfere with acetylcholinesterase (AChE) and 

octopaminergic receptors40 (40-Perumalsamy et al 2015). Cardiac glycosides interfere with the 

sensitivity of the performance of Na+ and K+-ATPase41 (41-Taverner et al. 2019), while tannins 

interfere with the digestive system and the activity of detoxifying enzymes and AChE42 (42-

Yuan et al. 2020). The larvicidal activity of the ethyl acetate extract of K. galanga rhizome is 

lower than the ethanol and water extracts because it is thought to contain only two important 

secondary metabolites, namely tannins and cardiac glycosides27 (27-Rao et al. 2014). Ethanol 

is a broad-spectrum extraction solvent capable of capturing polar to non-polar compounds, 

while n-hexane only captures non-polar compounds. The data showed that the n-hexane extract 

of K. galanga rhizome had the weakest larvicidal activity. This indicated that the larvicidal 

activity of K. galanga rhizome extract is more determined by polar secondary metabolites. 

These findings indicate that K. galanga rhizome extracts have highly effective larvicidal 

activity indicated by an LC50 value of fewer than 50 ppm17 (17-Komalamisra et al. 2005). 

Overall, the literature stated that K. galanga rhizome contains 97 phytochemical compounds, 

namely 26 terpenoids, 15 phenolics, 16 cyclic dipeptides, 3 flavonoids, 8 diarylheptanoids, 9 

polysaccharides, and 9 other compounds including twelve volatile compounds and eighteen 
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essential oils28 (28-Wang et al. 2021). The presence of volatile compounds and essential oils 

raised the hypothesis of the repellent activity of the K. galanga extracts. 

The results of this study add to the evidence of the non-medical benefits of K. galanga 

rhizome in the health sector, where there are promising prospects as a larvicidal raw material. 

Historically, the benefit value of K. galanga as a medicinal plant has long been known and felt 

by the wider community, especially in the South to Southeast Asia region. In addition to its use 

for health and medicine, this plant also has culinary, cultural, and economic value43 (43-Silalahi 

2020). Traditionally, this medicinal plant has been used to improve the fitness of pregnant 

women and childbirth, relieve respiratory and digestive disorders, and reduce swelling and joint 

pain44 (44-Lestari et al. 2016). Currently, the potential of this plant has been utilized for 

inflammatory, analgesic, diarrheal, bacterial, and helminth infections, sedative, cytotoxic, and 

insecticide29,45 (45-Shetu et al. 2018; 29-Kumar 2020). K. galanga also has functional food 

value as a safe spice, highly nutritious, non-toxic antioxidant, high chemo-preventive potential, 

and anti-nutritional properties46 (46-Srivasta et al. 2019). In the Indonesian context, K. galanga 

has a high bio-cultural value, especially for the Batak and Javanese communities related to 

functional food and health43 (43-Silalahi 2020). The economic value of K. galanga is very 

promising because it is supported by the availability of bountiful raw materials. The total 

production of this medicinal plant in Indonesia reached 54,400 tons per year in 2021. The five 

provinces with the highest production are Central Java (28.68%), West Java (17.99%), 

Lampung (10.592%), South Kalimantan (10.2%), and East Java (6.57%)35 (35-Badan Pusat 

Statistik 2022). The use of K. galanga in traditional medicine is also a form of community 

creative economy, especially various herbal drinking in Central Java, Indonesia47 (47-Sumarni 

et al. 2019).  
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CONCLUSION 

K. galanga rhizome extracts had effective larvicidal activity against Ae. aegypti larvae, 

whereas the polar extracts were more active than semi-polar and non-polar. Further research is 

needed to determine the stability of the larvicidal potency and active period of the 

phytochemical residue, and the appropriate formulation for field applications. 

 

SIGNIFICANT STATEMENT 

This study found high insecticidal potency in 2 types of K. galanga extract that can be beneficial 

for obtaining the specific phytochemical compounds as larvicide material for controlling the 

arboviral vectors, Aedes mosquitoes. This study will help the researchers to uncover critical 

areas of finding alternative methods for solving the resistance problems in mosquito vector 

control that many researchers are unable to explore. This finding reinforces that new theories 

on herbal chemical compounds can arrive in the near time. 

 

REFERENCE  

01-Jones R, Kulkarni MA, Davidson TMV, RADAM-LAC Research Team, Talbot B. 2020. 

Arbovirus vectors of epidemiological concern in the Americas: A scoping review of 

entomological studies on Zika, dengue and chikungunya virus vectors. PLoS ONE 15(2): 

e0220753. https://doi.org/10.1371/journal.pone.0220753. 

02-Madewell ZJ. 2020. Arboviruses and Their Vectors. South Med J 113(10):520-523. 

doi:10.14423/SMJ.0000000000001152. 

03-Ahmed A, Ali Y, Mohamed NS. 2020. Arboviral diseases: the emergence of a major yet 

ignored public health threat in Africa. The Lancet 4:e555. 

https://www.thelancet.com/action/showPdf?pii=S2542-5196%2820%2930269-2.  

04-Agha SB, Tchouassi DP, Bastos ADS, Sang R. 2017. Dengue and yellow fever virus 

vectors: seasonal abundance, diversity and resting preferences in three Kenyan 

cities. Parasit Vectors 10(1):628. doi:10.1186/s13071-017-2598-2. 

https://doi.org/10.1371/journal.pone.0220753
https://www.thelancet.com/action/showPdf?pii=S2542-5196%2820%2930269-2


11 
 

05-Buhler C, Winkler V, Runge-Ranzinger S, Boyce R, Horstick O. 2019. Environmental 

methods for dengue vector control - A systematic review and meta-analysis. PLoS Negl 

Trop Dis 13(7):e0007420. doi:10.1371/journal.pntd.0007420.  

06-Legorreta-Soberanis J, Paredes-Solís S, Morales-Pérez A, Nava-Aguilera E, Santos FRS, 

Sánchez-Gervacio BM, Ledogar RJ, Cokcroft A, Andersson N. 2017. Coverage and 

beliefs about temephos application for control of dengue vectors and impact of a 

community-based prevention intervention: secondary analysis from the Camino Verde 

trial in Mexico. BMC Public Health 17(Suppl 1):426. doi:10.1186/s12889-017-4297-5. 

07-Sibuea F, Hardhana B, Widiantini W, Suryantisa I, Pangribowo S, Indrayani YA, Wardah, 

Ellysa, Susanti MI, Harpini A, Khairani, Aprianda R, Wahyudi T, Habibi HA, Maslinda 

H, Liani PS, Putri EK, Shalihah AM, Syahputra RF, Hafid M. 2022. Profil Kesehatan 

Indonesia. Kementerian Kesehatan Republik Indonesia Tahun 2021:214-221.  

https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil-kesehatan-

indonesia/Profil-Kesehatan-2021.pdf.  

08-Corte et al 2018 

09-Bisset et al 2020 

10-Adyatma et al 2021 

11-Rasli R, Cheong YL, Che Ibrahim MK, Farahininajua Fikri SF, Norzali RN, Nazarudin 

NA, Hamdan NF, Muhamed KA, Hafisool AA, Azmi RA, Ismail HA, Ali R, Ab-Hamid 

N, Taib MZ, Omar T, Ahmad NW, Lee HL. 2021 Insecticide resistance in dengue vectors 

from hotspots in Selangor, Malaysia. PLoS Negl Trop Dis 15(3): e0009205. 

https://doi.org/10.1371/journal.pntd.0009205. 

12-Polomino et al 2022 

13-Satriawan D, Sindjaja W, Richardo T. 2019. Toxicity of the organophosphorus pesticide 

Temephos.  Indonesian Journal of Life Sciences, 1(2):62-76. 

DOI: https://doi.org/10.54250/ijls.v1i2.26. 

https://journal.i3l.ac.id/index.php/IJLS/article/view/26.  

14-Schorkopf DLP, Spanoudis CG, Mboera LEG, Mafra-Neto A, Ignell R, Dekker T. 2016. 

Combining Attractants and Larvicides in Biodegradable Matrices for Sustainable 

Mosquito Vector Control. PLoS Negl Trop Dis 10(10):e0005043. 

doi:10.1371/journal.pntd.0005043.  

15-Alyahya HS, Alkuriji MA, Soror L, Ghazal N, Alghannam K, Shaher FM. 2021. Natural 

extracts as eco-friendly larvicides against Aedes aegypti mosquito, vector of Dengue 

https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil-kesehatan-indonesia/Profil-Kesehatan-2021.pdf
https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil-kesehatan-indonesia/Profil-Kesehatan-2021.pdf
https://doi.org/10.1371/journal.pntd.0009205
https://doi.org/10.54250/ijls.v1i2.26
https://journal.i3l.ac.id/index.php/IJLS/article/view/26


12 
 

Fever virus in Jeddah Governorate. Biosci Biotech Res Asia 17(4). 

DOI: http://dx.doi.org/10.13005/bbra/2909.  

16-Piazzoni M, Negri A, Brambilla E, Giussani L, Pitton S, Caccia S, Epis S, Bandi C, 

Locarno S, Lenard C. 2022. Biodegradable floating hydrogel baits as larvicide delivery 

systems against mosquitoe. Soft Matter 18:6443-6452. DOI: 10.1039/D2SM00889K. 

17-Komalamisra et al 2005 

18-Sayono et al 2019 

19-Sayono et al 2020 

20-Sayono et al 2021 

21-Prabakaran et al 2017 

22-Rocha MM, Rodrigues RDS, Guimarães PHV, Gonsalves JKMdaC. 2022. Larvicide 

potential of essential oils from Brazilian plants against Aedes aegypti. Res Soc Dev 11(2), 

e53211226140. https://doi.org/10.33448/rsd-v11i2.26140. 

23-Chaona N, Sukumolanan P, Mahawong A, Bunsong J, Banharak S. 2019. A systematic 

review of larvicidal effect of essential oils from plants against Aedes aegypti larvaes. Dis 

Control J [Internet] 45(3):221-3. Available from: https://he01.tci-

thaijo.org/index.php/DCJ/article/view/218868. 

24-Zulhussnain M, Zahoor MK, Rizvi H, Zahoor MA, Rasul A, Ahmad A, Majeed HN, Rasul 

A, Ranian K, Jabeen F. 2020. Insecticidal and Genotoxic effects of some indigenous plant 

extracts in Culex quinquefasciatus Say Mosquitoes. Sci Rep 10:6826. 

https://doi.org/10.1038/s41598-020-63815-w. 

25-Inaba K, Ebihara K, Senda M, Yoshino R, Sakuma C, Koiwai K, Takaya D, Watanabe C, 

Watanabe A, Kawashima Y, Fukuzawa K, Imamura R, Kojima H, Okabe T, Uemura N, 

Kasai S, Kanuka H, Nishimura K, Inoue H, Fujikawa Y, Honma T, Hirokawa T, Senda T, 

Niwa R. 2022. Molecular action of larvicidal flavonoids on ecdysteroidogenic glutathione 

S-transferase Noppera-bo in Aedes aegypti. BMC Biol 20(43). 

https://doi.org/10.1186/s12915-022-01233-2.  

26-Lianah, Krisantini, Wegener M. 2020. Evaluation and identification of the native 

Zingiberaceae specie in Mijen, Central Java, Indonesia. IOP Conference Series: Earth and 

Environmental Science, The 3rd International Conference on Biosciences 8 August 2019, 

IPB International Convention Centre, Bogor, Indonesia. 457 012025. 

27-Rao N, Kaladhar DSVGK. 2014. Biochemical and Phytochemical Analysis of The 

Medicinal Plant, Kaempferia Galanga Rhizome Extracts. Int J Sci Res 3(1):18-20. DOI: 

10.15373/22778179/JAN2014/6.  

http://dx.doi.org/10.13005/bbra/2909
https://doi.org/10.33448/rsd-v11i2.26140
https://he01.tci-thaijo.org/index.php/DCJ/article/view/218868
https://he01.tci-thaijo.org/index.php/DCJ/article/view/218868
https://doi.org/10.1038/s41598-020-63815-w
https://doi.org/10.1186/s12915-022-01233-2
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/issue/1755-1315/457/1
https://iopscience.iop.org/issue/1755-1315/457/1


13 
 

28-Wang SY, Zhao H, Xu HT, Han X-D, Wu Y-S, Xu F-F, Yang X-B, Göransson U, Liu 

B. 2021. Kaempferia galanga L.: Progresses in Phytochemistry, Pharmacology, 

Toxicology and Ethnomedicinal Uses. Front Pharmacol 12:675350. 

doi:10.3389/fphar.2021.675350. 

29-Kumar A. 2020. Phytochemistry, pharmacological activities and uses of traditional 

medicinal plant Kaempferia galanga L. - An overview. J Ethnopharmacol 

10(253):112667. doi: 10.1016/j.jep.2020.112667. Epub 2020 Mar 2. PMID: 32061673. 

30-Khairullah AR, Solikhah TI, Ansori ANM, Hanisia RH, Puspitarini GA, Fadholly A, 

Ramandinianto SC. 2021. Medicinal importance of Kaempferia galanga L. 

(Zingiberaceae): A comprehensive review. J Herbmed Pharmacol 10(3):281-288. doi: 

10.34172/jhp.2021.32. 

31-Rukmana et al 2022 

32-Alshalhi MS, Elumalai K, Devaesan S, Govindarajan M, Krishnappa K, Maggi F. 2020. 

The aromatic ginger Kaemferia galanga L. (Zingiberaceae) essential oil and its main 

compounds are effective larvicidal agents against Aedes vittatus and Anopheles maculatus 

without toxicity on the non-target aquatic fauna. Ind Crops Prod 15:113012. DOI: 

https://doi.org/10.1016/j.indcrop.2020.113012. 

https://www.sciencedirect.com/science/article/abs/pii/S0926669020309298. 

33-Satoto TBT, Maniam S, Ganesen K, Ernaningsing. 2013. Larvicidal effect of ether and 

chloroform extract of Kaempferia galanga against the larvae of Aedes aegypti (Diptera: 

Culicidae). Int J Pharmacogn Phytochem Res 5(2):96-100. www.ijppr.com.  

34-Ahn Y-J, Kim N-J, Byun S-G, Cho J-E, Chung K. 2008. Larvicidal activity of Kaempferia 

galanga rhizome phenylpropanoids towards three mosquito species. Pest Manag Sci 64: 

857-862. https://doi.org/10.1002/ps.1557. 

35-Badan Pusat Statistik. 2022. Produksi Tanaman Biofarmaka (Obat) 2019-2021. 

https://www.bps.go.id/indicator/55/63/1/produksi-tanaman-biofarmaka-obat-.html 

36-Lei et al 2018 

37-Reinhold JM, Lazzari CR, Lahondère C. 2018. Effects of the Environmental 

Temperature on Aedes aegypti and Aedes albopictus Mosquitoes: A Review. Insects 

9(4):158. doi:10.3390/insects9040158. 

38-Sequihod IM. 2016. Effects of Different pH levels on the Viability, Metamorphosis Rate 

and Morphology of Aedes Mosquitoes. Conference papar 2016; 1-27. 

https://www.researchgate.net/publication/310798727_Effects_of_Different_pH_levels_

on_the_Viability_Metamorphosis_Rate_and_Morphology_of_Aedes_Mosquitoes.  

https://doi.org/10.1016/j.indcrop.2020.113012
https://www.sciencedirect.com/science/article/abs/pii/S0926669020309298
http://www.ijppr.com/
https://doi.org/10.1002/ps.1557
https://www.researchgate.net/publication/310798727_Effects_of_Different_pH_levels_on_the_Viability_Metamorphosis_Rate_and_Morphology_of_Aedes_Mosquitoes
https://www.researchgate.net/publication/310798727_Effects_of_Different_pH_levels_on_the_Viability_Metamorphosis_Rate_and_Morphology_of_Aedes_Mosquitoes


14 
 

39-Nonglang FP, Khale A, Bhan S. 2022. Phytochemical characterization of the ethanolic 

extract of Kaempferia galanga rhizome for anti-oxidant activities by HPTLC and 

GCMS. Futur J Pharm Sci 2022;8(9). https://doi.org/10.1186/s43094-021-00394-1. 

40-Perumalsamy H, Jang MJ, Kim JR, Kadarkarai M, Ahn YJ. 2015. Larvicidal activity and 

possible mode of action of four flavonoids and two fatty acids identified in Millettia 

pinnata seed toward three mosquito species. Parasit Vectors 19(8):237. doi: 

10.1186/s13071-015-0848-8. PMID: 25928224; PMCID: PMC4410478. 

41-Taverner AM, Yang L, Barile ZJ, Lin B, Peng J, Pinharanda AP, Rao AS, Roland BP, 

Talsma AD, Wei D, Petschenka G, Palladino MJ, Andolfatto P. 2019. Adaptive 

substitutions underlying cardiac glycoside insensitivity in insects exhibit epistasis in vivo. 

Elife 8:e48224. doi: 10.7554/eLife.48224. PMID: 31453806; PMCID: PMC6733596. 

42-Yuan Y, Li L, Zhao J, Chen M. 2020. Effect of Tannic Acid on Nutrition and Activities 

of Detoxification Enzymes and Acetylcholinesterase of the Fall Webworm 

(Lepidoptera: Arctiidae). J Insect Sci 20(1):8. doi:10.1093/jisesa/ieaa001. 

 43-Silalahi M. 2020. Kaempferia galanga L. Zingiberaceae. In: Franco, F. (eds) Ethnobotany 

of the Mountain Regions of Southeast Asia. Ethnobotany of Mountain Regions. Springer 

Cham 2020. https://doi.org/10.1007/978-3-030-14116-5_87-1 

44-Lestari et al 2016 

45-Shetu HJ, Trisha KT, Sikta SA, Anwar R, Rashed SSB, Dash PR. 2018. Pharmacological 

importance of Kaempferia galanga (Zingiberaceae): A mini review. Int J Res Pharm Sci 

3(3):32-39. http://www.pharmacyjournal.in/archives/2018/vol3/issue3/3-3-15.  

46-Srivastava N,  Ranjana, Singh S, Gupta AC, Shanker K, Bawankule DU, Luqman S. 

2019. Aromatic ginger (Kaempferia galanga L.) extracts with ameliorative and 

protective potential as a functional food, beyond its flavor and nutritional benefits. 

Toxicol Rep 6:521-528. https://doi.org/10.1016/j.toxrep.2019.05.014. 

https://www.sciencedirect.com/science/article/pii/S2214750019300393.  

47-Sumarni S, Sudarmin S, Sumarti SS. 2019. The scientification of jamu: a study of 

Indonesian’s traditional medicine.  J Phys Conf Ser 1321 032057. 

https://iopscience.iop.org/article/10.1088/1742-6596/1321/3/032057.  

Begum N, Sharma B, Pandey RS. 2010. Toxicity potential and anti AchE activity of some 

plant extracts in Musca domestica. J Biofert Biopest 2(2): 1000108. DOI: 10.4172/2155-

6202.1000108  

Elshamy AI, Mohamed TA, Essa AF, Abd-El Gawad AM, Alqahtani AS, Shahat AA, 

Yoneyama T, Farrag ARH, Noji M, El-Seedi HR, Umeyama A, Paré PW, Hegazy M-EF. 

https://doi.org/10.1186/s43094-021-00394-1
http://www.pharmacyjournal.in/archives/2018/vol3/issue3/3-3-15
https://doi.org/10.1016/j.toxrep.2019.05.014
https://www.sciencedirect.com/science/article/pii/S2214750019300393
https://iopscience.iop.org/article/10.1088/1742-6596/1321/3/032057


15 
 

2019. Recent Advances in Kaempferia Phytochemistry and Biological Activity: A 

Comprehensive Review. Nutrients 11(10):2396. https://doi.org/10.3390/nu11102396. 

George L, Lenhart A, Toledo J, Lazaro A, Han WW, Velayudhan R, Ranzinger SR, Horstick 

O. 2015. CommunityEffectiveness of Temephos for Dengue Vector Control: A 

Systematic Literature Review. PLoS Negl Trop Dis 9(9):e0004006. doi:10.1371/journal. 

pntd.0004006. 

Manjarres-Suarez A, Olivero-Verbel J. 2013. Chemical control of Aedes aegypti: a historical 

perspective. Rev. costarric. salud pública  [Internet] 22(1):68-75. Available from: 

http://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid=S1409-

14292013000100012&lng=en. 

Paeporn P, Sathantriphop S, Sripho W, Ya-umphan P, Vivon M, Nilmanee L. 2021. 

Laboratory and field evaluation on the efficacy of temephos for larval control of 

insecticide resistant strains of the dengue vector Aedes aegypti L. Dis Control J 47(Suppl 

1):734–745. https://doi.org/10.14456/dcj.2021.65. 

Sameer HQ, Abdel-Fattah NAH, Shehawy AA. 2017. Assessment of DNA damage and 

biochemical responses in Rhyzopertha dominica exposed to some plant volatile oils. J 

Pharm Toxicol 12(2):87–96. DOI:10.3923/jpt.2017.87.96.  

Yang Y-C, Park I-K, Kim E-H, Lee H-S, Ahn Y-J. 2004. Larvicidal Activity of Medicinal 

Plant Extracts Against Aedes aegypti, Ochlerotatus togoi, and Culex pipiens pallens 

(Diptera: Culicidae). J Asia Pac Entomol 7(2):227–232. doi:10.1016/s1226-

8615(08)60220-4.  

  

https://doi.org/10.3390/nu11102396
http://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid=S1409-14292013000100012&lng=en
http://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid=S1409-14292013000100012&lng=en
https://doi.org/10.14456/dcj.2021.65


16 
 

 

Table 1. Larval mortality of Aedes aegypti based on the types and concentrations of K. galanga extract  

Extract types Concentration 

(ppm) 

Larval mortality (%) based on the exposure time 

24 h 48 h 

Min  Max  Mean  Min  Max  Mean  

Ethanol         

 1 35 55 40 65 100 88 

 8.75 70 85 80 90 100 96 

 17.5 80 90 85 95 100 99 

 35 80 95 89 100 100 100 

 70 85 95 91 100 100 100 

Ethyl acetate         

 1 0 10 2 5 20 11 

 8.75 0 10 5 10 30 15 

 17.5 0 20 9 10 40 23 

 35 0 30 17 30 45 37 

 70 20 55 36 65 95 84 

n-Hexane         

 1 5 10 7 5 20 12 

 8.75 5 10 8 10 40 28 

 17.5 5 25 11 70 95 82 

 35 15 50 32 75 100 94 

 70 75 90 83 95 100 99 

Water         

 1 25 75 44 55 90 77 

 8.75 65 90 75 95 100 98 

 17.5 65 90 81 95 100 99 

 35 75 95 83 100 100 100 

 70 80 95 86 100 100 100 

Temephos* 0.02 100 100 100 - - - 

Aquadest#  0 0 0 0 0 0 0 
*) positive control; #) negative control 
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Table 2. Physical conditions of the experiment  

Variables Pre Post 

Water Temperature (0C) 26.0 – 27.0 26.2 – 27.0 

Water pH 7.8 – 8.0 7.6 – 7.9 
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Figure 1. The mortality rate of Aedes aegypti larvae after 24 h and 48 h exposure to four extract types, namely 

Ethanol (EtOH), Ethyl acetate (EA), and n-hexane (Hex).  EtOH extract type showed rapid progress in mortality 

of the research subject.  
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Table 3. Effect of extract type, concentration, and their interaction on larval mortality  

Variables F p 

Intercept  33.690 0.004 

Extract types  26.071 0.000 

Concentrations 7.032 0.004 

Extract types and concentrations 10.867 0.000 
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Table 4. Multiple comparisons of extract types on larval mortality  

Extract type comparisons  Mean difference  p 95% Confidence Interval 

Ethanol – Ethyl acetate  63.2 0.000 57.83 – 68.55 

Ethanol – n-Hexane 48.8 0.000 43.45 – 54.15 

Ethanol – Water  3.2 0.237 -2.15 – 8.55 

Ethyl acetate – n-hexane  14.48 0.000 19.75 – 10.90 

Ethyl acetate – water  -60.0 0.00 -50.95 – 54.65 

n-Hexane – water  -45.6 0.00 -50.95 – 40.25 
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Table 5. The Lethal Concentration (LC50 and LC90) of the ethanol, ethyl acetate, and n-hexane extract types on 

mortality of Aedes aegypti larvae 

Extract types Lethal Concentration (ppm) Chi-

Square 

p 

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

24 h exposure      

Ethanol 1.563 (0.853-2.411) 38.410 (25.689-66.490) 15.429 0.879 

Ethyl acetate 206.739 (90.142-2656.154) 3026.409 (545.569-942044.641) 58.388 0.000 

n-hexane 47.579 (29.006-116.513) 370.596 (140.397-4713.808) 109.982 0.000 

Water  1.33 (0.375-2.683) 91.568 (44.037-350.320) 34.124 0.063 

48 h exposure      

Ethanol 0.061 (0.003-0.217) 1.457 (0.575-2.648) 28.788 0.190 

Ethyl acetate 7.623 (5.123-10.566) 36.932 (25.095-65.592) 72.2332 0.000 

n-hexane 38.063 (23.598-79.283) 518.528 (187.215-4912.710) 72.096 0.000 

Water  0.300 (0.107-0.532) 2.455 (1.672-3.780) 23.979 0.405 
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Abstract 

Background and Objective: The resistance of Ae. aegypti larvae against Temephos become 

an obstacle in controlling the arboviral vector. This condition triggered researchers to 

investigate the larvicidal activity of phytochemical compounds that are effective, safe, 

biodegradable, and eco-friendly from various medicinal plants. This study evaluated the 

larvicidal activity of K. galanga extracts against Ae. aegypti larvae. Material and Methods: 

Four solvents with different polarities, namely ethanol, ethyl acetate, n-hexane, and water were 

used in the sequential extraction. The final larvicidal bioassay test of the four extract types was 

designed in five replicates of five concentration ranges, namely 1.0, 8.75, 17.5, 35.0, and 70.0 

ppm. A total of 20 3rd instar larvae of Ae. aegypti were contacted with each replicate in a plastic 

cup. Larval mortality and effective concentration of larvicide were calculated and determined 

after 24 and 48 hours of exposure. Results: The average range of larval mortality according to 

the concentration of larvicide extracts of ethanol, ethyl acetate, n-hexane, and water was 40-

91%, 2-36%, 7-83%, and 44-86% after 24 hours, and 88-100 %, 11-84%, 12-99%, and 77-

100% after 48 hours of exposure. The data yielded LC50 for 24 and 48 hours of exposure at 

1,563 and 0.061 ppm, 206,739 and 7,623 ppm, 47,579 and 38,063 ppm, and 1.33 and 0.300 

ppm, respectively. Conclusion: The polar extract of K. galanga showed high effectiveness so 

it is necessary to design the right formulation for field application, potency stability, and active 

period of this larvicide residue.  

Keywords: larvicidal activity, Kaempferia galanga, extract types, Aedes aegypti, arboviral 

vector   
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INTRODUCTION 

The role of the Ae. aegypti mosquito as the vector for some of the most important 

arboviral diseases such as Dengue, Chikungunya, and Zika1,2, and in addition to Rift Valley3, 

and Yellow fever4 has been well known by the community in endemic areas of the disease, so 

they carried out various efforts for vector control5. They also have very high confidence that 

Temephos larvicide and fumigation are effective in suppressing the Aedes mosquito 

population6, so the larvicide is one of the most widespread methods used in Aedes control 

measures in endemic areas, including Indonesia7. Long-term use of Temephos has given rise to 

resistant strains in Ae. aegypti mosquito populations in various countries, such as recent reports 

in Brazil8, Cuba9, Indonesia10, Malaysia11, and Peru12, in addition to genotoxic effects in 

humans13. 

The emergence of Temephos-resistant strains in the Ae. aegypti populations have 

hampered the efforts to control these arboviral vectors and triggering researchers to study new 

herbal-based phytochemical compounds that are effective, safe, eco-friendly, and 

biodegradable14-16. As a general criterion, the larvicidal activity effectiveness of a 

phytochemical compound is classified into three levels based on the lethal concentration of 50% 

(LC50) which is high, medium, and low if LC50 is less than 50, 250, and 750 ppm17. Several 

studies report various types of plant extracts that meet the criteria including Thai plants17, local 

Derris elliptica18-20, several medicinal plants in India21, and Brazilian plants22,23. These plants 

contain a class of phytochemical compounds that have larvicidal potency, especially flavonoids, 

saponins, tannins, steroids, cardiac glycosides, alkaloids, anthraquinones, and terpenoids. The 

compounds cause DNA damage and affect the detoxifying enzymes24,25. 

K. galanga is a member of the Zingiberaceae family26 where the rhizome contains several 

secondary metabolite compounds such as steroids, saponins, flavonoids, terpenoids, phenols, 

alkaloids, tannins, cardiac glycosides, and essential oils27,28. Traditionally, K. galanga rhizome 
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is used as an antipyretic, anti-infection, digestive disorder, and bioinsecticide29,30. During the 

Covid-19 pandemic, K. galanga became the medicinal plants that were mostly used by people 

in the world31. The potential for bioinsecticide of K. galanga rhizome extracts and essential oils 

has been reported by several researchers for vector control of arboviruses in various countries 

with varying effective concentrations. The lethal concentration (LC50) of larvicidal activity of 

K. galanga essential oils was 39.22 ppm32; ether and chloroform extracts of 64.08 ppm and 

105.02 ppm33; methanol, hexane, chloroform, ethyl acetate, and water extracts were 30.4, 27.9, 

40.9, 133.7, and >200 ppm34. Production of medicinal plants in Indonesia is bountiful, including 

Zingiberaceae35. This fact strongly supports the efforts to diversify the use of K. galanga more 

broadly for health. This study aimed to evaluate the susceptibility of Ae. aegypti larvae to the 

larvicidal activity of ethanol, ethyl acetate, n-hexane, and aqueous extracts of K. galanga 

rhizome.  

 

MATERIAL AND METHODS 

Plant material and extraction: K. galanga rhizome was purchased from a spice farmer in 

Gunung Kidul Regency, Yogyakarta Special Region Province, Indonesia. The rhizome is made 

simplicia, dried, and made into powder. The technical grade ethanol, ethyl acetate, n-hexane, 

and aqua dest were purchased from a local chemical distributor in Semarang City, Central Java, 

Indonesia. The extraction process was carried out at the Chemical Laboratory of Natural 

Materials, Garut University, West Java Province, Indonesia following the previous research 

procedure19,34 with minor modifications. In short, the dry powder of K. galanga rhizome 

simplicia was macerated with ethanol for 3x24 hours. The impurities are filtered and the 

solution is evaporated to produce ethanol extract. Part of the extract was dissolved in distilled 

water and liquid-liquid partitioned with ethyl acetate in a separating funnel to produce two 

layers: water and ethyl acetate. The ethyl acetate layer is evaporated and yields the ethyl acetate 
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extract. The water layer was partitioned with n-hexane solvent to produce water and n-hexane 

layers. Both are evaporated and produce aqueous and n-hexane extracts. 

 

Determination of larvicidal activity: The initial bioassay test applied three levels of larvicide 

concentration of K. galanga extract in which five replicates were made, namely 85, 105, and 

125 ppm, and placed in a plastic cup. A total of 20 3rd instar Ae. aegypti larvae with healthy 

conditions were subject to each cup and contacted for 24 hours. Larval mortality after 24-hour 

exposure was 90, 98, and 100 percent. This data is used to design new concentration levels, 

namely 1, 8.75, 17.5, 35, and 70 ppm. The experiment was equipped with a positive control 

(0.02 ppm temephos solution) and a negative (aquadest) control. The effective concentrations 

(LC50 and LC90) were determined by the Probit test36, and the results were compared with 

related references17. 

  

Review of Ethics: The research protocol was reviewed and obtained ethical approval from the 

Health Research Ethics Commission, Faculty of Public Health, University of Muhammadiyah 

Semarang number: 516/KEPK-FKM/UNIMUS/2021. 

 

Data analysis: The data were analyzed statistically according to the post-test-only control 

group experimental design using a two-way analysis of variance mean difference test. The 

difference test between groups used the least significant difference (LSD) at a probability level 

of 0.05. Determination of LC50 using the Probit test. All data analysis using SPSS version 16.0 

software. Visualization of data in graphs using Microsoft Excel. 

 

RESULTS  
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In total, mortality data for Ae. aegypti larvae showed variations in larvicidal activity based 

on the types of K. galanga rhizome extract. The order from highest to lowest larval mortality 

was ethanol extract, water, n-hexane, and ethyl acetate with the average mortality at the highest 

concentration reaching 91%. A significant increase in larvicidal activity occurred after 48 hours 

of exposure where larval mortality reached 100%, even since the concentration of 35 ppm in 

ethanol and water extracts. This increasing phenomenon occurred in the n-hexane extract, 

although 99% mortality could be achieved at a twice higher concentration of 70 ppm. During 

the observation period, ethanol and water extracts showed equivalent larvicidal activity. This 

experimental condition was well controlled. It was shown that no dead larvae were found in the 

negative control group and 100% of dead larvae were found in the positive control group (Table 

1). The temperature and pH of the water showed suitable conditions for the life of mosquito 

larvae (Table 2). 

Fig.1. shows the description of larvicidal activity based on the concentration of K. 

galanga rhizome extracts. The ethanol and water extracts showed higher larvicidal potency and 

equivalence than ethyl acetate and n-hexane, even since the concentrations were low. All types 

of extracts showed an increase in larvicidal potency after 48 hours of exposure, even ethanol 

and water extracts reached 100% mortality at a concentration of 35 ppm. Meanwhile, the ethyl 

acetate extract showed the lowest potency, while the n-hexane extract showed the highest 

potency after 48 hours of exposure. 

The larvicidal potency of K. galanga extract showed significant differences, both 

separately based on type and concentration, as well as the interaction between the two (Table 

3). This difference can be seen in almost all types of extracts, except for ethanol and water 

extracts. These two extracts showed the lowest difference in the mean larval mortality (Table 

4). The LC50 data after 48 hours of exposure showed that all types of K. galanga extract were 
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effective larvicides with high activity, although at 24 hours of exposure the ethyl acetate extract 

showed moderate larvicidal activity (Table 5). 

 

DISCUSSION 

This finding proved that local K. galanga rhizome has good larvicidal activity whereas 

the extracts produced from polar solvents show higher larvicidal activity than semi-polar and 

non-polar. In general, larval mortality increased with the concentration of K. galanga rhizome 

extract, which indicates a dose-response effect phenomenon. On the other hand, the 

phenomenon of larval mortality in the experimental group, positive control, negative control, 

and physical factors also showed the quality of controlled experiments. Temperature and pH 

data showed the optimum range for the life of Aedes larvae so that death was not caused by 

physical factors of water. Aedes larvae stopped moving and died at 80C37 and pH 3 or lower38. 

Ethanol and water are the polar extraction solvent. The literature stated that ethanol 

extracts contain higher phytochemical compounds than aqueous extracts, especially the 

presence of four classes of secondary metabolites of steroids, flavonoids, saponins, and 

terpenoids. There are six secondary metabolites found in both extracts, namely alkaloids, 

tannins, phenols, coumarins, cardiac glycosides, and phlobatinins27. The ethanol extract of K. 

galanga also contains seven minor compounds39. This larvicidal activity is related to secondary 

metabolites of alkaloids, phenols, coumarins, terpenoids, and flavonoids that interfere with 

acetylcholinesterase (AChE) and octopaminergic receptors40. Cardiac glycosides interfere with 

the sensitivity of the performance of Na+ and K+-ATPase41, while tannins interfere with the 

digestive system and the activity of detoxifying enzymes and AChE42. The larvicidal activity 

of the ethyl acetate extract of K. galanga rhizome is lower than the ethanol and water extracts 

because it is thought to contain only two important secondary metabolites, namely tannins and 

cardiac glycosides27. Ethanol is a broad-spectrum extraction solvent capable of capturing polar 
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to non-polar compounds, while n-hexane only captures non-polar compounds. The data showed 

that the n-hexane extract of K. galanga rhizome had the weakest larvicidal activity. This 

indicated that the larvicidal activity of K. galanga rhizome extract is more determined by polar 

secondary metabolites. These findings indicate that K. galanga rhizome extracts have highly 

effective larvicidal activity indicated by an LC50 value of fewer than 50 ppm17. Overall, the 

literature stated that K. galanga rhizome contains 97 phytochemical compounds, namely 26 

terpenoids, 15 phenolics, 16 cyclic dipeptides, 3 flavonoids, 8 diarylheptanoids, 9 

polysaccharides, and 9 other compounds including twelve volatile compounds and eighteen 

essential oils28. The presence of volatile compounds and essential oils raised the hypothesis of 

the repellent activity of the K. galanga extracts. 

The results of this study add to the evidence of the non-medical benefits of K. galanga 

rhizome in the health sector, where there are promising prospects as a larvicidal raw material. 

Historically, the benefit value of K. galanga as a medicinal plant has long been known and felt 

by the wider community, especially in the South to Southeast Asia region. In addition to its use 

for health and medicine, this plant also has culinary, cultural, and economic value43. 

Traditionally, this medicinal plant has been used to improve the fitness of pregnant women and 

childbirth, relieve respiratory and digestive disorders, and reduce swelling and joint pain44. 

Currently, the potential of this plant has been utilized for inflammatory, analgesic, diarrheal, 

bacterial, and helminth infections, sedative, cytotoxic, and insecticide29,45. K. galanga also has 

functional food value as a safe spice, highly nutritious, non-toxic antioxidant, high chemo-

preventive potential, and anti-nutritional properties46. In the Indonesian context, K. galanga has 

a high bio-cultural value, especially for the Batak and Javanese communities related to 

functional food and health43. The economic value of K. galanga is very promising because it is 

supported by the availability of bountiful raw materials. More than 5400 species of medicinal 

plants have been identified in Indonesia, including Zingiberaceae35. The use of K. galanga in 
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traditional medicine is also a form of community creative economy, especially various herbal 

drinking in Central Java, Indonesia47.  

 

CONCLUSION 

K. galanga rhizome extracts had effective larvicidal activity against Ae. aegypti larvae, 

whereas the polar extracts were more active than semi-polar and non-polar. Further research is 

needed to determine the stability of the larvicidal potency and active period of the 

phytochemical residue, and the appropriate formulation for field applications. 

 

SIGNIFICANT STATEMENT 

This study found high insecticidal potency in 2 types of K. galanga extract that can be beneficial 

for obtaining the specific phytochemical compounds as larvicide material for controlling the 

arboviral vectors, Aedes mosquitoes. This study will help the researchers to uncover critical 

areas of finding alternative methods for solving the resistance problems in mosquito vector 

control that many researchers are unable to explore. This finding reinforces that new theories 

on herbal chemical compounds can arrive in the near time. 
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Table 1. Larval mortality of Aedes aegypti based on the types and concentrations of K. galanga extract  

Extract types Concentration 

(ppm) 

Larval mortality (%) based on the exposure time 

24 h 48 h 

Min  Max  Mean  Min  Max  Mean  

Ethanol         

 1 35 55 40 65 100 88 

 8.75 70 85 80 90 100 96 

 17.5 80 90 85 95 100 99 

 35 80 95 89 100 100 100 

 70 85 95 91 100 100 100 

Ethyl acetate         

 1 0 10 2 5 20 11 

 8.75 0 10 5 10 30 15 

 17.5 0 20 9 10 40 23 

 35 0 30 17 30 45 37 

 70 20 55 36 65 95 84 

n-Hexane         

 1 5 10 7 5 20 12 

 8.75 5 10 8 10 40 28 

 17.5 5 25 11 70 95 82 

 35 15 50 32 75 100 94 

 70 75 90 83 95 100 99 

Water         

 1 25 75 44 55 90 77 

 8.75 65 90 75 95 100 98 

 17.5 65 90 81 95 100 99 

 35 75 95 83 100 100 100 

 70 80 95 86 100 100 100 

Temephos* 0.02 100 100 100 - - - 

Aquadest#  0 0 0 0 0 0 0 
*) positive control; #) negative control 
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Table 2. Physical conditions of the experiment  

Variables Pre Post 

Water Temperature (0C) 26.0 – 27.0 26.2 – 27.0 

Water pH 7.8 – 8.0 7.6 – 7.9 
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Figure 1. The mortality rate of Aedes aegypti larvae after 24 h and 48 h exposure to four extract types, namely 

Ethanol (EtOH), Ethyl acetate (EA), and n-hexane (Hex).  EtOH extract type showed rapid progress in mortality 

of the research subject.  
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Table 3. Effect of extract type, concentration, and their interaction on larval mortality  

Variables F p 

Intercept  33.690 0.004 

Extract types  26.071 0.000 

Concentrations 7.032 0.004 

Extract types and concentrations 10.867 0.000 
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Table 4. Multiple comparisons of extract types on larval mortality  

Extract type comparisons  Mean difference  p 95% Confidence Interval 

Ethanol – Ethyl acetate  63.2 0.000 57.83 – 68.55 

Ethanol – n-Hexane 48.8 0.000 43.45 – 54.15 

Ethanol – Water  3.2 0.237 -2.15 – 8.55 

Ethyl acetate – n-hexane  14.48 0.000 19.75 – 10.90 

Ethyl acetate – water  -60.0 0.00 -50.95 – 54.65 

n-Hexane – water  -45.6 0.00 -50.95 – 40.25 

 

  



22 
 

Table 5. The Lethal Concentration (LC50 and LC90) of the ethanol, ethyl acetate, and n-hexane extract types on 

mortality of Aedes aegypti larvae 

Extract types Lethal Concentration (ppm) Chi-

Square 

p 

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

24 h exposure      

Ethanol 1.563 (0.853-2.411) 38.410 (25.689-66.490) 15.429 0.879 

Ethyl acetate 206.739 (90.142-2656.154) 3026.409 (545.569-942044.641) 58.388 0.000 

n-hexane 47.579 (29.006-116.513) 370.596 (140.397-4713.808) 109.982 0.000 

Water  1.33 (0.375-2.683) 91.568 (44.037-350.320) 34.124 0.063 

48 h exposure      

Ethanol 0.061 (0.003-0.217) 1.457 (0.575-2.648) 28.788 0.190 

Ethyl acetate 7.623 (5.123-10.566) 36.932 (25.095-65.592) 72.2332 0.000 

n-hexane 38.063 (23.598-79.283) 518.528 (187.215-4912.710) 72.096 0.000 

Water  0.300 (0.107-0.532) 2.455 (1.672-3.780) 23.979 0.405 
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Abstract 

Background and Objective: The resistance of Ae. aegypti larvae against Temephos become 

an obstacle in controlling the arboviral vector. This condition triggered researchers to 

investigate the larvicidal activity of phytochemical compounds that are effective, safe, 

biodegradable, and eco-friendly from various medicinal plants. This study evaluated the 

larvicidal activity of K. galanga extracts against Ae. aegypti larvae. Material and Methods: 

Four solvents with different polarities, namely ethanol, ethyl acetate, n-hexane, and water were 

used in the sequential extraction. The final larvicidal bioassay test of the four extract types was 

designed in five replicates of five concentration ranges, namely 1.0, 8.75, 17.5, 35.0, and 70.0 

ppm. A total of 20 3rd instar larvae of Ae. aegypti were contacted with each replicate in a plastic 

cup. Larval mortality and effective concentration of larvicide were calculated and determined 

after 24 and 48 hours of exposure. Results: The average range of larval mortality according to 

the concentration of larvicide extracts of ethanol, ethyl acetate, n-hexane, and water was 40-

91%, 2-36%, 7-83%, and 44-86% after 24 hours, and 88-100 %, 11-84%, 12-99%, and 77-

100% after 48 hours of exposure. The data yielded LC50 for 24 and 48 hours of exposure at 

1,563 and 0.061 ppm, 206,739 and 7,623 ppm, 47,579 and 38,063 ppm, and 1.33 and 0.300 

ppm, respectively. Conclusion: The polar extract of K. galanga showed high effectiveness so 

it is necessary to design the right formulation for field application, potency stability, and active 

period of this larvicide residue.  

Keywords: larvicidal activity, Kaempferia galanga, extract types, Aedes aegypti, arboviral 

vector   
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INTRODUCTION 

The role of the Ae. aegypti mosquito as the vector for some of the most important 

arboviral diseases such as Dengue, Chikungunya, and Zika1,2, and in addition to Rift Valley3, 

and Yellow fever4 has been well known by the community in endemic areas of the disease, so 

they carried out various efforts for vector control5. They also have very high confidence that 

Temephos larvicide and fumigation are effective in suppressing the Aedes mosquito 

population6, so the larvicide is one of the most widespread methods used in Aedes control 

measures in endemic areas, including Indonesia7. Long-term use of Temephos has given rise to 

resistant strains in Ae. aegypti mosquito populations in various countries, such as recent reports 

in Brazil8, Cuba9, Indonesia10, Malaysia11, and Peru12, in addition to genotoxic effects in 

humans13. 

The emergence of Temephos-resistant strains in the Ae. aegypti populations have 

hampered the efforts to control these arboviral vectors and triggering researchers to study new 

herbal-based phytochemical compounds that are effective, safe, eco-friendly, and 

biodegradable14-16. As a general criterion, the larvicidal activity effectiveness of a 

phytochemical compound is classified into three levels based on the lethal concentration of 50% 

(LC50) which is high, medium, and low if LC50 is less than 50, 250, and 750 ppm17. Several 

studies report various types of plant extracts that meet the criteria including Thai plants17, local 

Derris elliptica18-20, several medicinal plants in India21, and Brazilian plants22,23. These plants 

contain a class of phytochemical compounds that have larvicidal potency, especially flavonoids, 

saponins, tannins, steroids, cardiac glycosides, alkaloids, anthraquinones, and terpenoids. The 

compounds cause DNA damage and affect the detoxifying enzymes24,25. 

K. galanga is a member of the Zingiberaceae family26 where the rhizome contains several 

secondary metabolite compounds such as steroids, saponins, flavonoids, terpenoids, phenols, 

alkaloids, tannins, cardiac glycosides, and essential oils27,28. Traditionally, K. galanga rhizome 
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is used as an antipyretic, anti-infection, digestive disorder, and bioinsecticide29,30. During the 

Covid-19 pandemic, K. galanga became the medicinal plants that were mostly used by people 

in the world31. The potential for bioinsecticide of K. galanga rhizome extracts and essential oils 

has been reported by several researchers for vector control of arboviruses in various countries 

with varying effective concentrations. The lethal concentration (LC50) of larvicidal activity of 

K. galanga essential oils was 39.22 ppm32; ether and chloroform extracts of 64.08 ppm and 

105.02 ppm33; methanol, hexane, chloroform, ethyl acetate, and water extracts were 30.4, 27.9, 

40.9, 133.7, and >200 ppm34. Production of medicinal plants in Indonesia is bountiful, including 

Zingiberaceae35. This fact strongly supports the efforts to diversify the use of K. galanga more 

broadly for health. This study aimed to evaluate the susceptibility of Ae. aegypti larvae to the 

larvicidal activity of ethanol, ethyl acetate, n-hexane, and aqueous extracts of K. galanga 

rhizome.  

 

MATERIAL AND METHODS 

Plant material and extraction: K. galanga rhizome was purchased from a spice farmer in 

Gunung Kidul Regency, Yogyakarta Special Region Province, Indonesia. The rhizome is made 

simplicia, dried, and made into powder. The technical grade ethanol, ethyl acetate, n-hexane, 

and aqua dest were purchased from a local chemical distributor in Semarang City, Central Java, 

Indonesia. The extraction process was carried out at the Chemical Laboratory of Natural 

Materials, Garut University, West Java Province, Indonesia following the previous research 

procedure19,34 with minor modifications. In short, the dry powder of K. galanga rhizome 

simplicia was macerated with ethanol for 3x24 hours. The impurities are filtered and the 

solution is evaporated to produce ethanol extract. Part of the extract was dissolved in distilled 

water and liquid-liquid partitioned with ethyl acetate in a separating funnel to produce two 

layers: water and ethyl acetate. The ethyl acetate layer is evaporated and yields the ethyl acetate 
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extract. The water layer was partitioned with n-hexane solvent to produce water and n-hexane 

layers. Both are evaporated and produce aqueous and n-hexane extracts. 

 

Determination of larvicidal activity: The initial bioassay test applied three levels of larvicide 

concentration of K. galanga extract in which five replicates were made, namely 85, 105, and 

125 ppm, and placed in a plastic cup. A total of 20 3rd instar Ae. aegypti larvae with healthy 

conditions were subject to each cup and contacted for 24 hours. Larval mortality after 24-hour 

exposure was 90, 98, and 100 percent. This data is used to design new concentration levels, 

namely 1, 8.75, 17.5, 35, and 70 ppm. The experiment was equipped with a positive control 

(0.02 ppm temephos solution) and a negative (aquadest) control. The effective concentrations 

(LC50 and LC90) were determined by the Probit test36, and the results were compared with 

related references17. 

  

Review of Ethics: The research protocol was reviewed and obtained ethical approval from the 

Health Research Ethics Commission, Faculty of Public Health, University of Muhammadiyah 

Semarang number: 516/KEPK-FKM/UNIMUS/2021. 

 

Data analysis: The data were analyzed statistically according to the post-test-only control 

group experimental design using a two-way analysis of variance mean difference test. The 

difference test between groups used the least significant difference (LSD) at a probability level 

of 0.05. Determination of LC50 using the Probit test. All data analysis using SPSS version 16.0 

software. Visualization of data in graphs using Microsoft Excel. 

 

RESULTS  
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In total, mortality data for Ae. aegypti larvae showed variations in larvicidal activity based 

on the types of K. galanga rhizome extract. The order from highest to lowest larval mortality 

was ethanol extract, water, n-hexane, and ethyl acetate with the average mortality at the highest 

concentration reaching 91%. A significant increase in larvicidal activity occurred after 48 hours 

of exposure where larval mortality reached 100%, even since the concentration of 35 ppm in 

ethanol and water extracts. This increasing phenomenon occurred in the n-hexane extract, 

although 99% mortality could be achieved at a twice higher concentration of 70 ppm. During 

the observation period, ethanol and water extracts showed equivalent larvicidal activity. This 

experimental condition was well controlled. It was shown that no dead larvae were found in the 

negative control group and 100% of dead larvae were found in the positive control group (Table 

1). The temperature and pH of the water showed suitable conditions for the life of mosquito 

larvae (Table 2). 

Fig.1. shows the description of larvicidal activity based on the concentration of K. 

galanga rhizome extracts. The ethanol and water extracts showed higher larvicidal potency and 

equivalence than ethyl acetate and n-hexane, even since the concentrations were low. All types 

of extracts showed an increase in larvicidal potency after 48 hours of exposure, even ethanol 

and water extracts reached 100% mortality at a concentration of 35 ppm. Meanwhile, the ethyl 

acetate extract showed the lowest potency, while the n-hexane extract showed the highest 

potency after 48 hours of exposure. 

The larvicidal potency of K. galanga extract showed significant differences, both 

separately based on type and concentration, as well as the interaction between the two (Table 

3). This difference can be seen in almost all types of extracts, except for ethanol and water 

extracts. These two extracts showed the lowest difference in the mean larval mortality (Table 

4). The LC50 data after 48 hours of exposure showed that all types of K. galanga extract were 
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effective larvicides with high activity, although at 24 hours of exposure the ethyl acetate extract 

showed moderate larvicidal activity (Table 5). 

 

DISCUSSION 

This finding proved that local K. galanga rhizome has good larvicidal activity whereas 

the extracts produced from polar solvents show higher larvicidal activity than semi-polar and 

non-polar. In general, larval mortality increased with the concentration of K. galanga rhizome 

extract, which indicates a dose-response effect phenomenon. On the other hand, the 

phenomenon of larval mortality in the experimental group, positive control, negative control, 

and physical factors also showed the quality of controlled experiments. Temperature and pH 

data showed the optimum range for the life of Aedes larvae so that death was not caused by 

physical factors of water. Aedes larvae stopped moving and died at 80C37 and pH 3 or lower38. 

Ethanol and water are the polar extraction solvent. The literature stated that ethanol 

extracts contain higher phytochemical compounds than aqueous extracts, especially the 

presence of four classes of secondary metabolites of steroids, flavonoids, saponins, and 

terpenoids. There are six secondary metabolites found in both extracts, namely alkaloids, 

tannins, phenols, coumarins, cardiac glycosides, and phlobatinins27. The ethanol extract of K. 

galanga also contains seven minor compounds39. This larvicidal activity is related to secondary 

metabolites of alkaloids, phenols, coumarins, terpenoids, and flavonoids that interfere with 

acetylcholinesterase (AChE) and octopaminergic receptors40. Cardiac glycosides interfere with 

the sensitivity of the performance of Na+ and K+-ATPase41, while tannins interfere with the 

digestive system and the activity of detoxifying enzymes and AChE42. The larvicidal activity 

of the ethyl acetate extract of K. galanga rhizome is lower than the ethanol and water extracts 

because it is thought to contain only two important secondary metabolites, namely tannins and 

cardiac glycosides27. Ethanol is a broad-spectrum extraction solvent capable of capturing polar 
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to non-polar compounds, while n-hexane only captures non-polar compounds. The data showed 

that the n-hexane extract of K. galanga rhizome had the weakest larvicidal activity. This 

indicated that the larvicidal activity of K. galanga rhizome extract is more determined by polar 

secondary metabolites. These findings indicate that K. galanga rhizome extracts have highly 

effective larvicidal activity indicated by an LC50 value of fewer than 50 ppm17. Overall, the 

literature stated that K. galanga rhizome contains 97 phytochemical compounds, namely 26 

terpenoids, 15 phenolics, 16 cyclic dipeptides, 3 flavonoids, 8 diarylheptanoids, 9 

polysaccharides, and 9 other compounds including twelve volatile compounds and eighteen 

essential oils28. The presence of volatile compounds and essential oils raised the hypothesis of 

the repellent activity of the K. galanga extracts. 

The results of this study add to the evidence of the non-medical benefits of K. galanga 

rhizome in the health sector, where there are promising prospects as a larvicidal raw material. 

Historically, the benefit value of K. galanga as a medicinal plant has long been known and felt 

by the wider community, especially in the South to Southeast Asia region. In addition to its use 

for health and medicine, this plant also has culinary, cultural, and economic value43. 

Traditionally, this medicinal plant has been used to improve the fitness of pregnant women and 

childbirth, relieve respiratory and digestive disorders, and reduce swelling and joint pain44. 

Currently, the potential of this plant has been utilized for inflammatory, analgesic, diarrheal, 

bacterial, and helminth infections, sedative, cytotoxic, and insecticide29,45. K. galanga also has 

functional food value as a safe spice, highly nutritious, non-toxic antioxidant, high chemo-

preventive potential, and anti-nutritional properties46. In the Indonesian context, K. galanga has 

a high bio-cultural value, especially for the Batak and Javanese communities related to 

functional food and health43. The economic value of K. galanga is very promising because it is 

supported by the availability of bountiful raw materials. More than 5400 species of medicinal 

plants have been identified in Indonesia, including Zingiberaceae35. The use of K. galanga in 
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traditional medicine is also a form of community creative economy, especially various herbal 

drinking in Central Java, Indonesia47.  

 

CONCLUSION 

K. galanga rhizome extracts had effective larvicidal activity against Ae. aegypti larvae, 

whereas the polar extracts were more active than semi-polar and non-polar. Further research is 

needed to determine the stability of the larvicidal potency and active period of the 

phytochemical residue, and the appropriate formulation for field applications. 

 

SIGNIFICANT STATEMENT 

This study found high insecticidal potency in 2 types of K. galanga extract that can be beneficial 

for obtaining the specific phytochemical compounds as larvicide material for controlling the 

arboviral vectors, Aedes mosquitoes. This study will help the researchers to uncover critical 

areas of finding alternative methods for solving the resistance problems in mosquito vector 

control that many researchers are unable to explore. This finding reinforces that new theories 

on herbal chemical compounds can arrive in the near time. 
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Table 1. Larval mortality of Aedes aegypti based on the types and concentrations of K. galanga extract  

Extract types Concentration 

(ppm) 

Larval mortality (%) based on the exposure time 

24 h 48 h 

Min  Max  Mean  Min  Max  Mean  

Ethanol         

 1 35 55 40 65 100 88 

 8.75 70 85 80 90 100 96 

 17.5 80 90 85 95 100 99 

 35 80 95 89 100 100 100 

 70 85 95 91 100 100 100 

Ethyl acetate         

 1 0 10 2 5 20 11 

 8.75 0 10 5 10 30 15 

 17.5 0 20 9 10 40 23 

 35 0 30 17 30 45 37 

 70 20 55 36 65 95 84 

n-Hexane         

 1 5 10 7 5 20 12 

 8.75 5 10 8 10 40 28 

 17.5 5 25 11 70 95 82 

 35 15 50 32 75 100 94 

 70 75 90 83 95 100 99 

Water         

 1 25 75 44 55 90 77 

 8.75 65 90 75 95 100 98 

 17.5 65 90 81 95 100 99 

 35 75 95 83 100 100 100 

 70 80 95 86 100 100 100 

Temephos* 0.02 100 100 100 - - - 

Aquadest#  0 0 0 0 0 0 0 
*) positive control; #) negative control 
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Table 2. Physical conditions of the experiment  

Variables Pre Post 

Water Temperature (0C) 26.0 – 27.0 26.2 – 27.0 

Water pH 7.8 – 8.0 7.6 – 7.9 
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Figure 1. The mortality rate of Aedes aegypti larvae after 24 h and 48 h exposure to four extract types, namely 

Ethanol (EtOH), Ethyl acetate (EA), and n-hexane (Hex).  EtOH extract type showed rapid progress in mortality 

of the research subject.  
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Table 3. Effect of extract type, concentration, and their interaction on larval mortality  

Variables F p 

Intercept  33.690 0.004 

Extract types  26.071 0.000 

Concentrations 7.032 0.004 

Extract types and concentrations 10.867 0.000 
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Table 4. Multiple comparisons of extract types on larval mortality  

Extract type comparisons  Mean difference  p 95% Confidence Interval 

Ethanol – Ethyl acetate  63.2 0.000 57.83 – 68.55 

Ethanol – n-Hexane 48.8 0.000 43.45 – 54.15 

Ethanol – Water  3.2 0.237 -2.15 – 8.55 

Ethyl acetate – n-hexane  14.48 0.000 19.75 – 10.90 

Ethyl acetate – water  -60.0 0.00 -50.95 – 54.65 

n-Hexane – water  -45.6 0.00 -50.95 – 40.25 
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Table 5. The Lethal Concentration (LC50 and LC90) of the ethanol, ethyl acetate, and n-hexane extract types on 

mortality of Aedes aegypti larvae 

Extract types Lethal Concentration (ppm) Chi-

Square 

p 

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

24 h exposure      

Ethanol 1.563 (0.853-2.411) 38.410 (25.689-66.490) 15.429 0.879 

Ethyl acetate 206.739 (90.142-2656.154) 3026.409 (545.569-942044.641) 58.388 0.000 

n-hexane 47.579 (29.006-116.513) 370.596 (140.397-4713.808) 109.982 0.000 

Water  1.33 (0.375-2.683) 91.568 (44.037-350.320) 34.124 0.063 

48 h exposure      

Ethanol 0.061 (0.003-0.217) 1.457 (0.575-2.648) 28.788 0.190 

Ethyl acetate 7.623 (5.123-10.566) 36.932 (25.095-65.592) 72.2332 0.000 

n-hexane 38.063 (23.598-79.283) 518.528 (187.215-4912.710) 72.096 0.000 

Water  0.300 (0.107-0.532) 2.455 (1.672-3.780) 23.979 0.405 
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