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ABSTRACT

Introduction: The control of mosquito populations to prevent disease transmission relies profoundly on  
the application of larvicides. However, the surge of resistance poses a significant threat. Botanical  
insecticides serve as an alternative approach for vector control, and thus, this study aimed to evaluate the  
larvicidal capabilities of Ananas comosus flesh against Aedes albopictus. Methods: An aqueous extract of  
A. comosus was concentrated using the double-boiling method. The crude extract was diluted through  
the serial dilution technique. Mosquito eggs were collected using ovitraps and reared until adulthood  
under standard insectarium conditions. Late third and early fourth instar of Ae. albopictus larvae  
(30 larvae/replicate, n = 3) were exposed to the extract, and the mortality rate was recorded following 24 h  
and 48 h exposure. Results: Probit analysis revealed that the median lethal concentration, LC50 and  
90% lethal concentration after 24 h were 17.24 (9.62 – 21.03) and 24.53 (19.74 – 31.13) %, respectively.  
The LC50 and LC90 values for 48 h were 8.45 (6.49 – 10.06) and 11.59 (9.72 – 14.81) %, respectively.  
Conclusion: The findings suggest that A. comosus flesh revealed activity against Ae. albopictus, making it  
a potential botanical-derived larvicide. Future studies should focus on investigating the phytochemicals  
responsible for larval mortality and their mode of action.
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INTRODUCTION

Concerns regarding the growth of the mosquito  
population and the arboviral diseases they transmit 
are escalating in the public health sphere. Chemical 
insecticides have been commonly employed over the 
years to tackle this, despite the rising incidences of 
insecticide resistance and the associated risks both to 
human health and the ecosystem (1-2). This scenario 
adds to the complexity of vector control efforts, 
emphasizing the need to explore alternative initiatives 
that are targeted, sustainable and environmentally 
sound.

To address this, botanical insecticides have been 
introduced as potential solutions. Numerous studies 
have scrutinised the larvicidal activity of various fruits 
and plants. These natural sources possess bioactive 

compounds that can effectively target specific insects 
while being environmentally friendly. An earlier 
investigation, for instance has recorded the larvicidal 
and pupicidal impacts of essential oil extracted 
from Illicium verum and Zanthoxylum limonella (3). 
Larvicidal properties were also discovered in Averrhoa 
bilimbi extract (4). In addition, a combination of 
essential oils from Alpinia galanga, Curcuma zedoaria, 
Zingiber cassumunar and Eucalyptus globulus  
essential oils exhibited ovicidal and adulticidal actions 
against Ae. albopictus and Anopheles minimus (5). 
These findings highlight the probable usage of plants 
and their extracts as effective alternatives for mosquito 
population control efforts.

Ananas comosus is a tropical fruit widely found 
in Malaysia, with significant commercial value as 
a fruit crop in the country. This fruit is a rich source 
of vitamins,  minerals, proteins and dietary fibres 
that offer a wide range of health benefits (6). Ananas 
comosus contains phytochemicals such as flavonoids, 
polyphenols, vitamin C and β-carotene (7). It also 
contains bromelain, an enzyme that aids digestion  
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and possesses various therapeutic properties, including 
anti-inflammatory, antioxidant and anti-cancer  
effects (8). In a recent study,  the larvicidal efficacy of 
pineapple extract was investigated (9), the findings of 
which  serves as a foundation for the current research, 
utilizing Ae. albopictus. 

MATERIALS AND METHODS

Plant material and preparation of extract
This study utilized MD2 pineapples, sourced from a 
local distributor in Selangor, Malaysia. The pineapples 
were rinsed thoroughly to ensure cleanliness. The  
peel was removed, and the flesh was then diced into 
small pieces. Subsequently, the flesh was blended 
at room temperature. The mixture was then filtered  
using a cloth strainer and concentrated using the  
double boiling method. Finally, the concentrated 
mixture was subjected to centrifugation at 3000 rpm  
for 15 minutes.

Larvae collection and rearing
A total of twenty ovitraps were distributed in  
Puncak Alam Selangor, Malaysia.  These ovitraps 
were filled with tap water and contained paddles to  
facilitate mosquito oviposition. The paddles were 
carefully examined for eggs; while the water was 
inspected for the larvae. The larvae collected during 
sampling were reared until adulthood within one  
week of sample collection at the Vector Control and 
Disease Research Laboratory, UiTM Selangor Campus 
Controlled laboratory conditions were meticulously 
maintained to establish cyclical colonies of  
mosquitoes. The cage was kept at 28°C ± 2°C, with  
a relative humidity of 70±10%, and 12:12 h (light: 
dark) photoperiod, as previously described (10).  
Female mosquitoes were identified and carefully 
selected based on morphological characteristics and 
standard taxonomic keys (11).

Larvicidal assay
The larvicidal bioassay was conducted according  
to the standardized protocol described by the World 
Health Organization (12). A total of 30 larvae in 
the late third instar stages were exposed to varying 
concentrations of the test medium containing 
water in petri dishes (100%, 50%, 25%, 12.5%, 
6.25%). Three replicates were prepared for each  
concentration. Temephos (1 ppm) was used as a  
positive control, while distilled water served as the 

negative control. The larvicidal assay was executed  
at a constant temperature of 27±2ºC and 12:12 h  
(light: dark) photoperiod. The mortality rate was  
recorded following 24 hours and 48 hours of  
exposure.

Statistical analysis
The larvae mortality was expressed as the mean ± 
standard deviation of three replicates. Probit analysis  
was employed to determine the median lethal 
concentration (LC50) and 90% lethal concentration 
(LC90) of the population exposed, analysed with a 
95% confidence interval (CI) level using the SPSS  
20.0 software. One Way Analysis of Variance (ANOVA) 
was conducted, and the significance level was set  
at p <0.05.

RESULTS  

Mortality rates following exposure to A. comosus
The absence of movement in response to stimuli and  
the inability to reach the eater surface were  indicators 
used in this study to determine larval death. After 24 
hours of exposure, the larval mortality rates exhibited 
an increase from 0% at the 6.25% concentration to 
10% at 12.50% and steadily increased. At  48 hours of 
treatment,  the mortality rates revealed similar patterns 
of increased larval mortality rates with increased plant 
concentration (Figure I). The results obtained indicate 
that there is no difference in mortality rates after the 
larva was exposed to 50% and 100% concentration  
of extracts for 24 and 48 hours. The mortality ± 
Standard Error Mean (SEM) of Temephos  and distilled 
water were 100 ± 0.00  and 0 ± 0.00 respectively, 
across all three replicates. Statistical comparisons  
using one-way ANOVA revealed significant  
differences in larval mortality between all groups for 
both 24 hours (F(4, 10) = [519.167], p = 0.01) and  
48 hours of exposures (F(4, 10) = [6889.000], p = 0.01) 
(Table I).

Lethal concentration (LC50 and LC90)
Probit analysis performed following 24-hour exposure 
revealed that the LC50 and LC90 of the extract were 
determined to be 17.24 and 24.53%. Comparatively, 
after 48-hour exposure,  the values were determined  
to be 8.45 (LC50) and 11.59% (LC90), respectively  
(Table II). These findings demonstrated that the 
concentration and duration of the exposure improved 
the larvicidal activity of the Ananas extract.

Table I : ANOVA of Ae. albopictus larvae mortality rates following exposure to A. comosus flesh  

extract for 24 and 48 hours

Exposure period (h) df MS F P-value

24 4 7541.348 519.167 0.01

48 4 459.267 68889.00 0.01



203Mal J Med Health Sci 19(SUPP10): 201-205, Sept 2023

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346) 

demonstrated larvicidal capabilities. The findings 
align with a study previously conducted, which  
documented the larvicidal efficacy of A. comosus 
flesh extract against Ae. aegypti larvae. (9) However,  
slight differences in the larval mortality rates were  
observed. 

It is important to note that the quality of the extract  
is influenced by the extraction method, solvent  
polarity, concentration and the organ of the plant  
utilised (20). Our study revealed that. Ae. albopictus 
displayed susceptibility to the aqueous extract of 
A. comosus flesh. This finding is in agreement with 
previous reports.  The aqueous leaves extract of  
Annona glabra exhibited lower LC values to Ae aegypti 
and Ae. albopictus respectively, which indicate  
Ae albopictus was more vulnerable than Ae. aegypti 
(21) The same pattern was observed using Eucalyptus 
nitens extract (22). However, Ae. aegypti was more 
susceptible to S. aromaticum compared to other 
mosquito (13). These findings suggest mosquito  
species exhibit different susceptibilities to plant extract, 
which in turn is dependent on its phytochemicals 
constituents.

Based on our findings, it is evident that A. comosus 
flesh extract exhibits larvicidal activity, and thus 
shows promise as a natural alternative for controlling 
Ae. albopictus mosquito populations. Future 
study including phytochemical profiling and the  
identification of constituents with larvacidal 
activity is imperative. This can in turn reveal the 
mechanism of action such as by inhibiting insensitive 
acetylcholinesterase (23) or inhibiting conformational 
changes on the voltage-gated sodium channel that 
prevent insecticide binding (24).

CONCLUSION

In conclusion,  the aqueous extract of A. comosus  
flesh in this study has demonstrated strong larvicidal 
activity against Ae. albopictus. The observed mortality 
rates and lethal concentration values suggest that  

DISCUSSION

Plant-based products are recognized for their rich 
reserves of biologically active compounds, rendering 
them valuable in managing vectors. These compounds, 
including secondary metabolites can act through 
multiple modes, often with synergistic effects to  combat 
mosquito vectors. Its utilization can trigger diverse 
physiological and biochemical processes, hindering 
further development of resistance. Integrating botanical 
agents into current pest management strategies  
provides a sustainable, eco-friendly approach, and 
can minimize ecological disruption. In tandem, 
previous studies have explored the potential use of 
natural products as repellents, insecticides, oviposition 
deterrents, and insect growth regulators (13-15).

This study aimed to evaluate the larvicidal activity of 
the aqueous extract A. comosus against Ae. albopictus 
using standard bioassays. The results revealed that as  
the exposure time increased, the observed results 
become more pronounced. Our findings indicate a  
direct correlation between the mortality rate, the  
duration of the exposure and the concentration of 
extracts to which they were subjected. Comparable 
results have been reported in other studies involving 
different species, such as studies on Artemisia vulgaris 
(16), Piper betle L. (17) and Allium macrostemon 
Bunge (18). This could be attributed to the impact 
of phytochemicals on the midgut epithelium,  
subsequently influencing the structure of gastric cecal 
and malformed tubules in the larvae (17).  In addition, 
our findings demonstrated the use of distilled water  
is effective as extraction solvent based on the  
mortality rates. Similarly, the aqueous extract of  
Cedrus deodara (Roxb.) Loud. and Nicotiana tabacum 
Linn. exhibited  complete larval mortality following  
a 24-hour exposure to Culex quinquefasciatus. (19).

The larvicidal activity of the aqueous extract of   
A. comosus flesh against Ae. albopictus was evaluated 
and the LC50 and LC90 values for 24- 46 hours were 
determined. The aqueous extract of A. comosus flesh 

Table II : Probit analysis of Ae. albopictus larvicidal activity following exposure to A.comosus  
flesh extract for 24 and 48 hours

Extract 24 h 48 h

Median lethal concentration 
(LC50,%) (LCL-UCL)

17.24

(9.62 – 21.03)

8.45

(6.49 – 10.06)

90% lethal concentration 
(LC90, %) (LCL-UCL)

24.53

(19.74 – 31.13)

11.59

(9.72 – 14.81)

df 4 4

p-value 0.01 0.01
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A. comosus flesh holds promise as a valuable source  
of natural larvicidal agent that could be adopted in 
vector control programmes.. Further research is pivotal 
to reinforce these findings.

ACKNOWLEDGMENT

The authors gratefully acknowledge the Faculty 
of Health Sciences, Universiti Teknologi MARA  
Cawangan Selangor for providing access to the 
laboratory facilities at the Vector Control and  
Disease Research Laboratory.

REFERENCES
 
1. 	 Yang X, Zhou Y, Sun Y, Liu J, Jiang D. Multiple 

insecticide resistance and associated mechanisms 
to volatile pyrethroid in an Aedes albopictus 
population collected in southern China. Pestic 
Biochem Physiol 2021;174:104823. 

2.	 Wan-Norafikah O, Chen CD, Sofian-Azirun 
M. Organochlorines and organophosphates 
susceptibility of  Aedes albopictus Skuse larvae 
from agricultural and non-agricultural localities 
in Peninsular Malaysia. Saudi J Biol Sci 2021; 
28(1):1010-16. 

3.	 Soonwera M, Moungthipmalai T, Aungtikun J,  
Sittichok S. Combinations of plant essential oils 
and their major compositions inducing mortality 
and morphological abnormality of Aedes aegypti 
and Aedes albopictus. Heliyon 2022; 8(5): e09346.

4.	 Rohmah EA, Subekti S, Rudyanto M. Larvicidal 
activity and histopathological effect of Averrhoa 
bilimbi fruit extract on Aedes aegypti from 
Surabaya, Indonesia. J Parasitol Res 2020; (5):1-5.

5.	 Cotchakaew N, Soonwera M. Toxicity of several 
botanical essential oils and their combinations 
against females of Aedes albopictus (Skuse) and 
Anopheles minimus (Theobald): Oviposition 
deterrent, ovicidal and adulticidal efficacies. Asian 
Pac J Trop Biomed 2019; 9(1): 29-39.

6.	 Mohd Ali M, Hashim N, Abd Aziz S, Lasekan O. 
Pineapple (Ananas comosus): A comprehensive 
review of nutritional values, volatile compounds, 
health benefits, and potential food products. Food 
Res Int 2020; 137:109675.

7.	 Arampath PC, Dekker M. Thermal effect, diffusion, 
and leaching of health-promoting phytochemicals 
in commercial canning process of mango 
(Mangifera indica L.) and pineapple (Ananas 
comosus L.). Foods 2021; 10(1): 46.

8.	 Zdrojewicz Z, Chorbińska J, Biezyński B, Krajewski 
P. Health-promoting properties of pineapple. 
Pediatria i Medycyna Rodzinna 2018; 14(2): 133–
142.

9.	 Yola M, Sulistiyo J. The activity test of Aedes Aegypti 
larvacid from the combination of lemongrass oil 
with pineapple extract. Sanitas 2020; 11(2): 269–
278. 

10.	 Ismail NA, Amrannudin NA,  Hamsidi H, Ismail, 
R, Dom, NC, Ahmad AH et al. Natural infestation 
of Wolbachia strains in the populations of Ae. 
albopictus in Subang Jaya, Malaysia : a study based 
on wsp and mitochondrial CO1 sequence analysis. 
Mal J Med Health Sci 2021; Suppl 17(3): 206-214.

11.	 Biswas M,  Banerjee PK. Studies on morphological 
variations of Aedes albopictus in some areas of 
South 24 Parganas, West Bengal. Int J Mosq Res 
2016; 3(6): 6–10.

12.	 WHO. Guidelines for laboratory and field testing 
of mosquito larvicides. Vol. WHO/CDS/WHOPES/
GCPP/2005. Geneva: World Health Organisation; 
2005.

13.	 Rodrigues AM, Sampaio CG, Souza JSN, Campos 
AR, Silva ABRD, Morais SM et al. Different 
susceptibilities of Aedes aegypti and Aedes 
albopictus larvae to plant-derived products. Rev 
Soc Bras Med Trop 2019; 52:e20180197.

14.	 Ghosh A, Chowdhury N, Chandra G. Plant extracts 
as potential mosquito larvicides. Indian J Med Res 
2012; 135(5):581-598.

15.	 Dohutia C, Bhattacharyya DR, Sharma SK, 
Mohapatra PK, Bhattacharjee K, Gogoi K, et al. 
Larvicidal activity of few select indigenous plants of 
North East India against disease vector mosquitoes 
(Diptera: Culicidae). Trop Biomed 2015; 32(1):17-
23.

16.	 Balasubramani S, Sabapathi G, Moola AK, Solomon 
RV, Venuvanalingam P,  Bollipo Diana RK. 
Evaluation of the leaf essential oil from Artemisia 
vulgaris and its larvicidal and repellent activity 
against dengue fever vector Aedes aegypti—An 
experimental and molecular docking investigation. 
ACS Omega 2018; 3(11): 15657-15665.

17.	 Martianasari R,  Hamid PH. Larvicidal, adulticidal, 
and oviposition-deterrent activity of Piper betle L. 
essential oil to Aedes aegypti. Vet World 2019; 
12(3): 367–371.

18.	 Liu XC, Liu Q, Zhou L,  Liu ZL. Evaluation of 
larvicidal activity of the essential oil of Allium 
macrostemon Bunge and its selected major 
constituent compounds against Aedes albopictus 
(Diptera: Culicidae). Parasit Vectors 2014;  
7(1):184.

19.	 Rahuman A, Bagavan A, Kamaraj C, Vadivelu 
M, Zahir A, Elango G, et al. Evaluation of 
indigenous plant extracts against larvae of Culex 
quinquefasciatus Say (Diptera: Culicidae). Parasitol 
Res 2008; 104: 637-643.

20.	 Oliveira PV, Ferreira JC, Moura FS, Lima GS, 
De Oliveira FM, Oliveira PES, et al. Larvicidal 
activity of 94 extracts from ten plant species of 
northeastern of Brazil against Aedes aegypti L. 
(Diptera: Culicidae). Parasitol Res 2010; 107(2): 
403-407.

21. Amarasinghe LD, Wickramarachchi P, Aberathna 
A, Sithara WS,  De Silva CR. Comparative study 
on larvicidal activity of green synthesized silver 



Mal J Med Health Sci 19(SUPP10): 201-205, Sept 2023 205

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

23.	 Menozzi P, Shi MA, Lougarre A, Tang ZH, Fournier 
D. Mutations of acetylcholinesterase which confer 
insecticide resistance in Drosophila melanogaster 
populations. BMC Evol Biol 2004; 5(4):4.

24.	 Silver KS, Du Y, Nomura Y, Oliveira EE, Salgado 
VL, Zhorov BS, Dong K. Voltage-gated sodium 
channels as insecticide targets. Adv In Insect Phys 
2014; 46:389-433.

nanoparticles and Annona glabra (Annonaceae) 
aqueous extract to control Aedes aegypti and 
Aedes albopictus (Diptera: Culicidae). Heliyon 
2020; 6(6): e04322.

22.	 Alvarez Costa A, Naspi CV, Lucia A,  Masuh H M. 
Repellent and larvicidal activity of the essential 
oil from Eucalyptus nitens against Aedes aegypti 
and Aedes albopictus (Diptera: Culicidae). J Med 
Entomol 2017; 54(3):670-676. 


