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ABSTRACT

Introduction: The use of chemical insecticides has raised concerns regarding its consequences on human health and 
as well as its detrimental environmental impacts. Essential oils obtained from botanical origins can be used as natural 
alternatives to circumvent these concerns. As such, the purpose of this study is to evaluate the larvicidal efficacy of 
essential oil extracted from Syzygium aromaticum against Aedes albopictus. Methods: Larvae sampled were reared 
and maintained under insectary conditions following standard protocols. The essential oil from Syzygium aromati-
cum was extracted by hydrodistillation and tested against Aedes albopictus larvae for its susceptibility and lethality 
at 24 and 48 hours.  The LC

50
 and LC

90
 lethal concentration values were determined using Probit regression analysis.  

Results:  Syzygium aromaticum essential oil revealed larvicidal actions against Aedes albopictus species which was 
concentration-dependent, causing 100% larval mortality at 300 ppm.  LC

50
 and LC

90
 were observed at 239.5 ppm 

and 275.3 ppm following 24-hour exposure, and 235.5 ppm and 277.8 ppm after 48 hours respectively. Conclusion: 
The findings from this study highlight the conceivable use  of essential oils extracted from Syzygium aromaticum as 
potential sources for the development of a larvicidal agent. The findings could be used to catalyse further efforts to 
develop alternative strategies to control Aedes albopictus.   
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INTRODUCTION

Tropical and temperate regions are prone to the 
unprecedented global expansion of vector-borne 
diseases including dengue (1). Dengue is widespread 
in more than 125 countries with  an estimated 10,000 
deaths and 100 million symptomatic infections per 
year (2). Dengue outbreaks can be controlled through 
the implementation of various intervention strategies 
aimed to ultimately suppress and eliminate of mosquito 
populations. This includes the application of chemical 
insecticides such as the use of organochlorines 
(dichlorodiphenyltrichloroethane (DDT), dieldrin, 
methoxychlor), organophosphates (temephos, 

malathion, fenthion, fenitrothion, bromophos,  
chlorpyrifos)  pyrethroids (permethrin, resmethrin, and 
d-phenothrin (Sumithrin®) and carbamates (carbaryl, 
carbofuran, propoxur and aldicarb) which are employed 
by public health authorities worldwide (3-4). Its efficacy, 
however, may be hampered by the long-term damaging 
effects associated with toxicity, development of resistant 
strains, and destabilization of the environment (5-
6). This has been observed in Malaysia, whereby the 
indiscriminate use of insecticides has also resulted in 
resistance development (7-8). This in turn, complicates 
vector control efforts, necessitating the search for 
alternative target-specific and eco-friendly strategies.

Research using plant-derived products as pest control has 
attracted attention in recent times. This includes studies 
conducted using phytochemical extracts or essential 
oils to evaluate the repellence, ovicidal, and larvicidal 
efficacy (9-11). The augmented phytochemical activities 
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of bioactive compounds from botanical sources can 
reduce the pitfalls associated with synthetic pesticides 
(3, 12), forming the rationale of it being explored as 
alternative solutions for vector control. Previous studies 
have documented the pest-control capabilities of 
essential oils extracted from Syzygium aromaticum (L.) 
Merr. and Perr. (13-17),  an evergreen tree yielding cloves 
found abundantly in Asia. The Syzygium aromaticum 
essential oil was previously extracted, and a total of 
65 bioactive components were identified; consisting 
predominantly of eugenol (78.72%), β-caryophyllene 
(8.82%) and eugenyl acetate (8.74%) (18)

Relatively few studies on  Syzygium aromaticum  has been 
conducted in the Malaysian settings (19), compared to 
other neighbouring Asian countries. For this reason, this 
study  was conducted to assess the larvicidal potential 
of essential oils extracted from Syzygium aromaticum 
against local Aedes albopictus, as an attempt to seek 
alternative options to circumvent the growing concerns 
of insecticide resistance. 

MATERIALS AND METHODS

Procurement of plant materials 
The flower buds of Syzygium aromaticum were 
purchased from a local spice market in Bandar Puncak 
Alam, Selangor, Malaysia. The spice was identified based 
on its morphological character and distinctive aroma, 
weighed, grounded, and stored at room temperature. 
Extraction of the essential oil

270 g of the crushed Syzygium aromaticum buds were 
subjected to a hydrodistillation process with 250 ml of 
distilled water for 4 hours in a Clevenger-type apparatus. 
The oil extracted was separated from the aqueous phase, 
dehydrated using anhydrous sodium sulphate, stored in 
a sealed container, and kept under refrigeration (4°C) 
until further use. 

Larvae collection and rearing
Thirty conventional ovitraps were distributed in Puncak 
Alam, a township within the district of Kuala Selangor, 
Malaysia. The wooden pallets that were placed inside the 
black ovitraps were submerged in a sufficient amount of 
dechlorinated tap water to facilitate egg eclosion. Larvae 
were reared until adulthood within a week of sample 
collection in the Vector Control Research Laboratory. 
Cyclical colonies of the mosquitoes were maintained in 
a control laboratory environment with optimal insectary 
conditions at 28 ± 2°C, with a relative humidity of 
70±10%, and 12:12 h (light: dark) photoperiod (20). 
Female mosquitoes were identified and selected based 
on morphological characteristics and taxonomic keys 
(21).

Larvicidal assay
The mosquito larvicidal bioassay using the reared Aedes 
albopictus was performed according to the standardized 

protocol and guidelines for larvicidal test proposed by 
the World Health Organization (22). Stock solution of 
the Syzygium aromaticum essential oil was prepared 
by emulsifying in acetone at an initial concentration of 
30 mg/ml. Aliquots of this were then used to prepare 
six working concentrations (50 ppm, 100 ppm, 150 
ppm, 200 ppm, 250 ppm, and 300 ppm) via serial 
dilution. A total of 30 larvae in the third yound stage 
(L3) were exposed to 250 ml of the test medium. Each 
concentration was tested in triplicate alongside a 0.01% 
acetone and 1mg/L of Abate ® 1.1G as controls. The 
bioassay was performed at a constant temperature of 
27±2ºC and 12:12 h (light: dark) photoperiod. Larval 
susceptibility was monitored and the percentage of 
mortality was recorded following  24 – 48 h exposure.

Statistical analysis
Data from all triplicates were pooled. The average 
larval mortality data were subjected to Log dosage-
Probit analysis to determine the LC50  and LC90 of the 
population exposed, analyzed with a  95% confidence 
interval (CI) levels using the SPSS 20.0 software. One 
Way Analysis of Variance (ANOVA) was performed; the 
significance level was set at P<0.05.
  
RESULTS

The essential oil extracted from Syzygium aromaticum 
was found to be effective. It’s efficacy was observed to 
be concentration-dependent; whereby it was evident 
that the rise in concentrations resulted in an increase 
in mortality. The essential oil achieved 100% larval 
mortality against Aedes albopictus both at 24 and 48 h 
at 300 ppm, consistently in all three replicates.  Larvae 
mortality was  not observed at concentrations below 
300 ppm.  Mortality rates recorded following 24 - 48 h 
of incubation period as well as the corresponding LC50 
and LC90 values are summarised in Table I and Table II 
respectively.

The dose response mortality data were subjected to 
probit analysis in order to provide information on the 
concentration of the essential oils that could decrease 
a population by 50% and 90%, respectively. The LC50 
and LC90 of  Syzygium aromaticum obtained in this 
study were 239.509 ppm and 235.482 ppm. Statistical 

Table I: Mortality rates of Syzygium aromaticum oils against Aedes 
albopictus 

Concentration (ppm) Mortality at 24 h 
(%)

Mortality at 48 h 
(%)

50 - -

100 - -

150 - -

200 5.57 13.33

250 60 61.1

300 100 100

Negative control - -

Positive control (Abate) 100 100
ppm: part per million.
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clove oils as a natural complementary remedy including 
larvicidal activities.

Previous studies have demonstrated the phytotherapeutic 
abilities of essential oils obtained from Syzygium 
aromaticum, (6) results of which are in accordance 
with the findings of this study.  Rodrigues et al., 
2019, documented that the essential oils of Syzygium 
aromaticum displayed superior larvicidal activity 
compared to other plants tested with a low LC50 value 
of 138.1 ppm. Sutthanont et al., (24) documented an 
LC90 value of 220.60 after 24h using Aedes aegypti, 
which is comparable to our LC90 value of 235.482.  

The efficacy and biological activities of essential 
oils are influenced by the plant’s species, genetic 
variance and chemical composition. Variations could 
be attributed to developmental, ecological, and 
physiological dissimilarities in the plant as well as 
vector species (6, 24). In addition, values may differ due 
to the incongruencies in the experimental conditions 
employed. The composition of essential oils may also 
be regulated by factors including plant properties, age, 
origin, harvest time, crop location,  storage conditions, 
place and methods of preservation.  In addition, various 
parts of cloves have been used in the past, ranging from 
buds, flowers, and leaves, which can be extracted using 
more than one  technique. Consequently, the chemical 
compositions of the oils extracted from different parts 
of a plant could also vary which in turn will affect the 
unique bioactivity against the mosquito vectors (9, 11-
12, 29 - 30).

Several mosquito species had been used to 
determine the larvicidal activities of Syzygium 
aromaticum namely Anopheles   gambiae (1),  Culex 
quinquefasciatus   (12) Aedes albopictus (13), Aedes 
aegpti (6, 24, 31) and Anopheles  stephensi (32). 
The toxicity of essential oils can vary based on the 
different species tested. The susceptibility of the oils 
would be dependet on the physiological, biochemical 
differences and rearing conditions of the tested larval 
strains. This was demonstrated in a study which 
highlighted the vulnerability of Aedes aegypti larvae 
towards the essential oils compared to ones of Culex 
quinquefasciatus (6). A separate study also revealed 
the differences of susceptibility amongst Aedes aegypti 
and Aedes albopictus larvae towards the same natural 
products tested (11).  In addition, the larvicidal efficacy 
of essential oils from Syzygium aromaticum against 
wild and laboratory-reared larvae may exhibit disparity. 
Furthermore, the mortality rate of the wild-collected 
larvae in a study by Thomas et al (1) was shown to 
be lower than that of laboratory-reared colonies, as 
stipulated by the results obtained in the bioassay 
performed. The contrasting response could be due 
to inter, and intraspecific variance of the mosquitoes 
exposed to dissimilar environmental selection pressures 

Table II: The LC50 and LC90 of S. aromaticum oil against Aedes al-
bopictus

Essential oil Time 
(hr)

LC50 
(ppm)

95% Cl LC90 
(ppm)

95% Cl

S. aromaticum
24 239.509 229.323-

249.692
275.338 262.259- 

298.650

48 235.482 224.608-
246.437

277.790 262.952- 
304.380

Table III :  One way ANOVA showing significant difference in the 
mortality rate of Aedes albopictus larvae following exposure to dif-
ferent concentrations of S.aromaticum oil

Essential oil Exposure 
period (hr)

df Mean 
square

F-ratio P-value

S. aromaticum 
24 8 533.093 143.935 0.000

48 8 524.593 97.683 0.000

analysis revealed significant differences in the number 
of mortalities following exposure of Aedes albopictus to 
Syzygium aromaticum oils (p< 0.05) (Table III).

DISCUSSION

Botanical products contain rich sources of biologically 
active substances that are safe and environment friendly, 
making them a valuable control measure for vectors of 
public health importance. For this reason, plants are 
often used in many communities worldwide not only 
as complementary medicine to treat various ailments 
but also as agents to eradicate insects and pests. The 
advantages of naturally biodegradable plant-based 
products in comparison to synthetic chemical insecticides 
is overwhelming (11, 23-24), fortifying insights for their 
use as anti-mosquito agents. The main benefits include 
being eco-friendly, easily extractable, possessing low 
toxicity, and exhibiting a broad spectrum of usage. The 
favourable potentials of essential oils against Aedes 
mosquitoes have therefore led to the exploration of 
its possible use as insecticides, oviposition deterrents, 
repellents, and insect growth regulators (25-28).

The essential oils that were locally sourced in Malaysia 
demonstrated larvicidal efficacy. In this study, 
concentrations of test substances affected the mortality 
rates, and no death was observed in the negative control 
groups. Our data highlights the high biological activity 
of the essential oil to induce mortality in larvae. The 
percentage of larval death was directly proportional to 
the tested concentration; whereby higher mortality was 
observed in higher concentrations as reported in other 
similar findings (1,6). In addition, the results obtained 
in this study suggest that Syzygium aromaticum is toxic 
to the mosquito larvae with no significant differences 
in the LC50 and LC90 values. This  dose-dependency 
of increased toxicity may be plausibly due to the type 
and content of chemical composition of the essential 
oils extracted,  which in turn would have affected the 
bioactivity of the plant against the mosquito larva (28). 
Our findings, therefore supports the traditional use of 
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including the exposure to environmental contaminants 
in the wild mosquitoes, thus influencing their tolerance 
or resistance (1, 11).

Products of botanical origin usually contain a mixture 
of chemical substances that work synergistically for 
optimum activities (33). The next step forward will be to 
analyze, isolate, characterize and purify the constituents 
responsible for the larvicidal actions. The mode of 
action with which the essential oils exert their larvicidal 
activity needs to be further elucidated.  

CONCLUSION

In Malaysia, the rampant use of temephos, malathion,  
permethrin and deltamethrin to control dengue vectors 
poses long term risks of insecticide resistance. The 
findings of this preliminary study demonstrate the 
larvicidal potentials of Syzygium aromaticum against 
Aedes albopictus, which could be proposed as alternative 
agents to augment existing control strategies, with the 
ultimate goal of controlling the spread of dengue. The 
utilization of essential oils as a complementary green 
control measure is appealing, promising, and the natural 
way forward that merits consideration among researchers 
and relevant health authorities in Malaysia. Its use can 
decrease the dependence on insecticides, thus reducing 
the risk of destabilizing the ecosystem. The results could 
be useful in paving the way towards stimulating local 
efforts to use natural products for the development 
of a safer and more effective larvicide that could be 
incorporated into the current integrated mosquito 
management programs. Further studies focusing on the 
mechanism of actions and bioavailability of the active 
compounds are imperative.
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