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Abstract
The use of botanical insecticides has increased in recent years due to the demand for effective products, particularly 
against insects resistant to conventional insecticides. Among these is Aedes aegypti, a well-adapted mosquito to 
urban environments that opportunistically feeds on humans and animals, contributing to the spread of virus. We 
evaluated the potential of essential oils (EOs) extracted from Eucalyptus citriodora, Eucalyptus staigeriana, Eucalyptus 
caryophyllus, and Mentha arvensis in terms of their larvicidal activity against Ae. aegypti. EOs’ compounds were 
determined using gas chromatography-mass spectrometry (GC-MS). Bioassays were performed on third instar 
larvae of Ae. aegypti to evaluate the larvicidal effects of EO dilutions in dimethyl sulfoxide (DMSO) at different 
concentrations. Mortality rates were observed over a 72-hour period to determine the efficacy of the treatments. 
Citronellal (86.64) predominated in E. citriodora, limonene in E. staigeriana (41.68), eugenol in E. caryophyllus (87.76), 
and menthol in M. arvensis (51.53%). EOs exhibited larvicidal activity from 10 ppm, with notable efficacy at 85 ppm, 
in which those from E. staigeriana and M. arvensis caused maximum mortality to Ae. aegypti larvae. Results revealed 
distinct efficacy patterns among EOs, with E. staigeriana displaying high toxicity within 24 h, achieving LC50 and 
LC95 values of 47.04 ppm and 97.35 ppm, respectively. Larvicidal effects within 1 h were observed for E. citriodora 
and E. caryophyllus. This study underscores larvicidal efficacy against Ae. aegypti, notably E. staigeriana, which 
had the lowest LC50 value. The findings indicate that the tested samples have potential for use as bioinsecticides.
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Resumo
O uso de inseticidas botânicos tem aumentado nos últimos anos devido à demanda por produtos eficazes, 
especialmente contra insetos resistentes aos inseticidas convencionais. Entre eles está o Aedes aegypti, um mosquito 
bem adaptado a ambientes urbanos que se alimenta oportunisticamente de humanos e animais, contribuindo para 
dispersão de vírus. Avaliamos o potencial de óleos essenciais (OEs) extraídos de Eucalyptus citriodora, Eucalyptus 
staigeriana, Eucalyptus caryophyllus e Mentha arvensis em relação à sua atividade larvicida contra Ae. aegypti. Os 
compostos dos OEs foram determinados usando cromatografia gasosa acoplada à espectrometria de massa (GC-
MS). Os bioensaios foram realizados em larvas de terceiro instar de Ae. aegypti para avaliar os efeitos larvicidas 
das diluições de OE em dimetil sulfóxido (DMSO) em diferentes concentrações. As taxas de mortalidade foram 
observadas ao longo de 72 horas para determinar a eficácia dos tratamentos. O componente citronelal (86,64) 
predominou em E. citriodora, limoneno em E. staigeriana (41,68), eugenol em E. caryophyllus (87,76) e mentol em 
M. arvensis (50,73%). Os OEs exibiram atividade larvicida a partir de 10 ppm, com grande eficácia a 85 ppm, onde 
os de E. staigeriana e M. arvensis causaram mortalidade máxima de larvas de Ae. aegypti. Os resultados revelaram 
padrões de eficácia distintos entre os OEs, com E. staigeriana exibindo maior toxicidade dentro de 24 horas, 
alcançando valores de CL50 e CL95 de 47,04 ppm e 97,35 ppm, respectivamente. Efeitos larvicidas dentro de 1 hora 
foram observados para E. citriodora e E. caryophyllus. Este estudo destaca a eficácia larvicida contra Ae. aegypti, 
especialmente E. staigeriana, que teve o menor valor de CL50. Concluímos que esses OEs são potencialmente 
larvicidas para o controle eficaz de Ae. aegypti.

Palavras-chave: Eucalyptus citriodora, Eucalyptus staigeriana, Eugenia caryophyllus, Mentha arvensis, larvicida.
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Larvicidal measures, in particular, serve as powerful tools 
against various disease-causing vectors. Since mosquito 
larvae are localized and cannot change habitats, unlike 
adult mosquitoes that can fly and evade control measures, 
focusing on the larval stage is a more efficient strategy for 
reducing mosquito populations (Ganesan et al., 2023). Most 
current larvicides used in vector control are synthetic, such 
as growth inhibitors like diflubenzuron and methoprene. 
However, due to widespread resistance and adverse effects 
on non-target organisms and the environment, biolarvicides 
are increasingly preferred. These biolarvicides are derived 
from natural sources such as plants, bacteria, algae, lichen, 
and fungi, offering a more sustainable and environmentally 
friendly approach to mosquito control (Milugo et al., 2021).

Botanical larvicides have emerged as a promising 
alternative to synthetic insecticides due to their high 
efficacy and environmental safety (Soleimani-Ahmadi et al., 
2017). Essential oils (EOs), extracted from various parts 
of aromatic plants like rhizomes, flowers, leaves, fruits, 
barks, and stems through hydrodistillation (Santos et al., 
2023), exhibit significant antileishmanial, antibacterial, 
antifungal, and insecticidal properties (Moreira et al., 2019; 
Teles et al., 2019; Pesavento et al., 2015; Moussii et al., 2020; 
Hu et al., 2019; D’agostino et al., 2019; Senthil-Nathan, 2020; 
Spinozzi et al., 2021). They are particularly promising for 
mosquito larvicidal control due to their selective action and 
minimal impact on non-target organisms (Esmaili et al., 
2021; Azevedo et al., 2023).

Beyond their antibacterial and antifungal properties, 
EOs are potent natural insecticides. Although developing 
commercial EO-based products involves challenges like cost 
and regulatory issues, the demand for natural pesticides is 
driving progress in this field. EO-based products are already 
in use in major agricultural regions, demonstrating their 
potential as safe and effective alternatives to conventional 
pesticides (Isman, 2020).

Eucalyptus species are cultivated primarily for their 
wood and the EO derived from their leaves. This EO features 
a blend of various compounds, including monoterpenes, 
esters, aldehydes, and sesquiterpenes, playing a central 
role in the plant’s defense mechanism against vectors and 
microorganisms (Čmiková et al., 2023).

Eugenia caryophyllus (Spreng.) Bullock and S. G. Harrison, 
commonly known as clove, is a plant whose EO is mainly 
composed of eugenol. This EO has various biological 
activities, including antifungal, antibacterial, antioxidant, 
and insecticidal properties (Hemalatha et al., 2016; 
Bueno et al., 2023).

Mentha arvensis Linn. is an aromatic plant with leaves 
that emit a pleasant odor and whose main compound is 
menthol. Due to their antispasmodic and anti-inflammatory 
effects, these leaves are widely used in medicine for 
treating respiratory diseases and addressing digestive 
tract disorders (Nabi et al., 2020).

In the present study, selective bioassays were conducted 
with the target organism Ae. aegypti, using EOs extracted from 
the following plants: Eucalyptus citriodora Hook, Eucalyptus 
staigeriana F. Muell. ex Bailey, E. caryophyllus, and M. arvensis. 
Although some of these species have been previously tested 
for their insecticidal action, it is recognized that the chemical 
composition of essential oils can vary significantly due to 

1. Introduction

Aedes (Stegomyia) aegypti (Linnaeus, 1762) plays a 
significant medical role as a vector of various arboviruses 
affecting humans, such as dengue (DENV), chikungunya 
(CHIKV), yellow fever (YFV), and Zika (ZIKV) (Gubler, 
2002; Ferreira-de-Brito et al., 2016; Costa et al., 2017; 
Dalpadado et al., 2022). These diseases pose an increasing 
challenge in tropical and subtropical regions worldwide. 
The rise in temperatures, coupled with climate change, has 
raised concerns about the exacerbation of these illnesses 
in endemic areas, increasing the risk of viral transmission, 
vector survival, and reproduction (Messina et al., 2019; 
Badolo et al., 2022). This mosquito is well-adapted to 
urban environments, breeding in a variety of habitats 
and opportunistically feeding on both humans and 
animals, contributing to the spread of these diseases. This 
process is driven by the ongoing increase in urbanization, 
international trade, and travel, facilitating the dissemination 
and establishment of Ae. aegypti in new areas (Powell and 
Tabachnick, 2013; Martin et al., 2021; Rose et al., 2023).

In Brazil, various initiatives have been undertaken over 
the years to manage the spread of DENV. These include public 
education campaigns, programs for controlling mosquito 
populations, environmental management practices, and most 
recently, the rollout of a dengue vaccine. The recent approval 
of this vaccine represents a significant advancement in 
combating this mosquito-borne disease (Duarte et al., 2024). 
Despite this progress, the World Health Organization (WHO) 
estimates that approximately 2.5 billion people remain at 
risk of dengue (Khattak et al., 2023). Furthermore, infections 
with CHIKV and ZIKV can result in permanent sequelae. 
Although there is an effective vaccine for YFV, it continues 
to spread into new areas, leading to new epidemics (Chen 
and Wilson, 2020; Carvalho and Long, 2021).

While vaccination is the most effective prophylaxis 
against these diseases, controlling Ae. aegypti through 
insecticides, whether chemical or biological, remains 
necessary due to the persistent risk and impact of these 
diseases (Benelli, 2015; Silvério et al., 2020).

Chemical strategies have improved vector control 
but now face the challenge of insecticide resistance. 
Despite their widespread use, these products are often 
ineffective and harmful to non-target species and the 
environment (Bolzonella et al., 2019; Demirak and 
Canpolat, 2022). Over the past decade, pyrethroids like 
deltamethrin and permethrin have been increasingly used 
for dengue control, leading to the selection of resistant 
individuals in Ae. aegypti populations. These populations 
have shown increased survival and reproduction rates 
under the pressure of all four classes of insecticides 
(carbamates, organochlorines, organophosphates, and 
pyrethroids), posing a threat to the efficacy of control 
measures (Vontas et al., 2012). Organophosphates and 
pyrethroids can also affect mammals through ingestion, 
skin absorption, and inhalation, causing symptoms such 
as nausea, respiratory issues, and reproductive problems 
(Zhu et al., 2020; Badr, 2020).

Given the challenges associated with chemical 
insecticides, targeting different life stages of mosquitoes 
is an effective technique for controlling their populations. 
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factors such as geographical origin, climatic conditions, 
and extraction methods. This variability suggests that a 
thorough assessment of their larvicidal activity is necessary 
to understand their potential efficacy. Additionally, these 
essential oils were selected for their availability on a large 
scale, cost-effectiveness, and efficiency, aiming to identify 
products capable of controlling Ae. aegypti larvae. Our study 
aims to evaluate the larvicidal activity of these EOs, considering 
their chemical variability, and to compare these findings with 
existing literature, thereby contributing to a more nuanced 
understanding of their effectiveness in pest control.

2. Material and Methods

The present study was conducted at the Laboratório 
de Insetos Vetores (LIV), Campus Vassouras, Universidade 
de Vassouras (UNIVASSOURAS), Vassouras, Rio de Janeiro, 
Brazil, in collaboration with the Instituto Oswaldo Cruz 
(IOC), Rio de Janeiro, RJ.

2.1. Essential oils

The EOs of E. citriodora, E. staigeriana, E. caryophyllus, 
and M. arvensis (Table 1) were commercially obtained 
in partnership with the Empresa Brasileira de Pesquisa 
Agropecuária (Embrapa) – Centro Nacional de Pesquisa 
de Milho e Sorgo, Sete Lagoas, Minas Gerais, Brazil. They 
underwent qualitative analysis by gas chromatography-
mass spectrometry at the Central Analítica, Instituto de 
Química da Unicamp, Campinas, São Paulo, Brazil.

The selection criteria for plants and EOs were based 
on their widespread availability, ensuring high extraction 
yields and broad commercial availability. Additionally, we 
considered the economic aspect, opting for cost-effective 
options that would not hinder future commercial products. 
Finally, biological efficacy was a key factor, choosing plants 
and oils with a proven track record in insect control, 
supported by dose-response assays.

2.2. EOs’ composition: analysis by gas chromatography-
mass spectrometry

EO samples were diluted in dichloromethane and 
analyzed by gas chromatography coupled with mass 
spectrometry (GC-MS) on a quadrupole linear-type 
instrument, model 5975C (Agilent). The chromatographic 
column used was an HP-5MS, with 30 m in length, 0.25 mm 
in internal diameter, and a film thickness of 0.25 µm. 
Helium was used as the carrier gas, while the injector 
temperature was maintained at 290 °C. The temperature 
started at 60 °C, with a gradual increase of 3 °C/min until 

reaching 285 °C, where it remained for 20 min. Mass spectra 
were obtained in scan mode (0.5 sec/scan), with a mass 
range from 35 to 500 and ionization energy (IE) of 70 eV.

The volatile compounds detected by GC-MS analysis were 
identified by comparison of the obtained mass spectra and 
retention indices, which were automatically calculated by the 
Automated Mass Spectral Deconvolution and Identification 
System (AMDIS), with those of the National Institute Standard 
and Technology 11 (NIST11) database. Combination of AMDIS 
with the NIST 11 database was utilized.

2.3. Mosquito rearing

The eggs of Ae. aegypti were obtained from the mosquito 
colony at LIV/UNIVASSOURAS. A strip of filter paper with 
eggs was placed in a rectangular polypropylene plastic 
container (44 cm x 30 cm x 8 cm) with distilled water, 
aged for 24 h, and preheated to 28 ºC to stimulate larval 
hatching. The containers with larvae were kept in a 
Biological Oxygen Demand (B.O.D.) incubator at 27 ± 1 ºC, 
relative humidity (RH) of 70 ± 10%, and a 12-h photophase, 
along with a diet composed of brewer’s yeast (Lev Life ©). 
After hatching and larval development, third-stage larvae 
(L3) were selected for the larvicidal test.

2.4. Larval bioassays

The bioassays were conducted following the 
methodology of Maleck et al. (2016) and Mituiassu et al. 
(2021), adapted from the World Health Organization (WHO, 
2005), under the same breeding conditions. EOs were 
diluted in dimethyl sulfoxide (DMSO) and applied at final 
concentrations of 10, 25, 40, 55, 70, 85, 100, and 115 ppm 
in hexagonal glass containers (5 cm x 4.5 cm x 5 cm) 
containing 20 mL of distilled water. Third instar larvae 
of Ae. aegypti (n=20) were used for each experimental 
group (test, control, and testimony). In the test group, 
the diluted concentrations of EOs in DMSO were applied; 
in the control group, there was no presence of EOs or 
the solvent used in the dilutions; and in the testimony 
group (DMSO control), EOs were not used, while the 
dilution solvent was maintained. The positive control 
was diflubenzuron, as reported by Maleck et al. (2016). 
Three repetitions of the experiment were conducted, each 
comprising five replicates for each experimental group. 
Each group consisted of 100 larvae, distributed in different 
batches for each repetition, with 20 larvae per replicate. 
Larval mortality was recorded at 1, 24, 48 and 72 hours 
post-treatment. Larvae were considered dead when they 
showed no movement or response to mechanical stimulus, 
using a disposable Pasteur pipette.

Table 1. Plant information and extraction methods.

Name of plant CAS Number: Origin Extraction

E. citriodora 8000-48-4 Brazil Steam distillation of the leaves

E. staigeriana 1627700-32-6 Brazil Steam distillation of the leaves

E. caryophyllus 8000-34-8 Indonesia Steam distillation of the buds

M. arvensis 68917-18-0 China Steam distillation of the leaves
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2.5. Statistical analysis

Larvae mortality rates and standard deviations were 
calculated using R Studio (R Core Team, version 1.3.1093). 
The obtained data underwent probit analysis (dose × 
mortality) after 1 h and 24 h, with the calculation of 
LC50 and LC95 values (PROC PROBIT; SAS INSTITUTE, 2002). 
Additionally, a chi-square test was performed to assess 
the homogeneity of the tested population.

3. Results

3.1. GC-MS analysis

The main compounds identified in the EO samples of 
E. citriodora and E. staigeriana were citronellal (86.64) and 

limonene (41.68), respectively. Regarding E. caryophyllus, 
eugenol was detected at the highest concentration, 
reaching 87.76%. In the case of M. arvensis, the predominant 
compound was menthol, with a concentration of 51.53%. 
Figure 1 presents the chromatograms, and Table 2 presents 
the chromatographic profiles and mass spectra of the EOs.

3.2. Larvicidal activity

All EOs demonstrated larvicidal activity starting at the 
lowest concentration of 10 ppm, with significant efficacy 
compared to the control (Table 3). Notably, maximum 
mortality rates were achieved with the EOs of E. staigeriana 
(100 ± 1.7) and M. arvensis (100 ± 0.8) at 85 ppm.

The results, expressed through concentration-mortality 
curve slopes, revealed distinct efficacy patterns for each 

Figure 1. Chromatograms of essential oils obtained from (A) Eugenia caryophyllus, (B) Eucalyptus citriodora, (C) Mentha arvensis, and (D) 
Eucalyptus staigeriana, carried out using an Agilent 5975C gas chromatograph-mass spectrometer with an HP-5MS capillary column. 
Components were identified based on their retention times (in minutes).
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evaluated EO. Larval mortality was dose-dependent for 
all tested EOs. Within 24 h, E. staigeriana EO exhibited 
high toxicity against Ae. aegypti, reaching 47.04 ppm 
and 97.35 ppm for LC50 and LC95, respectively (Table 4). 
The observed larvicidal effect at 1 h was positive only for 
the EOs of E. citriodora and E. caryophyllus.

4. Discussion

Many of the compounds identified in EOs display 
insecticidal properties. An example is eugenol, which was 
detected in the present study through mass spectrometry 
in E. caryophyllus EO and whose efficacy was previously 
confirmed by Adhikari et al. (2022) and Govindarajan et al. 
(2016). The effectiveness of this compound, particularly 
when associated with other synergists, was highlighted by 
Barbosa et al. (2012), who demonstrated its effectiveness 

as a larvicide across different generations. Our findings, 
corroborated by the research of Adhikari et al. (2022), 
demonstrate that the presence of eugenol can be an 
effective larvicide over multiple generations without 
quickly leading to resistance. Their study showed that 
eugenol induced a dose-dependent mortality in Ae. aegypti 
larvae, maintaining its efficacy for up to 30 generations. 
Despite fluctuations in LC50 values across these generations, 
the overall sensitivity of the mosquito larvae to eugenol 
remained relatively consistent, indicating that eugenol’s 
effectiveness can be sustained over time. However, it is 
important to note that the larvicidal activity observed for 
E. caryophyllus oil in our study cannot be solely attributed 
to eugenol without further investigation into the roles 
of other constituents. Barbosa et al. (2012) highlighted 
that while eugenol is a significant active component, the 
potential synergistic effects of other minor constituents 
cannot be disregarded.

Table 2. Compounds detected in essential oil samples from four different plants.

Essential Oil Peak tR Compound %A

Eucalyptus citriodora 1 12.913 isopulegol 4.39

2 13.009 citronellal 86.64

3 13.319 iso-isopulegol 7.27

4 24.204 caryophyllene 1.70

Eucalyptus staigeriana 1 5.638 α-pinene 5.14

2 6.837 β-pinene 2.10

3 7.682 phellandrene 2.63

4 8.265 cymene 3.14

5 8.425 limonene 41.67

6 8.532 eucalyptol 13.76

7 9.447 terpinene 2.41

8 10.458 terpinolene 11.12

9 16.646 neral 8.10

10 17.208 unidentified 0.88

11 17.919 geranial 7.82

12 20.176 methyl geranoate 1.23

Eugenia caryophyllus 1 21.442 eugenol 87.76

2 24.198 caryophyllene 9.41

3 28.192 eugenol acetate 2.83

Mentha arvensis 1 5.638 α-pinene 1.10

2 6.842 β-pinene 1.10

3 8.441 limonene 1.11

4 13.196 menthone 25.40

5 13.565 isomenthone 12.26

6 13.779 neomenthol 3.87

7 14.105 menthol 51.53

8 18.817 menthene 3.63

tR = Retention time of the compound in the column (minutes); %A = Percentage of normalized area, indicating the relative distribution of 
compounds in the sample.
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Matos et al. (2020), in their study on the chemical 
composition of E. caryophyllus EO, observed significant 
variations in the proportions of its constituents. Notably, 
eugenol consistently emerged as the primary component, 

constituting 74.31% of the composition, followed by eugenol 
acetate at 13.91%, and caryophyllene at 5.85%. In contrast, 
our current investigation revealed distinct percentages, with 
eugenol comprising 87.76%, caryophyllene representing 

Table 3. Mortality rate of each concentration per essential oil (EO) assessed in Aedes aegypti larvae at 24, 48, and 72 h.

EO source
Concentration 

(ppm)*

Mortality rate (% ± DS)**

24 h 48 h 72 h

Eucalyptus citriodora Control 0 0 0

10 0 0 0

25 4 ± 0.8 6 ± 0.5 8 ± 0.5

40 5 ± 0.5 7 ± 0.5 10 ± 0.8

55 29 ± 2.1 32 ± 0.8 38 ±0.8

70 70 ± 0.7 75 ± 1.2 76 ± 0.4

85 74 ± 1.9 80 ± 1.0 82 ± 0.5

100 79 ± 2.5 85 ± 1.6 87 ± 0.5

115 88 ± 2.3 90 ± 0.5 94 ± 1

Eucalyptus staigeriana Control 0 0 0

10 0 0 0

25 6 ± 0.8 12 ± 0.4 12 ± 0

40 40 ± 2.3 49 ± 1.4 53 ± 0.8

55 78 ± 3 91 ± 1.3 91 ± 0

70 78 ± 2.1 92 ± 1 92 ± 0

85 93 ± 2.1 95 ± 0.5 100 ± 1.7

100 95 ± 1.4 97 ± 0.5 100 ± 0.8

115 93 ± 1.5 100 ± 1.5

Eugenia caryophyllus Control 0 0 0

10 0 2 ± 0.5 2 ± 0

25 0 0 0

40 0 0 5 ± 0

55 8 ± 0.5 10 ± 0.5 10 ± 0

70 29 ± 3.5 43 ± 1.7 48 ± 1

85 59 ± 4.1 70 ± 2.1 74 ± 0.8

100 82 ± 1.9 86 ± 0.8 94 ± 1.3

115 97 ± 0.5 99 ± 0.5 100 ± 0.4

Mentha arvensis Control 0 0 0

10 0 0 0

25 1 ± 0.4 2 ± 0.4 2 ± 0

40 32 ± 2.8 45 ± 2.4 51 ± 1.0

55 71 ± 1.9 77 ± 1.3 78 ± 0.4

70 64 ± 1.3 73 ± 1.4 79 ± 0.4

85 91 ± 1.9 98 ± 1.1 100 ± 0.8

100 93 ± 1.6 99 ± 1.7 100 ± 0.4

115 95 ± 1 98 ± 0.8 100 ± 0.5

*Each dilution was prepared using the DMSO solvent; **Mortality rates and standard deviations were calculated for each concentration 
assessed (five replicates totaling 100 larvae per group).
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9.41%, and eugenol acetate making up 2.83% of the 
oil. The observed monoterpene demonstrated notable 
inhibitory effects on the mitochondrial membrane potential 
and complex I in C6/36 cells derived from mosquitoes of 
the Aedes genus. However, it did not exhibit activity in rat 
PC12 cells. Interestingly, eugenol displayed heightened 
sensitivity in insect cells while exhibiting improved safety 
in mammals.

In our study, we observed a predominant presence 
of menthol (51.53%) in the EO of M. arvensis, a finding 
consistent with the work of Manh and Tuyet (2020), 
who reported a similar main component composition 
with menthol (66.04%). This aligns well with earlier 
investigations by Hussain et al. (2010) and Makkar et al. 
(2018), where menthol was identified as the primary 
constituent in essential oils extracted from M. arvensis.

Kumar et al. (2011a) emphasized M. arvensis as the 
primary natural source of menthol, focusing predominantly 
on agricultural studies. Similarly, Pandey et al. (2013) 
conducted larval mortality tests with Ae. aegypti. 
The authors showed 25.0% mortality when exclusively 
employing menthol diluted at 200 ppm. In addition to 
revealing the isolated efficacy of menthol, our findings 
suggest that the observed activity may be due to the 
presence of other compounds, particularly menthone, 
pinene, limonene, iso-menthone, and menthene, present 
in M. arvensis EO.

It is worth highlighting that EOs derived from Mentha 
species, such as that from Mentha piperita, are remarkably 
efficient in controlling Ae. aegypti. Kumar et al. (2011b) 
found an LC50 of 98.66 ppm over a 24-hour interval, with 
a significant response in larval mortality. In contrast, our 
study found a lower LC50 of 52.82 ppm for M. arvensis 
EO, suggesting higher efficiency in controlling mosquito 
larvae. This lower concentration required in our study 
could be attributed to differences in chemical composition 
between the two oils. These differences might contribute 
to the enhanced effectiveness of M. arvensis EO compared 
to M. piperita, underscoring its potential as a more potent 
larvicidal agent.

The E. citriodora EO analyzed by us revealed a 
composition including the following compounds: isopulegol 
(4.39%), citronellal (86.64%), iso-isopulegol (7.27%), and 
caryophyllene (1.70%), with different percentages from 
those found by Vera et al. (2014), especially regarding 

citronellal (49.3%). This difference suggests that the 
larvicidal activity of the EO is not exclusively associated 
with citronellal. In the present study, a mortality rate of 
79% was recorded at 100 ppm after 24 h (LC50 = 149.30 and 
LC95 = 634.65 ppm). In contrast, a previous study found 
a mortality rate of 72% (LC50 = 71.22 and LC95 = 288.0) at 
97 ppm during the same interval (Vera et al., 2014).

Similarly to other essential oil samples analyzed in 
this study, E. staigeriana exhibited a distinct chemical 
composition. Limonene, the primary constituent, 
constituted 41.67% of the composition in this study, 
displaying nearly doubled variations compared to the 
72.9% observed in a prior investigation (Ribeiro et al., 2013). 
Additionally, various other compounds, such as myrcene, 
α-thujene, o-Cymene, α-terpinolene, and α-Pinene, were 
identified in the previous study but not detected in the 
current work. Notably, compounds like cineol (also 
known as eucalyptol) and cymene, present in our analysis, 
manifested different concentrations.

The compounds present in EOs, especially phenylpropanoids 
(eugenol and safrole) and monoterpenoids (citronellal, 
linalool, menthol, pinene, menthone, and limonene), are highly 
volatile and easily detected by insect antennae (Maciel et al., 
2010). These compounds have the ability to impact insects 
in various ways, including growth inhibition, interference 
with diet (appetite suppression), alteration in oviposition 
(deleterious activity), as well as topical and oral toxic effects 
(Serdeiro et al., 2023; Viegas Júnior, 2003).

The yield and composition of EOs depend on several 
factors, as they are subject to variations determined by 
factors such as the geographical origin of plants, climate, 
cultural conditions, phenological stage, extraction method, 
and genotypic differences within the same species. Their 
chemical composition is shaped by different variables, like 
the plant’s collection site, age, soil type, and environmental 
conditions (Razzouk et al., 2022). EO extraction from plants 
results in a complex mixture of organic volatile compounds, 
with terpenes and phenylpropanoids emerging as the 
predominant compounds. These secondary metabolites 
are notably influenced by the factors mentioned above, 
with a particular emphasis on altitude levels and climatic 
conditions (García-Díaz et al., 2023; Melito et al., 2016). 
Limonene, for example, is a monoterpene present in 
various EOs, and its insecticidal effects have been shown 
against Spodoptera frugiperda (Cruz et al., 2016). The low 

Table 4. Larvicidal activity of Eucalyptus citriodora, Eucalyptus staigeriana, Eugenia caryophyllus, and Mentha arvensis essential oils (EOs) 
against Aedes aegypti in 1 h and 24 h.

Exposure EO source No.a Slope ±SEMb LC50 (95% FL) LC95 (95% FL) χ2 P

1 h E. citriodora 600 3.62±0.44 106.57 (97.72-119.40) 302.66 (234.44-456.27) 2.70 0.60

E. caryophyllus 700 13.77±1.89 99.88 (96.58-104.78) 131.48 (121.12-151.15) 4.15 0.52

24 h E. citriodora 400 2.61±0.41 149.30 (116.71-230.79) 634.65 (359.73-1,848) 3.20 0.20

E. staigeriana 600 5.20±0.36 47.04 (43.92-50.12) 97.35 (88.73-109.20) 2.65 0.61

E. caryophyllus 700 6.17±0.56 92.67 (87.89-98.66) 171.13 (151.17-203.63) 4.24 0.51

M. arvensis 500 4.65±0.42 52.82 (48.11- 57.12) 119.14 (106.46-138.62) 4.39 0.22

aNo.=Number of insect tested; bSEM=Standard error of the mean. LC=lethal concentration; FL= Fiducial limits (lower FL, upper FL); χ2= chi-
square test; P= p value.
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concentration of limonene, as described by some authors, 
highlights the efficacy of this compound in combating 
culicid larvae. Limonene exhibits known anticholinesterase 
activity (AChE) against some insects, including Aedes species 
(Seo et al., 2014; Botas et al., 2017). Silva et al. (2008) found 
an LC50 of 37 ppm regarding Ae. aegypti, emphasizing the 
importance of compounds present in smaller quantities 
in EOs and reinforcing the existence of synergistic activity 
against larvae. These results underscore the potential 
effectiveness of limonene, even in reduced concentrations, 
and highlight the complex interaction between different 
EO compounds in combating mosquito larvae.

It is important to emphasize that even if an EO does 
not exhibit effective mortality, its biological activity on 
an insect should still be considered from other angles. 
Castillo et al. (2017) achieved a protection rate against Ae. 
aegypti of 100% (2 min.) using E. citriodora EO, with only 
a 10% decrease in a 15-minute exposure.

Regarding the composition of constituents in the EO of 
E. citriodora, our study found that citronellal constituted 
86.64% of the EO, a notably higher concentration compared 
to literature values of 52.23% (Batish et al., 2006) and 52.8% 
(Bossou et al., 2015) reported for EOs obtained from leaves 
of E. citriodora plants originating from India and Benin, 
respectively. This discrepancy in citronellal content may 
be attributed to the different geographical locations where 
the samples were collected.

Studies investigating the insecticidal activity of E. 
staigeriana are still scarce compared to other Eucalyptus 
species. Many of these studies focus on antifungals and 
the treatment of various plant diseases, as highlighted by 
Tomazoni et al. (2017), Pedrotti et al. (2022), and Dhakad et al. 
(2018). In a fumigation test proposed by Gusmão et al. 
(2013), E. staigeriana EO had significant results in mortality 
rates, demonstrating that small variations in concentration 
induced expressive responses in this variable. In terms of 
larvicidal effects, we found a considerable difference in 
the mortality rate (%) when comparing concentrations of 
25 ppm (24 h = 6 ± 0.8; 48 h = 12 ± 0.4; 72 h = 12 ± 0) and 
40 ppm (24 h = 40 ± 2.3; 48 h = 49 ± 1.4; 72 h = 53 ± 0.8).

According to the literature, when exposed to limonene 
treatment, Culex quinquefasciatus larvae exhibited a 
concentration-dependent response, as indicated by 
LC90 values of 53.80 ppm and 32.52 ppm after 24 and 
48 hours of exposure, respectively (Kassir et al., 1989). 
In another study, 2nd and 4th instar larvae of Cx. 
quinquefasciatus were subjected to various concentrations 
of limonene (1, 5, 10, 50, and 100 ppm), resulting in a 
progressive increase in mortality rates over time at each 
tested concentration. This rise in mortality rates was 
notably significant with prolonged exposure duration for 
both larval instars, with mortality rates of 80% or higher 
observed at limonene concentrations of 50 and 100 ppm 
(Mohsen et al., 1989). In the present study, similar findings 
were observed, wherein limonene, present in the EO of 
E. staigeriana (41.67%), along with other compounds, 
demonstrated a mortality rate exceeding 78% within 
24 hours, across a concentration range of 55 to 115 ppm.

The present results indicate that clove EO eliminates 
third-stage larvae of Ae. aegypti remarkably quickly, with an 
LC50 of 99.88 ppm in just 1 h. These findings are supported 

by Pandiyan et al. (2019), who demonstrated the larvicidal 
potential of an EO extracted from Syzygium aromaticum 
containing eugenol with an LC50 of 66.90 mg/L. Such an 
agreement between these results strengthens the evidence 
that eugenol can be effectively used as a larvicide and 
highlights its promising application in mosquito control 
with minimal degradation to environmental health.

The efficacy of the EOs was evaluated in comparison 
with a positive control based on data from Maleck et al. 
(2016), which diflubenzuron demonstrated 100% mortality 
of L3–L4 larvae between the 1st and 18th days of treatment. 
For example, the EO of E. citriodora showed significant 
effectiveness, with a mortality rate of 79% at 100 ppm 
after 24 hours. This is comparable to the positive control 
in terms of efficacy, but it is important to note that 
diflubenzuron, as a synthetic larvicide, achieves complete 
mortality at a lower concentration. Similarly, E. staigeriana, 
showed a mortality rate exceeding 78% within 24 hours, 
demonstrating its potential as an effective larvicide.

The results at 48 and 72 hours revealed total insect 
mortality (100%), rendering it impossible to determine 
LC values for these assessment periods. This outcome 
underscores the potent larvicidal efficacy of the tested 
oils against the target species, supporting their potential 
for effective vector control strategies.

While the effectiveness of these EOs is evident in 
laboratory tests, many of these studies still lack large-scale 
field evaluations. The true effectiveness and feasibility of 
these phytoproducts need to be assessed to determine the 
efficacy and applicability of mosquito control techniques 
in the real world (Maciel et al., 2010).

Despite many studies and data confirming the high 
efficacy of EOs against the larvae of various mosquito 
species and other insects, few commercial products are 
available for effective use as larvicides (Koul et al., 2008). 
This is due to several factors, as outlined by Miresmailli 
and Isman (2014): EOs are relatively expensive active 
substances, often derived from plants that cannot be 
cultivated in large quantities. Additionally, the chemical 
composition of EOs is highly variable, resulting in 
fluctuations in their biological efficacy. Large-scale 
production can also be challenging due to the limited 
availability of natural resources, requiring adjustments in 
formulations to compensate for scarcity and the high cost of 
ingredients, which would affect the product quality. Unlike 
synthetic insecticides, botanical extracts and essential 
oils contain lipophilic and volatile components that are 
susceptible to degradation by oxidation and polymerization, 
resulting in a loss of efficacy and quality. Exposure to air, 
light, and high temperatures can further compromise the 
stability of these compounds, limiting their residual effects, 
which may be short or even nonexistent in some cases.

One of the most well-known botanical insecticides 
is neem (Azadirachta indica), which has demonstrated 
insecticidal effects on over 400 pest species and is 
commonly used in organic farming. According to WHO 
guidelines, natural insecticides like neem do not harm 
nontarget species, particularly humans. However, the 
commercial use of EOs and other botanical extracts remains 
limited due to challenges such as slow action, variable 
performance, and shorter shelf life. The effectiveness of EOs 
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can vary significantly based on concentration, with some 
oils showing toxicity at low doses, while others require 
higher concentrations to be effective. For example, neem 
and other EOs like eucalyptus, citronella, and lavender are 
recognized by the U.S. Environmental Protection Agency 
(EPA) as biopesticides, but their practical application in 
pest control, particularly in Brazil, is still emerging. Future 
perspectives in this field include developing nanosystems 
to enhance the efficacy of botanical insecticides and 
achieving selective toxicity against vector insects at low 
doses (Sá et al., 2023; Assadpour et al., 2024).

Our findings demonstrated the larvicidal efficacy of the 
EOs against Ae. aegypti, with E. staigeriana demonstrating 
the lowest LC50. The swift action of E. citriodora and 
E. caryophyllus against Ae. aegypti larvae within just 1 h 
is emphasized. The EOs from E. citriodora, E. staigeriana, 
E. caryophyllus, and M. arvensis have potential as alternative, 
ecologically sustainable, and safe natural larvicides, 
representing a promising approach in Ae. aegypti control. 
However, it is crucial to consider the high cost associated 
with EOs as a potential challenge for their application, 
associated with plant availability. This integrated approach 
emphasizes the importance not only of efficacy but also 
of economic viability and environmental sustainability in 
implementing these larvicidal agents, with the potential to 
result in safer insecticides for the environment, specifically 
targeting mosquitoes and other vector arthropods.
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