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APRESENTAÇÃO

A coleção “Avanços das Pesquisas e Inovações na Engenharia Química volume 
2” é uma obra que tem como foco principal a discussão e divulgação científica por meio 
de trabalhos com diferentes funcionalidades que compõe seus capítulos. O volume 
abordará em especial trabalhos que contribuem a nível educacional e aplicado tanto 
na área de engenharia química, química e tecnologias.

O objetivo central foi apresentar de forma categorizada e clara estudos 
correlacionados a energias renováveis, aproveitamento de resíduo agroindustrial, 
desenvolvimento de simulador de processos, simulação de custos de produção, e 
em especial estudos correlacionados a nível educacional por meio de jogos didáticos, 
quiz educativo com foco na aprendizagem de reações químicas e tabela periódica. Em 
todos esses trabalhos a linha condutora foi o aspecto relacionado à aproveitamento 
de resíduos, disseminação de conhecimento, otimização de procedimentos e 
metodologias, dentre outras abordagens importantes na área de exatas e engenharia. 
O avanço das pesquisas e divulgação dos resultados tem sido um fator importante 
para o desenvolvimento da ciência e estímulo de inovação.

Temas diversos e interessantes são, deste modo, discutidos aqui com a proposta 
de fundamentar o conhecimento de acadêmicos, mestres e todos aqueles que de 
alguma forma se interessam pela área de exatas e engenharia química aplicada e 
educacional. Possuir um material que demonstre evolução de diferentes metodologias, 
abordagens, otimização de processos, caracterização com técnicas substanciais, 
reutilização de resíduos de regiões específicas do país é muito relevante, assim como 
abordar temas atuais e de interesse tanto no meio acadêmico como social.

Deste modo a obra “Avanços das Pesquisas e Inovações na Engenharia Química 
volume 2” apresenta estudos fundamentados nos resultados práticos obtidos pelos 
diversos professores e acadêmicos que arduamente desenvolveram seus trabalhos que 
aqui serão apresentados de maneira concisa e didática. Sabemos o quão importante 
é a divulgação científica, por isso evidenciamos também a estrutura da Atena Editora 
capaz de oferecer uma plataforma consolidada e confiável para estes pesquisadores 
explorarem e divulgarem seus resultados. 

Jéssica Verger Nardeli
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ABSTRACT: This study aimed to investigate 
the chemical composition of the essential oil 
of Murraya koenigii leaves cultivated in Brazil, 
its larvicidal activity, residual effect and the 
mechanisms of action on third-instar larvae of 
Aedes aegypti through in silico approach. Twenty-
five compounds were identified, being the major 
compounds the β-phellandrene (22.57%), 
α-pinene (20.12%) and dehydroaromadendrene 
(13.83%). The lethal concentrations of 50% and 
90% mortality were found to be 58.8 ppm and 
87.8 ppm, respectively. The residual effect of 
the essential oil was two days, under laboratory 
conditions. No external morphological changes 
were observed in the larvae submitted to 
treatments. In silico predictions suggest mortality 
associated with mechanisms of cell toxicity, such 
as activation of caspases and neuromuscular 
blockade of acetylcholine. Further studies 
should be performed to verify possible morpho-
histological alterations induced by the essential 
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oil. Thus, the results evidence the potential of M. koenigii essential oil as a promising 
source of bioactive compounds in the control of Ae. aegypti.
KEYWORDS: Bioinseticide. Bioactivity prediction. Vector control. 

COMPOSIÇÃO QUÍMICA E ATIVIDADE LARVICIDA DO ÓLEO ESSENCIAL DE 
Murraya koenigii L. (SPRENG.) (RUTACEAE) SOBRE Aedes aegypti (DIPTERA: 

CULICIDAE)

RESUMO: Este trabalho estudou a composição química do óleo essencial de folhas 
de Murraya koenigii cultivadas no Brasil, a atividade larvicida, o efeito residual e os 
mecanismos de ação sobre larvas de terceiro instar de Aedes aegypti, adotando 
modelo de predição in silico. Identificaram-se 25 compostos, sendo os majoritários 
β-phellandrene (22.57%), α-pinene (20.12%) e dehydro-aromadendrene (13.83%). 
As Lethal Concentrations de 50 e 90% de mortalidade foram, respectivamente, de 
58.8 ppm e 87.8 ppm. O efeito residual do composto foi de dois dias, em condições 
de laboratório. Não se observou alterações morfológicas externas nas larvas 
submetidas aos tratamentos. Os resultados da predição in silico sugerem mortalidade 
por mecanismos de toxicidade celular, como por exemplo, ativação de caspases 
e bloqueios neuromusculares da acetilcolinesterase. Estudos futuros devem ser 
realizados para verificar possíveis danos morfohistológicos celulares induzidos pelo 
óleo essencial. Os resultados obtidos até o momento evidenciam potencial de M. 
koenigii como promissora fonte de compostos úteis, podendo ser candidatos ao uso 
no controle do Ae. aegypti.
PALAVRAS-CHAVE: Bioinseticida. Prospecção de bioatividade. Controle de vetores.

1 |  INTRODUCTION

Aedes aegypti (Linnaeus, 1762) is among the vectors of major epidemiological 
importance in the tropical and subtropical regions of the world. In Brazil, the mosquito 
was introduced in the colonial period, being responsible for the transmission of urban 
yellow fever (YF) (TAUIL 2010). In addition to the transmission of YF and dengue, in 
its five serotypes (WHO 2009; MUSTAFA et al. 2015), it has been considered the main 
vector of the chikungunya virus (CHIKV), according to Albuquerque et al. (2012), and 
zika virus (ZIKV), according to Bayes (2009) and Gourinat et al. (2015), which were 
introduced in the last three years. Thus, vector control methods against Ae. aegypti 
has received great attention. The main forms of control involve the physical control, 
through the manual elimination of breeding sites, and the chemical control with synthetic 
insecticides, organophosphates and pyrethroids (CORBEL et al. 2016). However, 
repeated applications of insecticides and failures in the planning of control stages have 
contributed to the emergence of resistant strains (DIAS; MORAIS, 2014, CORBEL et 
al. 2016, SCHWAB et al. 2018). In a work carried out in Malaysia post-outbreaks of 
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dengue, Mohiddin et al. (2016) observed that two of the three sites sampled had Aedes 
albopictus strains resistant to chemical control. Similarly, in Brazil, Aguirre-Obando et 
al. (2016) detected 80% of mutations in resistance determining genes of Ae. aegypti 
after dengue outbreak in the state of Paraná. These facts have led to the discovery of 
new molecules for vector control with low impact on the environment. Accordingly, the 
discovery of plant-derived compounds with insecticidal potential may be a promising 
alternative for the control of insects (GOVINDARAJAN; SIVAKUMAR 2014).

Plants may produce active molecules from the secondary metabolism with natural 
insecticidal ability and selective action on other organisms. Its natural degradation 
is faster than the synthetic insecticides, becoming a less environmentally impacting 
alternative in general (MACIEL et al. 2010). Studies on larvicidal activity of plant extracts 
have shown as cause of larval death the constrictions of the midgut, extrusion of the 
peritrophic matrix, epithelial stratification and vacuolization of the cells (ARRUDA et 
al. 2003; VALOTTO et al. 2014; AL-MEKHALAFI 2018). Other alterations are usually 
associated with the inhibition of digestive enzymes and neurotransmitters (ISMAN 
2006; KABIR et al. 2013), as well as with induction of cell by induction of nitric oxide, 
as shown by Guimarães-de-Oliveira et al. (2016) in a study of larvicidal activity of the 
ethanolic extract of Agave sislana (Asparagaceae). The essential oils of from plants may 
also present a repellent effect on feeding and/or oviposition (KRISHNAMOORTHY et 
al. 2015, SOONWERA; PHASOMKSOLSIL 2017, OLIVEIRA et al. 2017, YUSUFOGLU 
et al. 2018).

M. koenigii (Rutaceae), popularly known as Indian curry, is traditionally used as a 
culinary condiment due to its remarkable aromatic characteristic (MANI et al. 2012). In 
folk medicine, it has been widely used in the treatment of digestive disorders such as 
diarrhea and vomiting (ADEBAJO et al. 2006), microbial infections (JOSHI et al. 2018) 
and diabetes (KESARI et al. 2005; ARUSELVAN et al. 2006). The leaves of M. koenigii 
are aromatic and the composition of its extracts and essential oils may vary according 
to its genetics and the geographical locations (RAINA et al. 2002; RAO et al. 2011). 
Chowdhury et al. (2008) identified 39 different compounds in the essential oil of M. 
koenigii leaves collected in Bangladesh.

Extracts from different parts of M. koenigii were tested against insects, especially 
Anopheles gambie and Ae. aegypti. Regarding Ae. Aegypti, different biological 
responses were observed according to the part of the plant used in the preparation of 
the extract. Sukari et al. (2013) found a median lethal concentration (LC50) lower than 3 
μg/mL for five leaf hexane extract isolated compounds. Other studies presented higher 
values of LC50 (406 ppm) (SUGANYA et al. 2013) and unpromising activities (PATIL et 
al. 2010; TANNYSON et al. 2012). Due to the variations in the chemical composition 
of the extracts and essential oils, bioassays are need to evidence the most promising 
compounds. In Brazil, no studies of the chemical constituents of M. koenigii essential oil 
with larvicidal activity have been reported yet. Thus, considering the importance of the 
Ae. aegypti populations throughout the Brazilian territory in the transmission of dengue, 
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chikungunya and zika virus, this study aimed to evaluate the chemical composition of 
M. koenigii essential oil, to investigate its insecticidal potential against Ae. aegypti and 
to propose the mechanisms involved in this activity through in silico approach.

2 |  MATERIALS AND METHODS

2.1 Plant material

The leaves of M. koenigii were collected in April 2018 in the Faculty of Pharmacy 
of the Federal University of Goiás (UFG) (16°40’33’’S 49°14’33” W). The identification 
of the plant sample was done by Dr. José Realino de Paula and was deposited in 
the Herbarium of UFG under registration 66.4443. The leaves were dried in a forced 
ventilation oven at 40 °C (Fabbe-Primar) for 72h and then crushed.

2.2 Essential oils extraction and GC-MS analysis

For the extraction of the essential oil (EO), 100 g of powdered leaves were 
submitted to hydrodistillation in a Clevenger-type apparatus for 2 h (RAO et al. 2011). 
After dried over anhydrous Na2SO4, oils were kept in glass vials at a temperature of 
−20 °C. The EO were analyzed using a Shimadzu GC-MS QP5050A fitted with a fused 
silica SBP-5 (30 m × 0.25 mm I.D.; 0.25 μm film thickness) capillary column (composed 
of 5% phenylmethylpolysiloxane) and temperature programmed as follow: 60–240 °C 
at 3 °C/min, then to 280 °C at 10 °C/min, ending with 10 min at 280 °C. The carrier gas 
was a flow rate of 1 ml/min and the split mode had a ratio of 1:20. The injection port 
was set at 225 °C. Significant quadrupole mass spectrometer operating parameters: 
interface temperature 240 °C; electron impact ionization at 70 eV with scan mass range 
of 40–350 m/z at a sampling rate of 1 scan/s. Constituents were identified by computer 
search using digital libraries of mass spectral data (NIST, 1998) and by comparison of 
their retention indices (DOOL; KRATZ, 1963) relative to C9–C26 n-alkanes and mass 
spectra with literature data (ADAMS 2007).

2.3 Bioassay

2.3.1 Calibration of surfactant

To determine the resistance limit of Ae. aegypti larvae to polysorbate 80 (Tween 
80) used in the oil solubilization, increased concentrations of the surfactant in water 
were tested in order to verify if the results presented by the oil were not affected by 
the presence of the surfactant. For this purpose, solutions of Tween 80 were used in 
graded series of 0.1%, 0.3%, 0.5%, 0.7% and 1.0% diluted in water. A total of 20 3rd 
instar larvae (L3) were exposed to 25 mL solution in triplicate for 24 h.
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2.3.2 Larvicidal bioassay

The larvicidal bioassays were carried out at the Laboratory of Insect Biology and 
Physiology (IPTSP/UFG) in a biological chamber with a temperature of 25 °C ± 1 °C, 
relative humidity of 85% ± 5% and a photophase of 12 hours (SILVA et al. 2003). 
The EO of M. koenigii was tested in decreasing serial dilutions from 100 to 20 ppm. 
The assays were performed in 50 mL polystyrene containers containing 25 mL of test 
solution and twenty L3 Ae. aegypti larvae. Mortality events were quantified after 24 
hours of exposure. All assays were performed in triplicate. Water and surfactant were 
the negative controls.

2.3.3 Residual effect

The M. koenigii EO residual effect was evaluated with a LC99 solution found for 
the L3 Ae. aegypti larvae. The assays were performed by adding twenty L3 into 200 
mL of LC99 solution in 300 mL polystyrene containers. Mortality was verified after 24h 
exposure. The larvae were removed from the solution for the mortality verification 
and subsequently new L3 were placed in the same solution. Daily larval counting 
and replenishment continued until complete loss of the lethal effect. All assays were 
performed in triplicate. Water and surfactant were the negative controls (ROMANO et 
al. 2018).

2.4 Statistical analysis

The data obtained from the larvicidal assays were submitted to the non-linear 
regression method of Probit for the determination of the LC of 50, 90 and 99% of 
mortality (α = 0.05). The analysis were conducted using Statistica software version 
12.0 (STATSOFT 2013).

2.5 In silico prediction of biological activity

Bioactivity prediction procedure with 2D α-pinene, β-phellandrene and dehydro-
aromadendrene structures was performed with PASS online tool (LAGUNIN et al. 
2000). In PASS prediction, Pa and Pi estimate the probability of compound to be active 
or inactive respectively for each type of activity from the activity spectrum. The activities 
presenting Pa > Pi were selected for the analysis. The five top-ranked obtained activities 
related to the experimental tests were selected for analysis.

3 |  RESULTS
3.1 Chemical characterization

The yield of the EO of M. koenigii leaves was 0.401% (Figure 1). Twenty three 
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constituents were identified in the essential oil, mainly composed of monoterpenes 
(67.66%) and sesquiterpenes (24.28%) (Table 1). Major compounds were found to 
be beta-phellandrene (22.57%), alpha-pinene (20.12%) and dehydro-aromadedrene 
(13.83%).

N Compound KI¹ AI² %³
Monoterpenes
1 α – thujene 914 924 1.6
2 α – pinene 922 932 20.12
3 Sabinene 959 969 5.29
4 β – pinene 965 974 3.88
5 Myrcene 975 988 1.7
6 α – phellandrene 995 1002 2.85
7 α – terpinene 1007 1014 2.93
8 β – phellandrene 1020 1025 22.57
9 E-beta-ocimene 1033 1044 1.63
10 γ – terpinene 1044 1054 5.09
Oxygenated monoterpenes
11 cis-sabinene-hydrate 1056 1065 0.52
12 ρ – mentha-2,4(8)diene 1071 1085 0.92
13 trans-sabinene-hydrate 1088 1098 0.36
14 cis-ρ–mentha-2-en-ol 1112 1118 0.72
15 terpinen-4-ol 1181 1077 4.11
16 lavandulyl-isobutanoate 1403 1421 0.68
Sesquiterpenes
17 dehydro-aromadendrene 1437 1462 13.83
18 α – humulene 1470 1452 3.22
19 widdra-2,4(14)-diene 1477 1481 1.87
20 Isodaucene 1477 1500 4.91
21 σ – amorphene 1499 1512 0.45
Monoterpenes - - 67.66
Oxigenated monoterpenes - - 7.31
Sesquiterpenes - - 24.28
Not identified 0.75
Total - - 99.25

Table 1. Chemical constituents in EO leaves from Murraya koenigii evaluated by GC/MS.
¹Kovatz Index; ²Retention index (values from literature); ³Peak area.

3.2 Bioassays

The first larvicidal activity of M. koenigii essential oil records occurred after 15 
minutes of exposure to a test solution of 100 ppm. The total mortality of larvae at the 
highest concentration (100 ppm) occurred after 60 minutes of exposure. The LC50, 
LC90 and LC99 were respectively 58.8 ppm (IC = 56.8-60.8 ppm), 87.8 ppm (IC = 85.1-
90.6 ppm) and 94.4 ppm (CI = 91.2-97.5 ppm). No external morphological alterations 
or peritrophic matrix extrusion were observed. Mortality events were not observed in 
solutions containing only surfactant and water. The essential oil presented residual 
effect of two days, losing half the efficiency on the second day.
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3.3 In silico prediction

Ligand in silico biological activity spectrum evaluation with PASS server was 
performed in order to determine if the major constituents identified in the essential 
oil present molecular properties consistent with insecticidal molecules. The prediction 
data revealed potential insecticidal mechanisms of action for the compounds, including 
ecdysone 20-monooxygenase inhibition, calcium regulation, neuromuscular blockade 
of acetylcholine and caspase stimulation (Table 2).

Compound Pa Pi Activity

α-pinene

0.509 0.072 Calcium channel (voltage-sensitive) activator
0.486 0.030 Ecdysone 20-monooxygenase inhibitor
0.439 0.034 Caspase 8 stimulant
0.397 0.052 Caspase 3 stimulant
0.384 0.007 Insecticide

β-phellandrene

0.701 0.030 Calcium regulator
0.507 0.070 Acetylcholine neuromuscular blocking agent
0.434 0.065 Insecticide
0.417 0.007 Ecdysone 20-monooxygenase inhibitor
0.387 0.00 Apoptosis agonist

dehydro-
aromadendrene

0.499 0.075 Acetylcholine neuromuscular blocking agent
0.489 0.018 Membrane permeability enhancer
0.488 0.020 Caspase 8 stimulant
0.400 0.074 Ecdysone 20-monooxygenase inhibitor
0.269 0.018 Insecticide

Table 2. Top-ranked bioactivity predicition data of α-pinene, β-phellandrene and dehydro-
aromadendrene using Pass tool.

4 |  DISCUSSION

The chemical composition of essential oils is usually influenced by edaphic and 
climatic factors. Chowdhury et al. (2008) found 39 compounds in the essential oil of M. 
koenigii from Chittagong, being 3-carene the major compound (> 50%). Nagappan et 
al. (2011) identified 34 compounds and α-caryophyllene as major compound (> 19%) 
in the essential oil of M. koenigii from three locations in Malaysia. The variation in 
the chemical composition of M. koenigii from different locations in Asia was evaluated 
and the compounds myrcene, α-tujene, α-pinene, and sabinene have been identified 
in the analyzes (RAINA et al. 2002; RANA et al. 2004; CHOWDHURY et al. 2008; 
NAGAPPAN et al. 2011; RAO et al. 2011).

The larvicidal activity of M. koenigii extracts against Ae. aegypti have been 
attributed mainly due to the presence of carbazole alkaloids (SUKARI et al. 2013). 
Patil et al. (2010) found larval mortality between 59 and 80% depending on the solvent 
used in the extraction process. Suganya (et al. 2013) showed promising results for 
larvicidal activity of the M. koenigii ethanolic extract through the green synthesis of 
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silver nanoparticles (LC50 = 22.03 ppm; LC90 = 55.95 ppm). Krishnamoorthy et al. (2015) 
obtained LC90 below 90 ppm for the essential oil of Murraya exotica leaves against 
Ae. aegypti. However, there are no studies regarding the changes in morphology or 
metabolic pathways of Ae. Aegypti associated with the lethal effect of the extracts or 
isolated compounds of M. koenigii.

It has been reported that essential oils may interfere in the development and 
behavior of the insects. Soonwera and Phasomkusolsil (2017) evaluated the insecticidal 
effect of the essential oil of Zanthoxylum limonella (Rutaceae) against Ae. aegypti and 
observed lethality in larvae and adults near to 10%. Pupae submitted to treatments with 
essential oils usually present incomplete ecdise, which may originate aberrant adults. 
Pregnant females may exhibit repellency at oviposition sites impregnated with the 
essential oils (LEYVA et al 2016; SOONWERA; PHASOMKUSOLSIL 2017; OLIVEIRA 
et al. 2017; ROMANO et al. 2018; YUSUFOGLU et al. 2018). The interference of 
natural products in metabolic pathways may be observed by the inactivation of the 
acetylcholine binding site, growth-inhibiting hormones, calcium channel blockade 
in nerve cells and activation of pathways that lead to apoptosis and/or increase in 
the nitric oxide production (ISMAN 2006; KABIR et al. 2013; OLIVEIRA et al. 2017; 
GUIMARÃES-DE-OLIVEIRA et al. 2016).

Regarding the bioactivity prediction of the major compounds of the M. koenigii 
essential oil, although not high values of Pa were obtained in general, it is known 
that compounds with Pa value greater than Pi, as showed in this study, are the only 
considered as possible for a particular pharmacological activity (LAGUNIN et al. 2000). 
Hence, the combination of the essential oil experimental results with the computational 
estimation of the insecticidal activity of its major compounds reveal that its insecticidal 
potential against Ae. aegypti may be due to the action on mechanisms important for 
actual insecticides, especially the modulation of growth inhibitor hormones, neurotoxic 
action by blocking acetylcholine binding sites and the stimulation of caspases

Considering the epidemiological importance of Ae. aegypti in Brazil and its 
resistance to chemical control, there are a need for development of alternative control 
methods which stimulate the search for new molecules with insecticidal activity. In this 
study, the experimental and in silico findings indicated that the essential oil from M. 
koenigii presents potential for the development of products to be used in the control of 
Ae. aegypti, since low LC50 values were obtained (58.8 ppm) and the oil is a promising 
source of bioactive compounds which may modulate multiple and important targets of 
the mosquito. However, further studies should be performed in order to investigate the 
interaction of these different lethality mechanisms in in vitro and in vivo models.
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