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Abstract

The essential oil of citronella (Cymbopogon winterianus) has several biological activities, among them the insect
repellent action. Some studies showed that cinnamic acid esters can be applied as natural pesticides, insecticides and
fungicides. In this context, the objective of the present work was to evaluate the production of esters from citronella
essential oil with cinnamic acid via enzymatic esterification. Besides, the essential oil toxicity before and after
esterification against Artemia salina and larvicidal action on Aedes aegypti was investigated. Esters were produced
using cinnamic acid as the acylating agent and citronella essential oil (3:1) in heptane and 15 wt% NS 88011 enzyme
as biocatalysts, at 70 °C and 150 rpm. Conversion rates of citronellyl and geranyl cinnamates were 58.7 and 69.0% for
NS 88011, respectively. For the toxicity to Artemia salina LC, results of 5.29 pg mL"' were obtained for the essential
oil and 4.36 ng mL"! for the esterified oils obtained with NS 88011. In the insecticidal activity against Aedes aegypti
larvae, was obtained LC,; of 111.84 pg mL™' for the essential oil of citronella and 86.30 pg mL" for the esterified
oils obtained with the enzyme NS 88011, indicating high toxicity of the esters. The results demonstrated that the
evaluated samples present potential of application as bioinsecticide.
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Resumo

0 dleo essencial de citronela (Cymbopogon winterianus) possui diversas atividades biolégicas, entre elas a agdo
repelente a insetos. Alguns estudos mostraram que os ésteres do acido cinimico podem ser aplicados como
pesticidas naturais, inseticidas e fungicidas. Nesse contexto, o objetivo do presente trabalho foi avaliar a produgao
de ésteres a partir do 6leo essencial de citronela com acido cindmico via esterificagdo enzimatica. Além disso,
foi investigada a toxicidade do 6leo essencial antes e apds a esterificagdo contra Artemia salina e a agdo larvicida
sobre Aedes aegypti. Os ésteres foram produzidos utilizando acido cindmico como agente acilante e 6leo essencial
de citronela (3: 1) em heptano e 15% em peso da enzima NS 88011 como biocatalisadores, a 70 ° C e 150 rpm. As
taxas de conversao de cinamatos de citronelil e geranil foram 58,7 e 69,0% para NS 88011, respectivamente. Para a
toxicidade sobre Artemia salina foram obtidos CL,; de 5,29 ug mL™ para o 6leo essencial e 4,36 g mL™" para os 6leos
esterificados com NS 88011. Na atividade inseticida contra larvas de Aedes aegypti, obteve-se CL, de 111,84 ng mL™!
para o 6leo essencial de citronela e 86,30 ng mL' para os 6leos esterificados com a enzima NS 88011, indicando
alta toxicidade dos ésteres. Os resultados demonstraram que as amostras avaliadas apresentam potencial de
aplicagao como bioinseticida.

Palavras-chave: Cymbopogon winterianus, esterificacdo enzimatica, NS 88011, bioinseticida, Artemia salina, Aedes
aegypti.

1. Introduction

Citronella, Cymbopogon winterianus Jowitt (Poaceae),  applied in the food, pharmaceutical and cosmetic industries,
is a perennial plant, very resistant to climate change. The  and is a product widely used as a mosquito repellent and
essential oil from this plant or their compounds can be  plant defense mechanism (Shasany et al., 2000; Cassel and

*e-mail: cansian@uricer.edu.br
Received: October 16, 2020 - Accepted: March 10, 2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2023, vol. 83, e244647 | https://doi.org/10.1590/1519-6984.244647 1/5


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1857-9036
https://orcid.org/0000-0001-6369-3252
https://orcid.org/0000-0002-3619-1852
https://orcid.org/0000-0002-3970-8132
https://orcid.org/0000-0001-7544-5045
https://orcid.org/0000-0002-6196-3498
https://orcid.org/0000-0003-4962-1564
https://orcid.org/0000-0003-2321-7811
https://orcid.org/0000-0001-7399-7452
https://orcid.org/0000-0002-9929-2714
https://orcid.org/0000-0002-0529-2212
https://orcid.org/0000-0001-7666-264X
https://orcid.org/0000-0001-7366-5562
https://orcid.org/0000-0001-9809-7944

Cansian, R.L. et al.

Vargas, 2006; El-Helaly et al., 2021; Espadas-Pinacho et al.,
2021). Cansian et al. (2017) observed an increase in toxicity
on Artemia salina after enzymatic esterification of clove
essential oil (Caryophyllus aromaticus L.), proposing that
esterification may be a way to potentiate the insecticidal
activity of essential oils.

Some studies are available in the literature on cinnamate
production and also on the production of esters from
the primary alcohols, geraniol and citronellol, present in
the citronella essential oil. Paroul et al. (2012) in a study
of bioflavors production by enzymatic esterification of
citronella essential oil in a solvent free system, comparing
two different acids (oleic and propionic acids), observed
that the technique used is promising due to the high ester
conversions achieved. In the assay using oleic acid the
highest yield was obtained under substrates molar ratio on
1:1,70 °Cand 10 wt% Novozym 435 enzyme concentration,
obtaining a conversion of 98.9% citronellyl oleate and
82.5% of geranyl oleate. In the assay using propionic acid
the yield was 92.95% citronellyl propionate and 96.51%
geranyl propionate under the same conditions described
for oleic acid.

Zanetti et al. (2017) evaluated the lipase-catalyzed
synthesis of geranyl cinnamate and obtained a conversion
of 75.85% under 3:1 molar ratio (geraniol:cinnamic acid),
70 °Cand 15 wt% of Candida antarctica immobilized lipase
(NS 88011). In this study it was observed that geranyl
cinnamate presented antimicrobial properties against
Staphylococcus aureus and Escherichia coli, but did not
present antioxidant activity. Larvicidal activities or geranyl
cinnamate toxicity were not evaluated.

There are few studies in the literature evaluating
the esterification of citronella essential oil and, to our
knowledge, no work about esterification of citronella
essential oil with cinnamic acid and evaluation of its
toxicity and insecticide properties are available, justifying
the accomplishment of the present study that aimed to
evaluate the production and the toxicity of the essential oil
before and after enzymatic esterification, against A. salina
and larvicidal action on A. aegypti, aiming to obtain previous
data for future application of the same as bioinsecticide.

2. Material and Methods

2.1. Enzyme and substrates

The commercial lipase used in this work was Candida
antarctica (NS 88011) immobilized on a hydrophobic
polymeric resin, purchased from Novozymes Brazil
(Araucaria, PR, Brazil). The chemicals used in the study
were all AR grade with no further purification: cinnamic
acid (97% Sigma-Aldrich); n-heptane (95%, Vetec);
commercial citronella essential oil (C. winterianus), obtained
by hydrodistillation and purchased from Ferquima (Sdo
Paulo, Brazil).

2.2. Chemical characterization of citronella essential oil

The chemical composition analysis of citronella essential
oil was carried out by gas chromatography coupled to mass
spectrometry (Shimadzu, Model QP 5050A). A capillary
column (PEG) Rtx-Wax (30 mx0.25 mmx0.25 pm) was used.
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Helium was the carrier gas at a flow rate of 1.0 mL/min;
the detector at 1.0 kV, split mode (1:50), and the injector
at 250 °C were employed. The initial temperature 40 °C
(6 min) and then, 40-180 °C (2 °C min™), 180-220 °C
(10 °Cmin™), 220 °C (15 min) was employed. The sample
of essential oil was diluted in dichloromethane (Merck, Rio
de Janeiro, Brazil) until a final concentration of 5000 ppm.
The compounds peaks were integrated in manual mode
and compared to the literature and data bank present in
the equipment (Wiley, Sdo Paulo, Brazil).

2.3. Kinetic evaluation of citronellyl and geranyl
cinnamates production

A preliminary kinetic experiment was performed under
the experimental conditions reported by Zanetti et al.
(2017) to determine the reaction time for synthesis of
citronellyl and geranyl cinnamates. The reaction mixture
of cinnamic acid, essential oil (EO), (acid/alcohol molar
ratio 3:1), enzyme (concentration of 15 wt%, based on the
total amount of substrates) and 40 mL solvent n-heptane
was kept under mechanical agitation at 150 rpm and 70 °C
during 56 h of reaction. Aliquots of 100 uL were withdrawn
from the reaction medium at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 8,
12, 24, 28, 32, 38, 48, 52 and 56 h and analyzed by GC.

2.4. Reaction conversion and esterification activity

The analyses of the reaction conversion in terms of
citronellyl and geranyl esters were conducted in a gas
chromatography (Shimadzu GC-2010) equipped with
data processor, using a capillary column (PEG) Rtx-Wax
(30 mx0.25 mmx0.25 um), flame ionization detector,
with the following temperature program: 40 °C (6 min),
40-180 °C (2 °C/min), 180-220 °C (10 °C min™), 220 °C
(15 min), injector temperature 250 °C, detector at 250 °C,
injection in the split, ratio of split 1:50, H, (56 kPa) as
carrier gas, injected volume of 0.4 pL of sample diluted
in dichloromethane (1:10).

Reaction conversion was calculated based on the
reduction of area of limiting reagent on the basis of reaction
stoichiometry (Equation 1).

Conversion(%):M.IOO (1)
Sp
Where, S, corresponds to the peak area of the limiting
reagent before the reaction (geraniol or citronellol) and
S corresponds to the peak area of the limiting reagent
after the reaction.

The esterification activity of the enzyme was quantified
through the synthesis reaction of oleic acid and ethanol
(molar ratio of 1:3 by volume) described previously
(Rigo et al., 2010). The amount of acid consumed was
determined by titration with NaOH 0.05 mol/L. One unit of
enzymatic activity (U) was defined as the amount of enzyme
necessary to consume 1 pumol of fatty acid per minute, under
the described assay conditions (Bernardes et al., 2007).

2.5. Toxicity against Artemia salina

Toxicity test was carried out using the methodology
described by Meyer et al. (1982) and adapted by
Cansian et al. (2017). The organisms-test were exposed
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to different concentrations (0.5, 1, 5, 10, 15, 20, 25,
50, 75 and 100 pg mL!) of citronella essential oil and
citronella essential oil plus cinnamic acid before and
after esterification of 48 hours, using test tubes, each
one containing at least 10 nauplii of Artemia salina in
artificial saline solution (10 g L' sea salt, 0.7 g L' sodium
bicarbonate and 2.0% DMSO). The control was carried
using 1, 10, 25, 50, 75, 100, 250, 500, 750 and 1,000 pg mL"!
of cinnamic acid and n-heptane in the same conditions.
The LC,, values were determined in triplicate employing
non-linear regression model available in GraphPad Prism
6.0 software and expressed as mean + standard deviation.
The means were compared using the t test, adopting 5%
as significance level.

2.6. Larvicidal activity against Aedes aegypti

For the larvicidal activity assay, a methodology adapted
from WHO (1970) was used, where previously obtained
larvae (Soares-Pinheiro et al., 2017) of Aedes aegypti in
the third stage of growth were maintained at rest with
the samples (essential oil, essential oil plus cinnamic acid
before and after esterification) for 24 hours, and then the
counting of living and dead organisms was carried out. The
samples (essential oil before and after esterification) and
control (cinnamic acid and n-heptane) were evaluated, in
triplicate, in concentrations between 25 and 500 pg mL™".

3. Results and Discussion

3.1. Chemical characterization of essential oil

The chemical composition of citronella essential oil
(Table 1) presented as major components citronellal
(38.98%), followed by geraniol (20.56%) and citronellol
(17.54%). The results are qualitatively similar to those
obtained by Paroul et al. (2012), with quantitative variations.
The values found for the primary alcohols, which can
be reacted with cinnamic acid, geraniol and citronellol,
correspond to 38.1% of the total oil composition.

3.2. Production of citronellyl and geranyl cinnamates

The preliminary kinetic results of citronellyl and geranyl
cinnamates are presented in Figure 1, and indicates that
the optimum reaction time at the evaluated experimental
conditions was 52 hours.

The results obtained for the peak areas of the
components of interest before and after the esterification
reaction are described in Table 2. The reduction of the areas
of limiting substrates (citronellol and geraniol) showed
conversions of 58.7% for citronellol and 69% for geraniol,
confirmed by the increase of ester areas. These results are
similar to those obtained by Paroul et al. (2012) in a study
of esterification of citronella essential oil with propionic
acid, where it was obtained a conversion of 55.4% for
citronellol and 77.9% for geraniol into its respective esters,
under reaction conditions of 60 °C, 1:1 molar ratio (oil:acid)
and 1 wt% of Novozym 435.

After enzyme recovery from reaction medium by
filtration, its activity was determined. A reduction of
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39% was observed after 52 hours of reaction (initial
activity of 1,559.4 U g and final activity of 949.0 U g).
This reduction is similar to that obtained by Padilha and
Augusto-Ruiz (2007) who observed a 44.4% reduction in
porcine pancreatic lipase enzyme solution activity under
much milder conditions (60 min reaction at 38 °C), which
can possibility the reuse of the biocatalyst or evaluate the
fed batch mode of operation.

The reaction mixture, without prior purification, was
used for the biological activities’ tests.

Table 1. Chemical composition of Cymbopogon winterianus
essential oil.

RT Compounds Area (%)
113 D-Limonene 3.46
28.4 Citronellal 38.98
33.0 B-Elemene 110
348 Linalool 1.57
39.4 Geranial 1.26
40.9 A-Cadiene 2.58
421 Cedrene 0.82
438 Citronellylacetate 2.55
44.4 a-Muurolene 2.61
45.0 Citronellol 17.54
48.9 Geraniol 20.56
58.4 Germacren-4-ol 0.64
60.1 Elemol 2.33
Total 96
Unoxygenated monoterpenes 7.97
Unoxygenated sesquiterpenes 2.61
Monoterpene alcohols 39.67
Sesquiterpene alcohols 297
Aldehydes 40.24
Esters 2.55
] S S e
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Figure 1. Kinetics of citronellyl and geranyl cinnamates production
(molar ratio alcohol/acid 3:1, enzyme 15 wt%, temperature 70°C,
150 rpm).
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3.3. Toxicity against Artemia salina

The toxicity results of citronella essential oil and
citronellyl and geranyl cinnamates against nauplii
of A. salina are shown in Figure 2. The mean lethal
concentrations (LC,) of the essential oil and esterified
citronella oil obtained from the correlation equations
between sample concentration and A. salina mortality
are shown in Table 3.

It can be observed that the esters showed similar
toxicity to citronella essential oil (5.29 and 4.36 pg mL™!,
respectively). The control cinnamic acid and the reaction
components before esterification presented low toxicity
(439.59 and 329.74 ng mL", respectively) and n-heptane

00

@
3

60

A. salina mortality (%)

a
3

20

“m_ Esterified citronella E.O.
"% Citronella E.O.

0 10 20 30 40 50 60 70 80
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Figure 2. Mortality percentage of Artemia salina nauplii in relation
to increased sample concentration.

did not cause toxicity at the evaluated concentrations.
The LC,, results of the evaluated samples show that they
present high toxicity, following the definition of Meyer et al.
(1982) who considered that a product is toxic when it
has a LC,, value <1000 ug mL-' and Amarante et al. (2011)
who report that a sample is very toxic when its LC is less
than 100 pg mL.

The same toxicity behavior for essential and esterified
oils was obtained by Cansian et al. (2017) which
obtained LC,, of 0.59 pg mL for clove essential oil
(Caryophyllus aromaticus) and 0.12 pg mL"' for eugenyl
acetate produced by the esterification of clove essential oil,
although with 10 to 40 times higher toxicity to these last.

3.4. Larvicidal activity in Aedes aegypti

The determination of the larvicidal activity was made
from the percentage of dead Aedes aegypti larvae as a
function of the concentration of the evaluated samples.
Results are presented in Table 4.

Similar result for citronella oil on Aedes aegypti mosquito
larvae was reported by Silva et al. (2017) who obtained a
LC,, value of 120 ng mL"' for the citronella essential oil of
the species Cymbopogon winterianus. Cheng et al. (2003)
considered good larvicidal agent substances with an LC,,
value of less than 100 pg mL". It can be observed that the
esterification of the geraniol and citronellol monoterpenes
promoted an increase in the larvicidal activity in the test
with A. aegypti larvae (111.84 to 86.30 ug mL'). However,
the control (cinnamic acid) also showed larvicidal
activity (98.85 ng mL ") and its presence in the esterified
oil contributed to the increased activity in the product.

Table 2. Substrate consumption and esters production with NS 88011 enzyme in closed system reaction for 56 hours.

Substrates and Reaction Products Reaction Mix Peak Area Peak Area After Reaction
Citronellol 1390985.9 (100%) 574.513.9 (41.3%)
Geraniol 1699928.8 (100%) 527294.8 (31.0%)
Citronellyl cinnamate 0 1153384.4 (44.2%)
Geranyl cinnamate 0 1453839.2 (55.8%)

Table 3. Determination of the LC,; of citronella essential oil before and after esterification with cinnamic acid on A. salina.

Sample Correlation R? LC,, (ng mL?)
Commercial citronella E.O. y=37.5962.log,,(x) + 22.8026 0.9906 529+0.21
Reaction before esterification y=40.8329.log,(x) - 52.8241 0.9318 329.74 + 16.27
Esterified citronella E.O. y=36.2112.log (x) + 26.8386 0.9485 4.36+0.23
Cinnamic acid y=18.6240.log (x) - 63.3430 0.9547 439.59 + 14.62

Table 4. Determination of the LC of citronella essential oil before and after esterification with cinnamic acid on Aedes aegypti larvae.

Sample Correlation R? LC,, (ng mL")
Commercial citronella E.O. y=87.6265.log,(x) - 129.5125 0.9308 111.84 +£3.72
Reaction before esterification y=58.909.log,(x) - 68.3524 0.8514 102.11 £ 1.03
Esterified citronella E.O. y=54.251.log,(X) - 55.0295 0.8341 86.30+ 1.15
Cinnamic acid y=56.3911.log,(x) - 62.5004 0.8103 98.85+2.36
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The reaction components before esterification showed
intermediate larvicidal activity between essential oil and
cinnamic acid due to the dilution of the latter, as expected.
The n-heptane did not cause toxicity at the evaluated
concentrations. As esters are fairly stable in relation to
essential oil (Surburg and Panten, 2016), this esterification
product has the potential to use as larvicide to control
diseases transmitted by A. aegypti.

4. Conclusions

New data on the production of cinnamic acid esters
by enzymatic esterification of geraniol and citronellol
from citronella essential oil were presented in this paper,
showing a promising methodology for the production
of these compounds. Conversion of citronellol and
geraniol to corresponding esters reached 58.7% and 69%,
respectively. The esterified oil presented high toxicity
to Artemia salina (4.36 pg mL"), being effective against
Aedes aegypti mosquito larvae (86.30 pg mL"), showing
that these substances can be used as larvicide to prevent
the spread of vector of various diseases.
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