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Abstract

The Cymbopogon nardus L. is a plant popularly known as "citronella grass", originating from Ceylon and India, used
in Indonesia as a soothing and digestive tea. The essential oil of the species Cymbopogon nardus (OECN) is used in the
manufacture of cosmetics and perfumes, besides having shown antimicrobial action against Escherichia coli,
Salmonella spp., Pseudomonas spp., Streptococcus spp., and in addition antioxidant, anti-inflammatory. The objective
of this study was to determine the larvicidal and fungicide potential of OECN extracted from the fresh leaves of C.
nardus. L at the beginning of the dry season in Teresina, PI. From the OECN extracted by hydrodistillation, the actives
were identified by mass gas chromatography. The larvicidal action of OECN was tested against the third and fourth
larval stages of Aedes aegypti at concentrations (2.5, 5.0, 7.5 and 10 puL/20 ml) for 24 to 48 hours. Antifungal activity
for Aspergillus flavus and A. parasiticus at concentrations (1.0, 2.0, 4.0 6.0 and 8.0 uL/10 mL). The OECN showed a
good yield (1.0%), with 26 assets (93.2%) identified with the majority: citronelal (31.6%), geraniol (22.1%), elemol
(11.8%) and citronellol (8.2%). Mortality of 100% of the larvae was observed at concentrations of 7.5 and 10.0 pl/ 20
ml in 24 hours. After 48 hours 93.3% in 5.0 ul/10 ml OECN and 70% in 2.5 pl/10 ml. A. flavus showed greater sensitivity
to OECN at 8.0 pl/ 10 ml than A. parasiticus at concentrations. A. parasiticus was the most sensitive at concentrations
of 1.0 and 2.0 uL. / 10 mL. OECN has a larvicidal action and antifungal activity at the tested concentrations.
Keywords: Essential oil; Citronella; Antifungal; Larvicidal action.
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Resumo

O Cymbopogon nardus L. é uma planta popularmente conhecida por “capim citronela”, originada do Ceilio e da India,
utilizada na Indonésia como cha calmante e digestivo. O 6leo essencial da espécie Cymbopogon nardus (OECN) é
utilizado na fabricacéo de cosméticos e perfumes, além de ter mostrado acdo antimicrobiana contra Escherichia coli,
Salmonella spp., Pseudomonas spp., Streptococcus spp. e, além disso, apresenta atividade antioxidante e anti-
inflamatéria. Objetivou-se determinar o potencial larvicida e fungicida OECN extraido das folhas frescas da C. nardus.
L no inicio da estacdo seca em Teresina, Pl. A partir do OECN extraido por hidrodistillagdo, os ativos foram
identificados por cromatografia gasosa em massas. A agdo larvicida da OECN foi testada contra o terceiro e quarto
estadios larvais do Aedes aegypti nas concentragdes (2,5; 5,0; 7,5 e 10 puL/20 ml) por 24 a 48 horas. A atividade
antifingica para Aspergillus flavus e A. parasiticus nas concentragoes (1,0; 2,0; 4,0 6,0 e 8,0 uL/10 mL). O OECN
apresentou bom rendimento (1,0%) sendo identificados 26 ativos (93,2%) com os majoritarios: citronelal (31,6%),
geraniol (22,1%), elemol (11,8%) e citronelol (8,2%). Observou-se mortalidade de 100% das larvas nas concentragdes
7,5 € 10,0 uL/20 mL em 24 horas. Ap6s 48 horas, 93,3% em 5,0 uL/10 mL de OECN e 70% em 2,5 uL/10 mL, o A.
flavus apresentou maior sensibilidade ao OECN a 8,0 uL/10 mL do que o A. parasiticus nas concentragdes. O A.
parasiticus foi o mais sensivel nas concentracdes 1,0 e 2,0 uL/10 mL. O OECN possui acdo larvicida e atividade
antifingica nas concentragdes testadas.

Palavras-chave: Oleo essencial; Citronella; Antiftingico; Ao larvicida.

Resumen

El Cymbopogon nardus L. es una planta conocida popularmente como "hierba citronela", originaria de Ceilan y la India,
utilizada en Indonesia como té calmante y digestivo. El aceite esencial de la especie Cymbopogon nardus (OECN) se
utiliza en la fabricacion de cosméticos y perfumes, ademas de haber demostrado accién antimicrobiana contra
Escherichia coli, Salmonella spp., Pseudomonas spp., Streptococcus spp., y ademas antioxidante, antiinflamatoria. El
objetivo de este estudio fue determinar el potencial larvicida y fungicida de OECN extraido de las hojas frescas de C.
nardus. L al comienzo de la estacién seca en Teresina, PI. A partir de la OECN extraida por hidrodestilacion, los activos
se identificaron mediante cromatografia de gases en masa. La accién larvicida de OECN se probd contra la tercera y
cuarta etapa larvaria del Aedes aegypti en concentraciones (2.5, 5.0, 7.5 y 10 pL./20 ml) durante 24 a 48 horas. Actividad
antifungica para Aspergillus flavus y A. parasiticus a concentraciones (1.0, 2.0, 4.0 6.0 y 8.0 pL/10 mL). La OECN
mostré un buen rendimiento (1,0%), con 26 activos (93,2%) identificados con la mayoria: citronelal (31,6%), geraniol
(22,1%), elemol (11,8%) y citronelol (8,2%). Se observé una mortalidad del 100% de las larvas a concentraciones de
7,5y 10,0 pl/20 ml en 24 horas. Después de 48 horas 93,3% en 5,0 ul/10 ml OECN y 70% en 2,5 ul/10 ml. A. flavus
mostré mayor sensibilidad a OECN a 8.0 ul / 10 ml que A. parasiticus a concentraciones. A. parasiticus fue el mas
sensible a concentraciones de 1.0 y 2.0 pLL / 10 mL. OECN tiene una accion larvicida y actividad antifungica en las
concentraciones probadas.

Palabras clave: Aceite esencial; Citronella; Antifangico; Accidn larvicida.

1. Introduction

Essential oils (EO) from aromatic plants are secondary metabolites consisting of a mixture of bioactive substances
(Pavela, 2016) and an association of different compounds that hinder the formation of resistance by potentially pathogenic
organisms. They can also be defined as a set of complex and volatile substances, in general odoriferous and liquid (Sarma et al,
2019). Some plant species considered natural insecticides, such as Eucalyptus globulus, Piper betle, Pogostemon cablin and
Ocimum campechianum have larvicidal and ovicidal activity against the Aedes (Stegomyia) aegypti L. (1762) (Kaura et al.,
2019; Martianasari et al., 2019; Scalvenzi et al., 2019; Lima Santos et al., 2019).

Cymbopogon nardus L. is a plant popularly known as “citronella”, originated from Ceylon and India, used in Indonesia
as a soothing and digestive tea. The gender Cymbopogon belongs to the family Poaceae, subfamily Panicoideae, consisting of
eighty-five species. The essential oil of the species Cymbopogon nardus (OECN) is used in the manufacture of cosmetics and
perfumes, in addition to having shown antimicrobial action against Escherichia coli, Salmonella spp., Pseudomonas spp.,
Streptococcus spp., and beyond that, antioxidant, anti-inflammatory. The chemical composition of OECN is described in the
literature with high content of geraniol and citronellal (Wei et al., 2013; Bayala et al., 2020).

Dengue is caused by an Arbovirus that has four serotypes (DEN-1, DEN-2, DEN-3 and DEN-4) transmitted by the bite
of Aedes aegypti infected. This mosquito is also a vector of chikungunya, yellow fever and Zika (Brasil, 2009). To keep the

mosquito population under control, it is necessary to maintain urban cleanliness, eliminate still water and use repellents and
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larvicides (Brasil, 2020). Mosquitoes can become resistant to these chemicals, thus, the biological cycle continues and the
population increases; hence, there may be more cases of dengue outbreaks (Hamid et al., 2017; Sayono et al., 2016).

Controlling A. aegypti is a major challenge, especially in developing countries. In situations where the resources for
vector control are appropriate for carrying out programs, success has not been achieved, several times (Brady et al., 2020; Zara
et al., 2016). The factors related to the failure of these programs may be related to the infrastructure of cities, such as: basic
sanitation, sewage treatment, inadequate coverage of garbage collection, educational campaigns and discontinuity in water
supply (Zara et al., 2016). They can also be related to the population concerning the inadequate storage of water and the
elimination of water puddled in backyards, plant pots and other objects. Currently, public health programs aimed at the control
of Aedes aegypti employ chemical insecticides such as organophosphates and pyrethroids (temephos, malathion and
fenitrothion), but the indiscriminate use of these substances has resulted in the emergence of resistant mosquito populations and
environmental damage caused by their intensive use (Ndiath et al., 2019; Fernando et al., 2020).

Fungi are able to cause a series of damage to grains during planting and harvesting, as well as during storage. Several
species of filamentous fungi produce mycotoxins, i.e., toxic substances produced mainly by the species. A. parasiticus and
Aspergillus flavus through their metabolism, which contaminate food either in the field, in storage or after manufacturing. The
Aspergillus flavus is a filamentous fungus which can produce aflatoxins and cyclopiazonic acid, and the co-production of these
mycotoxins can favour an additive or synergistic toxic effect on consumers, increasing the toxigenic potential of this fungus
(Goncalez et al., 2013; Prado et al., 2008). Fungal infections are quite frequent, and can be extremely severe and often difficult
to manage. Despite the emergence of antimicrobial agents, daily the appearance of strains resistant to the available therapeutic
arsenal is observed. It should also be considered that often the available antimicrobials can generate problems for patients,
causing treatment abandonment before the expected time for cure (Perlin et al., 2017; Cowen et al., 2015).

Given the problems caused by resistance to chemotherapy, it is crucial to search for alternatives and strategies to combat
these agents, and the essential oils can be an interesting outlet for this problem. Such rationale is behind this study aimed at

determinig the larvicide and fungicide potential of the species. Cymbopogon nardus L.

2. Methodology
2.1 Material Collection

Leaves of plant material of the species Cymbopogon nardus (citronella) were collected, at 4 pm, in May 2019, at the
Aromatic and Medicinal Plants Department, located at the Agricultural Science Center, Campus Ministro Petronio Portella,
Teresina, Piaui (NUPLAM-UFPI (5°04'35"S, 42°78'38"W). They were then packed in dark plastic bags and taken to the
Laboratory of Organic Geochemistry (LAGO) of the Federal University of Piaui - UFPI, where they remained under refrigeration

until the extraction of essential oils.

2.2 Extraction of Essential Oils

The EO of the fresh leaves of Cymbopogon nardus were extracted by hydrodistillation for three hours in a Clevenger
type device with a temperature of 100°C to 105°C, dried with anhydrous sodium sulfate, that was, then, weighed and stored in a
capped flask, coated with aluminum foil and stored in a refrigerator at an average temperature of 4.0° C, until the moment of gas
chromatography analysis coupled to mass spectroscopy (Aguiar et al., 2014). The calculation of EO yield is done using the
equation:

Equation 1:

Yield (%) = Qil mass (q) x 100

Leaf mass (g)
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2.3 Chemical Composition Analysis

To determine the chemical composition of the EO from the Cymbopogon nardus species the analysis was performed by
Gas Chromatography Coupled to Mass Spectrometry (GC-MS) in MDGC/GCMS-2010 SHIMADZU equipment coupled to a
GC-MS-QP5050A mass spectrometer. For the chromatography of the components, a J & W Scientific column DB-5HT (RTX-
5 mL) was used (30 m x 0.25 mm, internal film thickness of 0.25 um), and used helium (He) at the flow of 1.0 ml-1 min and
1/10 split mode as a carrier gas. The temperature of the injector and detector was kept at 250° C. Column temperature was
programmed from 60° C to 240°C at a rate of 3.0°C min-1 and remaining 10 minutes at 240°C; a volume of 1.0 pl was injected.
The ME conditions were quadrupole ion detector type operating by electronic impact with energy of 70 eV; 2000 sweep speed;
with 250° C interface; and fragments detected in the range of 40 to 600 Da e. The identification was made by comparing the
standard spectra of the internal data library and the retention times using standards in the same method of analysis (Kovat's
Index) (Adams, 2007).

2.4 Larvicide Action

To carry out the larvicidal action, was used third and fourth stage larvae of the Aedes aegypti obtained at the Laboratory
of Parasitology and Sanitary Entomology (LAPES, UFPI), according to the methodology suggested by the World Health
Organization (Who, 2005). EOCN aliquots of 2.5 5.0, 7.5 and 10.0 pL of the were diluted in 20.0 ml of 1.0% (v:v) agueous
dimethylsulfoxide (DMSQ) solution directly in polyethylene bottles. The negative control consisted of a 20 ml of a 1.0% (v:v)
DMSO solution. 10 larvae were placed in each polyethylene bottle. The investigation of mortality was observed within 24h and
48h after the test was performed. The tests were carried out in triplicate.

The mortality efficiency of larvae was determined in percentage through equation 2 (Abbott, 1925).

Equation 2:
E (%) = (Nc — Nt) x100
Nc
Where:

E = larval mortality efficiency
Nc = Number of individuals alive in the control treatment;

Nt = Number of live individuals treated;

2.5 Antifungical Activity

To determine the minimum inhibitory concentration (MIC), the Pandey and Dubey's (1994) modified technique of was
used. Concentrations of 2.5; 5.0; 7.5 and 10.0 pL of the EOCN were directly homogenized in 10 ml of MEA growth medium
(malt extract, glucose, peptone, agar, distilled water) still semi-solid, aseptically poured into Petri dishes (10 x 90 mm). After
solidification of the culture medium, a nine-millimeter hole was opened in the center of the plate, using a cutter (punch forceps
or 1000 L tip), then aseptically inoculated with 50.0 pl of a suspension containing 10° Aspergillus flavus and A. parasiticus
conidia per ml diluted in phosphate saline buffer, counted with the aid of a Neubauer chamber. Negative controls were also
prepared by aseptically placing the MEA culture medium in Petri dishes. The plates were sealed with polyethylene film and
inoculated at a temperature of 28.0 £ 2.0°C for seven days. The experiment was run in triplicate. The diameter of the fungus
colonies of treatments and the control were measured and the percentage of growth inhibition was calculated according to
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equation 3 (Kumar et al., 2010).

Equation 3:
Inhibition Mycelial (%6) = (dc — dt) * 100
dc
Where:

dc = mean diameter of the colony in the control group;

dt = mean diameter of the colony in the treatment group.

2.6 Statistical Analysis

The data was displayed as a mean + standard deviation For the analysis of antifungal activity, the results were expressed
as a percentage (%), using a completely randomized design with a factorial scheme (2 x 5 x 3), with two levels of essential
oil/fungus (EOCN-Citronella/A. flavus and EOCN-Citronella/A. parasiticus), five levels of concentrations (1.0; 2.0; 4.0; 6.0 and
8.0 pL) and three repetitions (mycelial inhibition). The analysis of variance (ANOVA) was performed using the PROC GLM
procedure, from SAS® software, University Edition. The comparison of means in the analysis of parameters was performed
using Tukey's mean comparison test, with a significance level of p < 0.05.

For the larvicide test, data were expressed as mean * standard deviation. For the analysis of larvicidal activity, the
results were expressed as a percentage (%), using a completely randomized design with a factorial scheme (2 x 4 x 3), with two
levels of mortality/time efficiency (efficiency/24 hours and efficiency/48 hours), four levels of concentrations (2.5; 5.0; 7.5 and
10.0 pL) and three repetitions.

3. Results and Discussion

The OECN yield depends on extrinsic factors: region, climatic conditions and type of cultivation, as well as intrinsic
factors related to plant physiology. In the present study in Teresina, Pl, the CEON yield was 1.0%, using the same methodology,
despite having been carried out in distant geographic regions but in close climatic conditions. Both the production and the
chemical constitution of the essential oils present in the plant depend on a series of edaphoclimatic factors (Pavarini et al., 2012;
Wasternack et al., 2016; Wasternack et al., 2017). In this context, Rocha et al. (2012) in Janatiba — MG, obtained yields of 0.2%
and 0.3%, and attributed the low yield to the fact that essential oils are volatile at the high temperature of the region (35°C).
Pereira et al. (2015) in the city of S&o José dos Pinhais, PR, obtained a monthly income of 2.80%, higher than that found in other
regions of Brazil, which can be justified due to the region's subtropical climate.

With the methodology used, 93.2% of the chemical compounds present in the essential oil of Cymbopogon nardus was
identified. The main constituents are: oxygenated monoterpenes (citronellal, geraniol, citronellol) and hydrocarbon sesquiterpene
(elemol) (Figure 1 and Table 1).
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Figure 1: Essential oil chemical composition analysis chromatogram Cymbopogon nardus (Citronella) by Gas Chromatography

coupled to Mass Spectrometry.
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Table 1: Identification of essential oil compounds from Cymbopogon nardus (Citronella) leaves by Gas Chromatography

coupled to Mass Spectrometry.

Compound Similarity TR Area (%) Kl
NI - 7,760 0.12 -
Isovalerone 78 8,026 0.07 951
Myrcene 90 9,082 0.07 991
Limonene 96 10,343 247 1031
NI - 11,018 0.03 -
Alpha-Terpinolene 89 12,083 0.05 1088
Linalool 97 12453 0.57 1098
Citronellal 96 14,094 31.56 1153
NI - 14,286 0.38 -
NI - 14,388 0.97 -
Alpha Terpineol 88 15,484 0.05 1189
Decanal 95 15,724 0.09 1204
Citronellol 97 16344 8.16 1228
Neral 95 16732 0.54 1240
Geraniol 96 17085 22.06 1255
Geranial 96 17598 0.77 1270
Citronellyl Acetate 95 19868 2.51 1354
Eugenol 96 20067 0.53 1356
Neryl Acetate 96 20672 4.77 1365
NI - 20963 0.06 -
Beta-Elemene 95 21,159 1.3 1375
NI - 22,587 0.11 -
NI - 22,865 0.03 -
NI - 22,915 0.06 -
Germacrene-d 98 23,045 0.87 1480
Alpha-Muurolene 95 23,286 0.26 1499
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Damma-Cadinene 92 23519 0.14 1513
Delta-Cadinene 94 23573 1.43 1524
NI - 23,665 0.1 -
NI - 23,720 0.05 -
NI - 23,782 0.06 -
NI - 23,843 0.04 -
Elemol 92 23,976 11.84 1547
NI - 24145 0.08 -
Germacrene d-4-ol 86 24,370 0.24 1574
NI - 24672 0.07 -
NI - 24,722 0.18 -
NI - 24,821 0.12 -
NI - 24,930 0.34 -
10-Epi-Gamma-Eudesmol 90 24,999 0.94 1602
Alpha-Cadinol 88 25,105 1.79 1653
NI - 25227 3.48 -
(Z,E)-Farnesal 76 25,635 0.03 1688
Z,Z-Farnesol 95 25,674 0.12 1713
NI - 25868 0.06 -
NI - 26,055 0.08 -
NI - 27,066 0.07 -
NI - 28,016 0.08 -
NI - 29,015 0.1 -
NI - 30,206 0.1 -
Total 100%

KI: Kovats index; RT: Retention time; NI: Not identified. Source: Authors.

Shortly after 24 hours, it was observed that at the concentration of 2.5uL 63.33% of the larvae died, with 5uL, 83.33%,

and with 7.5 and 10uL 100% of the Aedes aegypti mosquito larvae had been eliminated. This shows the potential of the larvicidal

action of EOCN against the larvae. Mortality rates and standard deviation in each concentration were organized and can be seen

in table 2.

Table 2: Larvicidal activity of the Essential Oil of Cymbopogon nardus (Citronella), under larvae of Aedes aegypti.

Concentrations (uL)

Larvicide activity (%)
24-hour mortality efficiency

48-hour mortality efficiency

(X +SD) (X +SD)
25 63.3% + 24.94 70.0°A +£29.43
5.0 83.3%A+ 4.71 93.3%A +12.77
75 100.0% + 0.00 100.0* + 0.00
10.0 100.0% + 0.00 100.0* + 0.00

X: mean, SD: standard deviation. Means followed by different lowercase letters in the same column (*® ¢ p<0.05) and
uppercase letters in the same row (4B p<0.05) differ significantly by Tukey's test at 5% probability (p<0.05). Source:

Authors, 2021.

According to the results obtained in Table 3, against the strains of Aspergillus flavus and A. parasiticus, it is possible to

observe the antifungal action of citronella essential oil, varying depending on the concentration used. An increase in mycelial

inhibition is observed as the concentration of OECN increases.
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Table 3: Antifungal Activity of the Essential Oil of Cymbopogon nardus (Citronella), under the growth inhibition of Aspergillus

flavus and Aspergillus parasiticus.

Inhibition of Mycelial Growth (%)

Concentrations (uL) A. flavus A. parasiticus
(X +SD) (X £ SD)

1 1.5%A +1.50 9.6°A +1.50

2 8.1°A + 4.86 10.6%°A + 6.99

4 15.75°A + 8.32 14.6%A + 8.15

6 27.8%4+12.70 22.4%A+ 480

8 45.0% + 6.82 32.9% +£15.11

X: mean, SD: standard deviation. Means followed by different lowercase letters in the same column (* ® ¢ p<0.05) and
uppercase letters in the same row (A8 p<0.05) differ significantly by Tukey's test at 5% probability (p<0.05). Source:
Authors (2021).

Citronellal is the major compound that confers the characteristic odor of the EOCN (Koba et al., 2009), being the
majority in works performed by Wei et al. (2013), Nakahara et al. (2013) in Kelantan (Malaysia) and Aguiar et al. (2014) in
Gurupi and Dueré (Tocantins). The components and proportions found in the EOCN in this study (Table 1) do not correspond
to those obtained by other respondents in the literature. Bayala et al. (2020) while observing the chemical composition and
biological activities of Cymbopogon nardus essential oil in a country of the African continent found citronellal (33.06%-
19.56min), geraniol (28.40%-22,57min), nerol (10.94%-21.80min), elemol (5.25%-30.52min) and delta-elemene (4.09%-
26.43min) as respective majoritarian and retention times, De Toledo et al. (2016) in their study found that the OECN has
citronellal (27.87%-12.54min), geraniol (22.77%-16.73min), geranial (14.54%-17.38min), citronellol (11.85%-15.60min), and
nerol (11.21%-16.12min) as main constituents. Both authors consider that these variation of chemical compounds and retention
times found in the EOCN may have occurred due to climatic differences, soil type, form of cultivation and geographic location.
where the plant was collected.

Dengue is a serious public health concern in the world, being one of the most important arboviruses affecting humans.
In tropical countries, including Brazil, this disease occurs where environmental conditions favour the development and
proliferation of its vector Aedes aegypti (Viana et al., 2013; Rodrigues et al., 2013).

The indiscriminate use of insecticides to control dengue has promoted the emergence of resistant populations of A.
aegypti, in addition to having had undesirable effects such long time permanence in the environment (Ryan et al., 2019; Satoto
et al., 2019; Demok et al., 2019). An alternative would be the use of natural insecticides to control this vector. In this sense,
Veloso et al. (2015), describe the larvicidal activity of the essential oil of the species Cymbopogon nardus (Citronella) collected
in a northern Brazilian state in front of the Aedes aegypti, with aliquots of 5, 7.5 and 10pL with greater larvicidal action,
demonstrating a percentage of 100% of dead larvae of the exposed vector in the first 6 hours, showing the potential of the
essential oil to counter the development and proliferation of this vector.

This shows the potential of the larvicidal action of EOCN against the larvae. In a study performed by Govindarajan et
al. (2016) it was demonstrated that eugenol, a-pinene and B-caryophyllene tested alone in larvae of Anopheles subpictus, Aedes
albopictus and Culex tritaenior hynchus were more effective than the essential oil of the plant (Plectranthus barbatus) used in
the tests. In the study by Silva et al. (2018) involving compounds isolated from the essential oil of Aristolochia trilobata, the
monoterpenes p-cimene and limonene stood out, revealing a lot of toxicity for the larvae of Aedes aegypti although a- and B-
pinene monoterpenes also have larvicidal activity. In a work by Andrade-Ochoa et al. (2018) when evaluating the larvicidal
activity of terpenes and terpenoids obtained from a distributor, against the Box. quinquefasciatus it was possible to observe that
citronellal revealed larvicidal action against third and fourth stage larvae of the insect vector, in relation to the Aedes aegypti

studies have shown that citronellal is isolated from Myroxylon balsamum as industrially obtained it also has larvicidal action in
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all larval stages (Simas et al., 2004; Waliwitia et al., 2009). In studies performed by Liu et al. (2013) and Tabari et al. (2017),
when analysing the toxicity of compounds isolated from the essential oils of Pelargonium roseum and All asian demonstrated
that geraniol has strong larvicidal activity against Pipes box and A. albopictus. According to Dias et al. (2014) and Cheng et al.
(2009) elemol is classified as a non-active sesquiterpene against aedes aegypti larvae since its LC50% value is > 100 mg/L.
According to Tabari et al. (2017) citronellol from the essential oil of Pelargonium roseum revealed larvicidal activity against
third-stage larvae of Anopheles Gambia and Culex pipes.

Due to the high mortality rates presented and the presence of compounds that are proven to be toxic observed in this
study, it is possible to associate the results found with the hypotheses already proposed by Pavela et al. (2015) and Tak et al.
(2017) that there was synergism between the components of the essential oil of Cymbopogon nardus.

The antifungal potential of EO is associated with its chemical components. The antimicrobial action of essential oils
has been directly linked to the presence of compounds such as terpinenol, citronellal, cineol, limonene and cymene (Souza et al.,
2005; Mondello et al., 2006). According to Gao et al. (2011), when studying antibacterial activity of citral isolated from
Cymbopogon flexuosus observed that the substance was able to reduce the biofilm biomass and cell viability in the biofilm of
Staphylococcus aureus and Candida spp. in vitro. According to Leite et al. (2014), citral has antifungal activity against Candida
spp. in vitro, and the minimum inhibitory concentration values (64 pg/mL) and minimum fungicidal concentration (256 pg/ml)
were sufficient to inhibit 99.9% of the inoculum during 4 hours of exposure.

A study by Wu et al. (2016) showed that citronellal caused a reduction in the development of spores of P. digitatum
which varied with dose, along with damage to the plasma membrane. In another study by Aguiar et al. (2014) citronellal was
the main component in the two plants studied (C. citriodora and C. nardus) and revealed growth inhibition for fungal species
Pyricularia (Magnaporthe) grisea, and Colletotrichum musae.

Regarding geraniol, the Tang study et al. (2018) revealed antifungal activity against A. flavus and A. ochraceus in vitro
and in situ, and among the mechanisms involved, the increase in cell membrane permeability and production of reactive oxygen
species stand out. Leite et al. (2015) revealed in their study that geraniol was able to inhibit growth in strains of C. albicans, in
vitro. With regard to citronellol, a work by Pereira et al. (2015) showed antifungal activity against strains of T. rubrum and the

mechanism of action is related to ergosterol biosynthesis.

4. Conclusion

The essential oil of Cymbopogon nardus (Citronella) presented antifungal activity and potent larvicidal activity, against
the growth of Aspergillus flavus, Aspergillus parasiticus and larvae of Aedes aegypti, besides being quite rich in secondary
metabolites. It was also observed that the action of the essential oil was dependent on the amount used. These results strengthen
the continuity of further studies with the species in biomedical applications, and reinforce the potential of essential oil as an

instrument for obtaining secondary metabolites and developing new drugs/medications.
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