
Ci. e Nat., Santa Maria, v. 46, e73702, 2024 •  https://doi.org/10.5902/2179460X73702
Submitted: 03/01/2023 • Approved: 26/06/2024 • Published: 06/09/2024 

Published by Ciência e Natura under a CC BY-NC-SA 4.0 license.

ISSN 2179-460X

Chemistry

Chemical characterization and biological potentials of the 
essential oil from the peel of the fruit of Citrus x sp

Caracterização química e potencial biológico do óleo essencial da casca 
do fruto Citrus x sp

Amanda Torres de QueirozI , Ana Patrícia Matos PereiraI , 
Ana Paula Muniz SerejoI , Beatriz Jardim Rodrigues das ChagasI , 

Marcelle Adriane Ataide MatosI , Cassiano Vasques Frota GuterresI , 
Victor Elias Mouchrek FilhoI , Gustavo Oliveira EvertonI

I Universidade Federal do Maranhão, MA, Brazil

ABSTRACT

Considering the importance of essential oils, the study aimed to chemically characterize the peel 
essential oil of Citrus x sp, determine the phenolic compounds, verify the toxicity against Artemia salina, 
and test the anti-inflammatory, larvicides, and activities with molluscicides. The peel essential oil of 
Citrus x sp was extracted by the hydrodistillation technique. GC/MS shows that the major component 
of the essential oil is limonene (70.25%), observing similarity between the peel essential oil of the same 
species and between species of the same genus. The total phenolic was 19,25 EAT g-1. The essential 
oil showed anti-inflammatory, larvicide, and molluscicide potential, with EC50 = 400.05 mg L-1, LC50 = 
20.26 μg mL-1 and LC90 = 87,50 μg mL-1, respectively. It did not show toxicity against Artemia salina. The 
results indicate that the chemical compounds of the peel essential oil of Citrus x sp, which are mostly 
monoterpenes, prove their wide biological activity, and their use is encouraged.

Keywords: Essential oils; Larvicide; Molluscicide

RESUMO

Considerando a importância dos óleos essenciais, o estudo objetivou caracterizar quimicamente o óleo 
essencial das cascas de Citrus x sp, determinar os compostos fenólicos, verificar a toxicidade frente 
Artemia salina e testar as atividades anti-inflamatórias, larvicidas e moluscicidas. O óleo essencial das 
cascas de Citrus x sp foi extraído pela técnica de hidrodestilação. A CG/EM mostrou que o componente 
majoritário do óleo essencial é o limoneno (70,25), observando-se similaridade entre o óleo das cascas 
da mesma espécie e entre espécies do mesmo. O conteúdo fenólico total foi de 19,25 EAT g-1. O óleo 
essencial apresentou potencial anti-inflamatório, larvicida e moluscicida, com CE50 = 400,05 mg L-1, CL50 = 
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20,26 μg mL-1 e CL90 = 87,50 μg mL-1, respectivamente, e não apresentou toxicidade frente Artemia salina.  
Os resultados indicam que os compostos químicos do óleo essencial das cascas de Citrus x sp, que são 
em sua maioria monoterpenos, comprovam sua ampla atividade biológica, sendo seu uso incentivado.

Palavras-chave: Óleos essenciais; Larvicida; Moluscicida

1 INTRODUCTION

In recent years, there has been a great scientific advance involving the chemical 

and pharmacological studies of medicinal plants, in order to obtain new compounds 

with therapeutic properties (Moraes et al., 2018). 

Among the products obtained from medicinal plants, essential oils stand 

out. These consist of secondary metabolites, which are volatile, odoriferous, liquid 

substances with an oily appearance at room temperature, which can be extracted from 

leaves, flowers, fruits, stems and roots of plants. Among the substances present in 

essential oils, the terpenes class is mostly found, including their alcoholic and aldehyde 

derivatives (Aciole, 2009).

The use of essential oils, alone or in combination with other methods, plays an important 

role in the control of phytopathogens, contributing to the reduction in the use of pesticides 

and, consequently, a smaller impact on the environment, as well as in the control of disease 

vector organisms. as a decrease in the use of larvicides and molluscicides (Pereira et al., 2014).

Among the essential oils highlighted for such purposes are the species of the genus 

Citrus, with emphasis on Citrus x sp, being mainly composed of terpenes and terpenoids and 

widely used in the food, pharmaceutical and fine chemical industries (Ozturk et al., 2018).

The high cultivation of this species and the continuous discarding of the fruit 

peels create a huge environmental problem (Nunes, 2009). Thus, the reuse of these 

residues in an efficient, economical and safe way for the environment becomes 

important. Thus, this study aimed to evaluate the chemical profile and molluscicidal 

activity against Biomphalaria glabrata and larvicide against Aedes aegypti of the essential 

oil extracted from the peel of the fruit of Citrus x sp.



Ci e Nat., Santa Maria, v. 46, e73702, 2024

  Queiroz, A. T. de, Pereira, A. P. M., Serejo, A. P. M., Chagas, B. J. R. das, 
Matos, M. A. A., Guterres, C. V. F., Mouchrek Filho, V. E., & Everton, G. O. |3

2 METHODOLOGY

2.1 Collection of plant material

Citrus x sp peel samples were collected in May 2022 (moisture content 75.01%, 

chlorophyll content 0.433 g/g), in the morning in the city of São Luís. The plant 

material, represented in Figure 1. After collection, plant samples were transported to 

the Laboratory for Research and Application of Essential Oils (LOEPAV/UFMA), where 

they were weighed, crushed and stored for essential oil extraction.

Figure 1 – Citrus x sp. (a) Tree, (b) flowers, (c) fruit

Source: Authors (2022)



Ci e Nat., Santa Maria, v. 46, e73702, 2024

 | Chemical characterization and biological potentials of the essential oil from...4

2.2 Essential oil extraction

To extract the essential oil, the hydrodistillation technique was used with a 

Clevenger glass extractor coupled to a round-bottomed flask placed in an electric 

blanket. 120 g of crushed Citrus x sp peels were used, adding if distilled water (1:8). 

Hydrodistillation was carried out for 3 hours at 100°C and the extracted essential 

oil was collected and dried by percolation with anhydrous sodium sulfate (Na2SO4). 

These operations were performed in triplicate and the samples stored under 4°C 

refrigeration. Subsequently, submitted to analysis.

2.3 Gas chromatography coupled to mass spectrometry 

The essential oil constituents were identified by Gas Chromatography Coupled 

to Mass Spectrometry (GC-MS). 1.0 mg of the sample was dissolved in 1000 μL of 

dichloromethane (99.9% purity).

The analysis conditions were as follows: Method: Adams. M; Injected volume: 0.3 μL; 

Column: Capillary HP-5MS (5% diphenyl, 95% dimethyl polysiloxane) (DB-5MS equivalent 

or CP-Sil 8CB LB/MS), in dimensions (30m x 0.25 mm x 0.25 μm); Carrier gas: He (99.9995); 

1.0 mL min-1 ; Injector: 280ºC, Split mode (1:10); Oven: 40 ºC (5.0 min.) to 240ºC at a rate 

of 4ºC min-1 , from 240ºC to 300ºC (7.5 min) at a rate of 8ºC.min-1 ); tT = 60.0 min; Detector: 

EM; IS (70 eV); Scan mode (0.5 sec scan-1 ); Mass range: 40-500 daltons (one); Line transfer: 

280ºC; Filament: off 0.0 to 4.0 min; Linear quadrupole type mass spectrometer. For the 

identification of the compounds in the sample, the program AMDIS (Automated Mass 

spectral Deconvolution Mass & Identification System) was used.

2.4 Total Phenolic Content

The determination of the total phenolic compounds of the essential oil was 

carried out with an adaptation of the Folin-Ciocalteu method (Waterhouse, 2002). 5 mg 

of essential oil diluted in 1 mL of ethanol were used. To this solution, 7 mL of distilled 

water, 800 μL of Folin-Ciocalteu reagent and 2.0 mL of 20% sodium carbonate were 
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added. After two hours, the reading was performed in a UV-VIS spectrophotometer at 

a length of 760 nm. The standard curve was expressed in mg L-1 of tannic acid.

2.5 Anti-inflammatory activity

The anti-inflammatory activity was evaluated by the protein denaturation 

method (Padmanabhan & Jangle, 2012). The reaction mixture (5 mL) consisted of 2 mL 

of different concentrations of essential oil (100-500 mg L-1) and 2 mL of a 10% albumin 

solution diluted in PBS and incubated at (37±1) °C for 15 minutes.

Denaturation was induced by keeping the reaction mixture at 60°C in a water bath 

for 10 minutes. After cooling, the absorbance was measured at 660 nm. Inhibition of 

protein denaturation was expressed as a percentage and the 50% Efficient Concentration 

(EC50/IC50) capable of inhibiting 50% of denaturation was expressed as mg L -1.

2.6 Toxicity

To evaluate the lethality of Artemia salina Leach, a stock saline solution of each 

essential oil was prepared at a concentration of 10.000 mg L-1 and Tween 80 (active 

tensile). Aliquots of 5, 50 and 500 μL were transferred to test tubes and completed 

with previously prepared saline solution up to 5 mL, obtaining concentrations of 10, 

100 and 1000 mg L-1, respectively. All tests were performed in triplicate, where ten 

larvae in the nauplius stage were transferred to each of the test tubes.

For the blank, 5 mL of saline solution was used, for the positive control K2Cr2 O7
 

and for negative control 5 mL of a 4 mg L-1 solution of Tween 80. After 24 hours, the 

live larvae were counted, where the dead ones were considered as those that did not 

move during the observation and neither with the light shaking the flask. The criterion 

established by Dolabela (1997) was adopted to classify the toxicity of essential oils, 

being considered highly toxic when LC50 ≤ 80 mg L-1, moderately toxic when 80 mg L-1 

≤ LC50 ≥ 250 mg L -1 and slightly toxic or non-toxic when LC50 ≥ 250 mg L-1. Statistical 

analysis of the data is carried out according to the Reed & Muench method (1938).
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2.7 Larvicidal activity

The eggs were collected at the Federal University of Maranhão, Campus 

Bacanga in São Luís/MA, through traps called ovitraps. Traps were inspected weekly 

to replace straws and collect eggs. Initially, Aedes aegypti eggs were placed to hatch at 

room temperature in a circular glass aquarium containing mineral water. The species 

followed the methodology proposed by Forattini (1962). The obtained larvae were fed 

with cat food according to methodology Silva et al. (1995) until reaching the third and 

fourth stage, age at which the experiments were performed.

The larvicidal activity tests were carried out according to the adapted methodology 

proposed by Silva (2006). Initially, a mother solution of 100 mg L-1 of each essential oil 

was prepared and diluted in a 2% DMSO solution. Dilutions were prepared from this 

solution in concentrations of 10-90 mg L-1.

At each concentration of essential oil, 10 larvae were added at a rate of 1 ml per 

larva. All tests were performed in triplicate and a solution made up of 2% DMSO was 

used as a negative control and a 100 ppm temephos solution was used as a positive 

control, equivalent to the concentration used by the National Health Foundation 

(FUNASA) for larvicidal control of the vector.

After 24 hours, the living and dead were found, and the larvae that did not react to the 

touch after 24 hours of the beginning. The beginning of the experiment was considered dead. 

Statistical analysis of the data was performed according to the Probit method (Finney, 1952).

2.8 Molluscicide activity

For the evaluation of the molluscicide activity, the technique recommended by 

the World Health Organization (1983) was applied, where two tests are performed. In 

the first, called pilot test, a solution of the essential oil under study was prepared in a 

volume of 500 mL at a concentration of 100 mg L-1 in Tween 80 2% (surfactant), where 

10 adult snails, negative for Schistosoma mansoni, obtaining in the end a ratio of 50 mL/

snail and fed with hydroponic lettuce.
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They were exposed to the solution for 24 hours at room temperature, then 

removed from the solution, washed twice with dechlorinated water, placed in a glass 

container containing 500 mL of dechlorinated water, fed with hydroponic lettuce and 

observed every 24 hours for 4 days to assess mortality.

In the second test, the Lethal Concentration (LC50) was evaluated, where essential 

oil solutions were prepared in a volume of 500 mL at concentrations 100, 80, 60, 40, 

20, 10 and 5 mg L-1 in 2% Tween 80 (active voltage), using the same methodology as 

the pilot test. Positive, negative and blank controls were also performed. Mortality 

rates were obtained by averaging the number of individuals killed as a function of 

the logarithm of the tested dose.

Statistical analysis of the data for the CL50 was performed according to the 

Reed&Muench method (1938) and the confidence interval using the Pizzi method (1950).

3 RESULTS AND DISCUSSION

3.1 Chemical constituents

Ten (10) chemical constituents were identified using the GC/MS technique in the essential 

oil, namely: limonene (70.25%, monoterpene), β-pinene (21.12%, monoterpene), α–pinene 

(3, 01%, monoterpene), β-bisabolene (2.10%, sesquiterpene), linalool (1.00%, monoterpene), 

terpinen-4ol (0.98%, monoterpene), β-myrcene (0.81%, monoterpene), pinocarvone (0.41%, 

monoterpene), caryophyllene oxide (0.22%, terpenoid) and carvone (0.10%).

Among the terpene compounds, the most frequent in essential oils are 

monoterpenes and sesquiterpenes (Ribeiro, 2016), with limonene being the main 

component of essential oils from the peel of fruits of the genus Citrus, between 30 and 

70% of the composition (Amorim et al., 2016), corroborating the result obtained in the 

essential oil of the peels of Citrus x sp.

Similar results were observed by Sousa (2019) when identifying 20 chemical 

components, corroborating the majority compound observed in this study, which 
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can be justified by the considerable dependence on secondary metabolites and the 

interactions of biochemical, physiological, ecological and evolutionary processes, 

which results in a variation in the production of secondary metabolites often 

affected by environmental conditions.

Essential oils rich in monoterpenes, as observed in this study, are 

recognized as food preservatives, considered natural antioxidants and reported 

as anticancer (Singh et al., 2010). The literature shows that limonene, the main 

chemical component of the essential oil, has selective antimicrobial, antifungal, 

and antioxidant activity, in addition to having a promoting effect on the passage 

of a drug for skin cancer through the skin barrier (Vuuren&Viljoen, 2007; Jing et 

al., 2014; Thomas&Bessière, 1989; Bertolini, 2009).

3.2 Total Phenolic Content

The result of the quantification of the total phenolic content in the essential 

oil of the peels of Citrus x sp is shown in Table 1. The total phenolic content (TLC) was 

expressed as tannic acid equivalents (mg EAT g-1 of plant material) the equation of 

The line obtained was y = 0.05857x + 0.06000 (R2 =0.9998), where y represents the 

absorbance x the equivalent concentration of tannic acid.

Table 1 – Total phenolic content of Citrus x sp

Essential oil TPC (mg EAT g-1) Equation R 2

Citrus x sp 1.925 EAT g -1 y = 0.05857x + 0.06000 0.9998

Source: Queiroz (2023)

Siahposh&Javedani (2012) showed that the total phenolic content of the extract of 

Citrus delicacy peels was 92.08 ± 2.50 mg. Khan et al. (2012) presented for the essential 

oils of the bark of Citrus sinensis Vars. Jaffa and Citrus reticulata Var. Kinnow the values 

of 6.18±2.02 and 5.20±0.02, respectively.
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Using the method of ethanolic extraction of phenolic compounds from fresh 

peels, Li et al. (2006) found, for Citrus. x paradisi 161.60±17.36 mg GAE, Citrus. reticulata 

cv. Ellendale 121.14 ± 11.89 mg GAE, Citrus limon cv. Yenben 118.95 ± 9.35 mg GAE, 

Citrus sinensis cv. Navel 73.59 ± 5.43 mg GAE and Citrus limon cv. Meyer 59.77 ± 4.31 

mg GAE. Furlong et al. (2003), analyzing the ethanolic extract of Citrus sinensis Osbeck, 

obtained the value of 697.70 µg phenol g–1, which shows a wide range of values and 

methods for quantification of total phenolic compounds.

The total phenolic content of the leaves of the essential oil of Citrus x sp 

observed is important for the antioxidant study of the species, which is scarce, since 

these substances are synthesized to act in the absorption of radiation in the epidermal 

layers of tissues, regulating the antioxidant system in the tissues. cells (Gobbo-Neto, 

2007). They are also responsible for the therapeutic action of plants, which have 

three main classes of substances: terpenes, phenolic and nitrogenous compounds 

(Borges&Amorim, 2020).

3.3 Anti-inflammatory

The results obtained for the anti-inflammatory action regarding the analyzed 

essential oil are shown in Table 2.

Table 2 – Efficient Concentration 50% (EC50/IC50) for anti-inflammatory action of Citrus x sp

Essential oil EC50/IC50 (mg L-1) Equation R2

Citrus x sp 400.05 y = 195.56x – 458.87 0.9997

Source: Queiroz (2023).

According to Table 2, the essential oil was classified as active, according to the 

criteria of Padmanabhan & Jangle (2012). The observed anti-inflammatory activity is 

described for the genus Citrus, being reported in several studies (Huang&Ho, 2010; 

Moraes, 2012; Amorim et al., 2016).

The anti-inflammatory effect of the essential oil from the peels of Citrus x sp 
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can be explained by the presence of terpenes, since its main constituent is limonene, 

one of the main constituents in the aforementioned essential oils of the genus Citrus, 

reinforcing the hypothesis of its importance in anti-inflammatory action. This anti-

inflammatory potential for the limonene constituent was described in Hirota et al. 

(2010), Moraes (2012), Krummer (2011) and Yu (2017).

Still, studies with other species of the genus show their anti-inflammatory 

potential, such as Citrus myrtifolia Raf., Citrus aurantium L., Citrus aurantifolia, Citrus 

x limon and Citrus latifolia Tanaka are examples of species that have moderate anti-

inflammatory activity discharge, with different biological responses (Krummer, 2011; 

Hamdan et al., 2013; Plastina et al.; Dosoky & Setzer, 2018;). 

The anti-inflammatory potential of essential oils, as observed in this study, is 

attributed to their ability to scavenge free radicals, since the inflammatory response 

normally involves oxidative stress, and to their interactions with signaling cascades 

involving cytokines and regulatory transcription factors, and in the expression of pro-

inflammatory genes (Miguel, 2010; Boscardin, 2012).

The potential observed for the studied essential oil could be used for the 

treatment of inflammations, which are physiological responses to a variety of agents, 

including infectious microorganisms, toxic substances and physical injuries. There are 

several diseases associated with inflammatory processes, such as skin inflammation, 

autoimmune diseases, Alzheimer’s and cancer (Pérez et al., 2011). Thus, the essential 

oil obtained proves to be a bioproduct with broad biotechnological potential with a 

broad spectrum of application.

3.4. Toxicity

Table 3 shows the toxicity assessment of the essential oil analyzed against 

Artemia salina Leach.

According to Table 3, in the toxicity test, LC50 above 1000 mg L-1 was proven for 

the action of the essential oil against Artemia salina Leach, being classified as non-
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toxic by the criteria of Dolabela (1997), which says that the product is highly toxic 

when LC50 ≤ 80 μg mL-1, moderately toxic for μg mL-1≤ LC50 ≥ 250 μg mL-1 and slightly 

toxic or non-toxic when LC50 ≥ 250 μg mL-1, encouraging the potential application of 

the essential oil.

Table 3 –  Assessment of essential oil toxicity against the non-target organism Artemia 

salina Leach

LC50 >1000 mg L -1 (µg mL-1)
Positive control (Potassium dichromate) All inactive larvae
White (saline solution) All active larvae
Negative control (saline+Tween80) All active larvae

Source: Queiroz (2023)

The result obtained corroborates that found by Sousa (2019), who classified 

the essential oil from the peels of Citrus x sp as non-toxic. The applicability of 

essential oil from other species of the genus is found in the literature, such as 

essential oils from the epicarp and aerial parts of Citrus x limon (L.) Osbeck, which 

were classified as moderately toxic, and the essential oil from the bark of Citrus 

sinensis that have a LC50 of 511.6 mg L-1, thus being classified as non-toxic (Carvalho, 

2018; Oliveira, 2021).

The positive activity found in vitro in tests with Artemia salina Leach works as a 

previous evaluation of substances with pharmacological potential to be evaluated in 

more specific bioassays, such as antitumor, antifungal, insecticide and trypanocidal 

potential (Harada, 2009; Gomes et al., 2018). Positive results finally reinforce 

the biological properties reported in the previous topics, again reinforcing the 

biotechnological potential found.

3.5. Larvicidal activity

Table 4 shows the LC 50 of the essential oil extracted from the bark of Citrus x sp 

against Aedes aegypti larvae.
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As observed in Table 4, there was mortality of larvae in 100% up to the 

concentration of 40 mg L-1. At concentrations of 30-15 mg L-1 there was a gradual 

decrease in the mortality rate, still appearing at 30% at the reported lower limit. 

Mortality reduced considerably from the decrease in concentrations below 15 mg L-1.

Table 4 – Lethal Concentration 50% for essential oil action against Aedes aegypti larvae

Concentration (mg L-1) Mortality (%) LC50 (mg L-1) σ χ2 R2

100.00 100.0

0.232 0.781 0.965

80.00 100.0

60.00 100.0

40.00 100.0 20.26

30.00 80.0 (16.26-25.26)

25.00 60.0

15.00 30.0

5.00 0.0

0.00 0.0

Positive Control All active larvae

Negative Control All inactive larvae

White All inactive larvae
Source: Queiroz (2022)

The LC50 presented in Table 4, showing the larvicidal potential of the essential 

oil of the peels of Citrus x sp, allowed classifying it as very active, according to the 

criteria of Cheng et al. (2003), which establishes that very active essential oils have 

LC50 lower than 50 mg L-1. The related studies are still little published in technical-

scientific journals, reinforcing the importance of this study.

The result is in line with Sousa (2019), where LC50 = 20.26 mg L-1 was also 

found. Furthermore, the larvicidal potential of the genus Citrus is strongly 

described in the literature, where studies demonstrate the Lethal Concentration 

50% for testing with essential oils such as Citrus limon L. (LC50 = 14.99 μg mL-1), 

Citrus sinensis L. Osbeck (LC50= 99.10 μg mL-1), Citrus aurantifolia (LC50=69.71 μg 
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mL-1), Citrus reticulata Blanco (LC50 = 58.35 µg mL-1) (Oliveira, 2013; Assunção, 2013; 

Sousa, 2019; Oliveira et al., 2021).

Studies show that terpene constituents, alcohols and aldehydes of essential oils 

are mainly responsible for larvicidal and insecticidal activity (Mendes, 2012). Limonene 

is mentioned by Govindarajan et al. (2011) as an effective larvicide against Aedes 

aegypti larvae.The presence of lipophilic groups, such as β-pinene, results in increased 

larvicidal potential, and this component, along with α-pinene and other terpenes, is 

cytotoxic, lipophilic, bactericidal, fungicidal, insecticide, anticarcinogenic, pesticide, 

antioxidant and sedative (Santos et al., 2011; Oliveira et al., 2016).

3.6. Molluscicide activity

Table 5 shows the LC50 and LC90 of the essential oil extracted from the peels 

of Citrus x sp against the snails Biomphalaria glabrata.

Table 5 – Lethal Concentration 50% and 90% of essential oil against B. glabrata snails

Concentration 
(mg L-1)

% 
Mortality

LC50 mg L-1 LC90 mg L-1 δ χ2 R 2

200.00 100

39.27
(29.76-51.82)

87.50
(77.99-100.05)

0.414 0.986 0.967

175.00 100

100.00 100

90.00 100

80.00 81.4

70.00 73.6

50.00 61.2

40.00 41.5

20.00 20

10.00 10

Positive Control All inactive snails

Negative Control All active snails

White All active snails

Source: Queiroz (2022)
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LC90 was observed at 87.50 mg L-1, and according to the criteria of WHO (1983), a 

plant with molluscicide properties is considered active if it causes 90% of mortality in 

concentrations of up to 100 mg L-1, so the essential oil tested against B. glabrata snails 

proved to be active for the test used. 

Even more significant results were obtained by Fernandes (2011), who studied 

the molluscicide activity against B. glabrata of the essential oil of Citrus limon L and 

obtained a LC50 of 13.18 mg L-1 when compared to the CL50 obtained in this study, which 

was 39.27 mg L-1. Comparing the LC90 = 168.75 μg mL-1 obtained by Leite Júnior (2018) 

in Citrus sinensis (L.) Osbeck, the result obtained in this study is satisfactory and within 

the recommended by WHO (1983).

This is the first time that the essential oil from the bark of Citrus x sp is subjected 

to tests of molluscicidal activity against adult snails of the species Biomphalaria glabrata, 

however the biological activity of essential oils is directly related to their chemical 

composition, and this relationship is often times suggests that the biological activity of 

an essential oil can be attributed both to its major components and to components in 

lower concentration, in addition to the possibility that they act in synergy, contributing 

to the total toxicity of the essential oil (Jorge, 2017).

Still, in Martins et al. (2016), the in vitro schistosomicidal activity of C. limonia 

and C. reticulata oils against S. mansoni showed that the schistosomicidal effect was 

not entirely attributed to limonene, pointing to a possible synergy between the 

chemical components of the oils. The use of essential oil from the bark of Citrus x 

sp is encouraged, as it has been shown to be active against Biomphalaria glabrata in 

amounts recommended by WHO (1983).

3 CONCLUSIONS

This study showed that the chemical profile of the essential oil from the peel of 

Citrus x sp has components of broad biological potential. The toxicity test against Artemia 

salina demonstrated that the EO is not toxic to non-target organisms. Still, regarding 
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the larvicidal and molluscicide activities, it was qualified as efficient, presenting itself 

with the potential to control populations of Aedes aegypti and Biomphalaria glabrata. 

With this, the wide use of the essential oil of the peels of Citrus x sp is encouraged.
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