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APRESENTAÇÃO

A coleção “Ciências Exatas e da Terra: Exploração e Qualificação de Diferentes 
Tecnologias 4” é uma obra que objetiva uma profunda discussão técnico-científica fomentada 
por diversos trabalhos dispostos em meio aos seus 21 capítulos. Esse 4º volume, bem 
como o volume 3, abordará de forma categorizada e interdisciplinar trabalhos, pesquisas, 
relatos de casos e/ou revisões que transitam nos vários caminhos das Ciências exatas e da 
Terra, bem como suas reverberações e impactos econômicos e sociais. 

Tal obra objetiva publicitar de forma objetiva e categorizada estudos e pesquisas 
realizadas em diversas instituições de ensino e pesquisa nacionais e internacionais. Em 
todos os capítulos aqui expostos a linha condutora é o aspecto relacionado às Ciências 
Naturais, tecnologia da informação, ensino de ciências e áreas afins.

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 por inovação, tecnologia, ensino de ciências e demais temas. Possuir 
um material que demonstre evolução de diferentes campos da engenharia, ciência e 
ensino de forma temporal com dados geográficos, físicos, econômicos e sociais de regiões 
específicas do país é de suma importância, bem como abordar temas atuais e de interesse 
direto da sociedade.

Deste modo a obra Ciências Exatas e da Terra: Exploração e Qualificação de 
Diferentes Tecnologias 4 apresenta uma profunda e sólida fundamentação teórica bem com 
resultados práticos obtidos pelos diversos professores e acadêmicos que desenvolvem seu 
trabalho de forma séria e comprometida, apresentados aqui de maneira didática e articulada 
com as demandas atuais. 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 exporem e divulguem seus resultados. 

Francisco Odécio Sales
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ABSTRACT: Phytopathogenic fungi cause 
significant economic losses in the agroindustry. 
The brine shrimp (Artemia salina) assay is a 
convenient preliminary toxicity test, because brine 
shrimps are highly sensitive to several chemical 
compounds. Therefore, this study described 
cytotoxic and antifungal activities of essential oils 
(OEs) from Murraya paniculata leaves (ML-EO) 
and fruit (MF-EO) extracted by hydrodistillation. 
EOs were analyzed by GC-FID and GC-MS, 
while cytotoxic and antifungal activities were 

evaluated by the brine shrimp lethality test and 
the disc-diffusion method, respectively. Major 
compounds of ML-EO were β-caryophyllene 
(20.8%), α-zingiberene (20.0%) and β-cubebene 
(13.2%) and the ones of MF-EO were 
β-caryophyllene (20.1%), germacrene D (18.0%) 
and α-zingiberene (15.2%). In the cytotoxic assay, 
LC50 values of ML-EO and MF-EO were 1785.3 
and 1549.2 μg/mL, respectively. ML-EO and 
MF-EO were evaluated against Cladosporium 
cladosporioides, Colletotrichum gloeosporioides, 
Fusarium solani and Rhizopus stolonifer. ML-EO 
and MF-EO showed satisfactory results between 
54-83% inhibition of mycelial growth at 300 µL 
and revealed weak activity against F. solani. EOs 
from M. paniculata had LC50 > 1000 μg/mL, which 
is not cytotoxic. The novelty is that both ML-EO 
and MF-EO represent a natural alternative to 
control post-harvest fungi and to extend shelf-life 
of agricultural products.
KEYWORDS: Artemia salina, post-harvest fungi, 
b-caryophyllene, biocontrol.  

RESUMO: Fungos fitopatogênicos causam 
perdas significativas na agroindústria. O ensaio 
de toxicidade em que se utiliza Artemia salina 
é preliminar e altamente sensível a diversos 
tipos de compostos químicos. Portanto, este 
estudo descreveu as atividades citotóxica e 
antifúngica dos óleos essenciais (OEs) das 
folhas de Murraya paniculata (ML-EO) e de seus 
frutos (MF-EO), extraídos por hidrodestilação.Os 
óleos essenciais foram analisados por CG-EM 
e CG-DIC, enquanto as atividades citotóxica e 
antifúngica foram avaliadas pelo teste da Artemia 
salina e pelo método de difusão em disco, 
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respectivamente. Os compostos majoritários foram β-cariofileno (20,8%), α-zingibereno 
(20,0%) e β-cubebeno (13,2%) e para MF-EO foram identificados β-cariofileno (20,1%), 
germacreno D (18,0%) e α-zingibereno (15,2%). No ensaio de citotoxicidade, os valores de 
LC50 para ML-EO e MF-EO foram 1785,3 e 1549,2 μg/mL, respectivamente. ML-EO e MF-
EO foram avaliados contra Cladosporium cladosporioides, Colletotrichum gloeosporioides, 
Fusarium solani e Rhizopus stolonifer. ML-EO e MF-EO mostraram satisfatórios resultados 
de inibição do crescimento micelial na dose de 300 µL com valores entre 54-83% e revelou 
fraca atividade contra F. solani. Os óleos essenciais de M. paniculata apresentou LC50 > 1000 
μg/mL, não sendo citotóxicos. A novidade e que os dois óleos estudados representam uma 
alternative natural para o controle de fungos pós-colheita e para estender a vida de prateleira 
de produtos agrícolas. 
PALAVRAS-CHAVE: Artemia salina, fungo pós-colheita, β-cariofileno, biocontrole.

Graphical Abstract

1 |  PLANT SOURCE
Murraya paniculata (L.) Jack. leaves and fruit (17°48’08.1’’S and 50°54’22.2’’W) 

were collected in December 2018 in Rio Verde, GO, Brazil. The plant was identified by the 
botanist Luzia Francisca de Souza, M. Sc., and a voucher specimen (HJ 28760/MP) was 
deposited in the herbarium in Rio Verde, at the Instituto Federal Goiano (IFGOIANO).
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2 |  PREVIOUS STUDIES
The genus Murraya (Rutaceae) is made up of about 14 species. Murraya paniculata 

(L.) Jack is a small tropical evergreen shrub, native to tropical and subtropical parts of the 
world, such as southern China, southeastern Asia and northern Australia [1]. In Brazil, this 
species has been widely used for forestation in many city parks. The phytochemical study 
of its leaves resulted in the isolation of one triterpenoid (24-methylene-cycloartan-3β-ol), 
one phenylpropanoid (methyl caffeate) and seven coumarins (isomeranzine, murranganone 
acetate, murrayatine, murrangatine, meranzine hydrate, phebalosine and murranganone) [2]. 
Four coumarins were also isolated from this species in Japan (Auraptene, trans-gleinadiene, 
5,7-dimethoxy-8-(3-methyl-2-oxo-butyl) coumarin and toddalenone) [3]. In folk medicine, 
M. paniculata has been commonly used to treat diarrhea, abdominal pain, stomachache, 
dysentery, headache, edema, thrombosis and blood stasis [1]. Other promising biological 
properties, such as stimulant, astringent, antinociceptive, anti-inflammatory, antidiarrheal, 
antitrypanocidal, antidiabetic, antimalarial, antibacterial, antifungal and antioxidant activities, 
have been described for its extracts [1]. It should be highlighted that its essential oil has 
already found to exhibit anti-amebic activity [4].

Considering the remarkable biological potential of M. paniculata – which has already 
described in the literature [1] –  and the continuation of studies of this species [5] that 
have been carried out by this research group, the study reported by this paper aimed at 
evaluating, for the first time, the antifungal activity of EOs from M. paniculata against four 
types of fungi that are involved in a large number of harvest and post-harvest diseases. 
Besides, cytotoxic activity of EOs was also determined.

3 |  PRESENT STUDY
Murraya paniculata (L.) Jack. leaves and fruit were subjected to hydrodistillation for 2 

hours by a Clevenger-type apparatus. In order to carry out the analysis, 300 g plant material 
was divided into three 100-g samples and 500 mL distilled water was added to each sample. 
After manual collection of essential oil samples, traces of remaining water in the oils were 
removed with anhydrous sodium sulfate, which was followed by filtration. The extraction 
procedure was done in triplicate. The isolated oils were stored under refrigeration up to the 
analysis and test. 

GC–MS and GC-FID conditions and the identification of chemical constituents of ML-
EO and MF-EO were carried out in agreement with the methodology proposed by Cabral et 
al. (2019) [6]. Sixteen components were identified in oils from M. paniculata leaves, which 
exhibited about 97.7% of the total composition of the oil, whereas twenty-eight components 
were identified in oils from its fruit, which showed about 95.4% of the total composition of 
the oil. Major constituents of essential oil from its leaves were b-caryophyllene (20.8%), 
α-zingiberene (20.0%) and β-cubebene (13.2%). Major constituents of essential oil from 
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its fruit were b-caryophyllene (20.1%), germacrene D (18.0%) and α-zingiberene (15.2%) 
- Table 1. Chemical compositions of ML-EO and MF-EO are different in terms of relative 
abundance (%RA), when they are compared to the ones that were previously published by 
our research group [5]. The main difference is related to the fruit oil, which was not separated 
in two maturation stages (ripe and unripe). Its major constituent is β-caryophyllene, rather 
than sesquithujene. Differences may be explained by several factors, such as local climate 
and environmental conditions, soil variation, collection time, season, geographical location, 
geology, stages of vegetative cycles and parts of plants [7].

Brine shrimp (A. salina) [San Francisco Bay Brand, Inc.] lethality test was performed 
with ML-EO and MF-EO in triplicate, in agreement with Meyer et al. (1982) [8]. Quinidine 
sulphate (Merck) was the positive control. LD50 values in µg/mL were determined by the 
probit analysis. In the brine shrimp cytotoxic assay, LC50 values of ML-EO and MF-EO were 
1785.3 and 1549.2 μg/mL, respectively. The positive control quinidine sulfate exhibited LC50 

= 72.5 μg/mL. These LC50 values show that EOs from M. paniculata are non-toxic, since the 
literature reports that samples whose LC50 values > 1000 μg/mL are considered non-toxic 
[9]. Cytotoxic activity of ML-EO had already been evaluated against hepatoma cells and 
exhibited IC50 = 63.7 μg/mL, with prominent selectivity by comparison with normal cells [10]. 
It should be highlighted that this is the first report of cytotoxic activity of MF-EO.

The isolate of fungi was provided by the Embrapa Arroz e Feijão, whose headquarters 
is in Santo Antônio de Goiás, GO, Brazil. Assays were carried out in the agricultural 
microbiology lab at IF Goiano – Campus Rio Verde, in agreement with the methodology 
described by Silva et al. (2018) [11]. In vitro antifungal activity of ML-EO and MF-EO was 
evaluated against Cladosporium cladosporioides, Colletotrichum gloeosporioides, Fusarium 
solani and Rhizopus stolonifer. Percentages of inhibition of mycelial growth (IMG) of ML-
EO and MF-EO are shown in Figure 1. Graphs in Figure 1 show that MF-EO exhibited 
high inhibition of fungal growth at the highest dose under investigation (300 µL) against 
R. stolonifer (83.28%), followed by C. cladosporioides (79.89%) and C. gloeosporioides 
(64.10%). ML-EO was more active against C. cladosporioides (79.67%), followed by R. 
stolonifer (77.55%) and C. gloeosporioides (65.84%). These values were considered 
satisfactory, since more than 50% fungal growth was inhibited. It should also be emphasized 
that both EOs under study were slightly active against Fusarium solani, whose inhibition 
potential is below 42%.

Brazil is globally important to both food security and environmental sustainability; 
thus, several types of phytopathogens must be controlled.  Therefore, low risk for resistance 
development to pathogenic fungi is the main characteristic of EOs that have already shown 
that they are promising in biological control of different phytopathogenic fungi and natural 
products [12-13]. Thus, plant extracts and essential oils (EOs) are promising due to their 
capacity to penetrate cell membranes and cause the destruction of their structures and, 
then, cell death as the result of apoptosis [13]. 
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Antifungal activity of ML-EO and MF-EO may be justified by their major constituent, 
i. e., β-caryophyllene [14], whose activity has already been described in the literature 
against several kinds of fungi, such as Candida glabrata, C. albicans and Aspergillus 
niger [15]. However, synergistic effects of minor compounds of EOs may also be taken 
into consideration [16]. In addition, it should be mentioned that a previous study carried 
out by our research group showed that ML-EO has anti-Sclerotinia sclerotiorum activity; 
this fungus causes serious problems to certain crops, such as soybean, which have great 
economic importance to Brazil [17]. It was one of the factors that encouraged the authors 
of this study to keep working on investigations into biological activities of this Rutaceae 
species, mainly the ones related to phytopathogenic fungi that harm agriculture worldwide.                 

In sum, in this study, the main constituents of ML-EO and MF-EO were identified 
as β-caryophyllene and α-zingiberene, which were found in both parts (leaves and fruit) 
of the plant under study. EOs, for the first time, constitute an attractive alternative to 
control post-harvest fungal development, such as R. stolonifer, C. cladosporioides and C. 
gloeosporioides. Since ML-EO and MF-EO showed little toxic activity by the brine shrimp 
cytotoxic assay, further studies should be conducted with various carcinoma cell lines to 
determine their in vitro cytotoxic activity. Samples should also be fractionated to have their 
biological activities determined.

%
Compounds RIexp RIlit MF-EO ML-EO

Bicycloelemene 1334 1336 1.4 -

Elemene isomer 1341 1344 2.7 -

α-Cubebene 1351 1352 6.1 -

β-Bourbonene 1377 1384 - 0.5

α-Copaene 1379 1377 6.7 1.7

β-Cubebene 1385 1390 - 13.2

α-Ylangene 1405 1406 1.0 5.6

Sesquithujene 1415 1417 3.0 -

α-Gurjunene 1419 1419 0.1 -

β-Caryophyllene 1425 1423 20.1 20.8

Isogermacrene D 1437 1439 0.8 -

β-Gurjunene 1439 1440 0.7 -

β-Humulene 1446 1440 - 6.4

γ-Muurolene 1448 1449 2.4 -

α-Humulene 1456 1455 1.0 -

Aromadendrene 1465 1463 1.1 1.8
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Germacrene D 1480 1480 18.0 9.0

α-Zingiberene 1499 1496 15.2 20.0

Bicyclogermacrene 1503 1501 0.5 -

β-Bisabolene 1508 1506 1.7 1.2

β-Cadinene 1528 1527 4.6 -

Cadina-1.4-diene 1534 1533 0.3 -

trans-Nerolidol 1557 1565 - 1.4

Germacrene-D-4-ol 1574 1574 1.0 -

Spathulenol 1576 1576 - 2.5

Caryophyllene oxide 1590 1589 1.1 1.5

Lauryl acetate 1608 1606 0.2 -

Octil 2-methylbutanoate 1624 1623 0.2 -

t-Cadinol 1634 1638 - 0.4

10-epi-α-Muurolol 1640 1641 - 1.6

Isovaleric acid. decyl 
ester 1657 1659 0.1 -

τ-Muurolol 1659 1660 0.5 -

α-Cadinol 1662 1663 1.3 1.8

Decyl senecioate 1720 1719 0.1 -

Isovaleric acid. dodecyl 
ester 1844 1845 4.5 -

Total   95.4 97.7

Table 1. Chemical composition of essential oils (EOs) from M. paniculata (Rutaceae) fruit (MF-
EO) and leaves (ML-EO)

RIexp: Retention index related to n-alkanes (C8–C20) in the Rtx-5MS column. RIlit: Retention index 
from the literature [18].
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Figure 1. Percentages of inhibition of mycelial growth of Colletotrichum gloeosporioides, 
Fusarium solani, Rhizopus stolonifer and Cladosporium cladosporioides at different doses of 

MF-EO (fruit) and ML-EO (leaves). Positive control (0): Frowncide 500 SC. 
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