
http://dx.doi.org/10.1590/1519-6984.179829
Original Article

Brazilian Journal of Biology
ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

Braz. J. Biol.2019,  vol. 79, no. 1, pp.127-132 127/132   127

Antifungal and antioxidant activities of mature leaves of  
Myrcia splendens (Sw.) DC.

F. C. Pontesa, V. C. P. Abdallaa*, M. Imatomia, L. F. G. Fuentesa and S. C. J. Gualtieria

aPrograma de Pós-graduação em Ecologia e Recursos Naturais, Laboratório de Ecofisiologia de Sementes, Universidade 
Federal de São Carlos – UFSCar, Rodovia Washington Luís, Km 235, CP 676, CEP 13565-905, São Carlos, SP, Brasil

*e-mail: vivicpereira@gmail.com

Received: May 11, 2017 – Accepted: August 14, 2017 – Distributed: February 28, 2019

Abstract
In recent years, natural products with antifungal and antioxidant activities are being increasingly researched for 
a more sustainable alternative to the chemicals currently used for the same purpose. The plant pathogenic fungus 
Alternaria alternata is a causative agent of diseases in citrus, leading to huge economic losses. Antioxidants are 
important for the production of medicines for various diseases that may be related to the presence of free radicals, 
such as cancer, and in the cosmetic industry as an anti-aging agent and the food industry as preservatives. This study 
evaluated the antifungal and antioxidant potential of extracts of mature leaves of Myrcia splendens, a tree species that 
occurs in the Brazilian Cerrado. The antioxidant potential was analyzed by an assay of 1,1-diphenyl-2-picrylhydrazyl 
radical-scavenging method, and the antifungal activity was assessed through the evaluation of mycelial growth. 
Majority of the extracts exhibited a strong antioxidant activity, especially the acetonic extract (4A). The antioxidant 
activity may be related to the presence of phenolic compounds. However, the extracts showed no inhibitory activity 
of mycelial growth of the fungus tested, with the exception of dichloromethanic extract (2B), which had an inhibitory 
effect (10.2%) at the end of testing.
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Atividade antifúngica e antioxidante de folhas maduras de  
Myrcia splendens (Sw.)DC.

Resumo
A busca de produtos naturais com atividades antifúngica e antioxidante tem crescido nos últimos anos como alternativa mais 
sustentável para os produtos químicos atualmente usados para estas funções. O fungo fitopatogênico Alternaria alternata 
é agente causador de doenças nos citros, levando a grandes perdas econômicas. Substâncias antioxidantes são 
importantes tanto para a produção de medicamentos para diversas doenças que podem estar relacionadas à presença 
de radicais livres, como o câncer, bem como para a indústria cosmética, como agentes anti-envelhecimento e para a 
indústria alimentícia, como conservantes. Este trabalho avaliou o potencial antifúngico dos extratos de folhas maduras 
de Myrcia splendens, uma espécie arbórea que ocorre no cerrado brasileiro. O potencial antioxidante foi analisado 
por meio de ensaio da capacidade sequestrante do radical 1,1-diphenyl-2-picrylhydrazyl e o antifúngico, por meio da 
avaliação do crescimento micelial. A maioria dos extratos apresentou atividade antioxidante muito forte, especialmente 
o extrato acetônico (4A). A atividade antioxidante pode ser relacionada a presença de compostos fenólicos. Por outro 
lado, os extratos não apresentaram atividade inibitória do crescimento micelial do fungo testado, com exceção do 
extrato diclorometânico (2B), que foi o único que teve efeito inibitório (10,2%) ao final do teste.

Palavras-chave: Myrtaceae, atividade biológica, Alternaria alternata, mancha marrom da Alternaria.

1. Introduction

Secondary metabolites have been used by human beings 
since ancient times in their isolated form as extracts or 
even as fresh or dried plants such as tinctures, flavorings, 
fragrances, stimulants, hallucinogens, insecticides, poisons, 
and therapeutic agents (Wink, 2010). In plants, most of 
these metabolites play important roles in plant protection 
against pathogens (viruses, bacteria, and fungi), competing 

plants, and herbivores. They may also have physiological 
functions such as protection against ultraviolet radiation 
and as nitrogen storage compounds (Jansen et al., 2008; 
Wink, 2010).

Some compounds from plant secondary metabolism 
may also exhibit antioxidant activity. Reactive oxygen 
species (ROS) are often generated as by-products of 
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regular cell metabolism, but they can also be induced by 
environmental stimuli such as exposure to high levels of 
light, drought, heavy metals, high salt concentrations, 
temperature extremes, ultraviolet radiation, air pollution, 
use of herbicides, and attack of pathogens and herbivores 
(Gill and Tuteja, 2010). Antioxidants delay auto-oxidation 
by inhibiting the formation of free radicals or by stopping 
the spread of free radicals (Brewer and Prestat, 2002). 
Currently, the interest in natural antioxidants, especially 
those of vegetal origin, has increased, since the presence 
of free radicals and oxidative stress may be associated 
with the development of diseases such as cancer, diabetes, 
atherosclerosis, inflammatory processes, and aging 
(Sikora et al., 2008). In addition, oxidative stress is also a 
problem for the food industry, modifying the smell, taste, 
and nutritional value of food (Krings and Berger, 2001).

The fungus Alternaria alternata is the causal agent 
of three citrus diseases, namely, Alternaria brown spot, 
Alternaria leaf spot, and black rot (Kimati et al., 2005; 
Woudenberg et al., 2015). These diseases cause significant 
commercial losses, and the pathogen is controlled by 
the use of fungicides such as Mancozeb, Difenconazole, 
Propiconazole, Myclobutani, Carbendazim, Thiophanate 
methyl, Copper oxychloride, Copper hydroxide, and Benomyl 
(Thejakumar and Devappa, 2016). Several currently used 
fungicides are toxic to both humans and other organisms, 
including those that may be beneficial to agricultural crops 
(Newton et al., 2010). According to Wink (2010), as most 
of the substances from plant secondary metabolism have 
insecticidal, fungicidal, and phytotoxic activities, they 
can act as natural pesticides and be less harmful to the 
environment. In addition, natural products can serve as a 
model for the development of synthetic drugs (Demain, 
2009). In this context, the search for antifungal compounds 
in plants may be interesting (Khan and Nasreen, 2010).

Among the 250,000-500,000 plant species estimated 
to exist, only a small percentage of them have been 
investigated for phytochemistry and an even smaller 
fraction of these species have been subjected to biological 
and pharmacological tests (Mahesh and Satish, 2008). 
Myrcia splendens (Sw.) DC. is a species belonging to the 
family Myrtaceae found in the Brazilian Cerrado and is 
popularly known as “guamirim” and “folha-miúda”. It is a 
tree species occurring from Mexico to the south of Brazil 
(Oliveira-Filho and Fontes, 2000; Morais and Lombardi, 
2006). According to Oliveira-Filho (2006), some synonyms 
of this species are Myrcia acutata DC., Myrcia rostrata 
DC., Myrcia communis Berg., and Myrcia fallax (Rich.) DC.

In this context, this study aimed to evaluate the 
antioxidant and antifungal potential of extracts of mature 
leaves of M. splendens, from two types of extraction, 
against the phytopathogen A. alternata.

2. Material and Methods

2.1. Collection and preparation of plant material
Mature leaves of Myrcia splendens (Sw.) DC. 

(Myrtaceae) were collected in the Cerrado sensu stricto 
(Neotropical savanna) reserve belonging to the campus 

of the Universidade Federal de São Carlos, São Carlos-SP 
(21°58’-22°00’ S and 47°51’-47°52’ W), in the dry 
season. The region is characterized by dry winter (April 
to September) and rainy summer (October-March). Leaves 
with dark green coloration and coriaceous texture were 
considered as mature. A voucher specimen (8317) has 
been deposited at the Herbarium at Universidade Federal 
de São Carlos (HUFSCar).

The collected leaves were dried in an oven at 40 °C for 
72 h. Afterward, they were crushed in an electric mill to 
obtain the powder from the leaves, which was packed in a 
plastic bag and stored under refrigeration (approximately 
5 °C) until used.

2.2. Extract preparation
Two extraction procedures were performed. The former 

procedure used solvents in increasing order of polarity 
(eluotropic): hexane (Hx), dichloromethane (DCM), ethyl 
acetate (AcoEt), acetone (AC), and methanol (MeOH). 
Ground dried leaves of M. splendens (50 g) were added 
to 300 mL of Hx. This mixture was ultrasonicated for 
15 min followed by filtration. This process was performed 
three times with each solvent using the same residual 
ground dried leaves from the filtrations with each further 
extraction. The filtrates of each solvent were dried, 
resulting in the extracts 1A (hexane), 2A (dichloromethane), 
3A (ethyl acetate), 4A (acetonic), and 5A (methanolic). 
The hexane extract 1A was used only to remove waxes 
and lipids from ground dried leaves and then discarded.

In the second extraction method, 50 g of ground dried 
leaves of M. splendens was extracted with 300 mL of 
DCM/MeOH (1:1) in an ultrasonic bath for 30 min. Then, the 
mixture was filtered to obtain the crude extract. This process 
was repeated five times until the filtrate reached a lighter 
color, indicating that the plant material was being depleted. 
The obtained crude extract was dried and then diluted in 
300 mL of MeOH/distilled water (95:5) and partitioned 
with 300 mL of distilled water to give the hexane (1B) and 
methanolic-aqueous extracts. Finally, the methanolic-aqueous 
extract was dried and diluted in 300 mL of distilled water 
and partitioned with 300 mL of AcoEt, giving the extracts 
ethyl acetate (2B) and aqueous (3B) (Otsuka, 2005).

2.3. Bioautography in thin-layer chromatography (TLC)
Bioautography determines the presence of compounds 

in the extracts with antioxidant activity. The tests were 
performed according to Luo et al. (2009). The extracts were 
solubilized in organic solvents (1 mg.mL−1), according to the 
polarity of extracts, and deposited directly on TLC plates. 
These plates were eluted in a mixture of organic solvents 
suitable for the polarity of the extracts analyzed and sprayed 
with methanolic solution of 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) at 0.4 mg.mL−1. Extracts containing compounds 
with antioxidant activity were observed as white bands 
on a purple background.

2.4. Antioxidant activity assay
Compounds with antioxidant activity in the extracts 

evaluated were determined by the DPPH method (Scherer 
and Godoy, 2009, with modifications). The extracts 
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were solubilized in methanol at different concentrations 
(0.1-16.0 mg.mL−1). Aliquots of 0.05 mL of each extract 
were added to tubes containing 1.95 mL of DPPH methanolic 
solution (0.08 mM). Two controls were prepared, one 
negative, containing methanol PA, and the other positive, 
containing quercetin, a commercial antioxidant. The final 
concentration of DPPH in each tube, after addition of 
controls or extracts, was 30.75 μL.mL−1. The tubes were 
kept for 90 min in the dark at room temperature (25 °C). 
The absorbance was measured at 517 nm. The assay was 
performed in triplicate.

The antioxidant activity was calculated according 
to the percentage of inhibition equation as follows: 
I% = [(Abs0 − Abs1)/Abs0] × 100, where Abs0 is the absorbance 
of the negative control, and Abs1 is the absorbance of the 
treatment. Each extract was tested at five concentrations. 
The IC50 (concentration at which there is 50% inhibition) 
was calculated graphically by the linear regression of the 
antioxidant activity of the extracts at the five concentrations 
evaluated. The antioxidant activity of each of the extracts 
was expressed using the antioxidant activity index (AAI) 
(Scherer and Godoy, 2009) as follows: AAI = final 
concentration of DPPH (μl.mL−1)/IC50 (μg.mL−1).

Then, the extracts were classified according to their 
AAI into weak (AAI < 0.5), moderate (AAI between 
0.5 and 1.0), strong (AAI between 1.0 and 2.0), and very 
strong (AAI > 2.0).

2.5. Bioassay of antifungal activity
The antifungal potential of the extracts was verified by 

the evaluation of mycelial growth of the phytopathogenic 
fungus Alternaria alternata (LRS 182/10) isolated from 
Ponkan tangerine and obtained from the mycology 
collection of “Dr. Victoria Rossetti” (UPDS/APTA/SAA), 
Sorocaba, Sao Paulo.

Fungi were previously reactivated on potato dextrose 
agar (PDA) medium in Petri dishes and kept in incubator 
(B.O.D) at 25 °C with a photoperiod of 12-12 h for 
approximately 20 days (until covering three-fourths of 
the Petri dishes).

The extracts were dissolved in 1% DMSO, filtered in 
a 0.22-μm filter, and incorporated into the PDA culture 
medium at about 40 °C at the concentration of 1 mg.mL−1. 
The negative control was prepared using PDA medium 
and DMSO. Four replicates of each treatment were made 
in 5 cm plastic Petri dishes. The fungus was inoculated 
with mycelial disks of approximately 5 mm in diameter at 
the center of each plate, which were kept in the incubator 
at 25 °C and a photoperiod of 12-12 h 

The diameter of the mycelial growth was measured 
using a digital caliper on two orthogonal axes (mean of 
two diametrically opposite measures). Measurements were 
made every 48 h, totaling 10 measurements (19 days). 
On each measurement day, the percentage of inhibition 
of growth (IG) by the treatments in relation to the control 
was calculated using the following Formula 1:

( )       % 100
   

Diameter of thetreatment diameter of thecontrolIG
diameter of thecontrol

 −
= × 
 

 (1)

2.6. Statistical analyses
The linear regression graphs of the antioxidant 

activity were plotted using the Microsoft® Excel program. 
The IC50 values in the antioxidant assay and the mean 
diameters of the mycelium of the fungus were submitted 
to a normality test (Shapiro-Wilk test). The statistical 
difference was calculated at a significance of 5% using 
the Welch’s test for normal data or the Wilcoxon test for 
nonnormal data. These analyses were performed in the 
R software (R Development Core Team, 2014).

3. Results and Discussion

Bioautography on the TLC plates showed that all the 
evaluated extracts had antioxidant compounds, which was 
evidenced by the white bands revealed with DPPH solution.

Therefore, the antioxidant activity assays were performed 
with all extracts (Table 1).

The antioxidant activity can be of two types, for example, 
primary when the compounds bind to free radicals and 
secondary if the compounds have chelating capacity of 
transition metals and synergism can occur when both modes 
are present (Fennema, 2000). The DPPH-sequestering ability 
assay assesses the ability of antioxidants to eliminate free 
radicals and is indicated for the screening of samples with 
different polarities (Scio et al., 2012). This test is based 
on the discoloration of a solution composed of the stable 
free radical DPPH of violet color, when the addition of 
substances that can yield a hydrogen atom (Brand, et al., 
1995). Antioxidants capable of reducing the DPPH radical 
are characterized as primary (Yen and Chen, 1995).

Extracts 2B, 3B, 5A, and 4A exhibited very strong 
antioxidant activity (AAI). The 3A showed strong AAI, 1B 
had moderate AAI, and 2A showed weak AAI according 
to the classification established by Scherer and Godoy 
(2009). The highest AAI values were obtained by more 
polar extracts. Extract 4A (acetonic extract from eluotropic 
extraction) was distinguished by its antioxidant activity, 
representing >50% of the quercetin activity, a pure 
antioxidant. Furthermore, 4A presented IC50 value lower 
than 3.6 μg.mL-1 which is close to the value obtained for 
quercetin. The solvent extraction methodology in the 
eluotropic order was more efficient in obtaining extracts 
with higher antioxidant activity (acetonic extract (4A) and 
dichlorometanic extract (5A)).

Plants with antioxidant and pharmacological properties 
are usually related to the presence of phenolic compounds, 
especially phenolic acids and flavonoids (Gulçin, 2012). 
The antioxidant capacity of these compounds is primarily 
attributed to their oxide-reducing properties, allowing them 
to act as reducing agents, hydrogen donors, and singlet 
oxygen suppressors (Gülçin et al., 2010). The primary 
techniques used for the isolation of phenolic compounds 
are solvent extraction, supercritical fluid extraction, and 
ultrasonic-assisted extraction (Ignat et al., 2011). The use 
of acidified methanol, ethanol, acetone, ethyl acetate, and 
mixtures of these solvents with water has been reported in 
the literature (Annegowda et al., 2012; Haminiuk et al., 
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2011; Prasad et al., 2011; Pushp et al., 2013; Ramful et al., 
2011; Wijekoon et al., 2011; Sasidharan and Menon, 
2011). In this study, the extracts with stronger antioxidant 
activities were extracted using solvents such as acetone 
(4A) and methanol (5A), and hence this activity may also be 
associated with the presence of polyphenolic compounds or 
other substances with hydroxyl groups available to donate 
a hydrogen atom to the molecule oxidant (Mensor, 1999).

These results are consistent with other studies that 
demonstrated the antioxidant potential of M. splendens 
leaves. The methanolic extract of leaves of this species 
exhibited a high antioxidant potential that was associated 
with the presence of polyphenolic compounds in the extract 
(Scio et al., 2012). Similarly, butanolic fractions and ethyl 
acetate extracts of M. splendens showed a high reduction 
potential and DPPH radical elimination, as well as high 
concentrations of phenolic compounds and flavonoids 
(Moresco et al., 2014).

In the bioassay of antifungal activity, the extract 
2B significantly inhibited the mycelial growth in relation 
to the control, reaching 10.2% inhibition on the last day 
of the bioassay (Table 2). Treatments made with extracts 
5A and 4A stimulated mycelial growth. Thus, the liquid-liquid 
partition extraction method was more efficient to obtain 
extracts with antifungal activity.

The antifungal activity of Myrtaceae species has been 
reported in the literature, especially with regard to its 
essential oils (Miles et al., 1991; Cerqueira et al., 2007; 
Zabka et al., 2014). However, there are few studies on the 
antifungal potential of Myrcia splendens. Moresco (2014) 
found that several extracts of M. splendens showed high 
inhibition against Candida strains, especially C. krusei 
and C. tropicalis. On the other hand, methanolic extracts 
of leaves of M. splendens did not exhibit any inhibitory 
activity in Candida albicans and Cryptococcus neoformans 
(Scio et al., 2012). In a research on the antifungal activity 
of aqueous and hydroethanolic extracts of Cerrado species, 
Naruzawa and Papa (2011) observed that extracts of 
Aristolochia esperanzae and Byrsonima verbascifolia 
stimulated the growth of the phytopathogenic fungus 
Corynespora cassiicola, while extracts of Lafoensia pacari 
and Myracrodruon urundeuva inhibited 100% of the 
mycelial growth of the same fungus.

Due to its wide range of hosts and distribution in the 
world, the fungus Alternaria sp. has been reported to 
be responsible for causing diseases in 400 plant species 
(Chung, 2012). The diseases caused by this fungus are 
among the most common plant diseases in the world and 
are characterized by affected seedlings, leaves, stems, 
Flowers, and fruits of vegetables belonging to Solanaceae, 

Table 1. Antioxidant activity of extracts of mature leaves of Myrcia splendens.

Extracts R2

IC50 (µg.mL−1) IAA±SD Antioxidant powerI II III
2A 0.99331 0.9928 0.95745 324.59 0.096±0.012a Weak
1B 0.96923 0.99628 0.9841 52.34 0.595±0.079b Moderate
3A 0.98744 0.97639 0.99147 16.01 1.923±0.067c Strong
2B 0.99724 0.99074 0.98413 8.03 3.924±0.782de Very Strong
3B 0.99837 0.99692 0.9924 7.56 4.069±0.047d Very Strong
5A 0.99771 0.98424 0.96258 6.49 4.737±0.074e Very Strong
4A 0.97075 0.97392 0.97346 3.60 8.537±0.201f Very Strong

Quercetin 0.98782 0.94894 0.9723 2.055 14.97±0.22g Very Strong
R2: coefficient of determination between the antioxidant activity and the concentration of the extract/quercetin solution in each 
repetition (I, II, and III); IC50: concentration displaying 50% inhibition; SD: standard deviation; AAI: Antioxidant activity index. 
Means followed by equal letters in the column did not differ from each other (P <0.05). Antioxidant potential was determined 
according to Scherer and Godoy (2009).

Table 2. Percentage of inhibition or stimulation of the mycelial growth of the fungus Alternaria alternata treated with the 
extracts of mature leaves of Myrcia splendens on each day of measurement. Negative values indicate inhibition and positive 
values indicate stimulation.

Day 1 Day 3 Day 5 Day 7 Day 9 Day 11 Day 13 Day 15 Day 17 Day 19
(24 h) (72 h) (120 h) (168 h) (216 h) (264 h) (312 h) (360 h) (408 h) (456 h)

2A −1.8% 6.6% 12.0% 6.9% 5.9% 5.2% 2.3% 6.7% 8.1% 5.7%
3A −0.8% 15.2%* 23.4%* 20.3% 18.1% 11.2% 4.9% 10.4% 9.1% 3.1%
4A 6.3% 28.2%* 37.9%* 37.1%* 31.0%* 27.2%* 22.8%* 21.2%* 17.4%* 10.8%*
5A 17.8%* 20.4%* 27.1%* 24.2%* 21.0%* 21.2%* 17.9%* 13.7%* 11.8% 6.7%
1B 14.2%* 10.4%* 14.2% 11.8% 15.3% 16.3% 12.5% 14.1% 12.7% 7.4%
2B 7.3% 1.0% −0.3% −5.3% −7.4% −6.3% −9.6%* −8.6%* −8.7%* −10.2%*
3B 18.8%* 13.4% 23.3% 17.0% 16.0% 14.1% 7.8% 8.5% 7.7% 3.5%

*In the same column indicates treatments with a significant difference in relation to the negative control on each day.
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Apiaceae, Alliaceae, Cruciferaceae, and Cucurbitaceae 
families (Töfoli et al., 2015). The Alternaria brown spot 
(ABS) is a disease caused by Alternaria alternata that 
primarily affects the leaves and fruits of tangerine and its 
hybrids, which results in great losses in production, besides 
being a disease of difficult control (Carvalho et al., 2011). 
In one of the few studies evaluating the activity of natural 
products against the plant pathogen A. alternata, it was 
found that the essential oil of Piper hispidinervum showed 
fungitoxic activity on the mycelial growth of this fungus 
(La Torre et al., 2014; Llorens et al., 2017). Although the 
inhibitory activity presented by extract 2B in the present 
study is considered low, it refers to extracts and not to 
isolated compounds; therefore, subsequent studies with 
this extract are encouraged.

4. Conclusions

Four extracts showed very strong antioxidant activity, 
especially the acetonic extract (4A). On the other hand, only 
the dichloromethane extract (2B) had an inhibitory effect 
(10.2%) on the mycelial growth of Alternaria alternata. 
Therefore, mature leaves of Myrcia splendens are an 
important source of antioxidant compounds and may 
commercially be applied in the future. Despite exhibiting 
a low effect, studies with this extract are encouraged to 
search for substances that may be responsible for the 
inhibitory effect of the extract and that when isolated may 
have more intense activities.
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