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A B S T R A C T

In this study, we investigated the in vitro activity against Fusarium proliferatum, chemical characteristics, and antioxidant 
potential of eight propolis ethanolic extracts (PEE) from Brazil-six from the northern region of the state of Mato Grosso 
(PEE-1 to PEE-4, PEE-6, and PEE-7), one from the state of Bahia (PEE-5), and the green propolis from Minas Gerais 
state (PEE-8). The percentage of mycelial growth inhibition (PMGI), and macroconidia and microconidia sporulation 
of Fusarium proliferatum of these PEEs were evaluated and compared with that of the control (ethanol 70%). The 2% 
concentrations of PEE-4 to PEE-8 showed significant PMGI in relation to the control. PEE-8 at 2% stood out with the 
highest PMGI of Fusarium proliferatum and highest antioxidant potential. Among the PEEs that exhibited a significant 
antifungal action, PEE-8 and PEE-4 presented the highest total flavonoid content and PEE-6 stood out with the highest 
total phenolic content. Except PEE-1, all the extracts tested showed a reduction of more than 70% in the sporulation of 
macroconidia PEE-4 and PEE-8 presented predominance of quercetin and kaempferol flavonoids and PEE-6 of caffeic 
acid. Therefore, the presence of these antioxidant compounds may have contributed to the antifungal activity of these 
extracts.

Keywords: antifungal, alternative control, phenolics, antioxidant potential.

R E S U M O

Neste estudo foi investigada a atividade no controle in vitro de Fusarium proliferatum, a composição química e a ativi-
dade antioxidante de oito extratos etanólicos de própolis (EEP) produzidos no Brasil, seis da região norte do estado de 
Mato Grosso, (EEP-1 até EEP-4, EEP-6 e EEP-7); um do estado da Bahia, Brasil (EEP-5) e a própolis verde do estado de 
Minas Gerais, Brasil (EEP-8). Foi avaliado o efeito dos EEP na percentagem de inibição do crescimento micelial (PIC) e 
na esporulação de macroconídios e microconídios de Fusarium proliferatum e comparado com o controle (etanol 70%). 
Os extratos EEP-4 até EEP-8 a 2% apresentaram PIC significativos em relação ao controle. O EEP-8 a 2% se destacou 
com o mais alto PIC de Fusarium proliferatum e o maior potencial antioxidante. De entre os EEP que apresentaram ação 
antifúngica significativa os EEP-8 e EEP-4 apresentaram os maiores teores de flavonoides totais e o EEP-6 destacou-se 
com os teores superiores de fenólicos totais. Todos os EEP investigados, exceto o EEP1, provocaram redução de mais 
de 70% na esporulação de macroconídios. Os EEP-4 e EEP-8 apresentaram predominância dos flavonóides quercitina e 
campferol e o EEP-6 do ácido cafeico. Estes compostos antioxidantes podem ter contribuído para a atividade antifún-
gica dos extratos.

Palavras-chave: antifúngico, controle alternativo, fenólicos, potencial antioxidante.
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INTRODUCTION

Propolis is a gummy product produced by Apis 
mellifera bees during plant resin harvesting and is 
a form of beehive protection, used to seal cracks 
or in embalming invaders. The chemical compo-
sition of propolis is complex and varies according 
to botanical origin, seasonality, and geographic 
region. Therefore, it is studied in different regions 
of Brazil and also in other countries (Park et al., 
2002; Sousa et al., 2007; Dezmirean et al., 2017; 
Martini et al., 2017; Regueira Neto et al., 2017).

There are a few studies on propolis from the 
northern region of Mato Grosso. Soares and 
Galbiati (2011) evaluated the chemical and sensory 
composition of propolis from two cities of these 
regions, Colíder and Nova Santa Helena, but they 
did not evaluate the quantitative and qualitative 
composition of flavonoids, the main bioactive 
compounds of the product.

Studies on the antibiotic properties of different 
types of propolis have been receiving prominence 
in Agrarian Sciences. According to Marini et al. 
(2012), phytopathogenic bacteria such as Agro-
bacterium tumefaciens, Xanthomonas axonopodis pv. 
phaseoli, and Erwinia chrysanthemi are sensitive to 
the antibiotic activity of propolis.

However, in relation to the antifungal activity on 
phytopathogens, the studies do not cover all genera of 
fungi and there are no studies on the effect of propolis 
against Fusarium proliferatum (Tripathi and Dubey, 
2004; Quiroga et al., 2006; Herrera et al., 2010; Pineda 
et al. 2010; Curifuta et al., 2012; Pereira et al., 2017).

The fungi of the Fusarium genus are causal agents 
of diseases in several plant species causing 
damage to seedlings, roots, fruits, stem, spike, 
and even grains, where they are responsible for 
the production of mycotoxins. In scientific reports, 
nine Fusarium species associated with fruit rot 
in banana were described: F. proliferatum, F. 
oxysporum, F. verticillioides, F. sacchari, F. semitectum, 
F. equiseti, F. concentricum, F. camptoceras, F. solani 
(John et al., 1996; Anthony et al., 2004; Indrakeerthi 
and Adikaram, 2011; Ewané et al., 2012; Zeng et al., 
2013). In addition, the occurrence of Fusarium 
oxysporum f. sp. cubense, the causal agent of Panama 
disease, was also reported (Pereira et al., 2005).

Crown rot disease in banana is caused by Lasiodip-
lodia theobromae, Fusarium proliferatum, and Colle-
totrichum musae (Anthony et al., 2004; Indrakeerthi 
and Adikaram, 2011). This disease results in reduc-
tion in shelf life and quantity and quality of the 
fruit produced, affecting both domestic market 
and exports (Anthony et al., 2004). In the case of 
F. proliferatum, this phytopathogen interferes in 
fruit quality for industrial use and produces myco-
toxins, which are harmful to human and animal 
health; therefore, it is necessary to control this 
fungus for food safety (Li et al., 2017).

In this study, we investigated the chemical compo-
sition of propolis of the northern region of Mato 
Grosso, the green propolis of Minas Gerais, and 
a sample of brown propolis from Bahia and the 
in vitro effect of its ethanolic extracts (PEE) on 
the control of Fusarium proliferatum isolated from 
symptomatic fruits of banana.

MATERIAL AND METHODS

Sample collection and extract preparation

In August 2017, eight samples of propolis (P) were 
collected from Porto dos Gaúchos city, Mato Grosso 
state (P1, P2, and P3); Sorriso city, Mato Grosso state 
(P4); Bahia state (P5); Querência city, Mato Grosso 
state (P6); Sinop city, Mato Grosso state (P7); and 
green propolis from the state of Minas Gerais (P8).

The methodology described by Woisky and 
Salatino (1998), with some modifications, was 
employed for preparation of propolis ethanolic 
extracts (PEE): 20% propolis in 70% ethanol was 
used under 15 days of maceration, with three daily 
manual shaking. The extracts were filtered using 
qualitative filter paper, identified as PEE-1 to PEE-8 
and kept under refrigeration in an amber bottle 
until the biological tests and chemical analyses 
were carried out.

Assay of propolis effect on Fusarium proliferatum 
control

The in vitro assays were performed at the Labora-
tory of Microbiology/Phytopathology of the Federal 
University of Mato Grosso, Campus of Sinop, with 
Fusarium proliferatum isolated from banana.
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The tests were performed in five replicates using 
PEE at two concentrations (1,6 and 2,0%) and 70% 
ethanol (ET 70%) as control. The PEEs were filtered 
for sterilization on Millipore membranes (0,45 µm) 
under reduced pressure.

For mycelial growth tests, culture medium potato 
dextrose agar (PDA, Neogen Co.; Lansing, MI, 
USA) was employed. The medium was placed on 
Petri dishes and 0.10 mL of PEE (1,6 and 2,0%) were 
distributed on the surface of the culture medium. 
Thereafter, a 7-mm-diameter disc containing 
mycelium of 20-day-old F. proliferatum was placed 
in the center of each dish. The dishes were covered 
with plastic film and incubated at 25° C for 7 days 
in the dark. Diameter measurement of the colonies 
was performed every 24 hours until one of the 
treatments reached the total diameter of the Petri 
dish. The mycelial growth rate index (MGI) and 
percentage of mycelial growth inhibition (PMGI) 
were calculated (Franzener et al., 2006).

From each colony used during the mycelial growth 
bioassay, spore suspensions were prepared by the 
addition of 10 mL of distilled water on the dishes, 
scraping, and gauze filtration, followed by the 
counting of F. proliferatum macro and microco-
nidia using a Neubauer chamber under an optical 
microscope (magnification of 400 times).

Physicochemical analysis

The chemical analyses were carried out at the Food 
Technology Laboratory of the Federal University 
of Mato Grosso (UFMT)/Sinop Campus, whereas 
chromatographic analyses were carried out at 
the Integrated Chemistry Research Laboratory 
(LIPEQ)/ UFMT / Sinop Campus.

The content of ash and soluble solids in methanol 
in crude propolis was determined by gravimetric 
methods (Instituto Adolfo Lutz, 2008). Phenolic 
compounds and total flavonoids in extracts were 
determined by spectrophotometric methods 
using Folin-Ciocalteau and aluminum chloride as 
reagents and gallic acid and quercetin as standard, 
respectively (Woisky and Salatino, 1998).

Antioxidant activity was determined by sequestra-
tion of the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 

radical with a reading at 517 nm, using butylated 
hydroxytoluene butyl-hydroxy-toluene (BHT) as 
a sequester control and employing the following 
formula to calculate the antioxidant activity: Anti-
oxidant Activity (%) = 100 – {[(Control Absorbance 
– Sample Absorbance × 100)] / Control Absorbance} 
(Carpes et al., 2009).

The PEE that showed the highest antifungal effect 
and antioxidant potential were investigated for 
phenolic acid and flavonoid content by high perfor-
mance liquid chromatography (HPLC), according 
to the methodology described by Barbari’c et al. 
(2011), with modifications. Varian Modular Analyt-
ical HPLC Systems, equipped with a UV spectro-
photometric detector at 290 nm, was employed. 
C18 reverse phase chromatography column (Agela, 
4,6 mm × 250 mm and 5 µm particle diameter) was 
used with two mobile phases (A and B): water / 
methanol / acetic acid (93:5:2) (A) and water / meth-
anol / acetic acid (3:95:2) (B). Elution was performed 
at a flow rate of 1 mL min-1, using the following 
gradient expressed in time (min) by percentage 
of B (t /min, % B): (0, 20), (20, 40) (30, 52), (50, 60), 
(70, 80), (80, 20). The PEE were rotated and solubi-
lized in HPLC grade methanol (10 mg/mL) and a  
20 µL aliquot was injected into the chromatographic 
system. For the identification and quantification 
of phenolic acids and flavonoids, standard curves 
were constructed using the following reference 
substances: gallic acid, caffeic acid, ρ-cumaric acid, 
ferric acid, quercetin, apigenin, and kaempferol.

Statistical analysis

The experiment was performed in a completely 
randomized design (CRD), with three replicates 
for the chemical analyses and five replicates for 
the bioassays. The averages were compared by the 
Scott Knott test (p < 0,05) using Sisvar 5.8 software 
(Ferreira, 2011).

RESULTS AND DISCUSSION

The green propolis extract (PEE-8) at 2% stood out 
due to the highest PMGI of Fusarium proliferatum 
(Figure 1) and the most pronounced antioxidant 
potential (Table 1). The extracts at 2% of PEE-4 
to PEE-7 presented lower values of PMGI than 
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PEE-8, and differed from the control (ethanol 70%), 
whereas those of PEE-1 to PEE-3 did not differ from 
the control (Figure 1).

Among the PEE that presented significant anti-
fungal action (Figure 1), PEE-8 and PEE-4 
presented the highest levels of total flavonoids and 
PEE-6 presented significantly higher total phenolic 
content (Table 1). These observations suggest a 

correlation between the antifungal effect and the 
levels of these compounds (Chaillou and Naza-
reno, 2009; Yang et al., 2011; Curifuta et al., 2012; 
Waller et al., 2017).

Martini et al. (2017) also verified the antifungal 
effect of the green propolis against Lasiodiplodia 
theobromae in vitro. The propolis collected in the 
summer and in the winter showed high antifungal 
potential and high content of total phenolics and 
total flavonoids, which varied from 0,1 to 12,8 g 100 g-1 

  and from 0,2 to 7,6 g 100 g-1, respectively.

However, there was no correlation between 
phenolic levels and antifungal activity in PEE-5 
and PEE-7, but the ash levels of both did not differ 
from that of PEE-8, which stood out by the higher 
levels of this parameter (Table 1). In addition, the 
solid content of PEE-7 in methanol was inferior 
only to PEE-8, which suggests that the antifungal 
effect can be related to other chemical compounds 
apart from phenolics or to the synergistic effect 
among these, since propolis is a complex balsamic 
mixture that presents more than 300 different 
substances (Sforcin and Bankova, 2011). Buchta 
et al. (2011) reported a partial correlation only 
between the levels of flavonoids in propolis and 
their antifungal action in vitro.

The extracts PEE-4, PEE-6, and PEE-8 at 1,6 and 2,0% 
caused a reduction of 71% and 76%, respectively, 
in the sporulation of F. proliferatum macroconidia 
and a mean reduction of 32% in the sporulation 
of microconidia for both the concentrations tested 

 
Figure 1. Percentage of mycelial growth inhibition (PMGI) of Fusarium proliferatum 

subjected to different treatments with propolis ethanolic extracts (PEE), after seven days 

of incubation. The treatment control inhibition (ethanol 70%) was equal zero. Average 

followed by the same letter do not differ from each other by the Scott-Knott test at 5% 

significance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 1 - Chemical composition of brown propolis produced in Mato Grosso (PEE-1, PEE-2, PEE-3, PEE-4, PEE-6, PEE-7), in 

Bahia (PEE-5) and green propolis from Minas Gerais (PEE-8)

Propolis
Soluble solids in 

methanol1 

(g 100 mL-1)
Ashes1 

(g 100 g-1)
Total phenolics  

(g 100 g-1)
Total flavonoids  

(g 100 g-1)
Potential antioxidant 

(%)

PEE-1 2,33 d2 1,37 c 2,47 d 2,15 d 81,21 g
PEE-2 2,50 c 1,45 c 2,26 d 2,53 c 85,02 f
PEE-3 2,04 e 2,28 a 2,75 d 3,67 a 86,44 e
PEE-4 2,18 d 2,68 a 4,05 c 2,81 b 97,21 b
PEE-5 2,66 c 2,76 a 1,26 e 0,52 f 94,05 c
PEE-6 2,53 c 1,98 b 13,50 a 0,79 e 96,95 b
PEE-7 7,67 b 2,70 a 1,32 e 0,27 g 91,10 d
PEE-8 8,26 a 3,03 a 7,01 b 2,87 b 99,41 a

1Analyzed in crude propolis; 2 According to Scott-Knott’s test, the averages with different letters in the same column are different at the significance level of p < 0,05.

Figure 1 - Percentage of mycelial growth inhibition (PMGI) 
of Fusarium proliferatum subjected to different 
treatments with propolis ethanolic extracts (PEE), 
after seven days of incubation. The treatment 
control inhibition (ethanol 70%) was equal zero. 
Average followed by the same letter do not differ 
from each other by the Scott-Knott test at 5% 
significance.
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(Figure 2). Marini et al. (2012) observed a reduc-
tion of 47% in the germination of Phakopsora euvitis 
spores employing PEE at 0,5%. The differences 
observed may be due to different botanical origins 
of propolis and behavior variation of the fungi 
investigated (Park et al., 2002; Castro et al., 2007; 
Baribari’c et al., 2011; Curifuta et al., 2012).

PEE-4, PEE-6, and PEE-8 were selected for the 
investigation of phenolic acids and flavonoids 
by HPLC due to their outstanding effects on the 
control of Fusarium proliferatum and high antioxi-
dant potential. The levels of the phenolic acids and 
flavonoids investigated in the mentioned extracts 
are shown in Table 2.

PEE-4 and PEE-8 presented considerable levels 
of flavonoids (Tables 1 and 2), with predomi-
nance of quercitin and kaempferol. In PEE-6, the 
highest phenolic acid content was observed, with 
caffeic acid being predominant. These antioxidant 

compounds possibly contributed to the antifungal 
activity of extracts (Yang et al., 2011; Regueira Neto 
et al., 2017).

The quercitin and kaempferol levels observed in 
this study corroborate those reported by Chailou 
and Nazareno (2009), who evaluated propolis from 
30 different locations in Santiago del Estero, Argen-
tina, where they found a wide range of levels from 
0,8 to 47,2 mg g-1 and from 0,02 to 20,3 mg g-1, for 
quercin and kaempferol, respectively.

The antifungal effect of propolis may be due 
to certain flavonoids or the synergistic effect of 
these compounds. Further, their action can be 
differentiated on each pathosystem. Quiroga et al. 
(2006) reported a higher percentage inhibition of 
Fusarium oxysporum growth by the use of solutions 
(1,16 mg ml-1) of the flavonoids pinocembrin (63,9%) 
and galangin (75,5%) than that of the extract of 
partially purified propolis (55,6%).

 
 
Figure 2. Effect of different propolis ethanolic extracts (PEE) and control treatment 

(ethanol 70% - ET-70%) on macroconidia (A) and microconidia (B) sporulation of the 

Fusarium proliferatum. Average followed by the same letter do not differ from each 

other by the Scott-Knott test at 5% significance. CV = 22,66%. Data transformed into: 

"(x + k) ^ 1/2" with k = 0,01. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B 

Figure 2 - Percentage of mycelial growth inhibition (PMGI) of Fusarium proliferatum subjected to different treatments with 
propolis ethanolic extracts (PEE), after seven days of incubation. The treatment control inhibition (ethanol 70%) 
was equal zero. Average followed by the same letter do not differ from each other by the Scott-Knott test at 5% 
significance.
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CONCLUSIONS

The green propolis has a strong fungitoxic action 
against Fusarium proliferatum. Among the prop-
olis of the northern region of Mato Grosso in two 
were observed high phenolics levels and action 
against the same fungus. Therefore, this regional 
beekeeping chain has potential for propolis 
production for use in agriculture.
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