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ABSTRACT
Fungi of the genus Aspergillus may promote damage to the physiological quality of forest seeds, 
and plant extracts have been used to control microflora associated with these seeds. Thus, the 
aim of the present work was to perform the phytochemical characterization of ethanolic and 
aqueous extracts obtained from Eugenia dysenterica leaves (cagaita), as well as to evaluate the 
effect of these extracts on the development of Aspergillus sp. isolated from Hymenaea stigonocarpa 
seeds (jatobá-do-cerrado). For this, qualitative phytochemical analysis of extracts was carried 
out and their effect on Aspergillus sp mycelial growth, sporulation and spore germination was 
evaluated. As a result, phenols, hydrolysable tannins, flavonols, flavanones, xanthones, flavones, 
free steroids and saponins were found in both extracts, which could be used in the search for 
new antifungal compounds in the treatment of stored forest seeds, since extracts have secondary 
compounds that allow inhibiting Aspergillus sp mycelial growth.
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1. INTRODUCTION

Fungi are a diversified group of organisms that in 
addition to causing diseases in plants can also attack 
forest seeds during collection, processing and storage 
stages (Piña-Rodrigues et al., 2007). Among fungi that 
can influence the maintenance of the physiological 
quality of seeds, the genus Aspergillus stands out, as 
it deteriorates seeds making them unviable, being 
frequently found in seeds of forest species and having 
the capacity to cause embryo death (Santos et al., 2000; 
Cherobini et al., 2008). In this sense, protection strategies 
against fungi should be determined, thereby allowing 
maintenance of physiological quality and strength.

Chemical treatment by means of fungicides is 
generally the procedure used to control pathogens, 
aiming at improving seed performance. In literature, 
fungicides Benzimidazole, Dithiocarbonate, Captan, 
Rhodiauram and Monceren® (Vieira & Gusmão, 
2006; Silva et al., 2011) are the most widely used to 
treat forest seeds; however, the use of these products 
may not only damage human health, but also the 
environment.

In this context, extracts from medicinal plants 
have been used to control microflora associated with 
seeds, since these species have bioactive substances in 
their chemical composition that can act as fungicides 
(Souza et al., 2003; Carnelossi et al., 2009). Among 
species used for medicinal purposes, those belonging 
to the genus Eugenia (Fischer et al., 2005) should be 
highlighted.

The genus Eugenia is considered one of the 
largest in the Myrtaceae family, with approximately 
500 tree and shrub species, playing a special role 
in providing extracts used as antimicrobial and 
anti‑inflammatory agents, among others (Hussein et al., 
2003). Studies with extract from Eugenia aromatica 
L. (cloves) have demonstrated antifungal activity 
against Fusarium sp. and Alternaria sp. fungi 
(Soatthiamroong et al., 2003).

Eugenia dysenterica DC. is popularly known as 
cagaita, and is a typical Cerrado tree widely used by the 
population due to its commercial and medicinal value 
(Giotto et al., 2007). Although there are studies that 
have demonstrated the biological activity of Eugenia 
species (Hussein et al., 2003; Soatthiamroong et al., 

2003), there are no reports in literature describing the 
fungitoxic activity of extracts from E. dysenterica on 
Aspergillus sp. leaves.

In this context, the aim of the present work was 
to perform the phytochemical characterization of 
the ethanolic and aqueous extracts obtained from 
E. dysenterica leaves, as well as to evaluate the effect 
of these extracts on the development of Aspergillus 
sp. isolated from Hymenaea stigonocarpa Mart. seeds 
(jatobá-do-cerrado).

2. MATERIAL AND METHODS

2.1. Fungi isolates

To isolate Aspergillus sp., H. stigonocarpa seeds 
were stored in a paper bag, placed in refrigerator and 
kept for three months. Seeds were distributed into 
Petri dishes (15 cm in diameter), 6 seeds per plate, 
containing filter paper moistened with autoclaved 
water, remaining in germination chamber at 25°C in 
the dark for five days until the appearance of the fungal 
colony around the seed. Subsequently, the colony was 
subcultured on plates containing Dextrose-Agar-Potato 
(DAP) culture medium and three days after, mycelial 
growth and fungal sporulation occurred. Then, 
colony fragments were successively subcultured until 
obtaining the pure culture and identification under 
optical microscope. After purification, a new assay 
was performed on plates containing DAP medium, 
which were incubated in Biological Oxygen Demand 
(BOD) incubator at 25°C in the dark.

2.2. Acquisition of the plant material and 
preparation of aqueous and ethanolic extracts

E. dysenterica plant material was obtained in Serra 
da Bandeira (-12°04’48’S and -45°00’36”W) located in 
the city of Barreiras-BA during the morning at the end 
of August 2013. Botanical materials were collected and 
compared with exsiccate number 002362 deposited at 
the Herbarium of the Federal University of Western 
Bahia - BRBA/UFOB.

In order to prepare the ethanolic extract, shoot 
leaves were dried at room temperature, triturated 
and immersed in 92% ethanol for 48 hours; then, 
filtration was performed by discarding solids and 
removing the solvent in a rotary evaporator at 
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temperature of approximately 70 °C until product of 
pasty consistency was obtained. Distilled water was 
added to dried leaves to obtain the aqueous extract 
until the sample was covered and the solution was 
kept refrigerated at 10 °C for 24 hours, thus avoiding 
fungal contamination. The material was subsequently 
filtered, frozen and lyophilized at -35 °C. The aqueous 
extract was kept in desiccator until experiments were 
carried out.

2.3. Phytochemical characterization of 
extracts obtained from E. dysenterica

For detecting the main classes of secondary 
compounds, E. dysenterica leaf extracts were submitted 
to qualitative tests that result in color alteration and/or 
formation of characteristic precipitates for each class 
(Matos, 2009).

2.4. Bioassays with Aspergillus sp.

To perform bioassays, the aqueous extract was 
solubilized in distilled water and the ethanolic extract was 
solubilized in distilled water with 1% Dimethyl sulfoxide 
(DMSO). Extracts were subsequently sterilized by filtering 
in Milipore® 0.22 μm membrane to eliminate possible 
contaminations and added to sterile and fluxing DAP 
culture medium in order to obtain final concentrations 
of 200, 400, 800, 1600, 3200, 6400 and 10000 mg/L. 
The aqueous extract was compared to absolute control 
(sterilized distilled water), and the ethanolic extract 
was compared to absolute control and solubilizing 
control (sterilized distilled water + DMSO). The  culture 
medium was poured onto Petri dishes of 9 cm in 
diameter, and inoculation was performed with discs 
of 0.5 cm in diameter containing mycelium of pure 
Aspergillus sp. colony. After being transferred to the 
center of the plate, discs were incubated in BOD‑type 
growth chamber at 25 °C in the dark for seven days 
(Silva & Teixeira, 2012).

2.4.1. Mycelial growth evaluation

Aspergillus sp. mycelial growth was daily evaluated 
until the fungal colony reached the total diameter of the 
plate, and the colony radial growth was measured in 
three perpendicular lines drawn at the bottom of each 
Petri dish. The average values were used to estimate the 
vegetative development by calculating the area under 

the mycelial growth progression curve (AUMGPC), 
using the following Formula 1:

	  (( ) / 2)*TABMGPC D Da=∑ +  	 (1)

Where: D represents the current mean diameter;

Da is the average diameter of the previous day;

and T is the time interval between the evaluation of 
the current mean diameter and the evaluation of the 
mean diameter of the previous day.

2.4.2. Sporulation evaluation

Suspensions were prepared for spore quantification 
by adding 10mL of distilled water and sterilized by 
autoclaving Petri dishes containing the growing fungus 
to the point of the last vegetative growth evaluation. 
Then, the colony surface was scraped using Drigalski’s 
loop to release spores and the obtained suspension was 
filtered on gauze. An aliquot of 15 μL of the filtered 
suspension was placed in Neubauer chamber to estimate 
the number of spores/mL using optical microscope.

2.4.3. Spore germination evaluation

In order to evaluate the effect of E. dysenterica extracts 
on Aspergillus sp. germination, an aliquot of 1000 μL 
of spore suspension and another of 400 μL of each 
extract concentration were used. After homogenization, 
aliquots of 15 μL of solution (spores + extract) were 
deposited on grooved slides, which were placed on 
Petri dishes containing filter paper moistened with 
10 mL autoclaved distilled water. Subsequently, plates 
were incubated in BOD chamber at 25 °C in the dark 
and the germination percentage was estimated after 
12 hours of incubation by the analysis of slides under 
microscope. For each 100 quantified spores, spores 
showing germinating tube greater than or equal to 
their diameter were counted, which were considered 
germinated.

2.5. Experimental design and statistical 
analysis

Experiments followed a completely randomized 
design with four replicates, and the experimental 
unit consisted of three Petri dishes. The results were 
submitted to analysis of variance and means were 
compared by the Tukey test at 5% probability level 
using the SISVAR statistical software (Ferreira, 2008).
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3. RESULTS AND DISCUSSION

3.1. Phytochemical characterization of 
extracts obtained from E. dysenterica

The phytochemical evaluation of extracts from 
E. dysenterica leaves indicated the presence of several 
secondary compounds, and staining reactions were 
positive in both extracts for phenols, hydrolyzable 
tannins, flavonols, flavanones, flavanones, xanthones, 
flavones, free steroids and saponins (Table 1).

These groups of secondary metabolites may play 
an important ecological role for plants since they are 
involved in the defense system against pathogens, 
herbivores, and participate in plant-plant interactions 
acting as growth inhibitors or promoters (Taiz & Zeiger, 

2017). When using extracts from E. dysenterica plants 
collected in western Bahia, Malheiros  et  al. (2016) 
observed antioxidant and allelopathic activities for 
the species, making it promising for other studies with 
biological activity.

3.2. Effect of ethanolic extract on the 
Aspergillus sp. development

E. dysenterica ethanolic extract at concentration of 
10000 mg/L promoted significant reduction of 1.8% 
on the area under the mycelial growth progression 
curve (AUMGPC) of Aspergillus sp., in comparison 
to absolute control (Table 2). However, this extract at 
concentration of 400 mg/L provided mean stimulus 
of 75% in sporulation compared to controls (Table 2), 
and a tendency to reduce sporulation was observed as 
the extract concentration increased.

Spore germination was also stimulated at extract 
concentrations of 800, 1600 and 3200 mg/L, with 
average increment of 55.7% in comparison to controls 
(Table 2), and a reduction trend at higher concentrations 
was also observed. This demonstrates the need to test 
higher extract concentrations or its fractionation at 
these concentrations to isolate and identify that the 
compound is responsible for the trend observed in the 
three biological variables evaluated in Aspergillus sp.

Some studies have shown that Aspergillus species 
are inhibited by essential oils and plant extracts; for 
example, Saju  et  al. (1998) used Curcuma longa L. 
essential oil (turmeric) and verified reduction of 73% in 
the Aspergillus sp. mycelial growth. Pereira et al. (2006) 
found reduction with Mentha piperita L. essential oil 
(peppermint), inhibiting 22.3% the Aspergillus flavus 

Table 1. Phytochemical analysis of ethanolic (EEF) 
and aqueous (EAF) extracts obtained from Eugenia 
dysenterica leaves.

SECONDARY COMPOUND 
CLASSES EEF EAF

Phenols + +
Condensed tannins - -
Hydrolysable tannins + +
Flavonols, flavanones, flavanonols and 
xanthones + +

Flavones, flavonols and xanthones + +
Flavonols + +
Anthocyanins and anthocyanidins - -
Chalcones and auronas - -
Free steroids + +
Saponins + +
Triterpenoids - -
Quinones - -
+ Presence; - Absence.

Table 2. Effect of the ethanolic extract from Eugenia dysenterica leaves on the area under the mycelial growth 
progression curve (AUMGPC), sporulation (SPO) and germination percentage (GERM%) of Aspergillus sp. spores.

CONCENTRATION AUMGPC SPO GERM%
0 mg/L 1897.4 A 538.3 BC 23.9 C
DMSO 1885.5AB 531.9 BC 24.1 C

200 mg/L 1882.3AB 870.6 AB 24.9 C
400 mg/L 1900.8A 939.8 A 25.8 BC
800 mg/L 1884.1A 478.9 C 34.6 AB

1600 mg/L 1893.3A 354.6 C 37.7 A
3200 mg/L 1896.1A 400.6 C 39.8 A
6400 mg/L 1882.9AB 334.4 C 28.1 BC

10000 mg/L 1863.1B 414.6 C 20.6 C
Means followed by the same letters do not differ statistically from each other by the Tukey test at 5% significance level.
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mycelial growth. In turn, Venturoso  et  al. (2011) 
observed that Syzygium aromaticum L. aqueous extract 
(clove) completely inhibited the Aspergillus sp. mycelial 
growth. Nevertheless, there is no record in literature 
on the effect of E. dysenterica ethanolic extract, and 
the present work is the first to report these results 
related to fungus.

The fact that extracts stimulate fungal development 
may be associated with the presence of some growth 
promoting substance in plant extracts (Venturoso et al., 
2011). Aspergillus species have their growth favored at 
high sugar concentrations (Pelczar et al., 1980). In line 
with this finding, it is worth mentioning that one of 
the components present in E. dysenterica leaves are 
saponins, which are formed by sugar chains (Bara et al., 
2009). Based on the above, it could be suggested that 
saponins or other sugar-rich substances present in 
E. dysenterica ethanolic extract stimulated Aspergillus 
sp sporulation and germination.

3.3. Effect of aqueous extract on Aspergillus sp 
development

The extract from E. dysenterica leaves provided 
reduction in mycelial growth when tested at concentrations 
of 1600, 3200, 6400 and 10000 mg/L, decreasing 
13.3; 1,2; 2.5 and 3.8%, respectively, compared to 
control (Table 3).

Some studies with E. dysenterica have reported 
antifungal effect of extracts and essential oils on 
dermatophyte fungi such as Trichophyton rubrum 
and Cryptococcus neoformansi (Souza  et  al., 2002; 
Costa et al., 2000); however, there are no records of 
aqueous extracts inhibiting Aspergillus.

According to Gilles  et  al. (2010), antifungal 
activities can often be attributed to the presence of 

phenolic compounds and terpenoids, which are found 
in the vegetal extract of some species, since they have 
antimicrobial activity and act in the chemical defense of 
plants against fungi and bacteria. In the present work, 
these compounds were identified in E.  dysenterica 
leaves, suggesting that the inhibitory effect on the 
Aspergillus sp. mycelial growth promoted by the 
aqueous extract may be associated with the presence 
of phenolic compounds.

In relation to Aspergillus sp. sporulation and 
germination, the aqueous extract had no significant 
effect at any concentration used (Table  3), but the 
effect of the extract on the inhibition and germination 
of Aspergillus spores was observed by Souza & Soares 
(2014) using Allium sativum L. aqueous extract (garlic), 
with total reduction of Aspergillus niger sporulation. 
Germination inhibition is fundamental in the control 
of problems associated with fungi because this type of 
propagule is usually the starting point of the infection 
itself.

Thus, for the effective use of plant extracts, it is 
necessary that they not only inhibit pathogen mycelial 
growth, but also the germination of its spores. In this 
sense, the use of E. dysenterica crude aqueous extract 
in the control of Aspergillus sp. does not guarantee 
total efficacy, since the extract only had an effect on 
mycelial growth under the conditions of the present 
study, and did not influence the germination of fungus 
spores. However, performing new bioassays with 
fractions of this extract may provide more efficient 
results, since purified components generally have more 
significant effects.

The differences observed between the effect of 
ethanolic and aqueous extracts on the Aspergillus sp. 
development may be associated with the type of extractor 

Table 3. Effect of the aqueous extract from Eugenia dysenterica leaves on the area under the mycelial growth 
progression curve (AUMGPC), sporulation (SPO) and germination percentage (GERM%) of Aspergillus sp. spores.

CONCENTRATION AUMGPC SPO GERM%
0 mg/L 1877.8 A 214.6 A 27.1 AB

200 mg/L 1858.6 AB 253.9 A 38.3 AB
400 mg/L 1872.5 AB 482.7 A 32.9 AB
800 mg/L 1867.1 AB 403.3 A 29.1 AB

1600 mg/L 1626.1 E 355.1 A 20.7 B
3200 mg/L 1855.2 B 214.2 A 39.8 A
6400 mg/L 1831.2 C 295.6 A 33.8 AB

10000 mg/L 1805.9 D 236.5 A 39.1 AB
Means followed by the same letters do not differ statistically from each other by the Tukey test at 5% significance level.
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used in preparation of the aqueous extract, since each 
solvent has specific polarity, and the concentration of 
secondary metabolites is consequently different in each 
type of extract from the same plant (Salgado et al., 2013).

Therefore, although the same classes of metabolites 
were observed for both extracts, it is suggested that 
the water used for their preparation was able to extract 
specific inhibitory substances from larger amounts 
of E. dysenterica leaves compared to ethanol, but 
quantitative phytochemical tests should be carried 
out to prove this hypothesis.

Based on the results of this study, it was verified that 
the ethanolic extract is not recommended for treating 
seeds when it is aimed at controlling Aspergillus sp. as 
it favors fungal sporulation and germination. In turn, 
the aqueous extract can be used in the pre‑treatment of 
forest seeds because it inhibits fungal mycelial growth. 
According to Medeiros  et  al. (2013), when treated 
with plant extracts, seeds predisposed to the action 
of fungi, showed higher longevity and germinative 
power, since they reduce the survival capacity of 
associated phytopathogens. In this way, it is important 
to propose/identify methods to treat seeds that allow 
reducing the initial inoculum of the disease when 
seeds are used.

4. CONCLUSIONS

Extracts from E. dysenterica leaves can be used 
in the search for new antifungal compounds for the 
treatment of stored forest seeds, since they contains 
secondary compounds that allow inhibiting Aspergillus 
sp. mycelial growth.
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