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1. Introdution

In developing countries, medicinal plants are often the 

only treatment available to the population, and their use 

has been increasingly recognized in traditional medicine 

(WHO, 1998; Teixeira and Silva, 2013). Plant species provide 

a wide variety of pharmacologically active constituents. 

Moreover, because of their practicality in preparations of 

infusions teas, this has allowed for their prolonged use in 
folk medicine (Ziani et al., 2015).

In recent years, there has been a growing interest in 
native plants due to of their health benefits. Brazil, as one of 
the places with the highest abundance of plant biodiversity, 
has become a country of great origin in the search for 
biologically active principles, supplying raw materials 
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Resumo
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water (DW). These liquid preparations were maintained 
on a rotary shaker at 220 x g for 24 h. They were filtered 
using Whatman nº 1 filter paper and centrifuged at 
5000 x g for 15 min. The supernatant was collected and 
the solvent was removed on a rotary evaporator, except 
for the aqueous extract, which was lyophilized. At the end 
of the experiment, the crude and organic extracts were 
collected and stored under refrigeration at 4 °C. The yield 
of the extracts (%E) was calculated by Equation 1.

%  100
   

extractE g x
dry and ground vegetable

 
=  
 

	 (1)

2.3. Phytochemical prospecting

Tests concerning the phytochemical prospection of 
the different E. involucrata plant extracts were carried 
out according to the methodology described by (Matos, 
1997). These tests were based on colorimetric visualization 
and/or precipitate formation after the addition of specific 
reagents to identify the following classes of secondary 
metabolites: saponins, free steroids, triterpenoids, alkaloids, 
anthocyanins, anthocyanidins, aurones, chalcones, 
flavanones, flavones, flavonols, xanthones, condensed 
tannins and coumarins. The qualitative results were 
expressed as presence/positive reaction (+), weakly positive 
or strong positive reaction (++) with higher intensity (more 
concentrated reactions), and absence/negative reaction 
(-) of phytochemicals.

2.4. Antimicrobial activity

2.4.1. Microorganisms used

The plant extracts were tested against the strains of the 
American Type Culture Collection (ATCC) and the Collection 
of Cultures Cefar Diagnostic (CCCD). As Gram negative 
representatives, the strains Escherichia coli (ATCC 25922), 
Salmonella enterica Enteritidis (ATCC 13076), Salmonella 
enterica Typhimurium (ATCC  14028), Pseudomonas 
aeruginosa (ATCC 27853), Proteus mirabilis (ATCC 25933) 
and Klebsiella pneumoniae (ATCC 13883) were used; as 
Gram positive representatives, Staphylococcus aureus 
(ATCC 25923), Enterococcus faecalis (ATCC 19433), 
Staphylococcus epidermidis (ATCC 12228) and Bacillus 
subtilis subsp. spizizenii (CCCD B005) were used. As a fungus 
representative, the yeast Candida albicans (ATCC 10231) 
was used.

The microorganisms were recovered in Brain Heart 
Infusion broth and incubated for 24 h at 36 ± 0.1º C. After this 
period, the strains were streaked on Mueller Hinton agar 
(MH) and incubated for 24 h at 36 ± 0.1º C. To standardize 
the inoculum, the strains were diluted in saline solution 
(0.85%) resulting in a final concentration of 1 × 105 UFC/mL 
for bacteria and 1 × 106 UFC/mL for C. albicans yeast. 
The inoculum was compared by turbidity with the reading 
standard 0.5 on the McFarland scale and the absorbance of 
the suspension read in a spectrophotometer (A600 = 0.3).

2.4.2. Minimum inhibitory concentration (MIC)

The assays were performed according to the broth 
microdilution methodology described by (Weber et al., 
2014), with modifications. The E. involucrata plant extracts 

to obtain high value chemical products (Andrade et al., 
2009; Oliveira et al., 2012; Lazzarotto-Figueiró et al., 2021).

In the investigation of native medicinal plants, the 
family Myrtaceae includes one of its largest representatives, 
the genus Eugenia, which comprises about 400 species 
distributed throughout Brazil (Sobral et al., 2015). This genus 
is quite interesting from a chemical and pharmacological 
point of view and stands out for its therapeutic 
potential. Studies with species of this genus have shown 
promising results, such as antioxidant (Moresco  et  al., 
2016) anti‑inflammatory (Infante et al., 2016), antiviral 
(Sood et al., 2012), antibacterial (Simonetti at al., 2016; 
Lazzarotto-Figueiró  et  al., 2021) and hypoglycemic 
(Sharma et al., 2008).

The species Eugenia involucrata DC. is a native arboreal 
plant. It is specific to the Mata Atlântica region, popularly 
known in Brazil as “cerejeira-do-mato”, “cerejeira-da-terra”, 
“cereja-do-rio-grande” or “cereja-preta”. This species is 
widely used in the economic sector due to the presence 
of edible fruits and in the recovery of degraded areas 
(Lorenzi, 2009). In folk medicine, its leaves are used as an 
infusion for the treatment of diarrhea and poor digestion 
(Sausen et al., 2009; Hüller and Schock, 2011).

Little is known about the antimicrobial and antioxidant 
properties of E. involucrata leaves, which is intriguing 
considering the biological potential of the genus. In the 
literature, no studies have reported the antimicrobial 
activity of this species, and only recently, the antioxidant 
activity of leaf essential oil (Ciarlini  et  al., 2017) and 
E. involucrata fruit has been reported (Marin et al., 2008; 
Infante  et  al., 2016; Nicácio  et  al., 2017). In this sense, 
studies related to the chemical composition and biological 
potential of plant species become increasingly relevant, 
allowing for the validation of ethnobotanical knowledge 
and the appreciation of native flora.

Therefore, the present study aimed to perform a 
preliminary phytochemical prospection of the main 
groups of secondary metabolites present in the plant 
extracts of E. involucrata leaves, as well as to investigate 
the antimicrobial and antioxidant potential of this species.

2. Material and Methods

2.1. Collection and identification of plant material

The collection of E. involucrata leaves were carried out 
in the ecological park Paulo Gorski (24 ° 57 ‘49.8 “S 53 ° 
26’ 1.4” W), located in the municipality of Cascavel-PR, 
between the months of October 2016 and March 2017. 
The plant was identified by the botanist Lívia Godinho 
Temponi, an exsiccate was deposited in the State University 
of the West of Paraná Herbarium (UNOP) under voucher 
number UNOP 1883.

2.2. Obtaining plant extracts

The extracts were prepared according to the 
methodology proposed by (Pandini  et  al., 2015), with 
modifications. The dry vegetable material (10 g) was 
extracted with different solvents (100 mL): methanol 
(MeOH), ethanol (EtOH), ethyl acetate (EtAce), acetone 
(Ace), hexane (Hex), dichloromethane (DCM) and distilled 
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crude were solubilized in methanol, obtaining a stock 
solution (400 mg/mL). For the assay with the bacterial 
strains, a serial dilution of the stock solution of crude 
extract in MH (1:1) was performed. Roswell Park Memorial 
Institute (RPMI) broth (1:1) was used for C. albicans yeast. 
Concentrations of the extract were obtained between 
200 to 0.09 mg/mL. At the end, the inoculum (10 μL) was 
added and the plates were incubated at 36 ± 0.1° C for 
18–24 h. For the positive control, the commercial antibiotic 
gentamycin (200 mg/mL) and the commercial anti-fungal 
nystatin (200 mg/mL) were used. As a negative control, 
the inoculum was added to the MH/RPMI broth, without 
the presence of the extract, to verify the viability of 
the tested microorganism. The sterility control of the 
solubilized extracts in methanol P.A. and a control of the 
diluent methanol P.A. were also performed to check for 
interference in the assay. Triphenyltetrazolium chloride 
(10 μL TTC, 0.5%) (36 ± 0.1° C for 15 min.) was used as a 
colorimetric developer. MIC was performed in triplicate, 
and it was possible to determine the lowest concentration 
of extracts capable of inhibiting microbial growth.

2.4.3. Minimum bactericidal concentration (MBC) and 
minimum fungicidal concentration (MFC)

For this test, the methodology of (Weber et al., 2014) 
was used, with modifications. Before the addition of 0.5% 
TTC to determine the MIC, an aliquot of 2 μL was removed 
from each dilution present in the microdilution plate wells, 
being sown on the surface of the MH agar. The plates 
were incubated at 36 ± 0.1 °C for 18-24 h. The assay was 
carried out in triplicate to determine CBM/CFM, which was 
observed if there was microbial growth in the MH agar, 
allowing for the verification of the lowest concentration 
of the plant extracts capable of causing the death of the 
tested bacterium/yeast.

2.5. Antioxidant activity

The antioxidant activity of the vegetable extracts was 
carried out according to the method for the reduction of 
the free radical 2,2-diphenyl-1-picryl-hydrazil (DPPH), 
proposed by (Rufino  et  al., 2007), with modifications. 
First, a calibration curve (0, 10, 20, 30, 40, 50 and 60 μM 
DPPH) was made to obtain the DPPH concentration in 
the medium after reaction with the extract, resulting the 
Equation 2 (R2 = 0.999), where y is the concentration of 
DPPH and x is the absorbance. Then, the plant extracts 
were solubilized in methanol P.A. (concentrations of 0.1 to 
15 mg/mL). An aliquot of 0.1 mL of extract was added to 
3.9 mL of a methanolic solution of DPPH (60 μM). Then the 
absorbance reading was performed in a spectrophotometer 
(FEMTO, 700 Plus) at 515 nm. The synthetic antioxidant 
BHT (butyl hydroxy toluene) was used as a positive control 
(concentrations of 0.025 to 0.5 mg/mL). All concentrations 
were defined from a preliminary test to determine the 
antioxidant activity in the approximate range of 20 to 80% 
free radical sequestration DPPH. The percentage of free 
radical sequestration (AA%) was expressed by the Equation 
3, where A0 is the absorbance of the negative control and 
A1 is the absorbance of the sample. For the calculation of 
IC50 (amount of antioxidant substance required to reduce the 

initial concentration of DPPH by 50%), the concentrations 
of the plant extracts and BHT were used to obtain the 
equation of the line with a R2 greater than 0.80, from the 
linear regression. The tests were performed in triplicate and 
expressed as mean ± standard deviation. The IC50 results 
were analyzed using an ANOVA with Tukey’s test (p <0.05) 
using the statistical software R® version 3.3.2.

0.0117 0.0102y x= + 	 (2)
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3. Results and Discussion

3.1. Phytochemical prospecting

The following yields were obtained from the preparation 
of E. involucrata plant extracts with different solvents: 
MeOH (23.6%), EtOH (19.42%), Ace (9.38%), EtAce (6%), 
Hex (6.35%), DCM (6.31%) and DW (9.84%).

Phytochemicals are extracted from the plant’s secondary 
metabolism. The synthesis of these metabolites is directly 
influenced by external factors such as soil conditions, 
temperature and water availability. Therefore, the 
environmental conditions in which the plant is found will 
determine the bioactive potential and the phytochemical 
profile that will be found in the extract (Lin et al., 2020).

The process of extracting phytochemical compounds 
from plants is a physical-chemical operation of mass 
transfer, in which soluble and volatile solids can be extracted 
(Poirot et al., 2006). The yield of crude plant extracts is 
influenced by the conditions under which the extraction 
process is carried out (temperature, extraction time, 
solid‑solvent ratio, particle agitation and pressure, polarity 
and solubility). In addition, the plant matrix has a complex 
cellular microstructure that meets the unique molecular 
structure of the solute, ensuring that each extraction 
system shows skin behavior, which cannot be easily 
predicted (Cabana et al., 2013; Fernández-Agulló et al., 
2013; Pinelo et al., 2004; Wongkittipong et al., 2004).

The phytochemical investigation of extracts revealed 
the presence of compounds belonging to the classes of 
saponins, free steroids, flavonoids (flavones, flavanols, 
and flavanonols), xanthones and tannins (Table 1). Free 
steroids were the only class of secondary metabolites that 
were present in all extracts. The extracts that presented 
the greatest diversity of secondary metabolites were EtOH 
and DW, followed by the extracts of MeOH, EtAce, Ace, 
Hex, and DCM. The literature reports that plant extracts 
commonly rich in metabolites use extraction solvents these 
are mainly methanol, ethanol and acetone (Cabana et al., 
2013; Fernández-Agulló et al., 2013).

Despite the majority of popular medicinal preparations 
used, it will be water-based that was removed from organic 
solvents plants provide more consistent antimicrobial 
activity. A majority of two polyphenolic bioactive 
composts, such as flavonoids, are generally solubilized 
in polar solvents, such as ethanol and methanol. A most 
useful theory for the low activity of the aqueous extract 
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can be attributed to the polyphenol oxidase enzyme, 
which degrades polyphenols in aqueous extracts, while 
in methanol and ethanol are not active. Furthermore, 
water is a suitable medium for the proliferation of 
microorganisms when compared to alcohol. Or ethanol, 
due to its physico‑chemical characteristics, it is easier 
to penetrate the cell membrane to extract intracellular 
compost from plant material that is active against 
microorganisms (saturated or aromatic organic compost) 
(Tiwari et al., 2011).

The difference in the composition of the extracts can 
be explained by the richness of the metabolites that were 
present, the yield during the extraction, as well as the 
polarity characteristics of the solvent used, with these being 
the determinants in the extraction of bioactive compounds 
with biological potential (Fernández-Agulló et al., 2013; 
Pimentel et al., 2013).

Within the genus Eugenia, the most common classes 
of secondary metabolites are flavonoids, triterpenoids 
and tannins (Queiroz et al., 2015). However, there have 
been no studies that have related to the presence of 
phytochemicals in the leaf extracts of E. involucrata. 
However, the fruit has been well studied, proving the 
presence of phenolic compounds, and as in our research, 
confirming the potential of the species as a raw material 
for the extraction of bioactive compounds (Infante et al., 
2016; Nicácio et al., 2017).

3.2. Antimicrobial activity

In the broth microdilution assay, all plant extracts from 
E. involucrata leaves were tested for their ability to inhibit 
growth (MIC) or cause death (MBC/MFC) of microorganisms 
(Table  2). The MIC and MBC/MFC of the plant extracts 
were classified according to Pandini  et  al. (2015) as: 

high (<12.5 mg/mL), moderate (12.5 to 25 mg/mL), low 
(50 to 100 mg/mL) and very low (> 100 mg/mL).

Extract activity varied according to the extracting solvent 
and the tested microorganism. Thus, all of the E. involucrata 
extracts presented antimicrobial potential fronts for the 
11 tested strains, except for DW, which did not present 
antimicrobial activity against the K. pneumoniae strain. This 
extract presented the lowest activities, with MIC and MBC 
values between 50 and 200 mg/mL; however, it revealed a 
greater presence of groups of secondary compounds. As it 
is a qualitative method, phytochemical prospecting does 
not allow for the quantification of these groups, and the 
presence of these groups in low quantities was probably 
not sufficient to promote the effective inhibition of the 
tested pathogens.

The antimicrobial activity of the extracts declined 
in the following order: MeOH > EtOH > Ace > EtAce 
> DCM > Hex > DW. MeOH and EtOH presented the 
greatest activities, compared to the other extracts. MeOH 
presented antimicrobial activity values ranging from 
3.12 to 25 mg/mL, which is classified as between high and 
moderate activity; EtOH showed antimicrobial activity 
values between 3.12 and 50 mg/mL, presenting variation 
between high, moderate and low activity. These extracts 
showed very similar antimicrobial properties and similar 
phytochemical compounds, only presenting differences in 
the types of phenolic compounds found. MeOH presented 
flavanonols, whereas EtOH showed the presence of flavones, 
flavanols and xanthones, which may justify the variation 
in antimicrobial action.

EtAce, DCM and Hex presented, in their majority, 
antimicrobial activity that is considered to be between 
moderate and low, and no tannins were found. On the other 
hand, Ace, with the proven presence of tannins, presented 

Table 1. Phytochemical prospection of aqueous and organic solvent extracts from leaves of E. involucrata.

Chemical 
compounds

Extracting solvente

MeOH EtOH EtAce Ace Hex DCM DW

Saponins ++ + - - - - ++

Free steroids + + + + + + +

Triterpenoids - - - - - - -

Alkaloids - - - - - - -

Anthocyanins - - - - - - -

Anthocyanidins - - - - - - -

Flavones - + + - - - +

Flavanols - + + - - - +

Xanthones - + + - - - +

Chalcones - - - - - - -

Aurones - - - - - - -

Flavanones + - - - - - -

Condensed tannins ++ ++ - + - - +

Coumarins - - - - - - -

Methanol (MeOH), ethanol (EtOH), ethyl acetate (EtAce), acetone (Ace), hexane (Hex), dichloromethane (DCM) and distilled water (DW); (+) Positive 
reaction, (++) strong positive reaction and (-) negative reaction.
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a better performance, with moderate antimicrobial activity 
for most (8/11) of the tested strains.

These results agree with those found in the literature 
for different Eugenia species, such as Eugenia umbeliflora 
(Machado et al., 2005), Eugenia pyriformis (Souza et al., 
2014), Eugenia brejoensis (Azevedo et al., 2012) and Eugenia 
brasiliensis (Magina et al., 2012). It is also worth noting 
that the methanolic extract of Eugenia uniflora leaves has a 
high inhibition for both Gram positive and Gram negative 
bacteria (10–156 μg/mL) (Bouzada et al., 2009) and ethanolic 
extract with MIC (S. aureus, S epidermidis, B. subtilis, E. coli, 
and P. aerugionosa) (Fiúza et al., 2009). However, data on 
the antimicrobial potential of E. involucrata extracts were 
not verified in the literature; this is the first report on the 
antimicrobial potential of this species.

The antimicrobial profile of the vegetal extracts against 
the yeast C. albicans showed moderate to low action, except 
for DW with a MBC of 200 mg/mL, which is considered very 
low. Similar results were found for the antifungal activity 
of the hydroalcoholic extract of E. uniflora compared to 
three species of Candida (MIC between 31.2 and 125 μg/mL) 
(Holetz et al., 2002).

Due to the proven antimicrobial properties of the 
secondary metabolites in plants, it is suggested that the 

antimicrobial potential of E. involucrata plant extracts 
are related to its phytochemical profile. According to the 
literature, the flavonoids present in MeOH, EtOH, EtAce 
and DW are hydroxylated phenolic substances with proven 
antimicrobial activities. In turn, these act to form complexes 
with extracellular and soluble proteins, which bind to the 
bacterial cell wall to cause irreversible cell damage (Sher, 
2009; Samy and Gopalakrishnakone, 2010).

The tannins present in MeOH, EtOH, Ace and DW, 
also belonging to the group of phenolic compounds, 
are characterized by their astringency properties, in 
addition to inhibiting Gram positive bacteria that cause 
food deterioration (B. subtilis), pathogens transmitted via 
contaminated food (S. aureus), as well as Gram negative 
bacteria (E. coli), and the proven inhibition of the growth 
of many fungi and yeasts (Samy and Gopalakrishnakone 
2010; Gyawali and Ibrahim 2014). Its mode of action may 
be related to the formation of complexes with enzymes and 
microbial proteins, inactivating their functions, which may 
inhibit the transport of electrons through membranes, or 
even cause changes in the copper and iron ions related to 
the activities of some essential cell enzymes (Sher 2009; 
Samy and Gopalakrishnakone, 2010; Mendez et al., 2012; 
Gyawali and Ibrahim, 2014). In addition, the saponins 

Table 2. Minimum Inhibitory Concentration (MIC), Minimum Bactericidal Concentration (MBC), Minimum Fungicidal Concentration 
(MFC) of aqueous and organic solvent extracts on leaves of E. involucrata against different pathogenic strains.

Microorganisms
MIC/MBC (mg/mL)

Extracting solvente

Gram positives MeOH EtOH EtAce Ace Hex DCM DW

S. aureus
(ATCC 25923)

3.12/25 3.12/6.25 25/50 12.5/25 12.5/50 12.5/100 50/50

S. epidermidis  
(ATCC 12228)

12.5/12.5 6.25/12.5 12.5/25 12.5/12.5 100/100 12.5/50 50/100

E. faecalis
(ATCC 19433)

6.25/12.5 12.5/50 100/100 12.5/50 25/50 25/200 50/50

B. subtilis
(CCCD B005)

3.12/6.25 6.25/12.5 12.5/25 12.5/12.5 50/50 6.25/12.5 100/200

Gram negatives

S. Typhimurium  
(ATCC 14028)

25/25 12.5/25 25/100 12.5/25 50/100 50/50 50/ -

S. Enteritidis
(ATCC 13076)

25/25 12.5/25 25/50 12.5/25 50/100 50/100 50/ -

E. coli
(ATCC 25922)

12.5/25 12.5/25 12.5/25 12.5/25 25/50 25/50 50/ -

K. pneumoniae  
(ATCC 13883)

25/25 25/50 6.25/6.25 6.25/12.5 50/50 12.5/50 - / -

P. mirabilis
(ATCC 25933)

6.25/12.5 12.5/12.5 25/50 12.5/25 50/100 50/50 100/ -

P. aeruginosa  
(ATTC 27853)

12.5/25 12.5/12.5 25/50 25/50 50/100 12.5/100 50/ -

Yeast MIC/MFC (mg/mL)

C. albicans
(ATCC 10231)

12.5/25 12.5/50 25/25 50/50 25/25 25/50 50/200

(-) No activity; Methanol (MeOH), ethanol (EtOH), ethyl acetate (EtAce), acetone (Ace), hexane (Hex), dichloromethane (DCM) and distilled water (DW).
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found in MeOH, EtOH and DW have been reported to 
have antimicrobial potential, acting on the bacterial cell 
membrane and increasing its permeability (Simões et al., 
2004; Gyawali and Ibrahim, 2014).

In general, all the extracts affected the growth or caused 
the death of the pathogenic strains, suggesting that the 
compounds present in these extracts, mainly the phenolic 
compounds, play an important antimicrobial role against 
the tested strains.

Some recent studies report properties of methanolic 
extracts as being and important antimicrobial and 
antioxidant; in the study of Liaqat  et  al. (2019), the 
methanolic extract of Allium sativum exhibited better 
antimicrobial performance against E. coli and S. aureus. 
In the study developed by Aliakbarlu and Tajik (2012) the 
methanolic extract of Borago officinalis flowers presented 
the most antioxidant potential, the E. involucrata extract 
reported here has the two outstanding characteristics.

3.3. Antioxidant activity

The antioxidant capacity of E. involucrata plant extracts 
were determined by a DPPH free radical sequestration 
assay (Table 3). This assay is a direct and reliable method 
for measuring the anti-radical capacity of plant extracts 
(Cabana et al., 2013).

The extracts that presented the highest sequestration 
of DPPH radicals were MeOH, EtOH and Ace at the 
concentration of 1.0 mg/mL, obtaining antioxidant 
percentages of 95.85, 92.84 and 91.13%, respectively; 
their IC50 values were considered to be the same when 
compared to each other (p <0.05). Among all the tested 
plant extracts, MeOH showed an IC50 value equal to the 
value found for the commercial antioxidant BHT (p <0.05). 
On the other hand, EtAce, Hex, DCM and DW expressed 
significant differences in IC50 values when compared 

to each other and to BHT (p <0.05; Table 4). Due to the 
questionable toxicity of the synthetic antioxidant BHT 
with respect to human health and consumer preferences 
for natural products, studies with antioxidants in Eugenia 
spp., mainly related to its phenolic content, are increasingly 
common (Durling et al., 2007; Fernández-Agulló et al., 
2013; Queiroz et al., 2015).

The sequestration effect of the extracts was concentration 
dependent. In general, some extracts required higher 
concentrations to reach the maximum antioxidant 
potential., However, all extracts had an excellent percentage 
of DPPH sequestration (above 70%) and the decline in 
antioxidant activity followed this descending order: 
MeOH > EtOH > Ace > EtAce > DW > DCM > Hex.

Thus, we verified the important role of solvents in the 
determination of biological activities, such as antioxidant 
and antimicrobial activity, as well as their determining 
characteristics in the extraction of bioactive compounds. 
Extracts based on water, hydroalcoholic mixtures, 
ethanol, methanol and acetone were more effective for 
the extraction of antioxidant compounds due to the high 
polarity and good solubility of the solvents, mainly for 
the extraction of phenolic compounds (Durling  et  al., 
2007; Fernández‑Agulló et al., 2013; Onivogui et al., 2015; 
Takao et al., 2015; Kharchoufi et al., 2018).

In spite of the fact that there are no reports of the 
antioxidant activity of the extracts of E. involucrata leaves, 
studies with its fruit have shown excellent antioxidant 
potential, correlated with their phenolic content 
(Infante et al., 2016; Nicácio et al., 2017).

The antioxidant activity of the extracts is related to 
the compounds capable of preserving the biological 
systems from the harmful effects of free radicals. Thus, 
their action prevents the deterioration of food, cosmetics 
and pharmaceutical products, as well as the growth of 

Table 3. Percentage of antioxidant activity of aqueous and organic solvent extracts from the leaves of E. involucrata by the DPPH method.

Concentration 
(mg/mL)

Control 
(BHT)

Plant extracts of E. involucrata

Extracting solvent

MeOH EtOH EtAce Ace Hex DCM DW

15 - - - - - 80.82±3.03 - -

10 - - - - - 66.09±2.42 77.05±0.80 -

7.5 - - - - - 49.07±2.42 69.67±0.80 87.05±0.10

5.0 - - - - - 44.06±3.23 54.57±1.11 83.83±0.40

2.5 - - - 91.13±0.14 - 25.60±0.80 34.61±1.01 57.79±0.60

1.0 - 95.85±0.29 92.84±0.62 64.52±2.64 91.13±1.03 - 16.88±0.20 29.68±0.10

0.75 - 92.98±0.36 85.69±3.17 54.5±0.89 80.82±0.83 - - 24.46±0.40

0.50 94.92±0.91 80.68±2.72 74.64±3.27 39.34±2.49 69.52±0.97 - - -

0.25 85.12±1.61 54.22±0.87 48.49±3.05 23.46±1.15 42.48±3.08 - - -

0.10 57.65±1.82 27.46±1.00 24.32±2.34 - 21.17±1.65 - - -

0.05 37.41±0.50 - - - - - - -

0.025 24.46±1.01 - - - - - - -

(-) Not tested; BHT (commercial synthetic antioxidant Butylhydroxytoluene), methanol (MeOH), ethanol (EtOH), ethyl acetate (EtAce), acetone 
(Ace), hexane (Hex), dichloromethane (DCM) and distilled water (DW); Percentage of DPPH radical sequestration was expressed as mean ± standard 
deviation.
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undesirable microorganisms. In addition, they have a 
fundamental role in the cell damage and aging processes 
(Bozin et al., 2007; Fernández-Agulló et al., 2013). Given 
this, MeOH, EtOH and Ace, together with DW, due to their 
low toxicity, are excellent candidates for industry use. It is 
suggested that their antioxidant potential is related to their 
phenolic content (flavonoids and tannins). These phenolic 
compounds can act by sequestering free radicals, thereby 
reducing the redox potential of the medium by chelating 
pro-oxidant metal ions and inhibiting some enzymes, 
which may also restrict the growth of contaminating 
microorganisms (Oliveira  et  al., 2009; Gyawali and 
Ibrahim, 2014).

4. Conclusion

This study aimed to provide unpublished information 
regarding the biological and phytochemical profile of the 
different extracts of E. involucrata leaves. According to 
phytochemical prospecting, plant extracts revealed the 
presence of saponins, free steroids, flavonoids (flavones, 
flavanols and flavanones) and tannins. The relationship 
between these classes of metabolites and their 
antimicrobial and antioxidant activities was inferred. 
The results showed excellent antimicrobial activity, which 
varied according to the extracting solvent and the tested 
microorganism. For antioxidant activity, the percentages 
of the sequestration of DPPH radicals were optimal, above 
70%. MeOH and EtOH presented the best results for the 
tested biological activities, demonstrating the influence 
of phenolic compounds. According to these promising 
results, information on the pool of phytochemicals 
and biological activities of E. involucrata is a valuable 
contribution to future bioassays and their possible use 
in different industry sectors.
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