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Abstract
This study was carried out to assess the antibacterial, cytotoxic and antioxidant activities of extracts of Morus 
nigra L. HPLC was used to determine the fingerprint chromatogram of the crude ethanolic extract (Mn-EtOH). 
The antibacterial effect was assessed through the method of microdilution. The cytotoxicity was tested against human 
tumour cell lines using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. The total 
phenolic and flavonoid contents were also assessed through the Folin-Ciocalteu and aluminum chloride methods, 
respectively. Antioxidant activities of the extracts were evaluated by using 2,2-diphenyl-1-picrylhydrazil (DPPH) radical 
scavenging and β-carotene-linoleic acid bleaching methods. The presence of phenolic compounds in Mn-EtOH was 
confirmed using HPLC. The extracts showed activity against most microorganisms tested. The extracts did not show 
any expressive antiproliferative effect in the assessment of cytotoxicity. The most significant total phenolic content 
was 153.00 ± 11.34 mg of gallic acid equivalent/g to the ethyl acetate extract (AcOEt). The total flavonoid content 
was 292.50 ± 70.34 mg of catechin equivalent/g to the AcOEt extract, which presented the best antioxidant activity 
(IC50 50.40 ± 1.16 μg/mL) for DPPH scavenging. We can conclude that this species shows strong antibacterial and 
antioxidant activities, as well as weak cytotoxic effects.
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Avaliação das atividades antibacteriana, citotóxica e antioxidante de  
Morus nigra L. (Moraceae)

Resumo
Este estudo foi realizado para avaliar as atividades antibacteriana, citotóxica e antioxidante de extratos de Morus nigra 
L. HPLC foi utilizado para determinar o perfil de compostos fenólicos do extrato etanólico bruto (Mn-EtOH). O efeito 
antibacteriano foi avaliado através do método de microdiluição. A citotoxicidade foi testada contra linhagens celulares de 
tumores humanos utilizando o ensaio do brometo de 3-(4,5-dimetil-2-tiazolil)-2,5-difenil-2H-tetrazólio (MTT). O conteúdo 
total de compostos fenólicos e flavonoides também foi avaliado por meio dos métodos de Folin-Ciocalteu e cloreto de 
alumínio, respectivamente. A atividade antioxidante dos extratos foi avaliada por meio do sequestro do radical livre 
2,2-difenil-1-picrilhidrazil (DPPH) e co-oxidação do sistema β-caroteno-ácido linoleico. A presença de compostos fenólicos 
em Mn-EtOH foi confirmada utilizando HPLC. Os extratos mostraram atividade contra a maioria dos microrganismos 
testados. Os extratos não mostraram qualquer efeito antiproliferativo expressivo na avaliação da citotoxicidade. O conteúdo 
fenólico total mais significativo foi de 153,00 ± 11,34 mg de equivalente de ácido gálico/g para o extrato acetato de etila 
(AcOEt). O conteúdo de flavonoides totais foi de 292,50 ± 70,34 mg de equivalente de catequina/g para o extrato AcOEt, 
que apresentou a melhor atividade antioxidante (IC50 50,40 ± 1,16 mg/mL) para o sequestro do DPPH. Podemos concluir 
que esta espécie apresenta forte atividade antibacteriana e antioxidante, bem como fraca atividade citotóxica.

Palavras-chave: antibacteriana, antioxidante, citotóxica, Moraceae, Morus nigra.
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1. Introduction

Moraceae is a family of flowering plants that comprises 
about 40 genera and over 1,000 species (Pawlowska et al., 
2008). The genus Morus is widely distributed in Asia, 
Europe, North America, South America and Africa, and 
is cultivated extensively in eastern, central, and southern 
Asia for silk production. Mulberry (Morus sp.) has been 
domesticated over thousands of years and has been adapted 
to a wide area of tropical, subtropical and temperate zones 
of the world (Ozgen et al., 2009).

Morus is a genus with species of deciduous trees. 
There are 24 species of Morus and one subspecies, with 
at least 100 known varieties (Padilha et al., 2010). Some 
species of this genus are widely cultivated in many 
countries, particularly in China and Japan, where mulberry 
is used for its foliage to feed the silkworm (Nomura, 
1988). Species of this genus have also been used in folk 
medicine (especially in Chinese traditional medicine) as 
antiphlogistic, hepatoprotective, hypotensive, antipyretic, 
analgesic, diuretic, expectorant and antidiabetic (Nomura, 
1988), as well as to treat anemia and arthritis (Ozgen et al., 
2009). This genus contains a variety of phenolic compounds 
including flavonoids and stilbenes, as well as triterpenoids 
and alkaloids (Kumar and Chauhan, 2008).

Morus nigra, known as black mulberry, is one of the 
most important species of the genus Morus. It has juicy 
fruits with extraordinary color and a unique, slightly acidic 
flavor. The fruits are 2-3cm long. Morus nigra has been 
used in folk medicine as an analgesic, diuretic, antitussive, 
sedative, anxiolytic and hypotensive, in addition to its 
uses in the treatment of a variety of ailments, including 
inflammatory disorders (Nomura and Hano, 1994).

There are few studies involving the chemical composition 
and assessment of the biological and pharmacological 
properties of Morus nigra collected in Brazil, mainly in the 
Northeast. In recent studies led by our research group, we 
assessed the hypoglycemic potential and acute toxicity of 
the crude ethanol extract from the leaves (Almeida et al., 
2011), as well as the pre-clinical toxicological evaluation 
of the tea from the leaves (Oliveira et al., 2013) and the 
antinociceptive potential of this species (Souza  et  al., 
2015). A review of medicinal plants and natural products 
from genus Morus with hypoglycaemic activity was 
also performed (Almeida et al., 2012). In this paper, we 
investigated the antibacterial, cytotoxic and antioxidant 
activities of extracts of leaves of M. nigra.

2. Material and Methods

2.1. Plant material
The leaves of Morus nigra L. (Moraceae) were 

collected in the Fazenda Ouro Verde, city of Casa Nova, 
State of Bahia, Brazil, in February 2010. A voucher 
specimen (1764) is deposited at the Herbarium Vale do 
São Francisco (HVASF) of the Federal University of San 
Francisco Valley.

2.2. Extraction
The dried and pulverized leaves (1196g) were 

macerated with ethanol 95% at room temperature for 72h. 
The solution was filtered and concentrated under reduced 
pressure in a rotatory evaporator at 50 °C, producing 64g 
of crude ethanol extract (Mn-EtOH). The Mn-EtOH (60g) 
was suspended in a mixture of H2O:MeOH (7:3 v/v) and 
extracted successively with hexane, chloroform (CHCl3) and 
ethyl acetate (AcOEt) in crescent order of polarity to obtain 
the respective extracts: hexane (9g – 14.97%), chloroform 
(2.39g – 3.98%) and ethyl acetate (1.90g – 3.16%).

2.3. Analysis of Mn-EtOH through high-performance 
liquid chromatography (HPLC)

The analysis of phenolic compound profile was 
performed in a Hitachi liquid chromatograph (Lachrom 
Elite model), LiCospher 100 RP18 column (5 mm) with 
dimensions 150 mm × 04 mm (Merck), equipped with 
Diode Array Detector (DAD). The mobile phase used was a 
solution of H2O/H3PO4 0.1% (A) and MeOH (B) provided 
initial 75% of A and 25% of B for 25 min. The column 
temperature was kept constant at 30 °C with a flow of 
1.0 mL/min. For the extract, an injection volume of 20 μl 
was used. Spectral data were recorded in 320 nm during 
the whole run.

2.4. Microorganisms
The reference bacterial strains used in this study were 

obtained from the National Institute of Quality Control in 
Health (INCQS/FIOCRUZ - Brazil). The microorganisms 
used were: Bacillus cereus (ATCC 11778), Enterococcus 
faecalis (ATCC 19433), Escherichia coli (ATCC 25922), 
Klebsiella pneumoniae (ATCC 13883), Salmonella 
choleraesuis (ATCC 10708), Serratia marcescens 
(ATCC  13880), Shigella flexneri (ATCC 12022) and 
Staphylococcus aureus (ATCC 25923).

2.5. Determination of minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC)

The antibacterial effect was evaluated by means of the 
microdilution method as recommended by The National 
Committee for Clinical Laboratory Standards (Santos et al., 
2012). Initially, a stock solution of 25 mg/mL of extracts was 
prepared using an aqueous solution of 20% DMSO (v/v). 
200 μl of this dilution was transferred to the microplate 
containing 200 μl of Müller-Hinton broth. Afterwards, 
serial dilutions were performed resulting in concentrations 
of 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39 and 0.195 mg/mL. 
The inoculum containing 5 × 105 CFU/mL (0.5 in McFarland 
scale) was added to each well. Wells were reserved in the 
microplate for sterility control of the broth, the bacterial 
growth and the action of antimicrobial reference (Gentamicin). 
For gentamicin, an initial concentration of 1.6 mg/mL was 
used, which was diluted to concentrations of 0.8, 0.4, 0.2, 
0.1, 0.05, 0.025, 0.0125 μg/mL. The microplates were 
incubated under aerobic conditions for 18-24 h at 37 °C 
when 10 μl of 2,3,5-triphenyl-tetrazolium chloride (TTC) 
2% was added to each well to detect the color change of 
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the TTC (colorless) to red, reflecting the active bacterial 
metabolism.

The MIC was defined as the lowest concentration of the 
extracts that visibly inhibited the bacterial growth (showed 
by the lack of red color) (Scur et al., 2016). In order to 
determine the MBC, aliquots of 10 μl were withdrawn 
from each well containing the extracts and transferred to 
Petri dishes containing agar Müller-Hinton. The plates 
were incubated for 24 h at 37 °C. The appearance of 
bacterial colony for a given concentration indicates that 
it was not able to kill 99.9% or more bacterial inoculums 
used. Assays were performed in triplicate. The density of 
the extracts was employed to convert μl/mL in mg/mL, the 
latter being used to express the MIC and MBC.

2.6. Cell line and cell culture
Human tumour cell lines, including OVCAR-8 (ovarian), 

SF-295 (brain) and HCT-116 (colon) were obtained from the 
National Cancer Institute (Bethesda, MD, USA). All cells 
were maintained in RPMI 1640 medium supplemented 
with 10% fetal bovine serum, 100 U/mL penicillin and 
100 µg/mL streptomycin at 37 °C with 5% CO2.

2.7. Determination of cytotoxicity
All extracts were tested for cytotoxic activity against 

three tumour cell lines. For all experiments, cells were placed 
in 96-well plates: OVCAR-8 (0.1 × 106 cells/mL), SF-295 
(0.1 × 105 cells/mL) and HCT-116 (0.7 × 106 cells/mL). 
After 24 h, all extracts (50 µg/mL) dissolved in 1% 
DMSO were added to each well using a high-throughput 
screening system (Biomek 3000 – Beckman Coulter, Inc. 
Fullerton, CA, USA), and the cultures were incubated for 
72 h. Control groups received the same amount of DMSO.

The general viability of cultured cells was determined 
by the reduction of the yellow dye 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
to a purple formazan product (CLSI, 2003). At the end of 
the incubation, the plates were centrifuged and the medium 
was replaced with fresh medium (150 µl) containing 
MTT (0.5 mg/mL). Three hours later, the plates were 
centrifuged, the MTT formazan product was dissolved in 
150 µl DMSO, and the absorbance was measured using 
a multi-plate reader (Spectra Count, Packard, Ontario, 
Canada). The extract effect was quantified as the percentage 
of the control absorbance of the reduced dye at 595 nm. 
All absorbance values were converted into a cell growth 
inhibition percentage (GI%) by the following formula: GI% 
= 100 – [(T/C) x 100%], where C was the absorbance for 
negative control and T was the absorbance in the presence 
of the extracts tested. Each sample was tested in triplicate 
in two independent experiments.

2.8. Total phenolic content
Total phenolic contents were assayed using the Folin-

Ciocalteu reagent, based on the method reported by (Slinkard 
and Singleton, 1977). An aliquot (40 μl) of a suitably diluted 
EtOH, hexane, CHCl3 and AcOEt extracts was added to 
3.16 mL of distilled water and 200 μl of the Folin–Ciocalteu 
reagent, and mixed thoroughly. The mixture was shaken and 

allowed to stand for 6 min, before receiving the addition of 
600 μl of sodium carbonate solution, and shaken to properly 
mix. The solutions were left at 20 °C for 2 hours and the 
absorbance of each solution was determined at 765 nm 
against the blank and plot absorbance vs. concentration. 
Total phenolic contents of the extracts (three replicates per 
treatment) were expressed as mg gallic acid equivalents 
per gram (mg GAE/g) through the calibration curve with 
gallic acid. The calibration curve range was 50-1000 mg/l 
(R2= 0.9938). All samples were performed in triplicate.

2.9. Determination of total flavonoid content
Total flavonoid content was determined by using a 

colorimetric method described previously (Zhishen et al., 
1999). Briefly, 0.30 mL of the EtOH, hexane, CHCl3 and 
AcOEt extracts, or (+)-catechin standard solution, was 
mixed with 1.50 mL of distilled water in a test tube followed 
by the addition of 90 μl of a 5% NaNO2 solution. After 
6 min, 180 μl of a 10% AlCl3. 6H2O solution was added and 
allowed to stand for another 5 min before 0.6 mL of 1 M 
NaOH was added. The mixture was brought to 330 μl with 
distilled water and mixed thoroughly. The absorbance was 
measured immediately against the blank at 510 nm using a 
spectrophotometer (QUIMIS, Brazil) in comparison with 
the standards prepared similarly with known (+)-catechin 
concentrations. The results were expressed as mg of 
catechin equivalent to the gram of extracts (mg CE/g) 
through the calibration curve with catechin (R2= 0.9948). 
The calibration curve range was 50-1000 mg/l.

2.10. DPPH free radical scavenging assay
The free radical scavenging activity was measured 

using the 2,2-diphenyl-1-picrylhydrazil (DPPH) assay 
(Mensor et al., 2001). Sample stock solutions (1.0 mg/mL) 
of extracts were diluted to final concentrations of 243, 81, 
27, 9, 3 and 1 μg/mL, in ethanol. One mL of a 50-μg/mL 
DPPH ethanol solution was added to 2.5 mL of sample 
solutions of different concentrations, and allowed to react 
at room temperature. After 30 min, the absorbance values 
were measured at 518 nm and converted into the percentage 
antioxidant activity (AA) using the following formula: 
AA% = [(absorbance of the control – absorbance of the 
sample)/ absorbance of the control] × 100.

Ethanol (1.0 mL) plus plant extract solutions (2.5 mL) 
were used as a blank. DPPH solution (1.0 mL) plus ethanol 
(2.5 mL) was used as a negative control. The positive 
controls (ascorbic acid, BHA and BHT) were those using 
the standard solutions. Assays were carried out in triplicate. 
The IC50 values were calculated through linear regression 
using by GraphPad Prism 5.0 program.

2.11. β-Carotene bleaching test
The β-carotene bleaching method is based on the loss 

of the yellow color of β-carotene due to its reaction with 
radicals formed by linoleic acid oxidation in an emulsion 
(Wannes et al., 2010). The rate of β-carotene bleaching 
can be slowed down in the presence of antioxidants. 
β-carotene (2 mg) was dissolved in 10 mL chloroform and 
to 2 mL of this solution, linoleic acid (40 mg) and Tween 
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40 (400 mg) were added. Chloroform was evaporated 
under vacuum at 40 °C and 100 mL of distilled water was 
added, then the emulsion was vigorously shaken during 
two minutes. Reference compounds (ascorbic acid, BHA 
and BHT) and sample extracts were prepared in ethanol. 
The emulsion (3.0 mL) was added to a tube containing 
0.12 mL of solutions 1 mg/mL of reference compounds 
and sample extracts. The absorbance was immediately 
measured at 470 nm and the test emulsion was incubated 
in a water bath at 50 °C for 120 min, when the absorbance 
was measured again.

Ascorbic acid, BHA and BHT were used as positive 
control. In the negative control, the extracts were 
replaced by an equal volume of ethanol. The antioxidant 
activity (%) was assessed in terms of the bleaching of the 
β-carotene using the following formula: % Antioxidant 
activity = [1 - (A0 – A) / (A0

0 – At
0)] × 100, where A0 

is the initial absorbance and At is the final absorbance 
measured for the test sample, A0

0 is the initial absorbance 
and At

0 is the final absorbance measured for the negative 
control (blank).

The results are expressed as percentage of antioxidant 
activity (% AA). Tests were carried out in triplicate. 
The data obtained were analyzed using the GraphPad Prism 
version 5.0 and expressed as mean ± S.D. Statistically 
significant differences between groups were calculated by 
the application of Student’s t-test. Values were considered 
significantly different from p < 0.05.

3. Results and Discussion

High-performance liquid chromatography with diode 
array detection (HPLC-DAD) accounts for a crucial, 
reliable technique for the characterization of phenolic 
compounds due to its versatility, precision and relatively 
low cost. Preliminary phytochemical analysis demonstrated 
that Mn-EtOH contains phenols, flavonoids, steroids and 
terpenoides (data not shown). Phenolic profile at 320 nm 
for the Mn-EtOH evaluated is presented in Figure  1. 
The chromatogram shows the presence of four peaks with 

retention times between 5 and 20 min. Based on their UV-Vis 
spectral data and their retention time, the compounds have 
UV bands characteristic of phenolic compounds, possibly 
flavonoid and phenolic acids (peak 1: λmax. 240 and 330 nm 
- flavonoid; peaks 2, 3 and 4: λmax. 230 nm, phenolic acids). 
These compounds are being currently investigated.

The abusive and indiscriminate use of antimicrobial 
compounds over many years is the main factor responsible 
for the appearance of the phenomenon of bacterial 
resistance to such compounds. Several alternatives have 
been suggested to solve this problem, such as the search 
for new antimicrobials in plant species. Some plants 
synthetize substances with antimicrobial properties such 
as terpenoids, phenolics (especially flavonoids) and 
nitrogen compounds (Politi et al., 2011). The results from 
the evaluation of the antibacterial activity for extracts 
of M. nigra are shown in Table 1, and are expressed as 
minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC).

The antibacterial activity was assessed against eight 
reference bacteria. The extracts showed activity against 
most of the microorganisms tested. The crude ethanol 
extract (Mn-EtOH) showed bactericidal activity against 
Gram-positive strains B. cereus and E. faecalis as well as 
against Gram-negative E. coli strain (Table 1). The hexane 
extract was also effective against the growth of B. cereus 
and E. faecalis. Furthermore, it could inhibit the growth of 
E. coli, S. choleraesuis and S. marcescens at a concentration 
of 3.12 mg/mL (Table 1).

An interesting result was observed for the chloroform 
extract, which presented bactericidal activity against 
strains of S. choleraesuis in the lowest concentration used 
during the experiment (Table 1). The ethyl acetate extract 
is composed predominantly of polar compounds such as 
phenolic substances. Many studies have shown that these 
classes of secondary metabolites exhibit antibacterial 
activity and are, probably, responsible for the results 
obtained using this extract.

In a review published on the antimicrobial activity of 
flavonoids, Cushnie and Lamb (2005) reported that many 
research groups have isolated and identified the structure 
of flavonoids that exerts antibacterial activity. Examples 
of such flavonoids are apigenin, galangin, pinocembrin, 
ponciretin, genkwanin, sophoraflavanone G and their 
derivatives. Other flavones, flavone glycosides, isoflavones, 
flavanones, isoflavanones, isoflavans, flavonols, flavonol 
glycosides and chalcones with antibacterial activity have 
also been identified (Cushnie and Lamb, 2005). It is possible 
for substances present in the extracts to exert antimicrobial 
activity. The exact mechanism and the bioactive principles 
responsible for such effect are still to be explained. Thus, it 
would be very interesting to fractionate the extracts, isolate 
the compounds and obtain a more accurate assessment.

The cytotoxicity of the extracts was tested against 
OVCAR-8 (ovarian), SF-295 (brain) and HCT-116 
(colon) human tumour cell lines using the thiazolyl-blue 
test (MTT) assay. MTT assay is a well-characterized 
colorimetric assay based on the enzymatic reduction of 

Figure 1. High-performance liquid chromatography with 
diode array detector (HPLC-DAD) profiles of Morus nigra 
ethanolic extract recorded at 320 nm.
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the tetrazolium salt MTT in living, metabolically active 
cells, but not in dead cells. It has been largely used to 
determine the cytostatic/cytotoxic potential of medicinal 
agents in screening programs (Santos-Júnior et al., 2010). 
The cytotoxicity of the extracts was initially tested against 
tumour cell lines using the thiazolyl-blue test (MTT) assay 
at a concentration of 50 μg/mL (Table 2). Those extracts 
that caused more than 75% cell growth inhibition in any 
cell line were considered active. Our results demonstrated 
that none of the extracts tested obtained from leaves of 
M. nigra were shown to be cytotoxic. They did not show 
any expressive antiproliferative effect. Thus, we can 
conclude that this species presents weak cytotoxic effects 
in the conditions tested.

Table 3 summarizes the results from the quantitative 
determination of phenolic and flavonoids as well as the 
effect of extracts from M. nigra, ascorbic acid, BHA and 
BHT on the DPPH free radical scavenging and β-carotene-
linoleic acid bleaching test. Considering that the aim of 
this study was to evaluate the antibacterial and antioxidant 

effects of the extracts and given the antibacterial and 
antioxidant activity described for the flavonoids, it was 
important to estimate the contents of total phenolic and 
flavonoids in the extracts.

The total phenolic contents of the extracts were 
determined by means of the Folin-Ciocalteu method as gallic 
acid equivalent in milligrams to each gram (mg GAE/g), 
while total flavonoid contents were calculated as catechin 
equivalent in milligrams to each gram (mg CE/g). Among 
the four extracts, ethyl acetate extract (AcOEt) contained 
the highest (153.00 ± 11.34) amount of phenolic compounds 
followed by the crude ethanol extract (58.05 ± 5.20). For the 
total flavonoid content, the highest value was observed in 
AcOEt extract (292.50 ± 70.34) while the crude ethanol 
extract (Mn-EtOH) presented 35.48 ± 6.86 mg CE/g. 
The total flavonoid content of the hexane and chloroform 
(CHCl3) extracts were note determined.

In the present study, the antioxidant ability of the M. nigra 
extracts was investigated through some in vitro models 
such as radical scavenging activity using, 2,2-diphenyl-1-

Table 1. Antibacterial activity of ethanolic (EtOH), hexane, chloroform (CHCl3) and ethyl acetate (AcOEt) extracts from 
the leaves of Morus nigra.

Antibacterial activity of Morus nigra extracts

Microorganisms
MIC (mg/mL) MBC (mg/mL)

EtOH Hexane CHCl3 AcOEt EtOH Hexane CHCl3 AcOEt
Bacillus cereus < 0.195 < 0.195 < 0.195 < 0.195 < 0.195 12.50 6.25 6.25
Enterococcus faecalis < 0.195 < 0.195 < 0.195 < 0.195 < 0.195 12.50 6.25 6.25
Escherichia coli < 0.195 3.12 1.56 0.78 < 0.195 6.25 12.50 6.25
Klebsiella pneumoniae 0.390 6.25 3.12 6.25 - 25 6.25 25
Salmonella choleraesuis 12.50 3.12 < 0.195 3.12 - 25 < 0.195 3.12
Serratia marcescens 12.50 3.12 1.56 3.12 - 12.50 12.50 3.12
Shigela flexneri 12.50 6.25 3.12 0.78 - 6.25 6.25 6.25
Staphylococcus aureus 12.50 6.25 6.25 6.25 - 6.25 6.25 6.25
MIC: minimal inhibitory concentration; MBC: minimum bactericidal concentration; (-) Microbial growth at all tested concentrations.

Table 2. Cell proliferation inhibition (%) of extracts of Morus nigra determined by MTT assay after 72 h of incubation at 
the concentration of 50 μg/mL. 

Extracts Cell proliferation inhibition (%)
OVCAR-8 SF-295 HCT-116

Mn-EtOH 47.67 38.44 34.78
Hexane 41.69 70.48 50.85
CHCl3 39.08 49.72 56.56
AcOEt -8.45 -5.30 -0.79

Table 3. Total phenolics (TP), total flavonoids (TF) and antioxidant activity of extracts from the leaves of Morus nigra L.

Extract TP (mg GAE/g) TF (mg CE/g) DPPH
(IC50, µg/mL)

β-carotene
(% AA)

Mn-EtOH 58.05 ± 5.20 35.48 ± 6.86 69.10 ± 1.88 41.30 ± 12.80
Hexane 41.38 ± 0.00 ---- > 243 51.36 ± 4.88
CHCl3 51.38 ± 7.50 ---- > 243 47.95 ± 17.06
AcOEt 153.00 ± 11.34 292.50 ± 70.34 50.40 ± 1.16 54.10 ± 12.34

Ascorbic acid ---- ----  5.68 ± 0.03 0.79 ± 2.21
BHA ---- ---- 1.67 ± 0.30 80.93 ± 3.45
BHT ---- ---- 0.65 ± 0.13 86.77 ± 1.14
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picrylhydrazyl (DPPH) method and β-carotene-linoleate 
model system. Antioxidant activity on method of DPPH 
was expressed as IC50 which is defined as the sufficient 
concentration to obtain 50% of a maximum effect estimate 
in 100%. Lower IC50 value indicated higher antioxidant 
activity. In β-carotene-linoleate model system, the antioxidant 
activity was expressed as percentage of antioxidant activity 
(%AA). DPPH is a stable free radical interacting with 
antioxidant substances, which transfer electrons or atoms 
of hydrogen to DPPH, neutralizing (“scavenging”) the 
free radical. This process can be observed as a change in 
the color of the reaction agent from violet to yellow and a 
reduction in the absorbance at 517 nm (Benites et al., 2015; 
Banerjee et al., 2005). The data showed that the EtOH and 
AcOEt extracts exhibited excellent free radical scavenging 
activity (IC50 < 100 µg/mL). The AcOEt extract showed 
better antioxidant with a value of IC50 of 50.40 ± 1.16 μg/mL. 
BHT was the most effective antioxidant, with a value 
of IC50 of 0.65 ± 0.13 μg/mL. The presence of phenolic 
compounds in the extracts was shown to be essential for 
scavenger properties. The antioxidant activity of extracts 
was also assessed with the β-carotene/linoleate bleaching 
method. The addition of extracts, ascorbic acid, BHA and 
BHT prevented the bleaching of β-carotene to different 
degrees. All extracts had lower antioxidant activity than 
did BHT and BHA.

The results presented in this paper showed that 
M. nigra has a substantial amount of phenolics that could 
be responsible for its marked antibacterial and antioxidant 
activities. The absence of cytotoxicity and high antibacterial 
and antioxidant activities were the main findings of this 
work. Further studies are encouraged in the search for 
bioactive molecules from this plant.
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