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ABSTRACT

Background: Microbial resistance to antibiotics has led to serious efforts to discover novel
drugs, which is why there is so much interest in the use of herbs. Therefore, the aim of this
study was to investigate the antibacterial effect of aqueous, hydro-alcoholic, and alcoholic
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extracts of Morus nigra in comparison with some common antibiotics.
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Accepted: 29 Feb 2022 ' Method: In this experimental study, the zone of inhibition, minimum inhibitory concentration
Publish: 01 Jul 2022 (MIC) and minimum bactericidal concentration (MBC) of the Morus nigra extracts
: against Staphylococcus epidermidis, Pseudomonas aeruginosa, Staphylococcus aureus,
Streptococcus mutans and Streptococcus pyogenes were determined using the disk diffusion
and broth macro-dilution methods. Statistical analysis was performed using the ANOVA test

by SPSS software.

Results: The results of this study showed that all studied strains were sensitive to different
extracts of Morus nigra. The highest antibacterial effect was related to the aqueous extract of
Morus nigra, which created an inhibition zone with a diameter of 22.25 against Streptococcus
mutans and Streptococcus pyogenes. The lowest inhibition zone (9 mm) was related to
:  the alcoholic extract of Morus nigra against Pseudomonas aeruginosa. The MIC values of
Keywords: . different extracts of Morus nigra against test bacteria varied from 0.78 to 3.12 mg/ml and
Herbal extract, Antibacterial :  MBC values were between 3.12 and 50 mg/mL.
resistance, Staphylococcus
aureus, Pseudomonase
aeroginosa

Conclusion: Based on the findings of this study, the aqueous extract of Morus nigra has
shown strong bactericidal properties against all studied bacterial strains, which indicates its
potential for therapeutic application.
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1. Introduction

ntibiotics refer to a group of drugs that

were first discovered in 1928 by the Scot-

tish physician Alexander Fleming. This

class of drugs is particularly effective in

killing a variety of pathogenic bacteria,

but has no effect on viruses [1]. Improper
administration of antibiotics causes bacterial resistance.
This not only increases mortality, but also leads to the in-
creasing production of new antibiotics [2]. Antibiotic re-
sistance is a specific feature in a microorganism in which
a particular antibiotic is no longer affected by the bacte-
rium when it was previously sensitive to the drug [3].
In medicine, the use of plant extracts and compounds
with biological properties has become common, and
their compounds are also one of the valuable resources
in medicine. As a result, with the spread of infectious
diseases, the identification of most of these extracts and
compounds is needed. Plant-based antimicrobial com-
pounds have numerous therapeutic properties. Herbal
compounds are effective in treating infectious diseases
and do not have the side effects of chemical antimicrobi-
al compounds [4, 5]. Nowadays, the study of antimicro-
bial effects of plant extracts, especially plants that have
traditionally been used as medicine, is one of the topics
of interest to researchers [6-8]. Due to the adverse effects
of chemical drugs, most countries in the world, including
developed countries, have thought about changing the
pattern of drug use from chemical to herbal, so that now
about 50% of the drugs used in Europe are herbal, while
this figure is very low in the country of Iran should look
for a way to expand the herbal pharmaceutical industry
as much as possible is of the great importance [9]. Morus
nigra contains biologically active compounds such as
alkaloids, carotenoids and flavonoids, vitamins, fats,
sugars, and minerals. Antioxidant compounds (such as
anthocyanins) in Morus nigra have potential effects on
reducing the risk of cardiovascular diseases and cancer.
It also has anti-inflammatory and anti-metastatic proper-
ties. Morus nigra is used as a medicine for the treatment
of dysentery and it is used as a laxative, antiemetic and
hypoglycemic. This fruit contains essential fatty acids
that the human body is unable to synthesize and must be
obtained through diet [10].

Staphylococcus aureus has undergone many genetic
changes over the past 50 years. In recent years, the im-
portant role of Staphylococcus aureus in the develop-
ment of nosocomial infections and the community has
led to increased research on this bacterium [11]. Staphy-
lococcus epidermidis is a gram-positive cocci and is
the most important member of the coagulase-negative
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staphylococcus group and is responsible for 75% of in-
fections in this group [12]. Staphylococcus epidermidis
has long been known as a saprophyte due to its relatively
poor pathogenicity. However, in recent decades, with the
expansion of the use of medical devices embedded in the
body, such as catheters and prostheses, it is recognized as
an important hospital pathogen [13].

Streptococcus mutans is a gram-positive coccus and
facultative-anaerobic that is the flora of the oral cavity in
humans. This bacterium is the most important cause of
caries and tooth decay [14]. Streptococcus mutans dam-
ages tooth enamel by fermenting sucrose and producing
lactic acid. The bacterium also uses sucrose to make
dental plaque. Dental plaque is made of dextran, a type
of polysaccharide [15]. Streptococcus pyogenes (Group
A B-hemolytic Streptococcus) is an important species
of gram-positive and extracellular pathogenic bacteria.
Group A streptococci that settle in the throat and skin are
responsible for a variety of purulent infections and non-
purulent consequences [16]. These bacteria are the most
common causes of bacterial inflammation of the throat
[17], scarlet fever and jaundice [18].

Pseudomonas aeruginosa is a gram-negative bacteri-
um and opportunistic pathogen that has the ability to live
in all environments and is the cause of many infections
in humans such as endocarditis, meningitis, sepsis and
chronic lung infections in patients with cystic fibrosis.
Pseudomonas aeruginosa is an important and serious
factor in nosocomial infections and mortality in patients
with leukemia, severe burns and patients with cystic fi-
brosis. This bacterium is directly related to the increase
in antibiotic resistance, so that about 30% of the nosoco-
mial infections are related to the antibiotic resistance of
this bacterium [19].

Various studies have been conducted on the medicinal
properties of different types of Morus, including Morus
alba, Morus nigra and berries, which determine their ef-
fectiveness in the treatment of diabetes, atherosclerosis,
hyperlipidemia and hypertension [20]. Morus nigra is
traditionally used to treat microbial infections [21]. The
antibacterial activity obtained from the extract of the
fruit and leaves of the Morus nigra was tested against
77 clinical strains and five bacterial species including
Enterobacter aerogenes, Escherichia coli, Proteus mira-
bilis, and Staphylococcus aureus [22].

Consumption of synthetic antibiotics on a regular basis
often causes the microbes to become resistant to a par-
ticular antibiotic. Due to the fact that natural compounds
are more compatible with the physiological conditions
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of the body, the use of plants and plant extracts is a very
good choice. Doing this kind of research can reduce the
use of chemical antibiotics. The present study was per-
formed to evaluate the antibacterial properties of Staphy-
lococcus aureus on Staphylococcus aureus, Streptococ-
cus mutans, Streptococcus pyogenes, Pseudomonas
aeruginosa, and Staphylococcus epidermidis.

2. Materials and Methods
Extraction

For this study, unripe fruits of Morus nigra in Bahram
village located in the city of Saqez were used. These
fruits were dried in the shade and the vicinity of air, then
pulverized by an electric grinder. For extraction, the
soaking method was used, which was done with water
and different solvents. In this study, distilled water and
Ethanol 96% (Taghtirkhorasan, Iran) in ratios of 1 to
20 were used to prepare the aqueous extract as well as
prepare alcoholic and hydro-alcoholic extracts (Distilled
water 30% and Ethanol 70%). For this purpose, 50 g of
dry powder was weighed in a ratio of 1 to 20, and 1000
cc of the solvent was then added to it. The lid of the glass
bottle was closed and wrapped with foil so that the so-
lution inside the bottle was away from light. The aque-
ous extract was soaked for 72 hours and alcoholic and
aqueous-alcoholic extracts were soaked for 48 hours.
The whole extracts were then filtered through Whatman
2 filter paper. In the next step, a rotary device (Buchi-
R100, Germany) was used to concentrate the extract
(rotation was performed for 40°C at 60 rpm. At this tem-
perature, the solvent evaporated and was removed from
the solution). Finally, the extract was obtained with the
desired purity. Then, the prepared extracts were packed
in special containers, and the extracts of dry powder
were prepared by a freeze dryer device. In this method,
the solvent of the sample is frozen and then sublimated,
and finally, the physical and chemical properties of the
material will remain unchanged.

Bacteria used

Bacteria used in this study were Staphylococcus
epidermidis PTCCI1114, Pseudomonas aeruginosa
PTCC1707, Staphylococcus aureus PTCC1189, Strep-
tococcus mutans PTCC1683, and Streptococcus pyo-
genes PTCC1762. All bacterial species were obtained
from the Scientific and Industrial Research Organi-
zation of Iran. To prepare the stock of bacteria, first,
tryptone soy broth powder (Merk, Germany) was dis-
solved in distilled water and after boiling, 15% glyc-
erol was added and sterilized in an autoclave. Then,
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in a completely sterile space under the laminar hood,
2 mL of the medium was poured into cryotubes and a
bacterial loop was added to it, and incubated, and the
prepared stocks were kept at freezer temperature.

Antimicrobial test methods

In order to perform the disk diffusion test, the Miiller
Hinton agar culture medium (Merck, Germany) was first
prepared and transferred to 8-cm plates, and the microbi-
al suspension was then prepared according to 0.5 McFar-
land turbidity. After preparing the homogeneous solution
with a sterile swab, the solution was stirred, and after
dewatering (pressing the swab to the wall of the tube to
eliminate its water), it was cultured on Miiller-Hinton
agar medium. After culturing, the dried discs (Padtan
Teb, Iran) impregnated with the extract were selected
and transferred to the medium under the hood and ster-
ile conditions using sterile forceps. On each plate, three
discs were placed on the medium at a distance of 4 cm.
After placing the discs in the plate, they were closed and
kept in an incubator at 37°C for 24 hours. Next, the plate
was examined and the diameter of the growth inhibition
zone was measured using an accurate ruler. This experi-
ment was performed in four replications to calculate the
mean and standard deviation. A one-way ANOVA test
was used to analyze the mean growth inhibition zone.

After performing the qualitative stage of disk diffusion
and recording the results of this stage and ensuring that
the plant extracts had antibacterial properties, determi-
nation of the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of the
plant extracts on the tested bacteria was performed by
the following procedure: in this method, seven tubes
were used. First, all tubes were sterilized immediately
at 170°C, and to ensure sterility, all work steps were
then performed under the hood and next to the flame.
Initially, a microbial suspension was prepared according
to 0.5 McFarland of each bacterium. In this method, tube
number 7 was used as a control and test control and in
the remaining six tubes, serial dilutions were prepared.
Inside all the tubes, 1 cc of the microbial solution was
added according to 0.5 McFarland. Then, serial dilutions
of 1.2, 1.4, 1.8, 1.16, 1.32, and 1.64 of the extract were
added to tubes 1 to 6, respectively. Next, all of them were
incubated for 24 hours at 37°C. After 24 hours, they
were surface cultured on a nutrient agar medium, and all
the prepared plates were again incubated for 24 hours at
37°C. Finally, all the plates were checked. The first plate
with half the number of colonies in the control plate was
considered as MIC, and the first plate with 5 or fewer
colonies was considered as MBC.
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Table 1. Mean diameter of growth inhibition zone (mL) of Morus nigra extracts and standard antibiotics for different bacteria

MeanxSD
Bacteria Par:)iﬂgi)n C?;i):g)\ € Ge(r;.?:lgi;: in Te};aoql/lcgl;ne Aqueous Alcoholic Hydroalcoholic
extract extract Extract
(40 pi) (40 pi) (40 pi)

Staphylococcus epidermidis 17 12 22 - 22.0+0.8 16.5+0.6 18.75+0.9
Staphylococcus aureus 40 18 17 31 18.75+0.5 16.5+1.6 17.5£1.3
Streptococcus mutans 17 23+0.9 16 - 22.25+0.6 17.5+0.6 18.75+0.5
Streptococcus pyogenes 16 23 17 - 22.25+0.5 17.0+0.8 17.75+0.5
Pseudomonas aeruginosa - - 17 17 13.5+1.3 9.0£0.8 10.5+0.6

Analysis of diameter of growth inhibition zone against Staphylococcus epidermidis

3. Results and Discussion

The mean diameter of the growth inhibition zone of
aqueous, hydro-alcoholic (ratio 30 to 70), and alcoholic
(96% ecthanol) extracts of Morus nigra was evaluated.
Also, the mean diameter of the growth inhibition zone
of penicillin, cefixime, gentamicin, and tetracycline an-
tibiotics has been given in Table 1. According to this
table, the highest antibacterial effect was related to the
aqueous extract of Morus nigra, which created an inhi-
bition zone with a diameter of 22.25 against the bacte-
rial species of Streptococcus mutans and Streptococcus
pyogenes, and the lowest inhibition zone (9 mL) was
related to the alcoholic extract of Morus nigra against
Pseudomonas aeruginosa. It is noteworthy that the sol-
vent-containing disks (ethanol and DMSO) (negative
control) did not show any growth inhibition zone.

(a)

As shown in Table 1, the largest diameter of the
growth inhibition zone was related to the aqueous ex-
tract for Staphylococcus epidermidis with an average
diameter of 22 mm, which is equal to the antibiotic
effect of gentamicin against this bacterium, and the
hydroalcoholic extract with the average diameter of
growth inhibition zone of 18.75 mm is placed in next
rank. Statistical analysis showed that the mean diame-
ter of the growth inhibition zone of the aqueous extract
was significantly higher than that of the alcoholic, hy-
droalcoholic extracts, and the penicillin, cefixime, and
tetracycline antibiotics (P<0.01). Also, according to
the table of standards for interpreting the diameter of
growth inhibition zone (CLSI) [23], it was determined
that Staphylococcus epidermidis is resistant to the pen-
icillin, cefixime, and tetracycline standards so that the
diameter of growth inhibition zone for them were 17,
12 and zero millimeters, respectively; but it is sensitive

(b)

Figure 1. (a) The growth inhibition zone of aqueous-alcoholic extract of blackberry on Staphylococcus epidermidis and (b) the
growth inhibition zone of aqueous extracts of Morus nigra, penicillin and tetracycline on Staphylococcus epidermis
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to the gentamicin with a diameter of growth inhibition
zone of 22 mm. The aura of lack of growth of aqueous-
alcoholic extract of blackberry on Staphylococcus au-
reus and the aura of lack of growth of aqueous extracts
of Morus nigra, penicillin and tetracycline on Staphy-
lococcus epidermis have been presented in Figure 1.

Analysis of halos against Staphylococcus aureus

For Staphylococcus aureus, the strongest antibacterial ef-
fect with a growth inhibition zone of 40 and 31 mm was
assigned to penicillin and tetracycline antibiotics, respec-
tively, followed by aqueous extract of Morus nigra, which
exhibited a relatively weak growth effect against this spe-
cial bacterium by creating a growth inhibition zone of
18.75 mm. Also, statistical analysis showed that there was
no significant difference between the mean diameter of the
growth inhibition zone of the aqueous extract with hydroal-
coholic and the antibiotic cefixime (P>0.05). According to
the CLSI table, Staphylococcus aureus is sensitive to the
antibiotic’s penicillin, cefixime, and tetracycline, with a di-
ameter of growth inhibition zones of 40, 18, and 31 mm,
respectively; but it is resistant to the gentamicin antibiotic
with a diameter of growth inhibition zone of 17. The aura
of no growth of Morus nigra aqueous extract on Staphylo-
coccus aureus and the aura of no growth of aqueous extract
of Morus nigra, Cefixime and gentamicin on Streptococcus
pyogenes have been presented in Figure 2.

Analysis of diameter of growth inhibition zone
against Streptococcus mutans

For Streptococcus mutans bacteria, the largest diameter
of the growth inhibition zone was related to the aque-
ous extract of Morus nigra with an average diameter
of growth inhibition zone of 22.25 mm; it was slightly

(a)
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weaker than the cefixime, which produced a growth
inhibition zone with a diameter of 23 mm against this
bacterium. Statistical analysis showed that the mean di-
ameter of the growth inhibition zone of aqueous extract
was significantly higher than alcoholic, hydroalcoholic
extracts, and antibiotics of penicillin, gentamicin, and
tetracycline (P<0.01); but there was no significant dif-
ference between the mean diameter of growth inhibi-
tion zone of the aqueous extract with cefixime antibiotic
(P>0.05). The inhibitory effect of hydroalcoholic extract
of Morus nigra against Streptococcus mutans with an
average diameter of growth inhibition zone of 18.75 mm
was significantly different from all antibiotics (P<0.01)
but differed only from the alcoholic extract by 5%. The
effect of alcoholic extract for Streptococcus mutans was
determined with an average diameter of 17.5 mm, which
showed a weaker effect than aqueous and hydroalcohol-
ic extracts. According to the CLSI table, this bacterium
is resistant to penicillin and tetracycline antibiotics with
a diameter of growth inhibition zone of 17 and zero, re-
spectively, and was sensitive to cefixime and gentamicin
with a diameter of growth inhibition zone of 23 and 16
mm, respectively. The aura of no growth of aqueous ex-
tract of Morus nigra, tetracycline and penicillin on Strep-
tococcus mutans have been presented in Figure 3.

Analysis of diameter of growth inhibition zone
against Streptococcus pyogenes

The largest diameter of the growth inhibition zone was
related to the aqueous extract of Morus nigra with an av-
erage halo diameter of 22.25 mm, which is significantly
higher than the effect of alcoholic, hydroalcoholic ex-
tracts and penicillin, gentamicin, and tetracycline antibi-
otics against Streptococcus pyogenes (P<0.01); but there

(b)

Figure 2. (a) The growth inhibition zone of Moros nigra aqueous extract on Staphylococcus aureus, and (b) the growth inhibition
zone of aqueous extract of Morus nigra, cefixime and gentamicin against Streptococcus pyogenes.
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Figure 3. Growth inhibition zone of aqueous of Morus nigra, tetracycline and penicillin on Streptococcus mutans

was no significant difference between the mean diameter
of the growth inhibition zone of the aqueous extract with
cefixime antibiotic (P>0.05). The inhibitory effect of the
hydroalcoholic extract on Streptococcus pyogenes with
a mean diameter of growth inhibition zone of 17.75 mm
was significantly different at 1% level with penicillin,
cefixime, and tetracycline antibiotics but there was no
significant difference with Morus nigra alcoholic extract
and gentamicin antibiotic. The effect of the alcoholic ex-
tract on Streptococcus pyogenes with an average diam-
eter of the inhibition growth zone of 17 mm was found
to be weaker than that of aqueous and hydro-alcoholic
extracts (P<0.01). According to the CLSI table, this bac-
terium is resistant to penicillin and tetracycline antibiot-
ics with a diameter of the inhibition growth zone of 16
and zero, respectively, and was sensitive to cefixime and
gentamicin antibiotics with a diameter of the inhibition

growth zone of 23 and 17 mm, respectively. The aura of
no growth of the aqueous extract of Morus nigra, tet-
racycline and penicillin on Streptococcus pyogenes are
presented in Figure 4.

Analysis of diameter of growth inhibition zone
against Pseudomonas aeruginosa

The antibiotics gentamicin and tetracycline had a simi-
lar resistance effect against Pseudomonas aeruginosa,
with an average diameter of 17 mm, which is much high-
er than the resistance of the aqueous extract of Morus
nigra with a diameter of growth inhibition zone of 13.5
against this bacterium and significance level of 1% was
observed. According to the CLSI table, Pseudomonas
aeruginosa is resistant to penicillin and cefixime with a
diameter of zero; but it is semi-sensitive to tetracycline
antibiotics with a diameter of growth inhibition zone of

Figure 4. Growth inhibition zone of aqueous extract of Morus nigra, tetracycline and penicillin on Streptococcus pyogenes
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Table 2. MIC (mg/mL) of different extracts of Morus nigra fruit against the tested bacteria

Bacteria S Aqueous Alcoholic Hydroalcoholic
Staphylococcus epidermidis 1.56 3.12 1.56
Staphylococcus aureus 1.56 3.12 1.56
Streptococcus mutans 1.56 3.12 1.56
Streptococcus pyogenes 1.56 3.12 1.56
Pseudomonas aeruginosa 0.78 3.12 1.56

17 and is sensitive to gentamicin antibiotics with a diam-
eter of growth inhibition zone of 17 mm.

According to Table 2, the aqueous and hydroalcoholic
extracts of Morus nigra showed a similar antibacterial
effect and the corresponding MIC value against Staphy-
lococcus and Streptococcus genus bacteria was 1.56 mg/
mL. The MIC of the aqueous extract was lower against
Pseudomonas aeruginosa (MIC=0.78); this indicates
that this species is more sensitive to the aqueous extract
of Morus nigra compared to other species.

For two bacteria belonging to the genus Staphylo-
coccus, the MBC had a similar pattern, and the low-
est bactericidal concentration was related to the aque-
ous and hydro-alcoholic extract of Morus nigra with a
dose of 12.5 mg/mL. Aqueous extract of Morus nigra
had a MBC of 12.5 mg/mL against mutans and pyo-
genes strains of the Streptococcus genus. The highest
antibacterial activity was related to aqueous extract on
Pseudomonas aeruginosa with an MBC of 3.12, and the
hydroalcoholic extract with MBC equal to 6.25 mg/mL
was in the next rank (Table 3).

Among all the extracts, according to the results, the
aqueous extract of Morus nigra had the highest yield
and efficiency. The extraction efficiency seems to have
increased with increasing solvent polarity. Among the
solvents used, water has the highest polarity index,

which may be effective in obtaining high efficiency of
the aqueous extraction, and probably the major part of
the composition of Morus nigra is polar material.

There is evidence in the literature that gram-positive
bacteria are more sensitive to essential oils and plant ex-
tracts than gram-negative bacteria [24, 25]. Due to the
hydrophobic lipopolysaccharide in the outer membrane,
which provides protection against various factors [26];
in our results, it was found that only the gram-negative
bacteria (Pseudomonas aeruginosa) showed less sen-
sitivity to the extract of Morus nigra compared to the
gram-positive bacteria (Staphylococcus and Streptococ-
cus studied in this study).

However, the aqueous extract of the Morus nigra fruit
in this study with an average diameter of growth inhibi-
tion zone of 13.5 mm showed a greater inhibitory effect
compared to the results of Sj and Mahmood [27] that ob-
tained the diameter of growth inhibition zone of 11 mm
for the methanolic extract of Morus nigra leaves against
Pseudomonas aeruginosa.

Yigit and Yigit tested the antibacterial activity of aque-
ous and methanolic extracts of Morus alba and Morus
nigra fruit and leaves against 5 bacterial species and 77
clinical strains by the disk diffusion method. Using aque-
ous and methanolic extracts of Morus nigra, Enterobac-
ter aeruginosa, Proteus mirabilis, and Pseudomonas ae-

Table 3. MBC (mg/mL) of different extracts of Morus nigra fruit against the tested bacteria

Bacteria Extiges Aqueous Alcoholic Hydroalcoholic
Staphylococcus epidermidis 12.5 25 12.5
Staphylococcus aureus 12.5 25 12.5
Streptococcus mutans 12.5 50 25
Streptococcus pyogenes 12.5 50 12.5
Pseudomonas aeruginosa 3.12 12.5 6.25
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ruginosa showed no growth inhibition zone. However,
in our study, the aqueous, hydro-alcoholic, and alcoholic
extracts of Morus nigra with a mean diameter of growth
inhibition zone of 13.5, 10.5, and 9 mm, respectively,
showed a stronger effect on Pseudomonas aeruginosa.
The highest diameter of growth inhibition observed for
the aqueous extracts of Morus nigra fruit was related
to aqueous Morus nigra against Staphylococcus aureus
with a diameter of 10 mm and aqueous extract of Morus
nigra leaf with a diameter of 15 mm [22]. In the results
of the present study, aqueous, hydro-alcoholic, and alco-
holic extracts of Morus nigra showed a stronger effect
against Staphylococcus aureus with a growth diameter
of growth inhibition zone of 18.75, 17.5, and 16.5 mm,
respectively. This difference may be due to differences in
the extraction method and the fruit used.

In the study by Khalid et al., the antimicrobial activ-
ity of fresh Morus nigra juice in vitro against gram-
positive and gram-negative bacteria (Staphylococ-
cus aureus, Enterococcus faecalis, Escherichia coli,
Salmonella typhimurium, Pseudomonas aeruginosa,
Bacillus spizizenii, Bacillus subtilis, and Corynebac-
terium diphtheria) was studied. In their results, the di-
ameter of growth inhibition zone was observed against
all the bacterial species, illustrating the confirmation
of the antibacterial activity of Morus nigra water. The
maximum inhibition zone against Pseudomonas aeru-
ginosa was 19.87 mm. This is in contrast to the results
of the present study in which the least growth inhibi-
tion zone was observed for Pseudomonas aeruginosa
[28]. The main reason for this difference could be that
they used fresh Morus nigra juice and did not extract
it. In the present study, the mean diameter of growth
inhibition zone in Staphylococcus aureus for the meth-
anolic extracts of Morus nigra fruit and aqueous-alkyl
extract (30% distilled water - 70% ethanol) of imma-
ture Morus nigra fruit were 10 and 17.5 mL, respec-
tively, for Pseudomonas aeruginosa was also obtained
0 (None) and 10.5 mL, respectively.

In 2015, Shukla et al. performed the approximate and
phytochemical analysis of Morus nigra using the stan-
dard protocols as well as antimicrobial properties of
the seeds on gram-negative and gram-positive bacte-
ria. The antibacterial activity of the Morus nigra seed
was measured against two gram-positive bacteria, i.c.,
Bacillus cereus and Staphylococcus aureus, and two
gram-negative bacteria, i.e., Salmonella and Pseudo-
monas aeruginosa. The largest diameter of the growth
inhibition zone of ethyl acetate extract among gram-
negative bacteria was related to Pseudomonas aerugi-
nosa with a diameter of the growth inhibition zone of
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13.82 mm, which was more than the reported 13.5 mm
in the extract of Morus nigra fruit in our work. Among
gram-positive bacteria, the largest diameter of growth
inhibition zone was related to Staphylococcus aureus
with a diameter of growth inhibition zone of 12.89 mm
[29], which was less than the bacterial resistance of
Morus nigra extracts against gram-positive bacteria
tested in present study.

Mazimba et al. studied the antioxidant and antibacterial
compounds of the root and bark of the Morus nigra tree.
The aim of their study was to isolate specific compounds
from Morus nigra to compare antioxidant compounds and
antibacterial activities with other types of Morus. The MIC
of the bark of the stem was reported against Staphylococcus
aureus was reported to be 125 pg/mL and the MIC of the
bark of the stem of Morus nigra for Pseudomonas aerugi-
nosa was reported to be 500 pg/mL. The MIC of Morus
nigra wood against Staphylococcus aureus was 62.5 and
was 500 pg/mL against Pseudomonas aeruginosa [30]. In
the results of the present study, the MIC value of aqueous
extract of Morus nigra fruit (0.78 mg/mL) for Pseudo-
monas gram-negative bacteria was relatively higher than
other studies, which was 0.625 mg/mL for aqueous extract
of Morus nigra against Pseudomonas aeruginosa and was
also 0.625 mg/mL for its methanolic extract.

In a 2008 study by Yigit and Yigit, the MIC of the aque-
ous extract of Morus nigra for Staphylococcus aureus
was 0.625 mg/mL and the MIC of its methanolic extract
against this bacterium was 1.25 mg/mL, which had a
significant difference in comparison with MIC results of
different extracts against gram-positive bacteria obtained
in our study. The extract of Morus nigra fruit in the pres-
ent study had a greater effect compared to the aqueous
extract of Morus nigra leaves in the study by Yigit, which
had a MIC of 0.156 mg/mL to stop the growth of Staph-
ylococcus, and the MIC of its methanolic extract was
0.312 mg/mL [22]. The disk diffusion results showed that
the extracts had less effect on gram-negative bacteria; on
the other hand, the broth dilution results showed that the
extracts had a greater effect on gram-negative bacteria.
This inconsistency can only be explained by the fact that
polar compounds are better released in the broth by the
broth dilution method and had an antimicrobial effect.

4. Conclusion

However, the results obtained from this study confirmed
the antimicrobial activity of the Morus nigra extract. Aque-
ous, alcoholic, and hydroalcoholic extracts of Morus nigra
had a growth inhibitory effect on all five species of bacteria
studied, and in most cases, the Morus nigra aqueous ex-
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tract showed stronger antibacterial activity than chemical
antibiotics. This antimicrobial property is probably related
to polar and phenolic compounds (including flavonoids,
flavones, isoflavones, isoprenylates, acetylbones, quarines,
chromiums and xanthans) which are associated with the
effect on the bacterial wall causes antimicrobial properties
on these bacteria. Hence, further laboratory research for
clinical use of this herbal medicine is required.
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