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Abstract

The growing issue of microbial resistance to antibiotics has spurred significant efforts to develop new drugs,
increasing the interest in plant-based treatments. Morus nigra is a commonly used fruit in medicine. This study
aims to examine the antimicrobial properties of both ripe and unripe M. nigra fruits and compare their effects.
In this experimental study, the antimicrobial effects of of ripe and unripe M. nigra extracts were evaluated
by determining the zone of inhibition, minimum inhibitory concentration (MIC), and minimum bactericidal
concentration (MBC) against Staphylococcus epidermidis, Pseudomonas aeruginosa, Staphylococcus aureus,
Streptococcus mutans, and Streptococcus pyogenes. These assessments were conducted using disk diffusion
and broth macro-dilution methods. Statistical analysis was carried out using the ANOVA test with SPSS soft-
ware. The antimicrobial effects of the unripe M. nigra fruit extracts with the MIC values of 0.78-1.5 mg/mL
were stronger than ripe fruit extract against all tested bacteria. Also that the tested extracts were more effec-
tive against Gram-positive strains than Gram-negative strains Additionally, the antimicrobial properties of
the unripe M. nigra extract were comparable to those of selected antibiotics including gentamicin. It can be
concluded that unripe fruit exhibits stronger antimicrobial effects than ripe M. nigra fruit. This difference could
be attributed to the variation in active compounds that are present at different stages of the fruit’s development.
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Introduction

There is a growing public concern regard-
ing the harmful consequences of synthetic and
chemical additives, which are utilized for their
antibacterial, antioxidant, and flavor-enhancing
capabilities. To address this concern, research-
ers have started investigating natural substitutes
for these chemicals. An encouraging possibility
i1s the utilization of natural botanical extracts,
which encompass a diverse array of flavorful,
antibacterial, antioxidant, and anticancer com-
pounds (Ahmad Nejhad et al., 2023). According
to an evaluation of data from 129 member states,
the World Health Organization (WHO) predicts
that the ‘post-antibiotic’ period will likely begin
around the year 2050. This evaluation revealed
widespread resistance to antimicrobial agents
in every part of the world. Antimicrobial resist-
ance (AMR) is a global problem that leads to
the death of millions of people each year. This
resistance occurs when opportunistic or primary
pathogens become resistant through horizontal
gene transfer (HGT) mechanisms and/or biofilm
formation. It is a complex issue that has a dev-
astating impact on humans, livestock, and the
environment (Machado et al., 2023). As a result,
the search for novel antibacterial compounds is
a critical requirement that has enticed numerous
scientists to find antimicrobial compounds from
various sources, including plants. Historically,
herbal plants have been widely employed for the
treatment of various types of illnesses. Presently,
there is an increasing fascination with utilizing
plant derivatives because of their diminished oc-
currence of negative consequences. Various re-
search have documented the therapeutic qualities
of herbal plants or their constituents. The proper-
ties of numerous plant chemicals, such as neuro-
therapy (Noorbakhsh et al., 2022; Sherafatizan-
geneh et al., 2022), anti-oxidant (He et al., 2024),
anti-diabetic (Behl & Kotwani, 2017), anti-viral
(Shayan et al., 2021), anti-inflammatory (Lee et
al., 2024), anti-cancer (Sharma et al., 2023), an-
ti-analgesic (Rahimi et al., 2016), and anti-hepa-
totoxic (Rani et al., 2024) have been reported.

Mulberries, which are part of the Morus ge-
nus in the Moraceae family, originate from the

area spanning from India to China. These trees
were cultivated millennia ago specifically for the
purpose of rearing silkworms. They are highly
adaptable to flourish in tropical, subtropical, and
temperate regions, and possess the innate ability
to grow in various topographical and soil con-
ditions, spanning from sea level to elevations of
4000 m. The plant demonstrates a remarkable ca-
pacity to adjust to various soil and environmental
conditions (Skrovankova et al., 2022). M. nigra,
often known as black mulberry, has a significant
amount of dietary polyphenols, which demon-
strate a wide range of biological effects (de Padua
Lucio et al., 2018). The Chinese Pharmacopoeia
first recorded it as “Tang Materia Medica” and it
has been used as a Traditional Chinese Medicine
for many years. Several studies have shown that
mulberry possesses several biological qualities,
such as anti-obesity, antioxidant, neuroprotec-
tive, and anti-inflammatory effects (Wang et al.,
2022).

This study aimed to compare the antibacterial
effect of aqueous, hydroalcoholic and alcoholic
extracts of ripe and unripe M. nigra on gram pos-
itive and gram negative bacteria.

Materials and methods
Plant material

On 06/06/2022, fruits from the M. nigra tree
in Bahram village, Saqez, Iran, were collected.
These fruits included both ripe and unripe fruits.
The item was sent to the Faculty of Agricultural
Sciences, Azad University, Rasht Branch, for bo-
tanical validation.
Microbial strain

Standard strains of Staphylococcus au-
reus ATCC 33591, Staphylococcus epidermid-
is ATCC 12228, Streptococcus mutans ATCC
35668, Streptococcus pyogenes ATCC 19615,
and Pseudomonas aeruginosa ATCC 9027 were
used in this study. We obtained the strains from
the Microorganisms Bank of the National Centre
for Genetic and Biological Resources of Iran.
Extraction

The extraction process involved soaking the
substance in a mixture of water and several sol-
vents. This study utilized distilled water and 96%
ethanol from Taghtirkhorasan, Iran, in a ratio of
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1:20 to create an aqueous extract. Additionally,
alcoholic and hydro-alcoholic extracts were pre-
pared using a mixture of distilled water (30%)
and ethanol (70%). To achieve this objective, 50
grams of dry powder were measured in a propor-
tion of 1 to 20, and then 1000 cubic centimeters
of the solvent were added to it. The glass bot-
tle was sealed with a lid and covered with foil to
protect the solution inside from exposure to light.
The aqueous extract was immersed for a duration
of 72 hours, while the alcoholic and aqueous-al-
coholic extracts were immersed for a duration
of 48 hours. The entire extract was subsequently
passed through Whatman 2 filter paper. For the
subsequent stage, a Buchi-R100 rotary device
from Germany was employed to condense the
extract. The rotation was carried out at a temper-
ature of 40 °C and a speed of 60 rpm. At this tem-
perature, the solvent underwent evaporation and
was subsequently extracted from the solution.
Ultimately, the extract was acquired with the in-
tended level of purity. Next, the prepared extracts
were placed into specialized containers, and the
extracts were transformed into dry powder using
a freeze dryer apparatus. This technique involves
freezing the solvent in the sample and then sub-
jecting it to sublimation. As a result, the mate-
rial’s physical and chemical properties will stay
unaltered.

Antibacterial activity

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 microbial suspension was
then prepared according to 0.5 McFarland tur-
bidity. 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 sterile conditions us-
ing 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 us-
ing an accurate ruler. This experiment was per-
formed in four replications to calculate the mean
and standard deviation. A one-way ANOVA test
was used to analyze the mean growth inhibition
zone.

MIC and MBC determination

Following the completion of the qualitative
stage of disk diffusion and the confirmation of
antibacterial properties in the plant extracts, the
determination of the minimum inhibitory con-
centration (MIC) and minimum bactericidal
concentration (MBC) of the extracts on the test-
ed bacteria was carried out using the following
procedure: Initially, 100pL of serial dilutions of
0.78-100 mg/mL of the extract were prepared.
Subsequently, 100uL of a microbial suspension
was generated with a concentration of 1.5x106
CFU/mL for each bacteria and were added to
each dilution. Subsequently, all of the plates were
subjected to incubation at a temperature of 37 °C
for a duration of 24 hours. After a duration of 24
hours, the samples were cultured on the surface
of a nutrient agar medium and subsequently were
incubator for 24 hours at a temperature of 37 °C.
The plate with half the number of colonies com-
pared to the control plate was designated as the
MIC, whereas the plate with 5 or fewer colonies
was designated as the MBC.

Statistical analysis

The results were inputted into SPSS V23 soft-
ware and analyzed using one-way ANOVA. Sig-
nificance was attributed to values of p < 0.05.

Results

Antimicrobial results of M. nigra unripe fruit
extracts were reported in our previous study
(Sharifee et al., 2022). Here, the results of the
M. nigra ripe fruit extract are compared with the
previous study. The mean diameter and standard
deviation of the inhibition zone for the antibiotics
penicillin, cefixime, gentamicin and tetracycline,
as well as the prepared extracts are provided in
Table 1.
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Table 1. The average diameter of the inhibition zone of ripe and unripe M. nigra extract and standard antibiotics for

1 11

Bacteria

epidermidis
Extracts

ANTrens

Staphylococcus Staphylococcus Streptococcus Streptococcus Psendomonas

mutans aeruginosa

DYogenes

Penicillin 17505

(10 pg)
Cefixime
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Aqueous extract Ripe
M. nigra
(40 ub)
Hydro-alcoholic
Extract Ripe M. nigra
(40 ub)
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(40 )
Hydro-alcoholic
Extract Unripe M.
Higra
(40 pl)

126711
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125+£05 125+£05 THT 058
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135+13
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Table 2. MIC and MBC of Ripe and unripe M. nigra extracts against standard bacterial strains.

Extracts Aqueous extract Hydro-alcoholic Aqueous extract Hydro-alcoholic
Ripe M. nigra Extract Ripe Unripe M. nigra Extract Unripe
(mg/mL) M. nigra (mg/mL) (mg/mL) M. nigra (mg/mL)
Bacteria MIC MBC MIC MBC MIC MBC MIC MBC
Staphylococcus 25 50 25 50 1.56 12.5 1.56 12.5
epidermidis
Staphylococcus 25 50 25 50 1.56 12.5 1.56 12.5
aureus
Streptococcus 12.5 25 12.5 25 1.56 12.5 1.56 25
mutans
Streptococcus 25 50 25 50 1.56 12.5 1.56 12.5
pyogenes
Pseudomonas 12.5 25 12.5 25 0.78 3.12 1.56 6.25
aeruginosa

Disk diffusion, MIC, and MBC results

for S. epidermidis

According to the data in Table 1, the aqueous
extract of ripe M. nigra fruits has demonstrated
an antibacterial action with a diameter of inhibi-
tion zone measuring 16.17 mm against S. epider-
midis. Similarly, the aqueous extract of unripe M.
nigra fruits has shown even stronger antibacterial
activity, with a diameter of inhibition zone meas-
uring 22 mm against the same bacteria. Also, the
hydro-alcoholic extract of ripe M. nigra fruits

exhibited a result of 13.17 mm against S. epider-
midis, while the extract of unripe M. nigra fruits
showed a result of 18.75 mm.

S. epidermidis exhibits resistance to tetracy-
cline and demonstrates a high susceptibility to
gentamicin. Based on the statistical analysis, the
ripe M. nigra aqueous and hydro-alcoholic ex-
tracts exhibit more antibacterial activities than
tetracycline (p<0.05). On the other hand, the
unripe M. nigra aqueous extract showed signifi-
cantly more antimicrobial effect on S. epidermid-
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is than all the antibiotics in Table 1, except gen-
tamicin. Also, the difference between the results
of unripe M. nigra hydro-alcoholic extract and
the results of cefixime and tetracycline is signif-
icant (p<0.05).

The MIC and MBC results for the extracts
are given in Table 2. The MIC and MBC of both
aqueous and hydro-alcoholic extracts derived
from ripe M. nigra for S. epidermidis were de-
termined to be 25 and 50 mg/ml, respectively. In
contrast, the MIC and MBC of unripe M. nigra
extract were found to be much lower in concen-
tration.

Disk diffusion, MIC, and MBC results

for S. aureus

Based on the information shown in Table 1,
the aqueous extract of ripe M. nigra fruits has ex-
hibited antibacterial properties, as evidenced by
an inhibition zone diameter of 12.83 mm against
S. aureus. In a similar manner, the aqueous ex-
tract derived from unripe M. nigra fruits has
demonstrated a more potent antibacterial effect,
as evidenced by an inhibition zone measuring
18.75 mm against S. aureus. The hydro-alcoholic
extract of ripe M. nigra fruits demonstrated an
inhibition zone of 10.17 mm against S. aureus,
but the extract of unripe M. nigra exhibited an in-
hibition zone of 17.5 mm. However, the antibac-
terial activity of the aqueous and hydro-alcoholic
extracts of unripe M. nigra on S. aureus was much
weaker compared to penicillin and tetracycline
(p<0.05). Nevertheless, the antimicrobial action
of these extracts was statistically equivalent to
that of cefixime and gentamicin antibiotics (p >
0.05). The results of MIC and MBC show that
the unripe M. nigra extract shows inhibitory and
bactericidal properties at a lower concentration
compared to the ripe M. nigra extract against S.
aureus.

Disk diffusion, MIC, and MBC results

for S. mutans and S. pyogenes

The results show that the immature extract of
M. nigra has more antimicrobial properties than
its mature extract in the S. mutans and S. pyogenes
standard strain. Based on the statistical analysis,
the ripe M. nigra aqueous and hydro-alcoholic
extracts exhibit more antibacterial activities than

tetracycline (p<0.05). Although aqueous ripe M.
nigra extract showed similar effects compared to
gentamicin, cefixime, and penicillin (p > 0.05).

The unripe M. nigra aqueous extract showed
significantly more antimicrobial effects on S.
mutans and S. pyogenes than all the antibiotics
in Table 1, except Cefixime. Also, the difference
between the results of unripe M. nigra hydro-al-
coholic extract and the results of tetracycline is
significant (p<0.05), and the unripe M. nigra hy-
dro-alcoholic results are similar to those of gen-
tamicin, cefixime, and penicillin (p>0.05). The
findings of MIC and MBC tests indicate that the
unripe M. nigra extract exhibits inhibitory and
bactericidal capabilities at a lower concentration
than the ripe M. nigra extract when tested against
S. mutans and S. pyogenes.

Disk diffusion, MIC, and MBC results

for P. aeruginosa

The results of P. aeruginosa show that this
strain was resistant to penicillin and cefixime.
Therefore, the extracts prepared from these two
antibiotics have shown a better antimicrobial ef-
fect. However, statistically, none of the extracts
were better than gentamicin and tetracycline. The
aqueous extract of unripe fruit, with a diameter
of 13.5 mm, has the highest antimicrobial effect
on this gram-negative bacterium. MIC and MBC
tests show that unripe M. nigra extract inhibits
and kills P. aeruginosa at lower concentrations
than ripe extract.

Discussion

Antibiotic resistance is an escalating public
health concern (Farshadfar et al., 2020). Over
time, existing antibiotic treatments lose their
effectiveness or are insufficient to combat in-
fections. According to the WHO, this challenge
leads to extended hospital stays, increased health-
care costs, and higher mortality rates. Therefore,
the need for discovering new antibiotics is criti-
cal. Promising approaches to combating antibiot-
ic resistance include naturally derived products
(Atanasov et al., 2021). Plants, which have been
used to treat various infectious diseases for cen-
turies, continue to play a significant role in tra-
ditional medicine for preventing and managing
health issues. Inspired by traditional practices
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and grounded in scientific research, many drugs
have been developed from medicinal plants, with
some naturally occurring molecules serving as
the foundation for new drug synthesis (Kakouri
etal., 2023). In our research, we evaluated the an-
tibacterial properties of M. nigra extract against
gram positive and gran negative bacteria.

For an efficient extraction process, a high yield
is typically desired, though this doesn’t necessar-
ily mean that the extract will contain high con-
centrations of bioactive components. Since some
bioactive compounds are highly sensitive to heat
and oxygen, it is important to protect them from
oxidation and thermal degradation. Therefore,
both the extraction yield and the properties of
the bioactive components should be carefully
considered when choosing an extraction meth-
od. While traditional healers often use water as
the primary solvent, studies have shown that or-
ganic solvents can sometimes yield more potent
extracts than water-based ones. In this study, the
extractive yield was significantly higher with wa-
ter compared to the organic solvent ethanol. This
suggesting that the plant parts studied contained
more water-soluble phytoconstituents. Ahmad
et al. (2016) reported that the aqueous extract of
blackberry fruit exhibited no antimicrobial activ-
ity (Ahmad & Ahmed, 2016). This finding is in
stark contrast to the results of our current study,
which demonstrated that the aqueous extract had
a stronger antimicrobial effect than the aque-
ous-alcoholic extract. The discrepancy between
these studies may be attributed to differences in
the extraction methods used and the geographical
variations in the growth of M. nigra plants.

The results of the present study indicate that
M. nigra extract had a significant impact on both
Gram-positive and Gram-negative bacteria. This
outcome may be due to the lipophilic nature of
extract, which enabled it to interact with the li-
pids in the bacterial cell membrane, thereby en-
hancing membrane permeability (Radiinz et al.,
2019). In Gram-positive bacteria, the cell wall
consists of a single layer of peptidoglycan, which
has limited capacity to block the invasion of an-
tibacterial substances (Wang et al., 2017; Zhao et
al., 2021). Conversely, the cell wall structure of
Gram-negative bacteria is more complex, com-

prising outer membrane proteins, peptidoglycan
layers, and lipopolysaccharides. This complexi-
ty significantly restricts the diffusion of harmful
external molecules into the bacterial cells (Kim
et al., 2019). In the results of the study, it was
observed that unripe M. nigra fruit extract has
better antimicrobial effects than ripe fruit extract.
The results of disk diffusion method as well as
MIC and MBC confirmed the greater antimicro-
bial effects of unripe M. nigra fruit extract. In a
study by Kumar et al., 2015, the inhibition zones
of M. nigra ethanolic extract against E. coli, S.
aureus, P. aeruginosa, Klebsiella pneumoniae,
and Salmonella typhi measured 10 mm, 16 mm,
14 mm, 12 mm, and 14 mm, respectively (Kumar
et al., 2015). In our current study, the inhibition
zones of ripe fruit extract against S. aureus and P.
aeruginosa were 15 mm and 8.33 mm, respective-
ly. Additionally, the inhibition zones for the un-
ripe M. nigra fruit extract against S. aureus and P.
aeruginosa were 18.75 mm and 13.5 mm. Similar
to Kumar’s findings, our study also showed that
the extract was more effective against Gram-pos-
itive strains than Gram-negative strains. Moreo-
ver, the unripe M. nigra fruit extract demonstrat-
ed stronger antimicrobial activity than the ripe
fruit extract. Budiman et al. (2017) examined the
effect of M. nigra fruit extract on Staphylococ-
cus epidermidis. Their findings indicated that at
a concentration similar to that used in our cur-
rent study, the inhibition zone for this bacterium
measured 15.33 mm (Budiman et al., 2017). In
our study, the inhibition zone against S. epider-
midis was 16.17 mm, showing comparable re-
sults. Additionally, our findings revealed that the
unripe M. nigra fruit extract produced 18.75 mm
inhibition zone against the bacteria, indicating
stronger antimicrobial properties compared to
the ripe M. nigra fruit extract.

Issa et al. (2017) explored the antimicrobi-
al properties of various M. nigra fruit extracts,
using both standard and clinical strains, simi-
lar to our current study. Their findings revealed
that only the ethanolic extract at a concentra-
tion of 10 mg/ml produced a 14 mm inhibition
zone against clinical S. aureus, while the other
M. nigra extracts showed no antimicrobial activ-
ity against clinical strains (Issa & Abd-Aljabar,
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2017). In contrast, the extract used in our study
demonstrated significant antimicrobial effects on
strains. The differences in results may be attrib-
uted to the higher concentration and different ex-
traction methods used in our study.

The unripe M. nigra extract at a concentration
of 1.56 mg/ml has inhibitory properties on differ-
ent bacterial strains, on the other hand, the ripe
extract at higher concentrations (25 and 12.5 mg/
ml) has an inhibitory effect on the strains. The
bacteriostatic properties of the extracts also show
the same high difference between ripe and unripe
M. nigra fruit extracts.

Conclusion

It can be concluded that unripe fruit exhibits
stronger antimicrobial effects than ripe M. nigra
fruit. This difference may be due to the variation
in active compounds present at different stages
of the fruit’s growth. Notably, the antimicrobial
effects of the unripe fruit extract surpass those of
certain antibiotics, such as penicillin and cefix-
ime (against P. aeruginosa) and tetracycline for
Gram-positive bacteria (S. epidermidis, S. mu-
tans, and S. pyogenes). In addition, the antimi-
crobial properties of the unripe M. nigra extract
show the same results compared to gentamicin.
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