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Summary

Introduction: The Polish cultivar of white mulberry (Morus alba L.) “Zétwinska wielkolistna” is a source
of many bioactive substances with a wide spectrum of activities. The leaves of the plant are considered
to be a raw material richest in bioactive substances. The unique properties of the plant are primarily due
to polyphenols, in particular flavonoids, including: rutin, albanon, kuwanone, which make it possible to
use white mulberry as an agent with a wide spectrum of activities, from anti-inflammatory, diaphoretic,
antioxidant to antimicrobial.

Objective: The aim of the study was to determine the effect of the method of extracting substances from
dried white mulberry leaves on the antibacterial activity of the obtained extracts. Four extraction methods
were used to obtain the extracts, and then their antimicrobial activity against selected Gram-positive and
Gram-negative bacteria was determined.

Methods: Mulberry leaves were collected in September 2021 from an ecological plantation located at the
Experimental Station, Institute of Natural Fibers and Medicinal Plants in Poznan - National Research
Institute in Petkowo. Leaves were dried at 60°C for 12 hours, then laboratory analyses were performed.
The extraction was carried out by the following methods: 1.) carbon dioxide extraction, 2.) carbon dioxide
extraction using a cosolvent, 3.) maceration with carbon dioxide extraction using a cosolvent, 4.) solvent
extraction. Then, the antimicrobial activity of the obtained extracts against selected strains of Gram-
positive and Gram-negative bacteria was determined. MIC (minimum inhibitory concentration) and MBC
(minimum bactericidal concentration) were determined.

Results: As a result of the conducted research it was found that there are differences in the antibacterial
activites of extracts from dried white mulberry leaves depending on the extraction method used. The
highest antibacterial activity both against Gram-positive and Gram-negative bacteria was shown by extracts
obtained using a supercritical carbon dioxide extractor without the use of cosolventa, with more effective
growth-inhibiting and bactericidal effects observed against Gram-positive bacteria compared to Gram-
negative bacteria.

© 2023 Grzeskowiak J. et al.
This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Conclusions: Extracts obtained from dried leaves of white mulberry (Morus alba L.) of the Polish variety
“Zo6twinska wielkolistna” have antibacterial properties. This leads to the possibility of using white mulberry
in herbal medicine and pharmacology as an antimicrobial agent.
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INTRODUCTION

Modern medicine faces many challenges. Undo-
ubtedly, one of the most important is the growing
problem of antibiotic resistance of bacteria, which
leads to difficulties in combating bacterial infections
[1]. Patients diagnosed with antibiotic-resistant
bacteria do not respond to treatment, stay ill for
longer and have an increased risk of death [2].
Therefore, it is extremely important to search for
effective methods of combating antibiotic resistance
in bacteria, and the search for new substances with
bactericidal activity is considered to be one of the
effective methods. Particular importance in this
regard is attributed to substances of plant origin,
which turn out to be effective both in prophylaxis
and in activities supporting the treatment of bacterial
diseases. The advantages most often attributed to
plant substances in the fight against pathogenic
bacteria include: lower toxicity compared to chemo-
therapeutic agents, a limited number of side effects
and an affordable price of the preparations [3].
The best-known plants used in the treatment of
diseases of bacterial etiology include: garlic, citrus
fruits, Ceylon cinnamon, green tea, cranberry, aloe
vera, curcumin [3]. The plant known and used in
medicine is also white mulberry (Morus alba L.).
Due to the presence of many bioactive substances in
various parts of the plant (leaves, fruits, root, bark),
it is used to support the treatment of many diseases,
including bacterial ones [4]. Traditional Chinese
medicine valued white mulberry as a medicinal
raw material used in the treatment of diseases of
the upper respiratory tract, eyes, parasitic diseases
and to lower cholesterol and blood sugar levels [5].
Numerous scientific studies have confirmed the
effectiveness of white mulberry extracts against
pathogenic bacteria, viruses and fungi [6-8]. The
antimicrobial activity of white mulberry extracts is
due to compounds such as: flavonoids, triterpenoids,
alkaloids, phenolic compounds and tannins, which
are toxic to pathogenic microorganisms. In turn,

the plant produces them to defend itself against
pests [9]. In the case of antimicrobial activity of
plant extracts, a number of factors that may affect
the composition of the obtained extract should be
taken into account. These are factors such as: plant
cultivar, harvest date, conditions of drying and
storage of plant material, as well as the method of
extraction used and the conditions of its conduct
[10-13]. White mulberry (Morus alba L.) is a plant
originating from Southeast Asia, characterized by
rapid annual growth (up to 1.5 m per year) and the
presence of milky juice in the shoots [14]. Most
often, white mulberry is associated with breeding of
mulberry silkworms (Bombyx mori L.), for which the
leaves of the plant are a source of food [15]. However,
white mulberry is gaining popularity in many areas
of the economy, becoming a source of valuable raw
material for the herbal, furniture, energy and food
industries [16]. Selected in the 1950s in Poland,
“Zotwinska wielkolistna” cultivar is characterized by
large leaf blades and rapid annual growth. It is fully
adapted to the soil and climatic conditions in Poland,
thanks to which it can be successfully cultivated in
the country [17]. Considering the growing interest
in herb cultivation in Poland, which, according to
a report published by the Central Statistical Office,
has increased significantly in 2020, efforts should be
made to spread the use of white mulberry [18]. This
paper aims to present the antibacterial activity of
white mulberry extracts of “Zotwinska wielkolistna”
cultivar, depending on the extraction method used.

MATERIAL AND METHODS

Plant material

Mulberry leaves were collected in September
2021 from an ecological plantation located at the
Experimental Station of the Institute of Natural Fibers
and Medicinal Plants in Poznan - National Research
Institute in Petkowo (Poland). Leaves were collected
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by hand in plastic baskets with holes to prevent
the raw material from brewing. Harvest was made
from healthy, clean and undamaged plants, selecting
young leaves. After harvesting, the leaves were dried
at 60°C for 12 hours. After drying, the raw material
was stored in paper bags in a dry and well-ventilated
room until laboratory analyses were performed.

Laboratory analysis

The extraction was carried out by 4 methods:

1) extraction using a supercritical carbon dioxide
extractor (model SFE 1000 Waters) without
cosolvent. The extraction was carried out for
4 hours at 45°C. The flow was 150 g/min, the
pressure at the extraction thimble and at the
receiver was 350 bar and 100 PSI, respectively;

2) extraction using a supercritical carbon dioxide
extractor using a co-solvent 96% EtOH. The
extraction was carried out for 4 hours at 45°C.
The flow was 150 g/min, the pressure in the
extraction thimble was 350 bar and in the
receiver 100 PSI. The share of cosolvent was 2%;

3) extraction using a supercritical carbon dioxide
extractor (model SFE1000 Waters) using a co-
solvent - cosolvent 96% EtOH. The extraction was
preceded by a 24-hour maceration of the plant
material at room temperature with 96% EtOH.
The extract was concentrated by evaporation to
a volume of 100 ml. The extraction was carried
out for an hour at 45°C. The flow was 150 g/min,
the pressure in the extraction thimble was 350
bar and in the receiver was 100 PSI. The share of
cosolvent was 2%;

4) solvent extraction - extraction was carried out
using a Heidolpf rotary evaporator. 50 g of dried
plant material and 500 ml of 96% EtOH were used
for the extraction. The extraction was carried
out at a temperature of 40°C for 4.5 hours, the
number of revolutions per minute was 80.

The following strains of microorganisms were
selected for the study of the antibacterial activity of
white mulberry leaf extracts:

a) Gram-positive cocci: Staphylococcus aureus

ATCC 6538 P, Staphylococcus epidermidis S3
K10, Enterococcus faecalis ATCC 8040/1;

b) Gram-negative bacilli: Escherichia coli ATCC
8739, Klebsiella pneumonia ATCC 16903,
Pseudomonas aeruginosa ATCC 27853.

The extracts, after weighing, were initially dis-
solved in DMSO (Dimethyl sulfoxide, Fluka) at
a concentration of 200 mg/ml (for the extract
obtained by extraction using supercritical carbon
dioxide without cosolvent) and 1000 mg/ml
for the remaining extracts. The solutions were

diluted on a solid Caso Agar (Merck) medium
at concentrations from 1.0 to 20.0 for the extract
obtained by extraction using supercritical carbon
dioxide without cosolvent and concentrations from
10.0 to 100 g/ml for the remaining extracts. Before
inoculation, the tested bacterial strains were diluted
in Caso Broth (Merck) liquid medium to obtain a
density of 10° CFU in 1 ml. The tested strains of
bacteria were inoculated on the agar plates. The
cultures were incubated for 24 hours at 37°C to
determine the lowest concentration of the extracts
inhibiting the growth of the tested microorganisms
(MIC) and for 48 hours at 37°C to determine the
lowest bactericidal concentration (MBC). The re-
ference substance was chloramphenicol, for which
the minimum inhibitory concentration (MIC)
against the standard strain of Staphylococcus aureus
ATCC 6538 P was 0.005 mg/ml, and for Escherichia
coli — 0.1 mg/ml.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

The results of the conducted tests to determine the
antibacterial activity of white mulberry extracts are
presented in tables below (tab. 1, tab. 2).

The obtained test results indicate that among
all extracts from dried white mulberry leaves, the
strongest effect against both Gram-positive and
Gram-negative bacteria was shown by the extract
obtained using a supercritical carbon dioxide
extractor without the use of a cosolvent. The extracts
obtained by abovementioned method showed
an inhibitory effect on the growth of bacteria at a
concentration of 2.5 to 25.0 mg/ml, depending on
the tested microorganism. However, a stronger
effect of the extract was observed against Gram-
positive bacteria compared to Gram-negative
bacteria. Among Gram-positive bacteria, the
highest sensitivity to the extract obtained with
method 1 was shown by strains of Staphylococcus
aureus and Staphylococcus epidermidis (MIC = 2.5),
while among Gram-negative bacteria, Pseudomonas
aeruginosa (MIC = 7.5). Extracts obtained by other
methods showed much weaker activity antibiotic,
showing an inhibitory effect on bacterial growth
at a concentration of 40 to >100 mg/ml. Among
Gram-positive cocci, Staphylococcus aureus (MIC
= 75.0 mg/ml) was the most sensitive to the effect
of extracts obtained by methods 2, 3 and 4, and
Pseudomonas aeruginosa (MIC = 40-60 mg/ml) was
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Table 1.
Minimum inhibitory concentration (MIC) [mg/ml] of extracts from dried leaves of the white mulberry cultivar
“Zbtwinska wielkolistna” depending on the extraction method used
Extraction Extraction using a Extraction using a Extraction using a Solvent
method supercritical carbon  supercritical carbon supercritical carbon dioxide  extraction
dioxide extractor dioxide extractor using extractor using a co-solvent
without the use of a co-solvent - cosolvent - cosolvent 96 % EtOH

Tested cosolvent 96% EtOH preceded by maceration

microbes (method 1) (method 2) (method 3) (method 4)

Staphylococcus 25 75.0 75.0 75.0
o aureus
=
% Staphylococcus 7.5 100.0 100.0 75.0
8. epidermidis
£°3 Enterococcus 25 75.0 100.0 75.0
O S faecalis

Escherichia 25.0 >100 100.0 100.0
n coli
=
a Klebsiella 20.0 >100 100.0 100.0
&  pneumonia
£ Pseudomonas 7.5 60.0 40.0 50.0
O 8 aeruginosa

found among Gram-negative bacteria. The extracts
obtained by all methods showed the strongest
activity among Gram-negative bacteria against
Pseudomonas aeruginosa (MIC ranged from 7.5 mg/
ml - method 1 to 60.0 mgml - method 2). Other
researchers also confirmed the microbiological
activity of white mulberry leaf extracts. Kozlowska
et al. (2022) showed that 70% ethanolic extracts
of white mulberry leaves showed inhibition of the
growth of the following Gram-positive bacteria:
Staphylococcus aureus, Staphylococcus epidermidis,
Enterococcus faecalis, Enterococcus faecium (MIC
was: 1, >2, 0.5, >2, respectively) and Gram-ne-
gative: Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
Stenotrophomonas maltophilia, Bordetella bronchi-
septica (MIC for all Gram-negative bacteria was
>2) [19]. As in the case of extracts obtained from
the “Zolwinska wielkolistna” cultivar, a stronger
effect was found against Gram-positive bacteria
compared to Gram-negative ones. In turn, research
conducted by Rao and Ramesh (2012) [20] showed
an inhibitory effect on bacterial growth under the
influence of the use of extracts using petroleum
ether and chloroform against following bacterial
strains: Bacillus subtilis, Pseudomonas aeruginosa,
Proteus vulgaris, Salmonella typhi, Shigella flexneri.
In the cited study, the zone of inhibition of bacterial

growth in mm of extracts obtained by two extraction
methods was determined, and their activity was
compared between three species of mulberry. The
cited studies confirm that the antimicrobial activity
of mulberry extracts is influenced by many factors.
Omidiran et al. (2012) also showed in their work that
applied extraction method affects the antibacterial
activity of the obtained extracts. They found that the
ethanolic extracts showed a greater range of activity
compared to the control antibiotics. In addition, the
effect of warm and cold water extracts was compared
and it was found that cold extracts showed stronger
antimicrobial activity (MIC values for cold extracts
had a lower value compared to warm extracts) [21].
Also, the results of research conducted by Italian
researchers (20 16) confirm that the antibacterial
activity of white mulberry extracts depends on
the extraction method used. It was shown that the
extracts, regardless of the solvent used, showed
greater activity against Gram-positive bacteria
(Staphylococcus aureus, Staphylococcus epidermidis,
Enterococcus faecalis) compared to Gram-negative
bacteria (Escherichia coli, Pseudomonas aeruginosa,
Proteus mirabilis). In addition, it was found that
acetone extracts had a stronger effect compared to
methanol and ethanol ones [22].

The obtained test results indicate that extracts
from white mulberry leaves obtained with the use
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Table 2.

Minimum bactericidal concentration (MBC) [mg/ml] of extracts from dried leaves of the white mulberry cultivar
“Zotwinska wielkolistna” depending on the extraction method used

Extraction Extraction using a Extraction using a Extraction using a Solvent
method supercritical carbon  supercritical carbon supercritical carbon dioxide  extraction
dioxide extractor dioxide extractor using extractor using a co-solvent
without the use of a co-solvent - cosolvent - cosolvent 96 % EtOH
Tested cosolvent 96% EtOH preceded by maceration
microbes (method 1) (method 2) (method 3) (method 4)
Staphylococcus 2.5 >100 >100 100
o  aureus
2
% Staphylococcus 15.0 >100 >100 >100
8. epidermidis
£°3 Enterococcus 10.0 >100 >100 >100
O S faecalis
Escherichia 25.0 >100 >100 >100
” coli
Z
S, Klebsiella 25.0 >100 >100 >100
&  pneumonia
g T Pseudomonas 7.5 >100 100 >100
O 8 aeruginosa

of a supercritical carbon dioxide extractor without
the use of cosolvent have the highest bactericidal
activity. Extracts obtained by other methods are
characterized by significantly lower bactericidal
activity. Stronger bactericidal activity of white
mulberry extracts obtained by method 1 was
demonstrated against Gram-positive bacteria (MBC
in the range of 2.5 to 15.0 mg/ml) compared to
Gram-negative bacteria (MBC in the range of 7.5
to 25.0 mg/ml). Among the Gram-positive bacteria,
the strongest bactericidal effect was shown against
Staphylococcus aureus (MBC = 2.5) and the weakest
against Staphylococcus epidermidis (MBC = 15.0).
On the other hand, among Gram-negative bacteria,
white mulberry leaf extract obtained with method
1 showed the strongest bactericidal effect against
Pseudomonas aeruginosa (MBC = 7.5). A definitely
weaker effect was shown against the other two tested
strains (MBC = 25.0).

CONCLUSIONS

1. Extracts from dried leaves of the white mulberry
variety “Zotwinska large-leafed” show bacterial
growth inhibiting and bactericidal properties.

2. The antibacterial activity depends on the
extraction method used. Among the four

extraction methods used, the extracts obtained
with the use of a supercritical carbon dioxide
extractor without the use of a cosolvent showed
the highest antimicrobial activity.

3. The extracts from dried white mulberry leaves
showed a stronger effect both in inhibiting the
growth of bacteria and bactericidal against
Gram-positive bacteria in comparison to Gram-
negative bacteria.

4. Extracts from the leaves of the Polish white

mulberry variety “Zélwiniska wielkolistna” can
be used in herbal medicine as a component of
antibacterial and bactericidal agents.

Conflict of interest: Author declares no conflict of
interest.
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