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Antibiotic resistance in many pathogenic microorganisms has become a serious
challenge for medical doctors and scientists. Therefore, researchers are seeking effective
natural remedies to address this problem. The research aimed to investigate the influence of
technological factors on the selection of the optimal method of extracting bioactive compounds
from the Blackthorn (Prunus spinosa L.) fruits and study the antimicrobial activity of the
resulting phytosubstance (PSFP). Using the mathematical planning method gave us the possibility
to choose the optimal extraction conditions, i.e., factor A: extraction method (a1 — maceration,
a2 - maceration with stirring, a3 — re-maceration); factor B: type of extractant (b1 — 40% ethanol,
b2 - 55% ethanol, b3 — 70% ethanol); factor C: plant raw material (PRM) to extractant ratio
(c1 -1:5, ¢2 - 1:10, c3 — 1:15). It was established that the most effective extraction of bioactive
compounds occurred using the maceration with stirring method, 40% ethanol as the extractant,
and 1:5 as the PRM to extractant ratio. The obtained PSFP was characterized as containing 2.43%
flavonoids and 0.03% anthocyanins. During the study of antimicrobial activity of the developed
PSFP, it was established that it exhibited a complex antimicrobial effect that extends beyond
simple toxicity and exerts a bacteriostatic impact on Staphylococcus aureus. It was found that
the antimicrobial effect of the PSFP against S. aureus depends on its concentration. With the
simultaneous use of the PSFP and antibiotics such as cephalosporins and chloramphenicol,
an increase in their action in vitro was noted, due to the ability of polyphenolic compounds to
act as efflux pump inhibitors in Staphylococci. It may contribute to enhancing the activity of
selected antibiotics in vitro, warranting further mechanistic and pharmacological investigation.

Keywords: Antimicrobial effect; Blackthorn fruits; Phenolic compounds; Spectrophotometric
analysis; Staphylococcus aureus; Technological factors; Various extraction conditions.

One of the fundamental historical
inventions in medicine is the discovery of
antibiotics — drugs that have a destructive effect
on microorganisms that are responsible for
numerous infectious diseases. Their use facilitated

the treatment of almost all bacterial infectious
diseases and increased the general welfare of the
world population. According to a large-scale study
published in The Lancet in 2024, improving access
to appropriate antibiotics for treating infectious
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diseases could save about 92 million lives between
2025 and 2050. Today, there is a growing demand
for the discovery of new antimicrobial agents due
to the decrease in their effectiveness.! They can
improve the effectiveness of antibiotics that have
been created and used so far.

Antibiotic resistance in many pathogenic
microorganisms has become a serious challenge for
medical professionals and researchers.? Antibiotic
resistance is a natural phenomenon that can render
all known antibiotics ineffective in combating
bacterial infections. This issue has prompted
scientists to search for effective agents to combat
it using biologically active substances of natural
origin.>*

Blackthorn (Prunus spinosa L.) fruits
have long been studied by scientists in the
field of pharmacy and medicine as a source of
compounds with antioxidant, anti-inflammatory
and antimicrobial activity. Since Blackthorn is
unpretentious to growing conditions, it tolerates
drought and frost and can grow on different soil
types, it is widely distributed throughout the
world. This makes it commonly available for
the harvesting of plant raw materials. According
to scientific data, Blackthorn fruits are used to
compound or prepare medicines for external
application with antibacterial and reparative
effects.’

The fruits of Prunus spinosa are
traditionally used in folk medicine and nutrition
due to their valuable bioactive compounds.®
Blackthorn fruits have attracted considerable
attention as functional raw materials and an
undervalued source of bioactive compounds useful
for application in the pharmaceutical and food
industries. The pharmacological efficacy of Prunus
spinosa fruits is directly correlated with their high
content of biologically active substances. The main
classes of compounds found in the fruits include
pectic substances, various phenolic compounds,
organic acids, triterpenes and vitamins.*® However,
despite the documented phytochemical profile
of blackthorn fruits, there is a clear research gap
regarding the targeted antimicrobial activity of
these compounds against Staphylococcus aureus.
Given the increasing antibiotic resistance of
this pathogen, addressing this gap is crucial for
evaluating Prunus spinosa as a potential source of
natural antistaphylococcal agents.

The phytochemicals contained
in Blackthorn fruits affect the bacterial cell
membranes, disrupting their integrity and
corresponding to innovative strategies to combat
resistant strains. However, the literature data on
the antimicrobial properties of Blackthorn fruits
are contradictory. Authors from Ovidius University
of Constanta (Romania) studied the antibacterial
and antifungal effects of Blackthorn fruit aqueous
extracts. They found that the extracts did not have
antifungal activity, but strains of the bacteria
Staphylococcus aureus and Escherichia coli were
sensitive to them.'

Romanian researchers who studied
Blackthorn leaves found that their aqueous and
ethanolic extracts had significant antibacterial
effects, in particular against Bacillus cereus
and Enterobacter cloacae. Gabriela Mitea et al.
experimentally demonstrated that various plant
parts (fruits, leaves, flowers) contain flavonoids,
phenolic acids and anthocyanins, which provide
them with significant antioxidant, antibacterial and
anti-inflammatory properties. "'

Staphylococcus aureus is an extremely
common microorganism that is a representative
of the normal microbiota of many human biotopes
and, under certain circumstances, is capable of
causing a wide range of communicable diseases,
starting with postoperative wound suppuration,
boils, carbuncles, upper respiratory tract diseases,
complications of numerous viral infections and
ending with sepsis.'

The article aimed to investigate the
influence of technological factors on the extraction
efficiency of biologically active substances (BAS)
from Blackthorn (Prunus spinosa) fruits and to
evaluate the antimicrobial activity of the obtained
phytosubstance (PSFP) against the gram-positive
microorganism Staphylococcus aureus.

MATERIALS AND METHODS

Plant raw materials (PRM). The
Blackthorn fruits, fully ripe of black colour,
were harvested during autumn in the Ternopil
region of Ukraine. The fruits, dried in air and
crushed using a laboratory grinder, were studied
according to the methods described in the European
Pharmacopoeia.’
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Obtaining phytosubstances

Three extraction methods were used to
obtain phytosubstances. In each method, three
extractants were used: 40%, 55%, 70% ethanol.
The extractants were poured into the PRM in
different ratios (1:5, 1:10, 1:15).'*!6

When applying the maceration method,
the PRM were poured with the extractant and
infused for seven days at room temperature. The
resulting extract was drained, and the processed
raw materials were washed with a small portion
of the extractant, both parts of the extract were
combined.'” '8 When applying the maceration
method with stirring, the PRM was poured with
the extractant, followed by infusing for seven
days, stirring occasionally. The ready extract was
obtained as described above.'®

During the re-maceration process, the
PRM was mixed with 1/3 of the extractant volume
and left to infuse for one day. This step was
repeated twice and all 3 parts of the extract were
combined, according to the methodology described
previously."

The developed extracts were purified
through two steps: fiold precipitation — the extracts
were incubated in a refrigerator at 2-8 °C for 48
h until clear liquids were obtained; filtration — the
clarified liquids were filtered through a paper
filter. The purified liquid extracts were evaporated
in vacuum evaporator at 60 °C to a thick mass
with constant weight — the primary samples of the
Prunus spinosa fruit phytosubstance (PSFP) were
obtained.

Study of the dry residue

To determine the dry residue, 5.0 mL of
the liquid extract was placed in a weighed flat-
bottomed dish, evaporated on a water bath and
dried at a temperature of 100 °C to 105 °C for 3

740

hours. The flat-bottomed dish was cooled over
diphosphorus pentoxide in a desiccator at room
temperature for 30 min and weighed."
Spectrophotometric analysis

The solvents and reagents were purchased
from the company “Sfera Sim” (Lviv, Ukraine), and
standard pharmacopoeial samples were purchased
from the State Enterprise “Pharmacopoeial
Center” in Kharkiv, Ukraine. A ULAB 108 UV
spectrophotometer was utilized to determine the
total contents of flavonoids and anthocyanins.

The quantitative analysis of total
flavonoid content was conducted using appropriate
methodologies.'* 2> 0.1 g (exact weight) of the
phytosubstance was mixed with 96 % ethanol R
to 25 mL in a volumetric flask (solution A). 2 mL
of the resulting solution A, 1 mL of 2% alcoholic
solution of aluminium chloride were mixed with
96% ethanol R to 25 mL in a volumetric flask
(solution B). Solution B was kept for 40 minutes
and the optical density was measured on the
spectrophotometer at a wavelength of 410+2 nm.
A reference solution was utilized: 2 mL of solution
A, 1-2 drops of acetic acid were mixed with 96%
ethanol R to 25 mL in a volumetric flask.

The analysis of total anthocyanin content
was as follows: 0.10 g (exact weight) of the
phytosubstance was mixed with methanol R to 25
mL in a volumetric flask, dissolved by shaking for
15 min, and the obtained solution was filtered. The
optical density was measured at a wavelength of
528+2 nm, using a 0.1% solution of hydrochloric
acid R in methanol R as a compensation solution.'
24

All experiments were conducted in
triplicate.

Method of mathematical planning
The method of mathematical planning

Table 1. Schematic representation of the antimicrobial activity determination of the developed PSFP by the serial
dilution method

Components, Test tubes

mL 1 2 3 4 5 6 7 8 Bacteria Control of the
control  phytosubstance

PMB 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

PSFP 100 mg/mL 50 - - - - - - 0 - 5.0

Concentration mg/mL 50 25 12.5 6.3 3.2 1.6 0.8 0.4 50

Bacterial suspension 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 -

10° CFU/mL
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the obtaining of reliable research results while
preserving the analysis of experimental data and
reducing the time and number of research trials. To
plan the experiment, we used the third-generation
Graeco-Latin square which is a method of variance
analysis that allows to reduce the number of
trials from 81 to 9 in a full factorial study. At
the same time, we obtain the relevant data about
the influence of each studied parameter on the
extraction efficiency of active compounds from
the Blackthorn fruit.”>%’

The antimicrobial activity determination

The study was conducted with an extract
that had been previously evaporated to a thick mass
with a constant weight. To eliminate the influence
of ethanol on bacterial cells and demonstrate the
PSFP antimicrobial effect, it was dissolved in a
sodium chloride solution (9 mg/mL) such that 1
mL of solution contained 100 mg of the PSFP.

The antimicrobial activity determination
was performed analogously to the standardized
method of serial dilutions in a liquid medium?,
by multiple dilution of the resulting solution in
peptide meat broth (PMB) and adding a bacterial
suspension of 10° CFU/ML (S. aureus) to each tube
(Table 1).

The potential enhancement of antibiotic
activity effect of antimicrobial drugs and the PSFP
was studied by the disk-diffusion method according
to the requirements of the Order of the Ministry
of Health of Ukraine No. 1513 (dated August
23, 2023). Standard paper discs with antibiotics,
manufactured by Pharmaktiv LLC (Ukraine), were
used. The antibiotics were purchased in the local
pharmacies in Ternopil (Ukraine). The study was

conducted once, and result interpretation (inhibition
zone diameters) was carried out according to the
threshold values determined by EUCAST (version
14.0, 2024).

RESULTS

To obtain the PSFP, three factors were
studied, namely: extraction method, ratio of PRM
to extractant, type of extractant (Table 2). Each of
the abovementioned factors was studied at three
levels. It was found that for effective extraction
of active compounds, it is appropriate to choose
long-term contact extraction, namely: maceration,
maceration with stirring and re-maceration.'+'>-7-?

According to the selected factors and
factor levels, a three-factor experiment planning
matrix based on a 3x3 Greco-Latin square was
selected, which is shown in Table 3.

The next studies for the obtained
PSFPs were conducted regarding influence of
technological factors on the BAS extraction,
which were analysed using variance analysis and
for which graphs were constructed. These graphs
allowed us to observe the influence of extraction
methods, type of extractant, PRM to extractant
ratio, in order to select the best parameters for the
PSFP obtaining.*

The influence of the extraction method
(factor A) on the dry residue content in the liquid
extract revealed that the maximum BAS yield
(3.26%) was achieved via maceration with stirring.
Standard maceration yielded 3.1%, while re-
maceration produced 2.52%. Examination of factor
B (type of extractant) showed that using 40% and

Table 2. The technological factors studied during the conducted
extraction

Factors

Factor levels

A — extraction method

B — type of extractant

C — PRM to extractant ratio

o, — maceration

o, — maceration with stirring
o, — re-maceration

B, —40 % ethanol

B, —55 % ethanol

B, —70 % ethanol

x,— L5

x,— 1:10

x,— 1:15
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70% ethanol yielded practically the same amount
of dry residue —3.22% and 3.1%, respectively. The
lowest yield of dry residue (2.56%) occurred with
55% ethanol.

Analysis of factor C (PRM to extractant
ratio), demonstrated that the highest dry residue
(3.70%) was obtained at a 1:5 ratio. Ratios of 1:10
and 1:15 yielded 3.19% and 2.0%, respectively
(Fig. 1).

The results from the investigation of
technological factors on flavonoid extraction
showed that factor B had the greatest impact.
Flavonoid content reached 2.56% with re-
maceration, 2.14% with maceration with stirring,
and 1.63% with standard maceration.

When investigating factor B, it was
established that the highest flavonoid content
(2.70%) was extracted with 55% ethanol. The use

of 40% ethanol yielded 2.47% flavonoids, while
70% ethanol yielded 1.15% (Fig.2).

The analysis of the PRM to extractant ratio
showed that the maximum flavonoid yield (2.68%)
was obtained at a 1:5 ratio. Ratios of 1:10 and 1:15
yielded nearly equivalent amounts of BAS, 1.70%
and 1.94%, respectively.

The study of the extraction method
(factor A) effect on anthocyanin yield from
Prunus spinosa fruits showed that the maximum
anthocyanin content (0.035%) was achieved using
standard maceration. Maceration with stirring and
re-maceration yielded approximately equivalent
amounts of BAS, that is 0.013% and 0.011%,
respectively. Investigation of factor B established
that anthocyanin extraction was most effective with
40% ethanol, yielding 0.035%. With 70% ethanol,
the yield of anthocyanins was 0.017%, and with
55% ethanol — 0.007% respectively.

Table 3. Planning matrix for the three-factor experiment based on the 3x3
Greco-Latin square: the influence of technological factors on the extraction
efficiency of BAS from the Prunus spinosa fruits

No A B C \4 Y, Y,

1 a B, C 4.330 1.550 0.094
2 a B, C, 2.930 1.677 0.007
3 a B, C, 2.040 1.648 0.006
4 a, B, C, 3.520 3.246 0.003
5 a, B, C, 2.120 1.547 0.007
6 a, B, C 4.140 1.615 0.028
7 a, B, C, 1.820 2.608 0.009
8 a, B, C 2.620 4.888 0.006
9 a, B, C, 3.120 0.192 0.017

Note: y, — dry residue, %;y,— total content of flavonoids, %; y, — total content of

anthocyanins, %;

3.7
° 4

g 2

3=

@

= 0

&

-

3.19

ratio of PRM to ratio of PRM to ratio of PRM to

extractant 1:5 extractant 1:10 extractant 1:15

Fig. 1. The influence of PRM to extractant ratio on the dry residue content in the liquid extract of Prunus
spinosafruits.
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Results for factor C demonstrated the
following ranking: ¢, > ¢, > c,, as shown in Fig. 3.

The highest anthocyanin content (0.042%)
was observed at a 1:5 ratio. A 1:10 ratio yielded
0.009% anthocyanins, while a 1:15 ratio yielded
0.007%, respectively.

Experimental results demonstrated that
optimal extraction of BAS from Prunus spinosa
fruits — specifically dry residue, quantitative

content of flavonoids and anthocyanins — was
achieved using the following technological
parameters:
* extraction methods — maceration with stirring
and re-maceration;
* type of extractant — 40% ethanol;
* PRM to extractant ratio — 1:5.

Given that the two investigated methods
(maceration with stirring and re-maceration)

Table 4. Summary of the desirability function by 3 responses

No. vl dl ) 42 y3 a3 D

1 433 0.96 1.5498 0.73 0.0937 0.98 0.88
2 2.93 0.81 1.6769 0.75 0.0069 0.43 0.64
3 2.04 0.50 1.6480 0.74 0.0061 0.42 0.53
4 3.52 0.89 3.2464 0.91 0.0034 0.37 0.67
5 2.12 0.56 1.5496 0.72 0.0072 0.45 0.57
6 4.14 0.94 1.6155 0.74 0.0276 0.71 0.79
7 1.82 0.44 2.6080 0.88 0.0088 0.48 0.58
8 2.62 0.75 4.8878 0.98 0.0061 0.42 0.68
9 3.12 0.84 0.1920 0.39 0.0171 0.55 0.77

= P w

o

quantitative content
of flavonoids, %;

40 % ethanol

2.47 27

55 % ethanol

1.15

70 % ethanol

Fig. 2. The influence of the type of extractant on the flavonoid yield from Prunus spinose fruits.

0.042

=
(=)
&

R

e
=
[

of anthocyanins, %;
(=]

quantitative content

ratio of PRM to
extractant 1:5

ratio of PRM to
extractant 1:10 extractant 1:15

0.009 0.007

ratio of PRM to

Fig. 3. The influence of the PRM to extractant ratio on the anthocyanin yield from Prunus spinosa fruits.
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showed nearly equivalent BAS yields, we
proceeded to analyse the desirability function
for these technological factors, as presented in
Table 4.

The desirability scale “d” is defined in the
range from “0” to “1”. The value ‘0’ is a completely

maceration

Desirability function

maceration with
stirring

unacceptable level of this property, and the value
“1” corresponds to the best value. To construct
a generalized desirability function, the obtained
values (y,, y,, y,) are converted to a dimensionless
desirability scale (d,, d,, d,). The results obtained
are subjected to variance analysis.”

0.72 0.77
0.8 0.53
0.6
0.4
0.2
0

re-maceration

Fig. 4. Desirability function for the influence of the extraction method on BAS yield from Prunus spinosa fruits

0.77
0.8
0.6
0.4
0.2

40 % ethanol

Desirability function

55 % ethanol

071
l ]

70 % ethanol

Fig. 5. Desirability function for the influence of the type of extractant on BAS yield from Prunus spinosa fruits

0.81
1
0.8
0.6
0.4
0.2
0

Desirability function

0.7
0.52

ratio of PRM to ratio of PRM to ratio of PRM to

extractant 1:5 extractant 1:10 extractant 1:15

Fig. 6. Desirability function for the influence of the PRM to extractant ratio on BAS yield from Prunus spinosa

fruits
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Analysis of the desirability function for
factor A revealed the following ranking: a, > a, >
a, (Fig. 4).

The influence of the extraction method on
the desirability function is shown in Figure 4, which
indicates that the highest BAS yield (d=0.77) is
achieved using maceration with stirring. Standard
maceration yields d=0.72, while re-maceration
yields d=0.53.

Figure 5 presents the results of the
desirability function analysis for the influence of
the type of extractant on BAS yield. The highest
yield (d=0.77) is obtained with 40% ethanol.
Using 55% and 70% ethanol yields slightly lower
amounts, d=0.71 and d=0.54, respectively.

Analysis of the desirability function (Fig.
6) reveals that the highest BAS yield (d=0.81) was
observed at the PRM to extractant ratio of 1:5,
compared to d=0.7 at the 1:15 ratio and d=0.52 at
the 1:10 ratio.

After analysing the desirability function
for the investigated parameters, the following
technological factors were selected for obtaining
the final sample of the PSFP:

* Extraction method — maceration with stirring;
* Type of extractant — 40% ethanol;
* PRM to extractant ratio — 1:5.

These parameters were applied to obtain
the PSFP, which is an orange-brown viscous mass
(shown in Fig. 7) with a faint odour and sweet-
astringent taste.

The subsequent studies of the PSFP
included quantitative analysis of BAS: the total
content of flavonoids was 2.43%, and the total
content of anthocyanins was 0.03%.

On the next stage, the antimicrobial
activity of the obtained PSFP was evaluated.
After using the serial dilution method, the
bacteriostatic effect against S. aureus ATCC 6538
at a concentration of 50 mg/mL was not observed

(Fig. 8).

4____._-—-4
Fig. 8. Determination of antimicrobial activity of the
PSFP, in relation to the strain S. aureus ATCC 6538,
by the method of serial dilutions in liquid medium

Fig. 9. Lack of growth on a Petri dish of S. aureus
on a plate with PSFP (left) compared to the control
(right) (incubation for 24 hours). Scale bar =1 cm.
Data represents a preliminary single-run screening
(n=1); therefore, standard deviations and statistical
significance markers are not applicable

Fig. 10. Formation of zones of growth inhibition of S.
aureus on a plate with PSFP (right) compared to the
control (left) (incubation for 48 hours). Scale bar = 1

cm. Data represents a preliminary single-run screening

(n=1); therefore, standard deviations and statistical
significance markers are not applicable.



746 BARNA et al., Biomed. & Pharmacol. J, Vol. 19(1), 738-751 (2026)

However, we were interested in the
possibility of additive-like effect mediated
effect of the active compounds of the PSFP on
microorganisms, due to the inhibition of efflux
pumps, which play a crucial role in the removal
of antibacterial agents from the microbial cells.
Efflux pumps (Multidrug Efflux Systems, MES)

are membrane transport proteins that actively
pump antimicrobial agents (including antibiotics)
out of the cell, thereby reducing their effective
intracellular concentration. George P. Tegos et
al.’® have shown that tannic acid, as well as other
polyphenols, can act as the efflux pump inhibitor.
In particular, they can inhibit the NorA pump in

Table 5. Antimicrobial activity of the PSFP in combination with
antimicrobial drugs (disc diffusion method).

Antimicrobial discs

Mueller-Hinton agar

Mueller-Hinton agar + PSFP

Azithromycin 15 mcg/disk
Erythromycinl5 mcg/disk

20 mm
18 mm

Cefotaxime 30 mcg/disk
Chloramphenicol 30 mcg/disk
Amoxicillin20 meg/disk

Ceftriaxone30 mcg/disk 10 mm

R (absence of growth
inhibition zone)
R (absence of growth
inhibition zone)

R (absence of growth
inhibition zone)

R (absence of growth
inhibition zone)

R (absence of growth
inhibition zone)

34 mm

22 mm

R (absence of growth
inhibition zone)

20 mm

Direct impact on the structure of

microorganisms and their metabolism

Interaction with the
bacterial cell
surface and
disruption of
membrane potential

Inhibition of
enzymatic activity
(non-targeted
enzyme activation)

Chelating of iron
ions

(Fe* /Fe*)asa

selectivity factor

The Prunus
spinosa L. fruit
phytosubstance

Anti-adhesive and
anti-film-forming
action

Efflux Pump
Inhibition (EPI)

Synergistic mediated effect on microbial community and combating antibiotic resistance

Fig. 11. Proposed antimicrobial mechanisms and hypothetical pathways of the antibacterial action of P. spinosa
polyphenols (based on literature data).
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Staphylococcus aureus. Inhibition of these pumps
allows for an increase in the accumulation of
antimicrobial substances in the bacterial cytoplasm.
I. Inhibition of these pumps allows to increase the
accumulation of antimicrobial substances in the
bacterial cytoplasm. Some polyphenols, acting
as efflux pump inhibitors, can restore bacterial
susceptibility to classical antibiotics, making
them effective even at sub-minimum inhibitory
concentrations. Thus, polyphenols from Prunus
spinosa fruits not only as direct antimicrobial
agents but also as synergists that can overcome
drug excretion-mediated resistance (resistance
mediated by drug excretion). It is important to
emphasize that these mechanisms are hypothetical
and inferred from the broader literature on the
biological activities of polyphenols.

Our experimental research supposed the
additive-like effect of the chosen antibiotics and the
PSFPon S. aureus ATCC 6538. When adding to the
Muller-Hinton agar the PSFP in a quantity of 100
mg/mL and then inoculating it with a suspension
of S. aureus and placing on the dried inoculation of
disks with antibiotics, after 24 hours of incubation
in a thermostat at a temperature of 37° C, there was
no microbial growth on the experimental Petri.
At a concentration of 100 mg/mL, a pronounced
bacteriostatic effect was observed in the agar
diffusion model. (Fig. 9).

After incubation for 48 hours on the
Petri dish with added to the medium the PSFP,
we observed the appearance of single colonies of
S. aureus and formation of growth arrest zones
around the discs in comparison with the confluent
growth on the control dish (Fig.10). It was also
found the clearly visible diameters of the growth
inhibition zones around the disks with three
antibiotics in contrast to the control where only two
zones of the much smaller diameters were outlined,
which indicates the additive-like effect of certain
antibiotics with the PSFP and its bacteriostatic
effect on gram-positive microorganisms (Table 5).

This microbiological evaluation was
designed as a preliminary screening to establish
baseline activity. The tests were performed
as single-run exploratory experiments. The
assessment of growth retardation zones was carried
out according to the threshold values determined
by EUCAST (version 14.0, 2024)

As can be seen from the table, the

PSFP enhances the effect of third-generation
cephalosporins (ceftriaxone, cefotaxime) and
slightly of chloramphenicol, but does not affect
resistance to macrolides (azithromycin and
erythromycin) and semi-synthetic penicillins.

DISCUSSION

It could be regarded that the overall
antimicrobial activity of Prunus spinosa fruit
extracts is the result of the complex additive-like
effect of their active compounds.’**' According
to various authors, the antimicrobial activity is
strongly correlated with the content of polyphenols
in the extract. To obtain extracts rich in polyphenols,
the choice of a polar solvent was critical. The
studies showed that 80% is the most effective for
the extraction of total polyphenol content, and
strong antibacterial effects correlate precisely
with extracts obtained with polar solvents such
as ethanol.’! Therefore, it can be stated that
the effect of the phytosubstance studied by us
on microorganisms is multi-vector (Fig.11).
This scheme illustrates the potential pathways
of antibacterial action based on an extensive
literature review. While our study confirms the
high inhibitory efficacy of PSFP against S. aureus,
the specific molecular mechanisms shown (e.g.,
efflux pump inhibition or iron chelating) remain
hypothetical for this extract and require further
experimental validation.

This multi-pronged attack on vital
processes (metabolism, membrane integrity,
and genetic replication) significantly reduces
the probability of bacterial resistance to natural
polyphenols like tannins compared to antibiotics,
which usually have a single molecular target.
There is information in the literature about the
antimicrobial effect of Blackthorn fruit ethanol
extracts on both gram-positive and gram-negative
microorganisms, as well as on fungi of the Candida
genus.”3!

The presence of various classes of
polyphenolic compounds is a key characteristic
of Prunus spinosa fruits. Analysis of the
polyphenolic composition revealed a total of 27
phenolic compounds, primarily consisting of
hydroxybenzoic acid derivatives, hydroxycinnamic
acid derivatives, flavonoids, and anthocyanins, in
the fruits collected from central Serbia.® The latter
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method was considered optimal because the extract
obtained from it demonstrated the highest content
of polyphenols and the best level of antioxidant
activity.*?

The ethanol extract from the blackthorn
fruits that was rich in polyphenols demonstrated
significant antimicrobial activity against
Staphylococcus aureus ATCC 6538, Pseudomonas
aeruginosa ATCC 9027, Escherichia coli ATCC
8739, and Salmonella abony NCTC 6017.%

Several varieties of Prunus domestica
cultivated in Ukraine were studied regarding
the composition of phenolic compounds in the
presscake of fruits using chromatographic and
spectrophotometric methods.** Ten phenolic
compounds were identified using the HPLC
method: three flavonoids, five hydroxycinnamic
acids, and two phenolic acids. The antimicrobial
activity of the 50 % alcohol extract from plum
presscake was investigated using the agar diffusion
method. The extract demonstrated the highest
activity against gram-positive microorganisms
(Staphylococcus aureus, Bacillus subtilis) with
inhibition zones measuring 20—-21 mm. The results
indicated the significant potential for complex
processing of the studied raw materials, which
could lead to the development of new antimicrobial
drugs.

Magiera et al.** studied the phytochemical
composition of fresh Prunus spinosa fruits, and the
fractional extraction method was used. Using the
UHPLC method, fifty-seven phenolic components
were identified. The total polyphenol content was
up to 126.5 mg gallic acid equivalents/g dry weight.
Polyphenolic polysaccharide-protein complexes
were isolated from blackthorn fruits using both
cold and hot water extraction methods.*

The study of blackthorn fruit from
Romania identified optimal conditions for the
ultrasonic extraction of polyphenols.”’ Six process
factors were investigated, including the ratio
of solvent to plant material, the concentration
of ethanol in the extraction solvent, extraction
temperature, solvent pH, amplitude of the
ultrasonic probe, and extraction time. To evaluate
these factors, both a Plackett-Burman design and
a central composite design were employed. The
optimal settings revealed six phenolic compounds:
rutin, protocatechuic acid, neochlorogenic acid,
vanillic acid, chlorogenic acid and caffeic acid.

The ethanolic extract of Prunus spinosa
fruits collected in southeastern Serbia showed
significant antibacterial activity against some strains
of ATCC Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa and Salmonella abony
NCTC 6017, with the exception of Bacillus
subtilis. Moreover, the antifungal activity tested
against two pathogenic fungi, such as Aspergillus
niger and Candida albicans, was significant
only against C. albicans. The antibacterial and
bactericidal activity of the methanol extract of
Prunus spinosa fruits was tested against gram-
negative (E. coli, P. aeruginosa, Salmonella
enteritidis, Shigella sonnei, Klebsiella pneumoniae
and Proteus vulgaris) and gram-positive bacteria
(Clostridium perfringens, B. subtilis, S aureus,
Listeria innocua, Sarcina lutea and Micrococcus
flavus), and in this study, the obtained results
showed high antimicrobial activity of the extract
against almost all tested bacterial strains, except
Klebsiella pneumoniae. According to the available
data, such bacteriostatic and bactericidal properties
mainly depend on the presence of polyphenols.
Therefore, studying the extraction efficiency of
biologically active substances from Blackthorn
fruits applying different parameters in order to
obtain a phytosubstance with a high content of
active compounds is essential.>!¢

Study Limitations: It should be noted
that the microbiological assays in the current
work were conducted as an initial preliminary
screening to identify potential antibacterial activity.
Consequently, the assays were performed as
single-run experiments, which limits the statistical
power required for definitive conclusions regarding
antimicrobial efficacy or true synergy. While these
preliminary observations highlight the extract’s
potential to enhance antibiotic activity, rigorous
statistical validation (using technical and biological
triplicates, mean + SD) and specific synergy assays
(such as checkerboard testing) are required in
future comprehensive studies.

CONCLUSION

The application of mathematical planning
methods enabled revealing key technological
factors that influence the extraction efficacy
to obtain PSFP: extraction method, type of
extractant, and PRM to extractant ratio. The
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spectrophotometric analysis determined the total
content of flavonoids (2.43%) and anthocyanins
(0.03%). The optimal BAS yield from Prunus
spinosa. fruits was achieved using maceration with
stirring, 40% ethanol as extractant, and a 1:5 as
PRM to extractant ratio.

The obtained PSFP demonstrated an
antimicrobial effect that goes beyond simple
toxicity and causes a bacteriostatic effect on
Staphylococcus aureus, which is characterized by
rapid acquired resistance to many antimicrobial
drugs. Generally, the antimicrobial effect of
this phytosubstance against Staphylococcus
aureus depended on its concentration. With the
simultaneous use of the PSFP and antibiotics such
as cephalosporins and chloramphenicol, an increase
in their action in vitro it was noted, which can be
utilized to overcome antimicrobial resistance due
to a possible additive-like effect.
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