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Abstract: Blackthorn (Prunus spinosa L.) fruit is bluish-black wild fruit traditionally used in nutrition
and medicine. It is recently gaining attention as a functional food and an underutilized source of bioac-
tive compounds for application in the food and pharmaceutical industry. This study aimed to assess
the health-promoting potential of blackthorn fruits from Serbia by examining their chemical compo-
sition and in vitro biological activities. Phytochemical analysis of the blackthorn fruit extracts was
performed using LC-DAD-ESI-MS. The total phenolic (TPC), total flavonoid (TFC), total anthocyanin
(TAC) content, antioxidant capacity, and enzyme inhibitory activities were determined spectropho-
tometrically. The antimicrobial and prebiotic properties were tested using the broth microdilution
method. Twenty-seven phenolics belonging to the classes of hydroxybenzoic and hydroxycinnamic
acids derivatives, flavonoids, and anthocyanins were identified, with caffeoylquinic acid as the most
abundant compound. Blackthorn extracts were characterized by notable TPCs, TFCs, and TACs, and
free radical scavenging and reducing ability. The enzyme inhibitory effects (IC5y = 0.43-2.16 mg/mL)
were observed towards a#-amylase, a-glucosidase, acetylcholinesterase, and tyrosinase. Blackthorn
fruit extracts in a concentration-dependent manner (0.3-5 mg/mL) stimulated the growth of several
probiotic microorganisms and their mixtures, especially the yeast Saccharomyces boulardii. Obtained
results support further evaluation of the functional food potential of blackthorn fruit.

Keywords: Prunus spinosa; blackthorn; phenolic composition; antioxidant activity; enzyme inhibitory
activity; antimicrobial properties; prebiotic activity

1. Introduction

Blackthorn (Prunus spinosa L.) is a thorny shrubby plant species that belongs to the rose
family (Rosaceae) and is commonly distributed in most of Europe, Asia Minor, and north-
west Africa [1,2]. In late summer and early autumn, it bears bluish-black fruits of astringent
taste that are used in diet and traditional medicine. They can be consumed raw, when ripe
in autumn, or overripe after the first frosts when fruits become less pungent. Additionally,
blackthorn fruits are used to make the compote, jam, brandy, and liqueur [3-5].

Ethnopharmacological studies reported that the blackthorn fruit has been used for
urinary tract disorders, diabetes, bronchitis, diarrhea, and external inflammatory processes
in the mouth and throat [4,6,7]. Previous chemical composition analysis of blackthorn
fruit revealed the presence of phenolic constituents, such as hydroxycinnamic acid deriva-
tives, anthocyanins, and flavonol glycosides [8-10]. It also contains significant amounts of
available carbohydrates and dietary fibers and is characterized by a high content of mo-
nounsaturated fatty acids. Prunus spinosa fruit can be considered a source of vitamin E [5].
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Previous studies demonstrated the antioxidant, antimicrobial and anti-inflammatory prop-
erties of blackthorn extracts and their ability to inhibit the growth of different cancer cell
lines [10-14]. In fact, many of the health-promoting effects of P. spinosa fruits are attributed
to polyphenols. Although anthocyanins are recognized as one of the most important bioac-
tive compounds, there is evidence that phenolic acids and flavone/ols, due to synergistic
and additive effects, exerted stronger or comparable effects to the anthocyanin-rich fractions
of blackthorn fruits [13]. In addition, the alkali-extracted fraction, rich in arabinogalactan
and hemicelluloses, exerted radical scavenging activities comparable to vitamin C [15].
Due to seasonality, blackthorn fruits require processing and storage. However, there is
evidence that freezing and several months of frozen storage did not significantly influence
on nutritive and bioactive compounds of blackthorn fruits [16]. In fact, freeze-drying is
the most favorable preservation method compared to convection drying and frozen [17].
However, dried blackthorn fruits, which are characterized by a much lower content of
bioactive compounds than fresh fruits, exhibited considerable anti-inflammatory and an-
tioxidant potentials [18]. Therefore, blackthorn fruits are gaining attention not only as
“undiscovered” health-promoting food but also as a potential source of pigments, flavors,
and bioactive ingredients for functional food and nutraceutical applications [8,19].

Due to the antioxidant and antimicrobial activities of polyphenols, blackthorn fruit
extracts could be used as natural colorants and preservatives in the food industry [14,20-22].
Adding blackthorn fruits to the ice cream samples improved quality parameters, like color
and appearance, gumming structure, and general acceptability [23,24]. Contributing to
nutritional value, and functional and sensory properties, blackthorn fruits could be suitable
to use as functional additives to food products, such as isotonic beverages, kombucha,
probiotic yogurt [25-27], and fermented meat products [28]. Cold press oils of P. spinosa
could have further industrial applications since they are rich in -sitosterol, vanillin, and
v-tocopherols [29,30]. In addition, photoprotective effects make blackthorn extracts suitable
for usage in cosmetic formulations [31].

There are several reports on the phytochemical composition and antioxidant po-
tential of wild-growing blackthorn fruits from north [10], central [32], and southeast
Serbia [33-35]. It has been demonstrated that the blackthorn fruit extracts originated
from Serbia display in vitro antimicrobial [33,35] and anti-proliferative effects against the
HT29 colorectal cancer cell line [10]. Due to the presence of the polyphenolic compounds,
blackthorn extracts have been shown the potential to inhibit enzymes related to sugar
metabolism (x-amylase and x-glucosidase) [10] and reduce melanin synthesis through
the tyrosinase inhibitory effect [32,34]. This study aimed to analyze the phenolic compo-
sition and biological activities of blackthorn fruits collected from two localities in central
and western Serbia. In addition to antioxidant and enzyme inhibitory activities against
x-amylase, x-glucosidase, acetylcholinesterase, and tyrosinase, we assessed the effects of
blackthorn fruit extracts on the growth of selected pathogenic and probiotic microorgan-
isms. According to our knowledge, this is the first report on blackthorn fruit’s prebiotic
and anti-acetylcholinesterase properties.

2. Materials and Methods
2.1. Plant Material and Extraction Procedure

Ripe fruits of P. spinosa were collected in September 2020 from two different localities
in Serbia: on the slope of mountain Crni Vrh (central Serbia; 44°00'32” N; 21°06'35” E) and
in the region of Ljig (western Serbia; 44°13'27"” N; 20°14'18” E) (Supplementary Materials;
Figure S1). The plant material was identified by botanist Prof. Dr. Violeta Slavkovska
(Department of Botany, University of Belgrade-Faculty of Pharmacy). The voucher speci-
mens were deposited in the herbarium of the Department of Botany (HFF 4278 and HFF
4279), University of Belgrade—Faculty of Pharmacy. Immediately afterward, the fresh plant
material was frozen at —20 °C and stored until extraction.

After separating seeds from the epicarp and mesocarp, the fleshy parts of the black-
thorn fruits were chopped, intensively rubbed in a mortar, and extracted with methanol,
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ethanol 50% (v/v), or water (DER 1:10, m/v) with constant mixing on a shaker KS 15 A (Ed-
mund Biihler GmbH, Bodelshausen, Germany). After 24 h, macerates were filtered, organic
solvents were removed by a vacuum evaporator Rotavapor RII (Biichi Labortechnik AG,
Flawil, Switzerland), while the water was removed using a freeze-dryer Alpha 1-4 LDplus
(Martin Christ Gefriertrocknungsanlagen GmbH, Osterode am Harz, Germany). Obtained
dry blackthorn extracts were stored in a refrigerator at +4 °C until further chemical and
bioactivity analysis. Extracts of blackthorn fruits collected in the region of Ljig (western
Serbia) were designated as PSE1, whereas extracts of blackthorn fruits collected on the
slope of mountain Crni Vrh in central Serbia were designated as PSE2.

2.2. Total Phenolic Content

Total phenolic content (TPC) was determined using the Folin—Ciocalteu reagent, accord-
ing to the previously described microassay [36]. The absorbances were measured at 630 nm.
A standard of gallic acid with a 10-80 mg/L range was used to construct the calibration
curve. The results were expressed as milligrams of gallic acid equivalents per 100 g of fresh
fruits (mg GAE/100 g).

2.3. Total Flavonoid Content

Total flavonoid content (TFC) was determined by a spectrophotometric method using
AICl3, as described by Ordon et al., with slight modification [37]. The absorbances were
determined at 490 nm. The calibration curve was constructed using a standard solution of
hyperoside (100-800 mg/L) and the results were expressed as milligrams of hyperoside
equivalents (HE) per 100 g of fresh fruits (mg HE/100 g).

2.4. Total Anthocyanin Content

Total anthocyanin content (TAC) was determined by the pH differential method as described
by Oguz et al., 2019 [38]. The calculations were made according to the following formula:

TAC (mg/100 g) = (A x MW x DF x 10,000)/¢ x 1 1)

A = absorbance difference, MW = molecular weight (MW: 449.2), DF = dilution factor,
¢ = molar extinction coefficient (e: 26,900), 1 = pathlength (1 cm).

The results were expressed as milligrams of cyanidin 3-glucoside equivalents per 100 g
of fresh fruits (mg C3G/100 g).

2.5. Phenolic Composition

The HPLC-DAD-ESI-MS technique was employed to examine the phenolic compo-
sition of methanol, water, and hydroethanolic extracts of the ripe fruits of P. spinosa from
two localities in Serbia. The investigation was performed on an Agilent LC-MS system
1260/6130 (Agilent Technologies, Waldbronn, Germany) consisting of a quaternary pump
(G1311B), degasser (G1311B), autosampler (G1329B), column compartment (G1316A), DAD
detector (G4212B) and a single quadrupole mass detector (6130). Samples were prepared
immediately before the analysis by dissolving dry extracts of blackthorn fruits in appropri-
ate solvents (methanol, ethanol 50% (v/v), water) to obtain a solution with a concentration
of 100 mg/mL and subsequent filtering using disposable syringe filters (pore size 0.45 um,
regenerated cellulose membrane, Captiva, Agilent). The injection volume was 5 pL. The sep-
aration of the extract components was carried out on a C18 reversed-phase column (Zorbax
SB-Aq, 3 x 150 mm, particle diameter 3.5 um, Agilent Technologies) thermostatted at 25 °C.
The mobile phase consisted of component A (0.1% HCOOH) and component B (acetonitrile).
The elution program was optimized to achieve the best possible separation of the extract
constituents and was as follows: 0-40 min (5-25% B), 40-44 min (25-90% B), 44—45 min
(90-90% B), 45-50 min (90-5% B). The mobile phase flow rate was constant (0.35 mL/min).
UV spectra were generated in the range 190-640 nm and UV chromatograms were recorded
at 210, 280, 320, 350 and 520 nm. Analytes fragments were produced using electrospray. The
parameters of the spray chamber were as follows: gas temperature (350 °C), drying gas flow
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(10 L/min), nebulizer pressure (40 psi), and capillary voltage (3500 V). The fragmentation
voltages used were 100, 200 and 250 V, which enabled information on the molecular mass
and structure of the analytes. Mass spectra were acquired in the m/z range 100-1200 in the
negative (phenolic acids and flavonoids) and positive polarity (anthocyanins). The gener-
ated data were processed using ChemStation software Rev. B.04.03 SP1. The identification
was performed in comparison with standard compounds or tentatively by comparing the ex-
perimentally generated spectral data with the corresponding literature data [8,10,13,39-41].
The content of the major compound (caffeoylquinic acid 1) was determined at 320 nm and
expressed as milligrams of chlorogenic acid equivalents (CAE) per 100 g of extract (mg
CAE/100 g), whereas the content of the most abundant flavonoid quercetin pentoside
3 was determined at 350 nm and expressed as milligrams of quercetin equivalents (QE) per
100 g of extract (mg QE/100 g). The external standard method was used for quantifica-
tion (chlorogenic acid calibration curve: y = 25,999x — 12.0567, R? = 0.99996, concentration
range (c) = 0.00183-1.10000 mg/mL, LOD = 0.00999 mg/mL, LOQ = 0.03027 mg/mL;
quercetin calibration curve: y = 42228x + 2.7938, R2 =0.99999, ¢ = 0.00080-0.12000 mg/mL,
LOD = 0.00070 mg/mL, LOQ = 0.00211 mg/mL).

2.6. Antioxidant Activities of Blackthorn Extracts

Four in vitro assays were used to evaluate the antioxidant activities of blackthorn ex-
tracts. Radical scavenging activities were tested by 2,2’-diphenyl-1-picrylhydrazyl (DPPH)
and 2,2’-azino-bis(3-ethylbenzothiazoline)-6-sulphonic acid (ABTS) assays, reducing power
by ferric reducing antioxidant power (FRAP) assay, while lipid peroxidation ability was
analyzed by B-carotene bleaching inhibition assay. All assays were performed using 96-
well microplates and a microplate reader ELx800 Absorbance Microplate Reader (BIOTEK,
Santa Clara, CA, USA).

2.6.1. DPPH Assay

The radical scavenging ability of blackthorn extracts against DPPH radical was in-
vestigated using a microassay described by Melendez et al. [42]. The absorbances were
measured at 490 nm. The calibration curve was constructed by Trolox (0.2-0.7 mM). The
results were expressed as mM of Trolox equivalents per 100 g of fresh fruits (mM TE/100 g).

2.6.2. ABTS Assay

Radical scavenging activity against ABTS radicals was evaluated using a previously
described method [43]. The absorbances were measured at 630 nm. A standard of Trolox
with a 0.2-1.5 mM range was used to construct the calibration curve. The results were
expressed as mM of Trolox equivalents per 100 g of fresh fruits (mM TE/100 g).

2.6.3. FRAP Assay

The ability of blackthorn extracts to reduce the ferric tripyridyltriazine complex to
the ferrous tripyridyltriazine was evaluated according to Bolanos de la Torre et al. (2015),
with some modifications [44]. The absorbances were measured at 630 nm. A standard of
Trolox with a 0.1-0.8 mM range was used to construct the calibration curve. The results
were expressed as mM of Trolox equivalents per 100 g of fresh fruits (mM TE/100 g).

2.6.4. 3-Carotene Bleaching Inhibition Assay

The capacity of blackthorn extracts to reduce oxidative degradation of B-carotene was
evaluated according to Reis et al. [45]. Sample and S-carotene/linoleic acid emulsion were
mixed and absorbances of the mixture were measured immediately (t = 0 min) and after
the incubation period (t = 120 min) at 490 nm. The results were expressed as a percentage
of B-carotene oxidative degradation inhibition.
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2.6.5. Antioxidant Composite Index

Based on the obtained results using DPPH, ABTS, FRAP, and B-carotene bleaching
inhibition tests, an overall antioxidant composite index (ACI) for blackthorn fruit extracts
was calculated. For each assay, an index value of 100 was assigned to the best score. The
mean value of all four assays presented the ACI value for analyzed samples [46].

2.7. In Vitro Enzyme Inhibitory Activities of Blackthorn Extracts
2.7.1. a-Amylase Inhibitory Activity Assay

The modified method reported by Ahmed et al. was used to evaluate the x-amylase
inhibitory activity of methanol blackthorn extracts [47].

Serial dilutions of the samples and enzyme (x-amylase type VI-B, >10 units/mg solid,
Sigma- Aldrich, St. Louis, MO, USA) in a phosphate buffer (pH 6.9) were incubated at
37 °C for 15 min. Then, 1.0% starch solution was added, and 3,5-dinitro salicylic acid color
reagent solution. The absorbances were measured at 540 nm. The percentage inhibition
was calculated using the formula:

% Inhibition = [(Ac — As)/Ac] x 100, )

where Ac is the absorbance of the control (without sample) and As is the absorbance
of the samples at different concentrations. The results expressed as ICsy values (mean
=+ standard deviation) were obtained by linear regression from curves describing the
dependence of inhibition (%) on sample concentration (mg/mL). Acarbose was used as the
reference standard.

2.7.2. «-Glucosidase Inhibitory Activity Assay

Inhibitory activities of methanol blackthorn extracts against a-glucosidase were tested
according to the modified method reported by Indrianingsih et al. [48]. Serial dilutions of
the samples, p-nitrophenyl-a-D-glucopyranoside solution, and phosphate buffer (pH 5.0)
were mixed and incubated at 37 °C for 10 min. Then, the enzyme (a-glucosidase type
I, >10 units/mg solid, Sigma-Aldrich, St. Louis, MO, USA ) was added and incubated
for 30 min. The reaction was stopped by adding 0.2 M Na,COs, and the absorbance was
measured at 405 nm. The percentage inhibition was calculated using the formula:

% Inhibition = [(Ac — As)/Ac] x 100, €)

where Ac is the absorbance of the control (without sample) and As is the absorbance of
the samples. The results expressed as ICs values were obtained by linear regression from
curves describing the dependence of inhibition (%) on sample concentration (mg/mL).
Acarbose was used as the reference standard.

2.7.3. Acetylcholinesterase Inhibitory Activity Assay

The ability of methanol blackthorn extracts to inhibit acetylcholinesterase was evalu-
ated following the method reported by Ellman et al. with slight modification [49].

Serial dilutions of the samples, enzyme (acetylcholinesterase type VI-S, 222 units/mg
solid, Sigma-Aldrich, St. Louis, MO, USA), and Tris buffer (pH 8.0) were mixed and
incubated at 37 °C for 15 min. The reaction was initiated by adding acetylcholine iodide
and 5,5’-dithiobis-2-nitrobenzoic acid. After incubation for 30 min at 37 °C, the absorbance
was measured at 412 nm. The percentage inhibition was calculated using the formula:

% Inhibition = [(Ac — As)/Ac] x 100, 4)

where Ac is the absorbance of the control (without sample) and As is the absorbance of
the samples. The results expressed as IC5y values were obtained by linear regression from
curves describing the dependence of inhibition (%) on sample concentration (mg/mL).
Galantamine was used as the reference standard.
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2.7.4. Tyrosinase Inhibitory Activity Assay

The assessment of tyrosinase inhibitory activities of methanol blackthorn extracts was
performed according to the modified method described by No et al. [50]. Serial dilutions
of the samples, enzyme (tyrosinase, >1000 units/mg solid, Sigma-Aldrich, St. Louis, MO,
USA), and phosphate buffer (pH 6.6) were mixed and incubated at 30 °C for 10 min. The
absorbance was measured at 490 nm after adding L-tyrosine and incubating for 30 min at
30 °C. The percentage inhibition was calculated using the formula:

% Inhibition = [(Ac — As)/Ac] x 100, (5)

where Ac is the absorbance of the control (without sample) and As is the absorbance of
the samples. The results expressed as ICsy values were obtained by linear regression from
curves describing the dependence of inhibition (%) on sample concentration (mg/mL).
Kojic acid was used as the reference standard.

2.8. Antimicrobial Activity and Prebiotic Potential of Blackthorn Extracts
2.8.1. Bacterial/ Yeast Strains and Culture Media

The antimicrobial activity of methanol blackthorn extracts was tested against labora-
tory control strains of eight pathogenic bacteria and one yeast derived from ATCC and
NCIMB collection (KWIK-STIK™, Microbiologics, St. Cloud, MN, USA). The prebiotic
activity of blackthorn extracts in terms of growth stimulation potential was evaluated
using six probiotic strains: Lactobacillus spp. (3 strains), Streptococcus salivarius subsp.
thermophilus (1 strain) and Saccharomyces boulardii (2 strains), and two mixtures of lac-
tobacilli/bifidobacterium strains with or without S. boulardii (Supplementary Materials;
Table S1). Strains were maintained at —80 °C in 15% (w/w) glycerol, defrosted before
experiments, and inoculated from stock solutions onto Triptic Soy agar/broth (TSA/TSB,
Oxoid Ltd., Basingstoke, Hampshire, UK) for bacteria, Sabouraud Dextrose agar/broth
(SDA/SDB, Oxoid) for Candida albicans and Saccharomyces boulardii strains, and Lactobacillus
agar/broth according to de Man Rogosa and Sharpe (MRSa/MRSb) (Oxoid) for probiotic
bacterial strains. Before experiments, all tested strains were incubated on corresponding
agar plates for 24-48 h at 35 °C under aerobic or microaerophilic conditions (for lactobacilli),
and fresh (overnight) cultures were used for the preparation of inoculum.

2.8.2. Antimicrobial Activity

The antimicrobial activity of blackthorn methanol extracts was determined by broth
microdilution test in 96-well microtiter plates according to the European Committee on
Antimicrobial Susceptibility Testing guidelines [51]. The suspensions of microorganisms
were made in a saline solution to a density of 0.5 per McFarland standard (Bio-Merieux
Craponne, France). Extracts were dissolved in DMSO, and further prepared in concentra-
tions ranging from 0.15-5.00 mg/mL in fresh Mueller-Hinton broth (MHB, Lab M Limited,
Lancashire, UK) for bacteria, SDB for yeasts, and MRSb for lactobacilli. Each concentra-
tion was set in duplicate and inoculated with 5 x 10° CFU/mL of microorganisms. To
detect cell growth and metabolism, MHB/SDB/MRSb were supplemented with 0.05% 2,3,5-
triphenyltetrazolium chloride (TTC, Sigma-Aldrich, St. Louis, MO, USA). TTC is a redox
indicator and a colorless dye that becomes a red metabolite 1,3,5-triphenylformazan due
to the activity of cellular dehydrogenase and is used to differentiate alive from dead cells.
Minimal inhibitory concentrations (MIC) were determined after incubation for 2048 h
at 35 °C in aerobic/microaerophilic conditions as the lowest concentration of extract that
inhibits growth (i.e., shows no visible change of medium color). Positive controls (microor-
ganisms in medium) and negative controls (only medium with extracts) were included in
the experiments. Each test was repeated three times.
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2.8.3. Prebiotic Activity

The suspensions of probiotic microorganisms (Supplementary Materials; Table S1)
were made in a saline solution to a density of 0.5 per McFarland standard (Bio-Merieux).
Blackthorn methanol extracts were dissolved in DMSO, and further prepared in concentra-
tions ranging from 0.31-5.00 mg/mL in fresh TSB, SDB, and MRSb. Each concentration
was set in triplicate and inoculated with 5 x 10° CFU/mL of microorganisms. Positive
controls (microorganisms in medium) and negative controls (only medium with extracts)
were set in triplicates. Plates were incubated for 20-48 h at 35 °C in aerobic/microaerophilic
conditions, and optical density was measured at 600 nm for bacteria and 530 nm for yeasts
using a microtiter plate reader (Multiskan™ FC Microplate Photometer, ThermoFisher
Scientific, Waltham, MA, USA). Each test was repeated three times.

The prebiotic activity of blackthorn extracts was calculated as a mean value of nine
total measurements for each strain/concentration of extract and expressed as a percent of
growth, compared to the growth of positive controls (expressed as 100%) with the formula:

% of prebiotic effect = ODgampre X 100/ ODpsitive control- 6)

2.9. Statistical Analysis

All analyses were done at least in triplicate, and the results were expressed as the
mean values =+ the standard deviations (SD). Statistical analysis was performed by the
one-way analysis of variance (ANOVA) with Tukey HSD test, independent samples t-test,
and Pearson correlation by using SPSS software (version 20, Chicago, IL, USA), and p
values < 0.05 were considered statistically significant.

3. Results and Discussion
3.1. Total Phenolic, Total Flavonoid and Total Anthocyanin Contents

The total phenolic content (TPC) of blackthorn fruit extracts ranged from 152.22 to
321.36 mg GAE/100 g (Table 1). Regardless of the localities of collection, methanol extracts
were the richest in phenols, followed by hydroethanolic extracts, while water extracts were
the poorest in phenols. Differences in TPCs in methanol and hydroethanolic extracts were
insignificant (p > 0.05). However, TPCs in water extracts were significantly lower than in
methanol and hydroethanolic extracts (p < 0.05). All extracts of blackthorn fruit collected
from the location in western Serbia (PSE1) had significantly higher levels of TPC than the
corresponding extracts of blackthorn fruit from the location in central Serbia (PSE2).

Table 1. Total phenolic (TPC), total flavonoid (TFC) and total anthocyanin (TAC) contents of black-
thorn fruit extracts.

Parameter Solvent PSE1 PSE2
Water 164.57 + 3.85 Ab 152.22 + 4.90 Bb
TPC (mg GAE/100 g) Methanol 321.36 4 9.13 A2 217.04 + 17.99 Ba
Ethanol 50% (v/v) 318.27 + 14.85 Aa 212.72 +13.90 Ba
Water 46.06 + 0.52 Ab 34.24 + 1.39 Bab
TFC (mg HE/100 g) Methanol 37.58 4+ 5.914P 28.18 +2.73 AP
Ethanol 50% (v/v) 67.88 + 1.05 A2 39.70 + 3.19 Ba
Water 2.22 4+ 0.03 A¢ 0.68 + 0.02 Be
TAC (mg C3G/100 g) Methanol 9.47 + 0.21 Ba 14.38 & 0.95 A2
Ethanol 50% (v/v) 4.11 + 0.05 BP 7.86 4+ 0.04 AP

PSE1—extracts of P. spinosa fruit from the location in western Serbia; PSE2—extracts of P. spinosa fruit from the
location in central Serbia; TPC—total phenolic content; TFC—total flavonoid content; TAC—total anthocyanin
content; GAE—gallic acid equivalents; HE—hyperoside equivalents; C3G—cyanidin 3-glucoside equivalents;
Different letters within the same row () and column -9 indicate significant differences (p < 0.05).

The total flavonoid content (TFC) of analyzed blackthorn fruit extracts ranged from
28.18 to 67.88 mg HE/100 g (Table 1), with the highest content observed in hydroethanolic
extracts. The significantly higher TFCs were in PSE1 than in PSE2 extracts (p < 0.05).
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Total anthocyanin content (TAC) ranged from 0.68 to 14.38 mg C3G/100 g (Table 1).
Regarding these specialized metabolites, the highest content was found in methanol,
followed by hydroethanolic, and the lowest TAC was found in aqueous extracts. In
contrast to TPC and TFC, the higher TAC was determined in methanol and hydroethanolic
PSE2 extracts.

According to previous investigations, the content of TPC in methanol extract of black-
thorn fruits from central Serbia was 11.24-18.70 mg GAE /g [32] and 11.10-30.43 mg GAE/g
in fruits from northern Serbia [10]. Additionally, significant TFC (5.32-46.08 mg/100 g)
and TAC (35.70-423.30 mg/100 g) content was reported in these samples [10]. The water,
ethanol, and acetone extracts of fruits from Croatia contained marked amounts of TPC
(19.98-26.78 mg GAE/g) and TFC (2.89-3.07 mg QE/g) [52]. Lower amounts of TPC and
TEC in our samples could be due to different genetic and environmental factors as well as
the processing method that could lead to the decomposition of phenolic compounds.

3.2. Phenolic Composition

Phytochemical analysis of the methanol, ethanol 50% (v/v), and aqueous blackthorn
fruit extracts revealed the presence of twenty-seven phenolics (Supplementary Materials;
Table S2), belonging to the different classes of specialized metabolites, i.e., hydroxyben-
zoic acid derivatives, hydroxycinnamic acid derivatives, flavonoids, and anthocyanins.
The only representative of hydroxybenzoic acid derivatives was vanillic acid hexoside,
whereas hydroxycinnamic acid derivatives included caffeoylquinic acids, feruloylquinic
acid, and caffeoylshikimic acid. Flavonoids were mainly present in the form of various
glycosides of quercetin, methylquercetin, and kaempferol, and the presence of aglycone
quercetin was also confirmed. Anthocyanins were detected in the forms of complexes
of cyanidin and peonidin with a monosaccharide or disaccharide unit. Based on the
peak area of the recorded chromatograms, the dominant compound was caffeoylquinic
acid 1 (83.00-836.09 mg CAE /100 g). Among flavonoids, the highest content of quercetin
pentoside 3 was noticed (6.43-54.56 mg QE /100 g).

The phytochemical composition of the studied P. spinosa extracts follows the available
literature data. Except for methylquercetin pentosides and kaempferol deoxyhexoside, the
presence of all other phenolics has been reported before [8,10,13]. However, these phenols
are constituents of other parts of P. spinosa or other species of the genus Prunus. Kaempferol
3-O-a-L-rhamnopyranoside (afzelin) and kaempferol 7-O-«-L-ramnopyranoside were de-
tected in the blackthorn flowers [40], whereas isorhamnetin 3-O-x-arabinofuranoside and
isorhamnetin 3-O-p-xylopyranoside are flavonoids whose presence was proven in the
P. serotina leaves [41]. Quantitative analysis data (Table 2) are also consistent with previous
findings. The most abundant classes of compounds in the blackthorn fruits are hydrox-
ycinnamic acids and anthocyanins [8,10,13]. In the lyophilized fruits from northern Serbia,
hydroxycinnamic acids: 3-O-caffeoylquinic acid (neochlorogenic acid), 5-O-caffeoylquinic
acid (chlorogenic acid), 3-p-coumaroylquinic acid and anthocyanins: cyanidin 3-glucoside,
cyanidin 3-rutinoside, peonidin 3-glucoside and peonidin 3-rutinoside were major con-
stituents. Flavonoids: quercetin 3-galactoside, quercetin 3-glucoside, quercetin 3-rutinoside
and quercetin aglycone were also present. The concentrations of 3-O-caffeoylquinic acid
(46.63-636.14 mg/100 g dw), 5-O-caffeoylquinic acid (1.70-30.92 mg/100 g dw) were in
the same range as our results (caffeoylquinic acid 1, 83.00-836.09 mg/100 g). Previously
investigated blackthorn fruit from northern Serbia contained significant amounts of an-
thocyanins cyanidin 3-glucoside (4.41-183.63 mg/100 g dw) and cyanidin 3-rutinoside
(7.38-185.62 mg /100 g dw) [10]. The main phenolic compound in the fruits originated from
central Serbia was quercetin 3-rutinoside (3.39-5.90 mg/100 g), followed by kaempferol
3-glucoside (0.62-0.86 mg/100 g), quercetin 3-galactoside, naringin and aesculin [32]. In
line with obtained results, the most abundant constituent in hydromethanolic extract of
blackthorn fruits collected in Northeastern Portugal and Poland was 3-O-caffeoylquinic
acid (22.09 and 15.56 mg /100 g dw, respectively) [8,13].
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Table 2. Contents (mg/100 g) of phenols in blackthorn fruit extracts.

Compound PSE1 PSE2
Methanol Water Ethanol 50% Methanol Water Ethanol 50%
Vanillic acid hex nq nq nq nq nq nq

Caffeoylquinic acid 1

836.09 4 0.37 A2

482.09 4 7.41 A¢

776.50 £ 1.32 AP

559.39 4 0.62 B2

83.00 + 0.42 B¢

402.76 4 1.16 B0

Feruloylquinic acid 35.1 £ 0.05 AP 4232 £1.7542 33.31 £0.10 4P 94.11 £0.04 B2 41.15 £ 1.74 ¢ 76.28 £ 0.31 B
Caffeoylquinic acid 2 <LOQ <LOQ <LOQ <LOQ <LOD <LOQ
Cyanidin hex + Cyanidin
deoxyhex-hex nq nq nq nq nq nq
Peonidin hex + Peonidin
deoxyhex-hex nq nq nq nq nq nq
Caffeoylshikimic acid <LOQ <LOD <LOD <LOD <LOD <LOD
Quercetin pent-hex 1 3.36 £0.012 250 +0.12° 236 4 0.04° <LOQ <LOD <LOQ
Quercetin deoxyhex-hex 1 12.79 £ 0.01 A2 <LOQ 8.27 + 0.00 AP 8.66 + 0.04 B2 <LOD 7.01 + 0.05 B>
Quercetin hex 1 4.824+0.04° <LOQ 239 +0.14" <LOQ <LOD <LOD
Quercetin pent-hex 2 29.25 4 0.03 A2 19.36 + 0.04 AP 19.38 4 0.19 AP 5.78 + 0.07 B 2.86 + 0.04 B 5.17 + 0.04 B
Quercetin hex 2 7.52 +0.01 A 2.70 £ 0.06 4.57 £0.03 AP 3.88 +0.05 Ba <LOQ 3.13 £0.02 8
Quercetin pent 1 5.08 4 0.09 A <LOQ 2.90 + 0.01 Ab 2.69 +0.03 B <LOD 221+ 0.028
Quercetin pent 2 2495 +£0.14 42 8.18 £ 0.05°¢ 15.02 & 0.07 AP 9.80 + 0.09 B <LOQ 7.84 £ 0.06 B
Meg‘zgs;ﬁe;foig‘;’ghﬁ:x}fx * 553 +0.10 A <LOQ 3.65 4 0.02 A 474 +0.045 <LOD 3.63 4+ 0.02 4
Quercetin pent 3 54.56 + 0.23 A2 19.77 4 0.15 Ac 32.85 4+ 0.10 AP 25.47 +0.02 B2 6.43 £ 0.01 Be 22.11 + 0.03 Bb
Quercetin deoxyhex 10.76 + 0.07 A2 6.55 4 0.11 Ab 591 + 0.05 B 6.54 4 0.01 Ba 2.84 4+ 0.02 B 6.27 4 0.01 Ab
Methylquercetin pent 1 4.65 £ 0.01 A2 <LOQ 2.71 £0.01° 247 +£0.078 <LOD <LOQ
Methylquercetin pent 2 <LOQ <LOD <LOD <LOD <LOD <LOD
Kaempferol deoxyhex nq nq nq nq nq nq
Methylquercetin pent 3 <LOQ <LOQ <LOQ <LOQ <LOD <LOQ
Quercetin acetyl-(deoxyhex-hex) <LOQ <LOD <LOQ <LOQ <LOD <LOD
Methylquercetin acetylhex <LOQ <LOD <LOD <LOD <LOD <LOD
Quercetin <LOQ <LOD <LOD <LOD <LOD <LOD

PSE1—extracts of P. spinosa fruit from the location in western Serbia; PSE2—extracts of P. spinosa fruit from the
location in central Serbia; Methanol—methanol extract of P. spinosa fruit; water—water extract of P. spinosa
fruit; Ethanol 50%—hydroethanolic extract of P. spinosa fruit; hex—hexoside; deoxyhex—deoxyhexoside;
pent—pentoside; nq—not quantitated; LOQ—Ilimit of quantification; LOD—Ilimit of detection. Hydroxycin-
namic acid derivatives are expressed as chlorogenic acid (mg/100 g), flavonoids as quercetin (mg/100 g). The
dominant compounds are marked in bold. Different letters @) jndicate significant differences (p < 0.05) between
the extracts obtained with different solvents, () indicate significant differences (p < 0.05) between the extracts
obtained from plants from different localities.

Although comparative analysis of phytochemical fingerprints indicated a qualitative
similarity of the tested extracts, there were noticeable differences among them in the
content of dominant compounds. In the PSE1 extracts, the caffeoylquinic acid 1 content
ranged from 482.09 to 836.09 mg CAE/100 g. The highest content was determined in the
methanol extract and the lowest in the aqueous extract. The hydroethanolic extract was
moderately rich and contained 776.50 mg CAE/100 g. The same pattern was observed for
the dominant flavonoid quercetin pentoside 3 content. Namely, this compound was the
most abundant in the methanol extract (54.56 mg QE/100 g), the lowest content was found
in the aqueous extract (19.77 mg QE/100 g), whereas the medium content was present
in the hydroethanolic extract (32.85 mg QE/100 g). In general, it was evident that the
PSE2 extracts had less phenolics. In these extracts, caffeoylquinic acid 1 and quercetin
pentoside 3 contents were 83.00-559.39 mg CAE/100 g and 6.43-25.47 mg QE/100 g,
respectively. For the PSE2, the methanol extract had higher contents of these phenols than
hydroethanolic and water extracts. It was previously reported that 3-caffeoylquinic acid
contents in hydromethanolic extracts of blackthorn fruits originating from Poland were 452
and 1556 mg/100 g [13,18]. Although a comparison with our results is not possible due to
the differently expressed results, 3-caffeoylquinic acid contents varied in dried blackthorn
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fruits in northern Serbia, from 46.63 to 636.14 mg/100 g, depending on the location and
genotype [10].

In general, our results indicate the variability in the chemical composition of extracts,
which depends on the extraction solvent used and the localities of blackthorn fruits. Con-
sidering that environmental factors influence biosynthesis and accumulation of secondary
metabolites, observed differences in the content of phenolic compounds between the same
type of extracts from blackthorn fruits from different locations could be explained by
differences in the altitudes, insolation, temperature, rainfall precipitations, and soil charac-
teristics [8,53]. Due to the highest total phenolic and total anthocyanin contents, methanol
extracts of blackthorn fruits were used for further evaluation of bioactivity.

3.3. Antioxidant Activities

Antioxidant potentials of the methanol P. spinosa fruit extracts from the location in
western Serbia (PSM1), and the location in central Serbia (PSM2) were evaluated using
different in vitro assays. Based on the results summarized in Table 3, it could be noticed
that blackthorn extracts from different localities exerted statistically significant differences
in antioxidant properties. In particular, the PSM1 extract demonstrated higher antioxidant
activity in DPPH, ABTS, and FRAP assays than the PSM2. Based on the ACI value, the
PSM1 extract had about 1.3-fold higher antioxidant capacity than the PSM2. These results
may be related to the fact that the PSM1 extract had a significantly higher content of total
phenolic compounds. In agreement with previous findings [9,10,52,54], strong positive
correlations were found among the antioxidant activity in different assays and the total
phenolic content (Supplementary Materials; Table S3). On the other hand, we did not
observe any significant correlations between antioxidant activity and TFC, while the TAC
showed a strong linear correlation only with the B-carotene bleaching assay. However, the
absence of a significant difference between P. spinosa extracts for this assay indicates that
besides anthocyanins, other compounds contribute to inhibiting lipid peroxidation abilities.
In addjition to phenolic compounds, other phytochemicals, such as organic acids, vitamins
(ascorbic acid, tocopherols), and carotenoids, could be related to the antioxidant properties
of blackthorn fruits [55,56].

Table 3. Antioxidant activities and enzyme inhibitory effects (ICsp) of blackthorn fruit methanol extracts.

Positive Control

PSM1 PSM2 (ug/mL)
DPPH (mM TE/100 g) 338+0.104 2,61 £0.178 /1
ABTS (mM TE/100 g) 39.88 +0.12 4 2228 +0.37 8B /
FRAP (mM TE/100 g) 25140294 1.57 +£0.17B /

B-carotene bleaching inhibition (%)  20.89 4+2.28 4 21.16 £ 2434 /

ACI (%) 904324 67 +288B /
a-Amy (mg/mL) 2.05+0.054 1.26 +0.04 B 52 +0.16
a-Gls (mg/mL) 0.63 £0.024 0.43 +£0.06 B 110 + 10
AChE (mg/mL) 0.56 + 0.08 A 216 £0.258 0.45 + 0.06
TIA (mg/mL) 1.00 4 0.07 & 0.57 +0.02 8 20402

PSM1—methanol extract of P. spinosa fruit from the location in western Serbia; PSM2—methanol extract of
P. spinosa fruit from the location in central Serbia; 1 Trolox was used as a positive control to express activity in
antioxidant tests; TE—Trolox equivalents; ACI—antioxidant Composite Index; x-Amy—a«-amylase; «-Gls—o-
glucosidase; AChE—acetylcholinesterase; TIA—tyrosinase; Positive controls: acarbose (x-Amy and x-Gls test),
galantamine (AChE test), kojic acid (TIA test); Different letters within the same row indicate a significant difference
(p <0.05).

3.4. Enzymatic Inhibitory Effects

Inhibition of x-amylase and «-glucosidase may decrease the rate of glucose absorption
into the blood and suppress postprandial hyperglycemia. Therefore, using plant extracts
as carbohydrate digestive enzyme inhibitors may facilitate the processes of glucose home-
ostasis [57]. It has already been found that extracts from different Prunus fruits, including
blackthorn, have anti-diabetic properties [9,57]. Previous studies reported that both the
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genotype and the type of solvent used for the extraction significantly affected blackthorn
in vitro inhibition of carbohydrates hydrolyzing enzymes [10,52]. Veli¢kovi¢ et al. showed
that the hydroethanolic P. spinosa extract displayed a significantly stronger ability to inhibit
a-amylase and a-glucosidase than the water extract, which may be due to its high flavonoid
content [52]. It was also demonstrated that among 15 wild-growing blackthorn genotypes
from northern Serbia, genotypes with higher anthocyanin content possessed higher activ-
ity against a-amylase, while x-glucosidase inhibitory activity positively correlated with
quercetin glucosides content [10]. Recent in silico analysis pointed out that among phenol
compounds in different Prunus fruits, the most potent inhibitor of x-amylase is cyanidin 3-
O-rutinoside. In contrast, quercetin 3-O-rutinoside and cyanidin 3-O-(2'-xylosyl)-rutinoside
are the most effective inhibitors of a-glucosidase [9].

Our findings demonstrate that methanol P. spinosa extracts exhibited both o-amylase
and a-glucosidase inhibitory activities. The ICsy values for analyzed extracts and tested
controls are presented in Table 3. Despite considerable variability in enzyme inhibition
abilities of blackthorns from different localities, both samples were more potent inhibitors
of x-glucosidase than x-amylase. Previous studies reported similar results [10,52]. Our
data showed that the PSM2 extract was a more efficient x-amylase inhibitor than the PSM1
extract, possibly due to higher anthocyanins content (Tables 1 and 3).

Apart from catalyzing the hydrolysis of the neurotransmitter acetylcholine, the en-
zyme acetylcholinesterase (AChE) has many different functions, including the modulation
of oxidative stress, inflammatory and apoptotic response, as well as morphogenic and
adhesion functions. In addition to antioxidant and anti-inflammatory properties, there
is evidence that bioactive compounds from various Prunus species exert neuroprotective
effects by AChE inhibition [58]. However, to our best knowledge, there are no previous data
regarding the AChE inhibitory capacity of P. spinosa fruit extracts. We have observed that
the PSM1 extract, characterized by the higher contents of phenolic acids and flavonoids,
showed about 4-fold higher AChE inhibitory activity than the PSM2 extract. However, both
extracts presented lower inhibitions of AChE compared to the positive control, galantamine
(Table 3).

Tyrosinase is an enzyme involved in the oxidation of tyrosine to melanin which
overproduction is associated with hyperpigmentation, photo-carcinogenesis of skin, and
neurodegenerative processes [59]. Previous data on the tyrosinase inhibitory activity of
P. spinosa fruit are very limited. Stankovi¢ et al. have observed considerable tyrosinase
inhibition ability for the 45% (v/v) propylene glycol extract, suggesting that it could be
ascribed to its higher total phenolics and antioxidant activity than those in other extracts
(water, 70 % (v/v) ethanol, and methanol) [34]. Other authors proposed that the presence
of ellagic and vanillic acids and the metal chelation ability could be important factors
determining the antityrosinase properties of blackthorn fruit extracts [32]. In contrast, we
demonstrated that extract (PSM2) with lower total phenolics and less reducing and overall
antioxidant capacity had higher antityrosinase activity. However, both extracts exerted
lower activities than kojic acid (Table 3).

3.5. Antimicrobial Activity

The pathogen strains of Gram-positive and Gram-negative bacteria and yeast were
purposely selected to represent the target microorganisms that could be inhibited after oral
consumption of blackthorn as functional foods or food supplements. They included the
representatives of common human microbiota, enteric and foodborne pathogens. Antimi-
crobial activity was also tested against probiotic microorganisms to determine if there was
any inhibition of their growth and to define concentrations for evaluating of the prebiotic
activity of blackthorn extracts.

Various plant extracts are usually more effective against Gram-positive than Gram-
negative bacteria due to the different structures of their outer layer [60]. Gram-positive
bacteria have a thick porous cross-linked polymer peptidoglycan in their cell wall. Gram-
negative bacteria have a more complex structure with two cell membranes that interfere
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with the transport of nutrients and other molecules through the wall. Our results showed
modest antimicrobial activity of blackthorn extracts against pathogenic bacteria and yeasts,
with MIC values of 1.25-5.00 mg/mL for S. aureus, S. epidermidis, E. coli, K. pneumoniae,
S. abony and P. aeruginosa (Table 4). The PSM1 had better inhibitory activity and lower MIC
values than the PSM2. Although moderate, antimicrobial activity of both extracts against
Escherichia and Salmonella is a significant finding since these bacteria represent enteric
pathogens that cause severe diarrheal syndromes, like travelers’ diarrhea or gastroenteritis
(salmonellosis). Other pathogenic and probiotic microorganisms were not inhibited by
blackthorn extracts (MIC > 5 mg/mL).

Table 4. Antimicrobial activity of blackthorn fruit methanol extracts.

Extracts Antibacterial/Antifungal Agent
Microorganism
MIC (mg/mL)

PSM1 PSM2 AM COL CcIpP FCZ
Staphylococcus aureus 5.0 5.0 4(S) N/A 0.001 (S) N/A
Staphylococcus epidermidis 1.25 5.0 8 (S) N/A 0.001 (S) N/A
Enterococcus faecalis >5.0 >5.0 N/A N/A 2(S) N/A
Bacillus subtilis >5.0 >5.0 N/A N/A N/A N/A
Escherichia coli 25 5.0 8 (S) 0.5 (S) 0.125 (S) N/A
Klebsiella pneumoniae 25 5.0 4(S) 1(S) 0.25 (S) N/A
Salmonella abony 5.0 >5.0 4(S) 0.5 (S) 0.125 (S) N/A
Pseudomonas aeruginosa >5.0 5.0 16 (S) 1(S) 0.001 (S) N/A
Candida albicans >5.0 >5.0 N/A N/A N/A 2(S)
Lactobacillus plantarum >5.0 >5.0 8 (S) 1 N/A N/A N/A
Limosilactobacillus reuteri >5.0 >5.0 16 (S) N/A N/A N/A
Lactobacillus rhamnosus GG >5.0 >5.0 4(S)1 N/A N/A N/A
Streptococcus thermophilus >5.0 >5.0 0.125 2 N/A N/A N/A
Saccharomyces boulardii 1 >5.0 >5.0 N/A N/A N/A 2(S)
Saccharomyces boulardii 2 >5.0 >5.0 N/A N/A N/A 2(S)
MIX 1 L. helveticus, 550 550 N/A N/A N/A N/A

L. vhamnosus, B. longum ’ ’
MIX 2 L. helveticus, L. rhamnosus, 550 550 N/A N/A N/A N/A

B. longum, S. boulardii

MIC—minimal inhibitory concentration; PSM1—methanol extract of P. spinosa fruit from the location in western
Serbia; PSM2—methanol extract of P. spinosa fruit from the location in central Serbia; AM—amikacin; COL—
colistin; CIP—ciprofloxacin; FCZ—fluconazole; S—sensitive; N/ A—not applicable; 1 Gentamicin was used
instead of amikacin; 2 Erythromycin was used instead of amikacin. S-sensitive.

Our results are in accordance with previous research that showed inhibitory activity
of blackthorn ethanol extract on the growth of Gram-positive and Gram-negative bac-
teria in concentrations from 4.36 to 8.72 mg/mL [53], 10 to 30 mg/mL [33] and 5.68 to
11.36 mg/mL [52]. Extract PSM1 inhibited E. coli in the concentration of 2.5 mg/mL and
S. abony in the concentration of 5 mg/mL, which is almost twofold lower compared to the re-
sults of Sabatini et al. (4.36 mg/mL and 8.72 mg/mL, respectively) [53] and Veli¢kovic et al.
(for both strains 11.36 mg/mL for water extract and 5.68 mg/mL for ethanol blackthorn
extract) [52]. On the other hand, Radovanovi¢ et al. [35] reported the antibacterial activity
of the phenol-rich extracts obtained from blackthorn fruits grown in southeastern Serbia
against Gram-positive and Gram-negative bacteria, with significantly lower MIC values
(0.0156-0.5 mg/mL) compared to ours, and results of other authors, probably due to a very
high content of total phenols (795.99 mg/100 g vs. 152.22-321.36 mg/100 g determined in
this study).

The possible mechanisms of antimicrobial activity of plant extracts have been exten-
sively studied. They include the damage to the bacterial cell membrane, suppression of
virulence factors (toxins), alteration/inactivation of essential cellular enzymes, disruption
of microbial membranes, loss of macromolecules, and cell death [61,62]. Previous studies
have shown that flavonoids and phenolic acids in blackthorn extracts could be responsi-
ble for antimicrobial activity [14]. Therefore, considering that our extracts were rich in
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phenolics, it seems highly possible that these compounds contributed to the observed
antimicrobial effects.

In previous studies, hydroxycinnamic acid derivatives (3-caffeoylquinic, 4-caffeoylquinic
and 5-caffeoylquinic acids) exhibited antibacterial and antifungal activity against several microor-
ganisms, i.e., Staphylococcus aureus, Escherichia coli, Salmonella enterica, Vibrio parahaemolyticus,
Candida albicans, Saccharomyces cerevisiae and Aspergillus niger [63]. Considering these find-
ings and the fact that in PSM1 and PSM2, the quantitatively dominant compound was
caffeoylquinic acid, there is a high possibility that this compound is mainly responsible
for the demonstrated antimicrobial effects. The contribution of flavonoids and antho-
cyanins is also possible [64,65]; however, their concentrations in the examined extracts were
significantly lower.

3.6. Prebiotic Potential

The prebiotic activity of various red fruit extracts and plant extracts rich in phenols has
been previously studied [62,66]. However, there is no evidence of the effects of blackthorn
extracts on the growth of beneficial microorganisms. Therefore, we decided to investigate
the prebiotic activity of blackthorn fruit extracts on various strains of probiotic microorgan-
isms commonly used to prevent antibiotic-associated diarrhea and intestinal dysbiosis.

Several studies reported the stimulatory effect of subinhibitory concentrations of
sour cherry (Prunus cerasus L.) [67], blueberry (Vaccinium corymbosum L.) [68], or black-
thorn extracts [53] on the growth of various microorganisms, that could be designated
as a prebiotic-like effect. Hence, we investigated the potential prebiotic activity of black-
thorn methanol extracts in two-fold serial dilutions in the concentration ranges that did
not inhibit the growth of probiotic strains in the previous antimicrobial activity testing.
The prebiotic activity was calculated compared to the growth of strains without adding
blackthorn extracts.

Both methanol PSM1 and PSM2 extracts exhibited pronounced prebiotic effects on all
probiotic strains in concentrations ranging from 0.3-5.0 mg/mL, with no marked difference
between them (Figure 1). The prebiotic activity depended on the type of probiotic strain and
concentration of extracts and was in the range of 104.0-152.8% of growth (Supplementary
Materials; Table S4) (Figure 1). Stimulation of growth of all probiotic strains was highest
in the concentration of 5 mg/mL of PSM1 and PSM2 (135.1 & 7.0% and 142.1 £ 6.4%,
respectively). It slowly decreased to less than 110% of the growth in the concentration of
0.31 mg/mL of PSM1 and PSM2 (106.6 £ 2.1% and 107.2 & 4.2%, respectively). Among
all tested probiotics, the greatest growth stimulation was achieved in both strains of yeast
S. boulardii in the concentration of 5 mg/mL of blackthorn extracts.

The results of our study revealed that blackthorn extracts possess strong prebiotic
activity when applied in concentrations that could be achieved after ingestion of blackthorn
fruits or their supplements. Although the literature on Prunus prebiotic activity is not avail-
able, our results can be compared to other investigations on the prebiotic activity of plant
extracts rich in phenols. Our results are in accordance with Milutinovi¢ et al., who reported
prebiotic activities of various plant extracts rich in phenols on several probiotic strains,
with the most pronounced effect on probiotic yeast Saccharomyces boulardii [62]. Conversely
to our results that both blackthorns extracts stimulated the growth of L. rhamnosus, the
growth of two L. rhamnosus strains investigated in their study was not stimulated by the
addition of any of the five plant extracts in the tested concentrations (0.25-10 mg/mL).
Sabattini et al. also demonstrated that P. spinosa extract in concentrations ranging from 1.15
to 9.13 mg/mL exerted the highest stimulatory activity on microbial growth. However,
these authors investigated the effect on various human pathogens and not probiotic strains
of microorganisms [53].

The observed prebiotic effects of blackthorn extracts in this study could be attributed
to the presence of various bioactive compounds. For example, Wang et al. have recently
summarized articles on the effects of anthocyanins and concluded that these compounds
could inhibit the growth of pathogenic bacteria through the downregulation of gene
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expression, alteration of metabolic enzymes, and disruption of respiratory metabolism.
However, anthocyanins could also stimulate the growth of probiotics by increasing the
production of short-chain fatty acids, and stimulating enzyme activities essential for their
proliferation [69]. In addition, there is evidence that a highly purified mixture of three
dicaffeoylquinic acids (3,4-, 3,5- and 4,5-dicaffeoylquinic acid) which are similar to the
main component of the blackthorn extracts (caffeoylquinic acid) in this study, increased
the relative abundances of Bifidobacterium and Akkermansia in experimental animals [70].
However, prebiotic effects could also be attributed to phenol metabolites. Namely, it has
been shown that buccal and gastric digestions have no substantial effects on phenolic
compounds of P. spinosa. However, these compounds were transformed through intestinal
digestion into breakdown products with potential bacteria-stimulatory effects [54].

L. plantarum

PSM1
u Control
m5mg
| | || - - i _ m25mg
1.25mg
~ wo62mg
0.31 mg

L. reuteri L. rhamnosus 5. thermophilus  S. boulardii 1 S. boulardii 2 Mix 1 Mix 2

|

L. plantarum

PSM2
= Control
E5mg
] m25mg
1.25mg
B 0.62 mg
| = 0.31mg

L. reuteri L. rhamnosus 5. thermophilus  S. boulardii 1 S. boulardii 2 Mix 1 Mix 2

Figure 1. The prebiotic activity of blackthorn extract PSM1 (A) and PSM2 (B) on various probiotic
strains of microorganisms. PSM1—methanol extract of P. spinosa fruit from the location in western
Serbia; PSM2—methanol extract of P. spinosa fruit from the location in central Serbia; Results are pre-
sented as a percent of growth compared to the positive control (100% of growth). Mix 1: L. helveticus,
L. rhamnosus, B. longum; Mix 2: L. helveticus, L. rhamnosus, B. longum, S. boulardii.

4. Conclusions

The polyphenolic composition analysis revealed the presence of 27 phenolics belong-
ing to the classes of hydroxybenzoic acid derivatives, hydroxycinnamic acid derivatives,
flavonoids, and anthocyanins, including methylquercetin pentosides and kaempferol de-
oxyhexoside, reported for the first time in blackthorn fruits. The dominant compound was
caffeoylquinic acid, and among flavonoids, the most abundant was quercetin pentoside.
In vitro studies confirmed the antioxidant and enzyme inhibitorypotential of blackthorn
fruits. In this work, we first reported the AChE inhibitory effects of blackthorn fruit ex-
tracts. However, in contrast to the AChE inhibitory activity, obtained results suggest that
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phenolics and antioxidant capacity are probably not the primary factors determining the
antitirosynase properties of blackthorn fruit extracts. In addition to the modest antimicro-
bial activity against pathogenic bacteria and yeasts, for the first time, we provided evidence
of the potential prebiotic potential of blackthorn fruits, especially on the growth of the
Saccharomyces boulardii. In conclusion, this work supports the functional food properties
of the fruit of P. spinosa or its preparations and further investigations to fully exploit the
benefits of this widespread wild fruit.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods11203289/s1, Figure S1: Blackthorn fruits, Prunus spinosa
A—Crni vrh, central Serbia; B—Ljig, western Serbia; Table S1: Bacterial and yeast strains used in
experiments; Table S2: Identified compounds in extracts of blackthorn fruits; Table S3: Correlations
between total phenolic (TPC), total flavonoid (TFC) and total anthocyanin (TAC) content and antioxi-
dant properties of blackthorn fruit extracts; Table S4: Prebiotic effect of blackthorn fruit methanol
extracts; Figure S2: Stimulation of probiotic growth with blackthorn fruit methanol extracts.

Author Contributions: Conceptualization, B.V. and M.M.; methodology, S.S., M.M. and D.D.B.;
formal analysis, S.S., TI. and D.D.B.; resources, B.V.; writing—original draft preparation, S.S., M.M.,
D.D.B. and B.V.; writing—review and editing, M.M., S.S., D.D.B. and B.V,; visualization, D.D.B.;
supervision, B.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Ministry of Education, Science and Technological
Development, Republic of Serbia through Grant Agreement with University of Belgrade-Faculty of
Pharmacy No: 451-03-68 /2022-14/200161.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article and supplementary material.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Jovanovi¢, B.E; Amygdalaceae, G.D. Flora SR Srbije IV; Josifovi¢, M., Ed.; SANU: Beograd, Serbia, 1972; pp. 179-207.

2. Webb, D.A,; Prunus, L. Flora Europaea. Volume 2. Roseaceae to Umbelliferae; Tutin, T.G., Heywood, V.H., Burges, N.A., Moore, D.M.,
Valentine, D.H., Walters, S.M., Webb, D.A., Eds.; Cambridge University Press: London, UK, 1968; Volume 2, pp. 77-80.

3. Alarcén, R,; Pardo-de-Santayana, M.; Priestley, C.; Morales, R.; Heinrich, M. Medicinal and local food plants in the south of Alava
(Basque Country, Spain). ]. Ethnopharmacol. 2015, 176, 207-224. [CrossRef] [PubMed]

4. Giines, F. Medicinal plants used in the Uzunkoprii district of Edirne, Turkey. Acta Soc. Bot. Pol. 2017, 3565. [CrossRef]

5. Tardio, J.; Sanchez-Mata, M.d.C.; Morales, R.; Molina, M.; Garcia-Herrera, P.; Morales, P.; Diez-Marqués, C.; Fernandez-Ruiz, V,;
Camara, M.; Pardo-de-Santayana, M.; et al. Ethnobotanical and food composition monographs of selected mediterranean wild
edible plants. In Mediterranean Wild Edible Plants: Ethnobotany and Food Composition Tables; Sanchez-Mata, M.d.C., Tardio, J., Eds;
Springer: New York, NY, USA, 2016; pp. 273-470. ISBN 978-1-4939-3329-7.

6. Idolo, M.; Motti, R.; Mazzoleni, S. Ethnobotanical and phytomedicinal knowledge in a long-history protected area, the Abruzzo,
Lazio and Molise National Park (Italian Apennines). J. Ethnopharmacol. 2010, 127, 379-395. [CrossRef] [PubMed]

7. Menkovié, N.; Savikin, K.; Tasi¢, S.; Zduni¢, G.; Stesevié, D.; Milosavljevi¢, S.; Vincek, D. Ethnobotanical study on traditional uses
of wild medicinal plants in Prokletije mountains (Montenegro). J. Ethnopharmacol. 2011, 133, 97-107. [CrossRef] [PubMed]

8.  Guimaraes, R; Barros, L.; Duefias, M.; Carvalho, A.M.; Queiroz, M.].R.P; Santos-Buelga, C.; Ferreira, I.C.ER. Characterisation of
phenolic compounds in wild fruits from Northeastern Portugal. Food Chem. 2013, 141, 3721-3730. [CrossRef]

9.  Popovi¢, B.M,; Blagojevi¢, B.; Kucharska, A.Z.; Agi¢, D.; Magazin, N.; Milovi¢, M.; Serra, A.T. Exploring fruits from genus Prunus
as a source of potential pharmaceutical agents—In vitro and in silico study. Food Chem. 2021, 358, 129812. [CrossRef]

10. Popovi¢, B.M.; Blagojevi¢, B.; Zdero Pavlovi¢, R.; Miéi¢, N.; Bijeli¢, S.; Bogdanovi¢, B.; Misan, A.; Duarte, CM.M.; Serra,
A.T. Comparison between polyphenol profile and bioactive response in blackthorn (Prunus spinosa L.) genotypes from North
Serbia-from raw data to PCA Analysis. Food Chem. 2020, 302, 125373. [CrossRef]

11.  Condello, M.; Meschini, S. Role of natural antioxidant products in colorectal cancer disease: A focus on a natural compound
derived from Prunus spinosa, Trigno ecotype. Cells 2021, 10, 3326. [CrossRef]

12.  Karakas, N.; Okur, M.E,; Ozturk, L; Ayla, S.; Karadag, A.E.; Polat, D.C. Antioxidant activity of blackthorn (Prunus spinosa L.) fruit

extract and cytotoxic effects on various cancer cell lines. Medeni. Med. ]. 2019, 34, 297-304. [CrossRef]


https://www.mdpi.com/article/10.3390/foods11203289/s1
https://www.mdpi.com/article/10.3390/foods11203289/s1
http://doi.org/10.1016/j.jep.2015.10.022
http://www.ncbi.nlm.nih.gov/pubmed/26481607
http://doi.org/10.5586/asbp.3565
http://doi.org/10.1016/j.jep.2009.10.027
http://www.ncbi.nlm.nih.gov/pubmed/19874882
http://doi.org/10.1016/j.jep.2010.09.008
http://www.ncbi.nlm.nih.gov/pubmed/20837123
http://doi.org/10.1016/j.foodchem.2013.06.071
http://doi.org/10.1016/j.foodchem.2021.129812
http://doi.org/10.1016/j.foodchem.2019.125373
http://doi.org/10.3390/cells10123326
http://doi.org/10.5222/MMJ.2019.87864

Foods 2022, 11, 3289 16 of 18

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Magiera, A.; Czerwiriska, M.E.; Owczarek, A.; Marchelak, A.; Granica, S.; Olszewska, M.A. Polyphenol-enriched extracts of
Prunus spinosa fruits: Anti-inflammatory and antioxidant effects in human immune cells ex vivo in relation to phytochemical
profile. Molecules 2022, 27, 1691. [CrossRef]

Pozzo, L.; Russo, R.; Frassinetti, S.; Vizzarri, F,; Arvay, J.; Vornoli, A.; Casamassima, D.; Palazzo, M.; Della Croce, C.M.; Longo, V.
Wild Italian Prunus spinosa L. fruit exerts in vitro antimicrobial activity and protects against in vitro and in vivo oxidative stress.
Foods 2019, 9, 5. [CrossRef] [PubMed]

Capek, P; Kostalova, Z. Isolation, chemical characterization and antioxidant activity of Prunus spinosa L. fruit phenolic
polysaccharide-proteins. Carbohydr. Res. 2022, 515, 108547. [CrossRef] [PubMed]

Sikora, E.; Bieniek, M.I.; Borczak, B. Composition and antioxidant properties of fresh and frozen stored blackthorn fruits (Prunus
spinosa L.). Acta Sci. Pol. Technol. Aliment. 2013, 12, 365-372.

Olesiniska, K.; Sugier, D.; Seczyk, L. The influence of selected preservation methods and storage time on the content of antioxidants
in blackthorn (Prunus spinosa L.) fruits. Agron. Sci. 2019, 74, 53—-62. [CrossRef]

Magiera, A.; Czerwiriska, M.E.; Owczarek, A.; Marchelak, A.; Granica, S.; Olszewska, M.A. Polyphenols and Maillard reaction
products in dried Prunus spinosa fruits: Quality aspects and contribution to anti-inflammatory and antioxidant activity in human
immune cells ex vivo. Molecules 2022, 27, 3302. [CrossRef]

Ruiz-Rodriguez, B.M.; de Ancos, B.; Sinchez-Moreno, C.; Fernandez-Ruiz, V.; De Cortes Sanchez-Mata, M.; Camara, M.; Tardio, J.
Wild blackthorn (Prunus spinosa L.) and hawthorn (Crataegus monogyna Jacq.) fruits as valuable sources of antioxidants. Fruits
2014, 69, 61-73. [CrossRef]

Backes, E.; Leichtweis, M.G.; Pereira, C.; Carocho, M.; Barreira, J.; Kamal Genena, A.; José Baraldi, I.; Filomena Barreiro, M.;
Barros, L.; Ferreira, .C.ER. Ficus carica L. and Prunus spinosa L. extracts as new anthocyanin-based food colorants: A thorough
study in confectionery products. Food Chem. 2020, 333, 127457. [CrossRef]

Leichtweis, M.G; Pereira, C.; Prieto, M.A.; Barreiro, M.E,; Baraldi, I.].; Barros, L.; Ferreira, I. Ultrasound as a rapid and low-cost
extraction procedure to obtain anthocyanin-based colorants from Prunus spinosa L. fruit epicarp: Comparative study with
conventional heat-based extraction. Molecules 2019, 24, 573. [CrossRef]

Giindiiz, G.T. Antimicrobial activity of sloe berry purees on Salmonella spp. Food Control 2013, 32, 354-358. [CrossRef]

Urkek, B,; Sengiil, M.; Akgiil, H.I; Kotan, T.E. Antioxidant activity, physiochemical and sensory characteristics of ice cream
incorporated with sloe berry (Prunus spinosa L.). Int. ]. Food Eng. 2019, 15, 20180029. [CrossRef]

Kavaz Yuksel, A. The effects of blackthorn (Prunus spinosa L.) addition on certain quality characteristics of ice cream. J. Food Qual.
2015, 38, 413-421. [CrossRef]

Gironés-Vilaplana, A.; Villafio, D.; Moreno, D.A.; Garcia-Viguera, C. New isotonic drinks with antioxidant and biological
capacities from berries (maqui, agai and blackthorn) and lemon juice. Int. . Food Sci. Nutr. 2013, 64, 897-906. [CrossRef] [PubMed]
Ulusoy, A.; Tamer, C.E. Determination of suitability of black carrot (Daucus carota L. spp. sativus var. atrorubens Alef.) juice
concentrate, cherry laurel (Prunus laurocerasus), blackthorn (Prunus spinosa) and red raspberry (Rubus ideaus) for kombucha
beverage production. J. Food Meas. Charact. 2019, 13, 1524-1536. [CrossRef]

Najgebauer-Lejko, D.; Liszka, K.; Tabaszewska, M.; Domagata, J. Probiotic yoghurts with sea buckthorn, elderberry, and sloe fruit
purees. Molecules 2021, 26, 2345. [CrossRef] [PubMed]

Mandic, S.; Savanovic, D.; Velmir, A.; Kalaba, V.; Savanovic, J.; Jokanovic, V. Effect of incorporating blackthorn fruit
(Prunus spinosa L.) extract in natural casing on quality of Kranjska sausage. Meat Technol. 2018, 59, 80-90. [CrossRef]

Stankovi¢, M.; Maksimovié, S.; Tadi¢, V.; Arsié, I. The oil content of wild fruits from different plant species obtained by
conventional Soxhlet extraction technique. Acta Fac. Med. Naissensis 2018, 35, 193-200. [CrossRef]

Atik, I; Karasu, S.; Sevik, R. Physicochemical and bioactive properties of cold press wild plum (Prunus spinosa) and sour cherry
(Prunus cerasus) kernel oils: Fatty acid, sterol and phenolic profile. Riv. Ital. Sostanze Grasse 2022, 991, 13-20. Available online:
https:/ /www.innovhub-ssi.it/kdocs/2048251/2022_vol._991_-_art._02_-_atik.pdf (accessed on 20 September 2022).

Opris, O.; Soran, M.L.; Lung, L; Stegarescu, A.; Gutoiu, S.; Podea, R.; Podea, P. Optimization of extraction conditions of
polyphenols, antioxidant capacity and sun protection factor from Prunus spinosa fruits. Application in sunscreen formulation.
J. Iran. Chem. Soc. 2021, 18, 2625-2636. [CrossRef]

Nati¢, M.; Pavlovi¢, A.; Bosco, F.L.; Stanisavljevi¢, N.; Dabi¢ Zagorac, D.; Fotiri¢ Aksi¢, M.; Papetti, A. Nutraceutical properties
and phytochemical characterization of wild Serbian fruits. Eur. Food Res. Technol. 2019, 245, 469-478. [CrossRef]

Velickovi¢, ].M.; Kosti¢, D.A.; Stojanovi¢, G.S.; Miti¢, S.S.; Miti¢, M.N.; Randelovi¢, S.S.; Pordevi¢, A.S. Phenolic composition,
antioxidant and antimicrobial activity of the extracts from Prunus spinosa L. fruit. Hem. Ind. 2014, 68, 297-303. [CrossRef]
Stankovi¢, M.L; Savi¢, V.L.; Zivkovi¢, J.V,; Tadi¢, V.M,; Arsi¢, I.A. Tyrosinase inhibitory and antioxidant activity of wild Prunus
spinosa L. Fruit extracts as natural source of bioactive compounds. Not. Bot. Horti Agrobot. Cluj-Napoca 2019, 47, 651-657.
[CrossRef]

Radovanovi¢, B.C.; Andelkovi¢, S.M.; Radovanovi¢, A.B.; Andelkovi¢, M.Z. Antioxidant and antimicrobial activity of polyphenol
extracts from wild berry fruits grown in Southeast Serbia. Trop. |. Pharm. Res. 2013, 12, 813-819. [CrossRef]

Attard, E. A rapid microtitre plate Folin-Ciocalteu method for the assessment of polyphenols. Open Life Sci. 2013, 8, 48-53.
[CrossRef]

Ordoriez, A.A.L.; Gomez, ].D.; Attuone, M.A; Isla, M.I. Antioxidant activities of Sechium edule (Jacq.) Swart extracts. Food Chem.
2006, 97, 452-458. [CrossRef]


http://doi.org/10.3390/molecules27051691
http://doi.org/10.3390/foods9010005
http://www.ncbi.nlm.nih.gov/pubmed/31861742
http://doi.org/10.1016/j.carres.2022.108547
http://www.ncbi.nlm.nih.gov/pubmed/35366572
http://doi.org/10.24326/as.2019.1.5
http://doi.org/10.3390/molecules27103302
http://doi.org/10.1051/fruits/2013102
http://doi.org/10.1016/j.foodchem.2020.127457
http://doi.org/10.3390/molecules24030573
http://doi.org/10.1016/j.foodcont.2013.01.005
http://doi.org/10.1515/ijfe-2018-0029
http://doi.org/10.1111/jfq.12170
http://doi.org/10.3109/09637486.2013.809406
http://www.ncbi.nlm.nih.gov/pubmed/23815554
http://doi.org/10.1007/s11694-019-00068-w
http://doi.org/10.3390/molecules26082345
http://www.ncbi.nlm.nih.gov/pubmed/33920663
http://doi.org/10.18485/meattech.2018.59.2.2
http://doi.org/10.2478/afmnai-2018-0021
https://www.innovhub-ssi.it/kdocs/2048251/2022_vol._991_-_art._02_-_atik.pdf
http://doi.org/10.1007/s13738-021-02217-9
http://doi.org/10.1007/s00217-018-3178-1
http://doi.org/10.2298/HEMIND130312054V
http://doi.org/10.15835/nbha47311425
http://doi.org/10.4314/tjpr.v12i5.23
http://doi.org/10.2478/s11535-012-0107-3
http://doi.org/10.1016/j.foodchem.2005.05.024

Foods 2022, 11, 3289 17 of 18

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Oguz, I.; Degirmenci, 1.; Kafkas, E. Determination of the total phenolic and anthocyanin contents, as well as the total antioxidant
capacity, of black wolfberry (Lycium ruthenicum) fruits. J. Process. Energy Agric. 2019, 23, 158-161. [CrossRef]

Jaiswal, R.; Karakose, H.; Rithmann, S.; Goldner, K.; Neumidiller, M.; Treutter, D.; Kuhnert, N. Identification of phenolic compounds
in plum fruits (Prunus salicina L. and Prunus domestica L.) by high-performance liquid chromatography/tandem mass spectrometry
and characterization of varieties by quantitative phenolic fingerprints. J. Agric. Food Chem. 2013, 61, 12020-12031. [CrossRef]
Marchelak, A.; Owczarek, A.; Matczak, M.; Pawlak, A.; Kolodziejczyk-Czepas, J.; Nowak, P.; Olszewska, M.A. Bioactivity
potential of Prunus spinosa L. flower extracts: Phytochemical profiling, cellular safety, pro-inflammatory enzymes inhibition and
protective effects against oxidative stress in vitro. Front. Pharmacol. 2017, 8, 680. [CrossRef]

Olszewska, M. High-performance liquid chromatographic identification of flavonoid monoglycosides from Prunus serotina Ehrh.
Acta Pol. Pharm. 2005, 62, 435-441.

Meléndez, N.P,; Nevarez-Moorillon, V.; Rodriguez-Herrera, R.; Espinoza, J.C.; Aguilar, C.N. A Microassay for quantification of
2,2-Diphenyl-1-Picrylhydracyl (DPPH) free radical scavenging. Afr. |. Biochem. Res. 2014, 8, 14-18. [CrossRef]

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radic. Biol. Med. 1999, 26, 1231-1237. [CrossRef]

Bolanos de la Torre, A.A.S.; Henderson, T.; Nigam, P.S.; Owusu-Apenten, R K. A universally calibrated microplate ferric reducing
antioxidant power (FRAP) assay for foods and applications to manuka honey. Food Chem. 2015, 174, 119-123. [CrossRef]
[PubMed]

Reis, F.S.; Martins, A.; Barros, L.; Ferreira, . C.ER. Antioxidant properties and phenolic profile of the most widely appreciated
cultivated mushrooms: A comparative study between in vivo and in vitro samples. Food Chem. Toxicol. 2012, 50, 1201-1207.
[CrossRef] [PubMed]

Seeram, N.P,; Aviram, M.; Zhang, Y.; Henning, S.M.; Feng, L.; Dreher, M.; Heber, D. Comparison of antioxidant potency of
commonly consumed polyphenol-rich beverages in the United States. |. Agric. Food Chem. 2008, 56, 1415-1422. [CrossRef]
[PubMed]

Ahmed, D.; Mughal, Q.M.; Younas, S.; Ikram, M. Study of phenolic content and urease and alpha-amylase inhibitory activities of
methanolic extract of Rumex acetosella roots and its sub-fractions in different solvents. Pak. J. Pharm. Sci. 2013, 26, 553-559.
Indrianingsih, A.W.; Tachibana, S.; Itoh, K. In Vitro Evaluation of antioxidant and «-glucosidase inhibitory assay of several
tropical and subtropical plants. Procedia Environ. Sci. 2015, 28, 639-648. [CrossRef]

Ellman, G.L.; Courtney, K.D.; Andres, V.; Featherstone, RM. A new and rapid colorimetric determination of acetylcholinesterase
activity. Biochem. Pharmacol. 1961, 7, 88-95. [CrossRef]

No, J.K,; Soung, D.Y.; Kim, Y.J.; Shim, K.H.; Jun, Y.S.; Rhee, S.H.; Yokozawa, T.; Chung, H.Y. Inhibition of tyrosinase by green tea
components. Life Sci. 1999, 65, PL241-PL246. [CrossRef]

The European Committee on Antimicrobial Susceptibility Testing (EUCAST). Breakpoint Tables for Interpretation of MICs and
Zone Diameters (Version 11.0, 2021). In Reading Guide for Broth Microdilution, 4th ed.; The European Committee on Antimicrobial
Susceptibility Testing (EUCAST), 2022. Available online: www.eucast.org (accessed on 20 July 2022).

Velitkovi¢, L; Zizak, Z.; Raj¢evi¢, N.; Ivanov, M.; Sokovi¢, M.; Marin, P.D.; Gruji¢, S. Examination of the polyphenol content and
bioactivities of Prunus spinosa L. fruit extracts. Arch. Biol. Sci. 2020, 72, 105-115. [CrossRef]

Sabatini, L.; Fraternale, D.; Di Giacomo, B.; Mari, M.; Albertini, M.C.; Gordillo, B.; Rocchi, M.B.L.; Sisti, D.; Coppari, S.; Semprucci,
F; et al. Chemical Composition, Antioxidant, antimicrobial and anti-inflammatory activity of Prunus spinosa L. fruit ethanol
extract. J. Funct. Foods 2020, 67, 103885. [CrossRef]

Pinacho, R.; Cavero, R.Y.; Astiasaran, I.; Ansorena, D.; Calvo, M.I. Phenolic compounds of blackthorn (Prunus spinosa L.) and
influence of in vitro digestion on their antioxidant capacity. J. Funct. Foods 2015, 19, 49-62. [CrossRef]

Barros, L.; Carvalho, A.M.; Morais, J.S.; Ferreira, 1.C. Strawberry-tree, blackthorn and rose fruits: Detailed characterisation in
nutrients and phytochemicals with antioxidant properties. Food Chem. 2010, 120, 247-254. [CrossRef]

Mikulic-Petkovsek, M.; Stampar, E,; Veberic, R.; Sircelj, H. Wild Prunus fruit species as a rich source of bioactive compounds.
J. Food Sci. 2016, 81, C1928-C1937. [CrossRef] [PubMed]

Papoutsis, K.; Zhang, J.; Bowyer, M.C.; Brunton, N.; Gibney, E.R.; Lyng, J. Fruit, vegetables, and mushrooms for the preparation
of extracts with a-amylase and «-glucosidase inhibition properties: A review. Food Chem. 2021, 338, 128119. [CrossRef] [PubMed]
Walczak-Nowicka, L.J.; Herbet, M. Acetylcholinesterase inhibitors in the treatment of neurodegenerative diseases and the role of
acetylcholinesterase in their pathogenesis. Int. J. Mol. Sci. 2021, 22, 9290. [CrossRef] [PubMed]

Bonesi, M.; Xiao, J.; Tundis, R.; Aiello, F; Sicari, V.; Loizzo, M.R. Advances in the tyrosinase inhibitors from plant source. Curr.
Med. Chem. 2019, 26, 3279-3299. [CrossRef] [PubMed]

Fisher, ].F.; Mobashery, S. Constructing and deconstructing the bacterial cell wall. Protein Sci. 2020, 29, 629-646. [CrossRef]
Barbieri, R.; Coppo, E.; Marchese, A.; Daglia, M.; Sobarzo-Sanchez, E.; Nabavi, S.F.; Nabavi, S.M. Phytochemicals for human
disease: An update on plant-derived compounds antibacterial activity. Microbiol. Res. 2017, 196, 44—68. [CrossRef]

Milutinovié¢, M.; Dimitrijevi¢-Brankovi¢, S.; Rajili¢-Stojanovi¢, M. Plant extracts rich in polyphenols as potent modulators in the
growth of probiotic and pathogenic intestinal microorganisms. Front. Nutr. 2021. [CrossRef]

Xia, D.; Wu, X,; Shi, J.; Yang, Q.; Zhang, Y. Phenolic compounds from the edible seeds extract of Chinese Mei (Prunus mume Sieb.
et Zucc) and their antimicrobial activity. LWT-Food Sci. Technol. 2011, 44, 347-349. [CrossRef]


http://doi.org/10.5937/JPEA1904158O
http://doi.org/10.1021/jf402288j
http://doi.org/10.3389/fphar.2017.00680
http://doi.org/10.5897/AJBR2013.0669
http://doi.org/10.1016/S0891-5849(98)00315-3
http://doi.org/10.1016/j.foodchem.2014.11.009
http://www.ncbi.nlm.nih.gov/pubmed/25529660
http://doi.org/10.1016/j.fct.2012.02.013
http://www.ncbi.nlm.nih.gov/pubmed/22369965
http://doi.org/10.1021/jf073035s
http://www.ncbi.nlm.nih.gov/pubmed/18220345
http://doi.org/10.1016/j.proenv.2015.07.075
http://doi.org/10.1016/0006-2952(61)90145-9
http://doi.org/10.1016/S0024-3205(99)00492-0
www.eucast.org
http://doi.org/10.2298/ABS191217004V
http://doi.org/10.1016/j.jff.2020.103885
http://doi.org/10.1016/j.jff.2015.09.015
http://doi.org/10.1016/j.foodchem.2009.10.016
http://doi.org/10.1111/1750-3841.13398
http://www.ncbi.nlm.nih.gov/pubmed/27464261
http://doi.org/10.1016/j.foodchem.2020.128119
http://www.ncbi.nlm.nih.gov/pubmed/33091976
http://doi.org/10.3390/ijms22179290
http://www.ncbi.nlm.nih.gov/pubmed/34502198
http://doi.org/10.2174/0929867325666180522091311
http://www.ncbi.nlm.nih.gov/pubmed/29788869
http://doi.org/10.1002/pro.3737
http://doi.org/10.1016/j.micres.2016.12.003
http://doi.org/10.3389/fnut.2021.688843
http://doi.org/10.1016/j.lwt.2010.05.017

Foods 2022, 11, 3289 18 of 18

64.

65.

66.

67.

68.

69.

70.

Cisowska, A.; Wojnicz, D.; Hendrich, A.B. Anthocyanins as antimicrobial agents of natural plant origin. Nat. Prod. Commun. 2011,
6, 149-156. [CrossRef]

Gorniak, I; Bartoszewski, R.; Kroliczewski, J. Comprehensive review of antimicrobial activities of plant flavonoids. Phytochem.
Rev. 2019, 18, 241-272. [CrossRef]

Coman, M.M.; Oancea, A.M.; Verdenelli, M.C.; Cecchini, C.; Bahrim, G.E.; Orpianesi, C.; Cresci, A ; Silvi, S. Polyphenol content
and in vitro evaluation of antioxidant, antimicrobial and prebiotic properties of red fruit extracts. Eur. Food Res. Technol. 2018, 244,
735-745. [CrossRef]

Coccia, A.; Carraturo, A.; Mosca, L.; Masci, A.; Bellini, A.; Campagnaro, M.; Lendaro, E. Effects of methanolic extract of sour
cherry (Prunus cerasus L.) on microbial growth. Int. J. Food Sci. Technol. 2012, 47, 1620-1629. [CrossRef]

Silva, S.; Costa, E.M.; Mendes, M.; Morais, R.M.; Calhau, C.; Pintado, M.M. Antimicrobial, antiadhesive and antibiofilm activity
of an ethanolic, anthocyanin-rich blueberry extract purified by solid phase extraction. J. Appl. Microbiol. 2016, 121, 693-703.
[CrossRef] [PubMed]

Wang, M.; Zhang, Z.; Sun, H.; He, S.; Liu, S.; Zhang, T.; Wang, L.; Ma, G. Research progress of anthocyanin prebiotic activity:
A review. Phytomedicine 2022, 102, 154145. [CrossRef] [PubMed]

Xie, M.; Chen, G.; Wan, P; Dai, Z.; Zeng, X.; Sun, Y. Effects of dicaffeoylquinic acids from Ilex kudingcha on lipid metabolism and
intestinal microbiota in high-fat-diet-fed mice. J. Agric. Food Chem. 2019, 67, 171-183. [CrossRef]


http://doi.org/10.1177/1934578X1100600136
http://doi.org/10.1007/s11101-018-9591-z
http://doi.org/10.1007/s00217-017-2997-9
http://doi.org/10.1111/j.1365-2621.2012.03012.x
http://doi.org/10.1111/jam.13215
http://www.ncbi.nlm.nih.gov/pubmed/27349348
http://doi.org/10.1016/j.phymed.2022.154145
http://www.ncbi.nlm.nih.gov/pubmed/35567994
http://doi.org/10.1021/acs.jafc.8b05444

	Introduction 
	Materials and Methods 
	Plant Material and Extraction Procedure 
	Total Phenolic Content 
	Total Flavonoid Content 
	Total Anthocyanin Content 
	Phenolic Composition 
	Antioxidant Activities of Blackthorn Extracts 
	DPPH Assay 
	ABTS Assay 
	FRAP Assay 
	-Carotene Bleaching Inhibition Assay 
	Antioxidant Composite Index 

	In Vitro Enzyme Inhibitory Activities of Blackthorn Extracts 
	-Amylase Inhibitory Activity Assay 
	-Glucosidase Inhibitory Activity Assay 
	Acetylcholinesterase Inhibitory Activity Assay 
	Tyrosinase Inhibitory Activity Assay 

	Antimicrobial Activity and Prebiotic Potential of Blackthorn Extracts 
	Bacterial/Yeast Strains and Culture Media 
	Antimicrobial Activity 
	Prebiotic Activity 

	Statistical Analysis 

	Results and Discussion 
	Total Phenolic, Total Flavonoid and Total Anthocyanin Contents 
	Phenolic Composition 
	Antioxidant Activities 
	Enzymatic Inhibitory Effects 
	Antimicrobial Activity 
	Prebiotic Potential 

	Conclusions 
	References

