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Abstract
Key Message  The best yields in the extraction of hydroxycinnamic acids, flavanols and total phenolics from black 
cherry flowers were obtained with 40% ethanol and the poorest with water. A 30% higher content of total phenolics 
was obtained from leaves by using methanol rather than water.
Context  Black cherry (Prunus serotina Erhr.) is widespread in Europe. Because it is an invasive species, most research has 
been aimed at trying to find a method to remove this shrub from forests. The incentive for the development of the research 
was that we were trying to find a possible folk use of black cherry leaves and flowers.
Aims  The aim of this work was to study the detailed phenolic profile of extracts of P. serotina leaves and flowers.
Methods  Three types of extracts of P. serotina were made. The extracts were analysed for differences in phenolics content 
based on different extraction methods. HPLC-MSn was used to identify the phenolic compounds, and HPLC–DAD was used 
for their quantification.
Results  The results show that different extraction methods result in differences in the amount of extractables. Flavanols are 
the main group of identified compounds in both leaves and flowers. A larger extraction efficiency leads to a higher amount 
of phenolics in the flowers compared to leaves (49.8 vs. 36.5 g/kg dry weight). No difference was detected in the amount of 
phenolics between water extracts of leaves and flowers. Each extract can be considered rich in phenolics.
Conclusion  This work shows that leaves and flowers of P. serotina are a rich source of phenolic compounds. We provide 
interesting results that might be of interest in the industrial valuation of several compounds.
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1  Introduction

Black cherry (Prunus serotina Ehrh.) originates from North 
America and is also called American black cherry. It is a 
native tree from Mexico-Guatemala to south-east Canada, 
where it can grow up to 30 m, and is one of the most val-
ued woods for furniture (Petitpierre et al. 2009). In Poland, 
it mostly grows as a shrub or in the form of small trees. 
P. serotina blooms intensively in late spring (end of May). 
Flowers have a characteristic almond-like odour. Every 
part of the plant has this smell, so this characteristic is used 
for distinguishing this species from other similar species 
(Nestby 2020).

Black cherry is an invasive species in Europe. Problems 
caused by black cherry have been studied in many European 
countries, e.g. Italy, Hungary, Belgium, Germany, the Neth-
erlands, France and Norway (Deckers et al. 2005; Csiszár 
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et al. 2013, Gentili et al. 2019, Godefroid et al. 2005, Poyet 
et al. 2014; Nestby 2020; Desiea et al. 2020). Researchers 
have pointed out that a high seed production is the reason 
for the invasive success of P. serotina, and this plus the early 
age of flowering has made black cherry a great pest in wood 
stands. Trees can produce fruits very early, when the plants 
are 3–4 years old. Additionally, it can also spread vegeta-
tively (Motta et al. 2009; Kawaletz et al. 2014). The idea 
behind the introduction of black cherry into European forests 
was to find a plant for the understory of forests growing 
on poor soil (Grajewski et al. 2010). However, P. serotina 
grows on both types of soil (rich and poor), and it can grow 
more intensively when the soil is well fertilized. In such 
cases, black cherry may reach a dominant position in a for-
est (Motta et al. 2009; Grajewski et al. 2010; Kawaletz et al. 
2014; Halarewicz and Pruchniewicz, 2015). Black cherry 
competes with native species of the understorey of Polish 
forests, supplanting, e.g. native Prunus padus L. Because 
it supplants native species, dominates the understory and 
has high fertility, the concern of Polish National Forests 
is mainly to eliminate P. serotina from woods. According 
to data from 2014, Prunus serotina covers almost 100,000 
hectares, which represents 1.4% of Polish National Forests 
(Bijak et al. 2014). Removing P. serotina from European 
forests is a highly cost-intensive measure, and, until now, 
no effective method has been developed, so it is nearly 
impossible to completely eliminate it (Halarewicz 2011a, 
b; Annighöfer et al. 2012). Its wide occurrence, cost-inten-
sive removal and high yield provide a perfect opportunity 
to find a use for this plant. Pacyniak and Surmiński (1976) 
conducted the first research into the utilization of P. serotina 
from Polish forests, the work being focused on the wood. 
The conclusion was that black cherry wood is similar to the 
wood of both birch and beech, because of which it can per-
haps be used in the papermaking industry. They also stated 
that further research is needed to find the best way of utiliz-
ing black cherry.

The shape, very often uneven, and the small diameter of 
the P. serotina trunk reduce the possibility of using this tree 
in the wood-based industry. The biggest problem with this 
plant is its large flower and fruit production. These parts plus 
leaves are a source of compounds in many plants that can be 
used in value-added products. There is currently a tendency 
in many areas of life to return to natural products that are 
both functional and friendly to humans and the environment 
(so-called bio-based products). There is growing awareness 
of the importance of products containing natural bioactive 
compounds, which are ingredients of food, cosmetics, medi-
cines etc. In Poland, the use of fruits and herbs for home 
production of liqueurs, syrups, and herbal teas is also very 
popular (Świderski and Waszkiewicz-Robak 2005; Filipiak-
Florkiewicz et al. 2015; Żyngiel and Platta 2015). P. serotina 
may be a source of this group of compounds.

The aim of this work was to identify the phenolic com-
pounds in leaves and flowers of P. serotina. Identification 
of polyphenolic compounds of P. serotina is a first stage 
in finding uses for this widespread, invasive species. Fur-
thermore, differences in chemical composition between 
black cherry and other forest understory species may 
suggest P. serotina as a species of first choice in term of 
phenolic extractives. There have been only a few studies 
on phenolics from European populations of black cherry 
(Olszewska 2005a, b, 2007; Techlichowska et al. 2020). It 
follows from interviews with foresters that, for now, black 
cherry utilization is limited to firewood or for preparing 
infusions or liqueurs. Different methods of extraction were 
therefore investigated, firstly, preparations according to 
traditional recipes, tea from flowers or liqueur using etha-
nol (home prepared fruit brandy). The first extract uses 
hot water, because water is the most available and least 
harmful solvent. Ethanolic extract is prepared from flow-
ers, while ethanolic leaf extract is not prepared because 
of the taste, and we did not find any evidence of liqueur 
made from leaves. The third solvent studied was methanol, 
since it is most often recommended in the literature for 
the most efficient or maximum extraction of polyphenolic 
substances. We hypothesized that extraction with ethanol 
and hot water would result in a lower concentration of 
some phenolic compounds in the extracts, compared to 
the standard methanol procedure. The amount of phenolics 
extracted in the different extraction procedures was closely 
followed, and the compounds with lower or higher extrac-
tion potential were identified.

2 � Materials and methods

2.1 � Chemicals

Phenolic compound standards were purchased from Sigma-
Aldrich Chemie GmbH (Steinheim, Germany): chlorogenic 
acid, procyanidin B1, p-coumaric acid, caffeic acid, ferulic 
acid, (-)-epicatechin, quercetin-3-rutinoside, myricetin-
3-rhamnoside, kaempferol-3-glucoside, quercetin-3-galac-
toside and quercetin-3-glucoside; ( +)-catechin from Roth 
(Karlsruhe, Germany); quercetin-3-xyloside, quercetin-
3-arabinofuranoside and quercetin-3-arabinopyranoside 
from Apin-Chemicals (Abingdon, UK) and isorhamnetin-
3-glucoside from Extrasynthèse (Genay, France). All stand-
ards were at least 95% pure. The chemicals for solvents 
methanol, formic acid and acetonitrile were obtained from 
from Sigma-Aldrich Chemie GmbH, all HPLC grade. Dou-
ble distilled water, used to prepare all aqueous solutions, was 
produced using the Millipore purification system (Millipore, 
Bedford, MA, USA).
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2.2 � Materials

We used leaves and flowers of black cherry for the study. 
Flowers were collected in spring, on 22nd May 2019 in full 
development stage from a location in Dabrowa forestry dis-
trict (location: latitude 53° 29′ 45.74′′ N, longitude 18° 31′ 
0.72′′ E, 79 m altitude). Flowers were collected randomly 
from ten individual bushes in the given location and then 
freeze-dried. The dried material was ground with the help of 
liquid nitrogen and then processed into extracts. The flowers 
collected from a single bush were used for one biological 
repetition for analysis. We prepared three types of extracts 
(methanolic, water and ethanolic) for the analysis.

Fully developed leaves were collected from the same 
population of P. serotina 2 weeks later, on 4th June 2019 at 
the phenophase end of flowering (location: latitude 53° 29′ 
45.74′′ N, longitude 18° 31′ 0.72′′ E, 79 m altitude). Similar 
to the flowers, leaves were collected from several shrubs. 
Each bush represented one repetition for chemical analyses. 
We prepared ten repetitions for each leaf extract (methanol, 
water). Lyophilized leaf material was used for the extraction.

2.3 � Preparation of extracts

We compared the success of phenolics extraction of black 
cherry leaves and flowers simulating different traditional 
extraction procedures. Black cherry leaves were extracted 
with methanol, which is a standard extraction of phenolics, 
and with hot water simulating infusion. In extraction of phe-
nolics from flowers, we additionally used also ethanol simu-
lating homemade liqueur. Detailed procedures are described 
below.

Extracts for optimal/maximum extraction efficiency for 
phenolics (Magwaza et al. 2016; Mikulic-Petkovsek et al. 
2020) from leaves and flowers were prepared as follows: 1 g 
of dried ground material was placed in a 12-mL screw-top 
tube, to which 5 mL of extraction solution (60% MeOH) was 
then added. The mass of material and the volume of MeOH 
were previously experimentally checked, and all samples 
were tested by HPLC. Maximum or optimal means of extrac-
tion of phenolics were chosen based on the highest peaks on 
the chromatogram. Extraction of the samples was conducted 
in an ice-cooled ultrasonic bath for 45 min. The extracts 
were then centrifuged for 9 min, 9000 rpm at 4 °C, and then 
filtered through a polyamide 20 µm filter (Macherey–Nagel) 
into vials. Vials were stored in a freezer at − 20 °C until 
further examination.

Water extracts of flowers and leaves, an infusion, were 
prepared in the same way for both plant materials. The pro-
cedure was the same as is usually recommended for herbal 
tea. One gram of ground leaves or flowers was placed in a 
beaker; 10 mL of hot (below boiling point) distilled water 
was poured into the beaker. Extraction lasted 10 min under 

a lid. Extraction was performed at room temperature. The 
extracts were then transferred into tubes and centrifuged 
for 9 min, 9000 rpm at 4 °C, and then filtered through a 
cellulose filter (Macherey–Nagel) into vials and stored in 
a freezer until further examination.

Additionally, ethanolic extract was prepared for flowers. 
We chose 40% ethanol as a commercially available sol-
vent, and because fruit brandy (which has approximately 
38–42% of ethanol) is used for various home prepared 
liqueurs. Four mL of 40% EtOH and 0.6 g of ground dry 
flowers was used. Extraction took 5 days in a closed glass 
flask at room temperature, as is recommended in the tra-
ditional recipe. After 5 days, extracts were centrifuged for 
9 min, 9000 rpm at 4 °C, and then filtered through a poly-
amide filter into vials and stored in a freezer until further 
examination by HPLC.

2.4 � Analysis of phenolic compounds by HPLC–DAD 
joined with MSn

Phenolic compounds were detected using the Thermo 
Scientific Dionex HPLC system with diode array detector 
(Thermo Scientific, San Jose, CA, USA) using Chrome-
leon workstation software. Phenolic components were ana-
lysed at two wavelengths, 280 nm and 350 nm. Analyses 
were performed with a Gemini C18 (150 × 4.6 mm 3 µm; 
Phenomenex, Torrance, USA) column heated to 25 °C. We 
used two mobile phases. Mobile phase A was a mixture of 
3% acetonitrile/0.1% formic acid/96.9% bi-distilled water 
and mobile phase B 3% water/0.1% formic acid/96.9% 
acetonitrile. Elution of mobile phases was performed 
according to a linear gradient from 5 to 20% B in the first 
15 min, followed by a linear gradient from 20 to 30% B 
for 5 min, then an isocratic mixture for 5 min, followed by 
a linear gradient from 30 to 90% B for 5 min, and then an 
isocratic mixture for 15 min before returning to the initial 
conditions (Mikulic-Petkovsek et al., 2016). The injection 
volume of the extract was set at 20 µL and the flow rate of 
the mobile phase at 0.6 mL/min.

All phenolic compounds were identified with a mass 
spectrometer (LTQ XL Linear Ion Trap Mass Spectrometer, 
Thermo Fisher Scientific, USA) with electrospray ionization 
in negative ion operating mode. The scanning range was 
from m/z 110 to 1600 — data-dependent full scan. The injec-
tion volume of the extract was set at 10 µL and the flow rate 
at 0.6 mL/min. The capillary temperature was 260 °C; the 
sheath gas and auxiliary gas were 55 and 13 units, respec-
tively; the source voltage was 5 kV, and normalized colli-
sion energy was between 15 and 30%. Spectral data were 
elaborated using Excalibur software (Thermo Scientific). 
The contents of identified phenolics were expressed in mg 
per kg of dried weight (DW) of analysed material.
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2.5 � Statistical analysis

Statistical data analysis was performed using Statgraphics 
Plus 4.0 (Manugistics, Rockville, MD, USA). Using a sta-
tistical program, we compared the differences in the content 
of individual phenolic compounds between different extrac-
tion techniques. The results are presented in Tables 1 and 2 
as mean ± standard deviation of ten repetitions. To test the 
variance of the measured data, the one-way Kruskal–Wal-
lis test was performed. Using this test, all characteristics 
were found to follow a normal distribution (p 0.05). Sig-
nificant differences between different black cherry extracts 
were calculated by one-way analysis of variance (ANOVA). 
Estimation of differences in the content levels of individual 
components was carried out with Fisher’s least significant 
difference test (p < 0.05).

3 � Results

Chromatograms of the HPLC analysis of leaf methanolic 
extract are presented in Fig. 1, chromatograms of flower 
methanolic extract are presented in Fig. 2. All identified phe-
nolic compounds of the leaf and flower methanolic extracts 
are presented in Table 1 and Table 2, respectively.

The analysed phenolics are shown in Table 3 and Table 4, 
in which they are divided into 5 groups: hydroxycinnamic 
acids, flavones, flavanols, flavanones and flavonols. Table 3 
shows the results for phenolics analysed in leaves, whereas 
Table 4 shows the results for flowers. The contents of the 
determined compounds are expressed in mg/kg of dried 
weight (DW).

In total, fifty phenolic components were identified in 
extracts of black cherry leaves. In terms of the number of 
identified phenolics, flavonols were the major group (twenty-
one compounds). The content of total analysed flavonols was 
significantly higher with methanol extraction (13.48 g/kg 
in methanolic extract, 6.5 g/kg in water extract); flavonols’ 
share in methanolic extract represented 36.9% of total ana-
lysed phenolics and 23% of total analysed phenolics in water 
extract (Table 1). Eight different glycosides of quercetin, 
followed by five kaempferol glycosides, seven isorhamnetin 
glycosides and syringetin hexoside were identified. Querce-
tin-3-arabinofuranoside (avicularin) was the major com-
pound among all flavonols, accounting for 38% of flavonols 
in the extract in which 60% MeOH was used and 28% in 
water extract. The second prevalent flavonol was quercetin-
3-glucoside, 2.6 g/kg in methanolic extract and 1.4 g/kg in 
water extract. These two flavonols exceeded 1 g/kg in the 
water infusion. Two more compounds exceeded this amount 
with the methanolic extract: quercetin-3-xyloside (1473 mg/
kg in methanolic extract; 722 mg/kg in water extract) and 
quercitin-3-rutinoside (1046 mg/kg in methanolic extract; 

857 mg/kg in water extract). The amount of quercetin-3-ru-
tinoside was lower in the infusion (857 mg/kg), but the dif-
ference was not significant.

The second largest group of compounds in black cherry 
leaves was hydroxycinnamic acid derivatives (HCA). Four-
teen derivatives of HCA were identified in the infusion and 
thirteen in the standard extract. HCA represented 24.1% of 
total analysed phenolics (TAP) in the methanolic extract and 
37.9% of TAP in the infusion (Table 1). In both extracts, 
the compound with the highest share was chlorogenic 
acid (5-caffeoylquinic acid 1). This was confirmed with 
the standard of trans-5-caffeoylquinic acid. It represented 
66% of HCA and 16% of TAP (5.77 g/kg) in the metha-
nolic extract and, in the infusion, 70% of HCA and 27% 
of TAP (7.55 g/kg). The compound with the second larg-
est quantity was 5-caffeoylquinic acid 2. This compound is 
probably cis-5-caffeoylquinic acid because it has the same 
fragmentation pattern as chlorogenic acid. Its content in the 
methanol extract was 936 mg/kg, while in the infusion it 
was 1268 mg/kg. The two isomers represented 76% HCA 
in methanolic extract and 82% HCA in water extract. Dif-
ferences in quantities of these two isomers between extracts 
were not significant. There were three isomers of caffeic 
acid hexoside in water extract and two of the same isomers 
in methanolic extract. These isomers represented approx. 
1% of HCA in methanolic extract and 3% of HCA in water 
extract. Three isomers of p-coumaric acid hexoside were 
also identified. The isomer with the largest quantity was 
p-coumaric acid hexoside 3 (223 mg/kg in ME and 293 mg/
kg in water extract).

The third group in, in terms of number of identified com-
pounds, was flavanols. In water and methanolic extracts, 
flavanols represented 38% of TAP. In methanolic extracts, 
the amount of flavanols was 14 g/kg, and in infusion it was 
10.84 g/kg of flavanols. The LSD test showed that the differ-
ence in the content of flavanols was not significant between 
the two extracts. We identified twelve different flavanols in 
the infusion and ten in the methanolic extract extract. The 
identified compounds were catechin, epicatechin, three iso-
mers of procyanidin dimer and seven isomers of procyanidin 
trimer. Isomers of procyanidin dimer represented 25% of 
flavanols in methanolic extract and 51% of FLA in water 
extract. Procyanidin trimer isomers represented 56% of 
flavanols in methanolic extract, while in the water extract 
they represented 38% of FLA. There was almost three times 
more catechin in methanolic extract than in the infusion (17 
flavanols and 6% flavanols, respectively). Epicatechin was 
also identified in the extracts, its amount being approx. 3% 
of flavanols in methanolic extract and 5% of flavanols in 
water extract.

Groups of flavanones and flavones in leaves consist of 
three compounds. The compounds of the flavanones group 
were eriodictyol and eriodictyol hexoside. The share of this 
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Table 1   Identification of phenolic compounds in Prunus serotina leaves in negative ionization with HPLC–MS and MS2/MS3

Peak No.a tR (min)b λ
(nm)

Tentative identification [M-H]−(m/z) MS2

(m/z)
MS3

(m/z)

1 9.53 293,325 Caffeic acid hexoside 1 341 179,161 135
1 9.53 324,275 p-coumaric acid hexoside 1 325 163,119
2 10.83 235,280 Procyanidin dimer 1 577 425,407,289
3 11.13 234,279 Procyanidin dimer 2 577 425,407,289
4 11.38 323,274 p-coumaric acid hexoside 2 325 163,119
4 11.38 294,324 Caffeic acid hexoside 2 341 179,161 135
5 12.38 234,279 Catechin 289 245
5 12.38 234,278 Procyanidin trimer 1 865 577,451,425,407,289
6 12.81 234,328 5-caffeoylquinic acid 1 353 191,179,135 173,127,85
6 12.81 322,275 p-coumaric acid hexoside 3 325 163,119
7 13.53 234,279 Procyanidin dimer 3 577 425,407,289
7 13.53 295,322 Caffeic acid hexoside 3 341 179,161 135
8 13.91 234,278 Procyanidin trimer 2 865 577,451,425,407,289
9 14.43 234,328 5-caffeoylquinic acid 2 353 191,179,135
9 14.43 321 Caffeic acid 179 135
10 14.72 234,279 Epicatechin 289 245
11 15.01 285,325 Eriodictyol hexoside 1 449 287
12 15.90 234,280 Procyanidin trimer 3 865 577,425,407,289
13 16.19 312 5-p-coumaroylquinic acid 1 337 191,173,163
13 16.19 235,278 Procyanidin trimer 4 865 577,425,407,289
14 17.19 256,355 Isorhamnetin dihexoside 1 639 477 315
15 17.25 322 5-feruloylquinic acid 1 367 191,173
15 17.25 234,279 Procyanidin trimer 5 865 577,425,289
16 17.59 311 5-p-coumaroylquinic acid 2 337 191,163,173
17 17.60 256,355 Isorhamnetin dihexoside 2 639 477 315
18 18.50 255,355 Quercetin hexoside rutinoside 771 609 301
18 18.50 256,358 Quercetin rhamnoside hexoside 609 463 301
19 18.45 323 5-feruloylquinic acid 2 367 191,173
20 18.63 234,279 Procyanidin trimer 6 865 577,451,407,289
21 18.64 255,363 Isorhamnetin hexoside pentoside hexoside 771 609,477 315
22 18.99 266,335 Apigenin hydroxyhexoside 449 269
23 19.77 255,355 Quercetin-3-rutinoside 609 301
23 19.77 234,280 Procyanidin trimer 7 865 577,451,407,289
24 20.16 265,347 Kaempferol rhamnoside hexoside 1 593 447 285
25 20.54 265,346 Kaempferol rhamnoside hexoside 2 593 447 285
25 20.54 255,355 Quercetin-3-glucoside 463 301
25 20.54 255,358 Quercetin rhamnoside pentoside 579 433 301
26 21.59 255,354 Isorhamnetin-3-rutinoside 623 315
26 21.59 264,345 Kaempferol-3-rutinoside 593 285
26 21.59 356,255 Quercetin-3-xyloside 433 301
27 21.92 266,346 Kaempferol hexoside 447 285
27 21.92 286,324 Eriodictyol hexoside 2 449 287
27 21.92 355,255 Quercetin-3-arabinopyranoside 433 301
28 22.31 355,255 Quercetin-3-arabinofuranoside 433 301
28 22.31 256,354 Isorhamnetin hexoside 477 315
29 22.82 246,316 Dicaffeoylquinic acid 515 353 179,173
30 23.42 266,347 Kaempferol dipentoside 549 285
31 24.00 256,358 Isorhamnetin pentoside 1 447 315
32 24.38 255,357 Isorhamnetin pentoside 2 447 315
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Table 1   (continued)

Peak No.a tR (min)b λ
(nm)

Tentative identification [M-H]−(m/z) MS2

(m/z)
MS3

(m/z)

32 24.38 346 Syringetin hexoside 507 345

a Peak No…Peak number; btR… Retention time

Table 2   Identification of phenolic compounds in Prunus serotina flowers in negative ionization with HPLC–MS and MS2/MS3

a Peak No…Peak number; btR… Retention time

Peak No.a tR (min)b λ(nm) Tentative identification [M-H] (m/z) MS2(m/z) MS3(m/z)

1 9.53 294,324 Caffeic acid hexoside 341 179,161 135
1 9.53 324,275 p-coumaric acid hexoside 1 325 163,119
2 10.83 340,280 Procyanidin dimer 1 577 425,407,289
3 11.38 323,274 p-coumaric acid hexoside 2 325 163,119
4 12.41 234,279 Catechin 289 245
4 12.41 234,278 Procyanidin trimer 1 865 577,451,425,407,289
5 12.75 234,328 5-caffeoylquinic acid 1 353 191,179,135 173,127,85
5 12.75 322,275 p-coumaric acid hexoside 3 325 163,119
6 13.51 234,279 Procyanidin dimer 2 577 425,407,289
7 14.43 321 Caffeic acid 179 135
8 14.72 234,279 Epicatechin 289 245
9 15.02 285,325 Eriodictyol hexoside 449 287
10 16.23 312 5-p-coumaroylquinic acid 1 337 191,173,163
10 16.23 235,278 Procyanidin trimer 2 865 577,425,407,289
11 17.21 322 5-feruloylquinic acid 367 191,173
12 17.57 311 5-p-coumaroylquinic acid 2 337 191,163,173
13 17.90 256,355 Isorhamnetin dihexoside 639 477 315
14 18.61 256,358 Quercetin rhamnoside hexoside 609 463 301
14 18.61 255,363 Isorhamnetin hexoside pentoside hexoside 771 609,477 315
14 18.61 255,355 Quercetin hexoside rutinoside 771 609 301
15 19.02 266,335 Apigenin hydroxyhexoside 449 269
15 19.02 265,348 Kaempferol dihexoside 609 447 285
16 19.77 255,355 Quercetin-3-rutinoside 609 301
17 20.16 265,347 Kaempferol rhamnoside hexoside 1 593 447 285
18 20.54 255,355 Quercetin-3-glucoside 463 301
18 20.54 264,345 Kaempferol rhamnoside hexoside 2 593 447 285
19 21.47 255,354 Quercetin dipentoside 565 433 301
20 21.60 264,345 Kaempferol-3-rutinoside 593 285
20 21.60 356,255 Quercetin-3-xyloside 433 301
20 21.60 255,354 Isorhamnetin-3-rutinoside 623 315
21 21.87 355,255 Quercetin-3-arabinopyranoside 433 301
21 21.87 256,354 Isorhamnetin hexoside 1 477 315
21 21.87 266,346 Kaempferol hexoside 447 285
22 22.32 355,255 Quercetin-3-arabinofuranoside 433 301 28
22 22.32 256,354 Isorhamnetin hexoside 2 477 315
23 22.82 246,316 Dicaffeoylquinic acid 515 353 179,173
24 23.45 265,349 Kaempferol pentoside 1 417 285
24 23.45 255,355 Quercetin acetyl hexoside 505 463 301
25 24.00 256,358 Isorhamnetin pentoside 1 447 315
25 24.00 265,349 Kaempferol pentoside 2 417 285
26 24.36 346 Syringetin hexoside 507 345
26 24.36 256,357 Isorhamnetin pentoside 2 447 315
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Fig. 1   Chromatograms of 
Prunus serotina leaves recorded 
at A 280 nm and B 350 nm. 
Peak numbers are described in 
Table 1
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Fig. 2   Chromatograms of Pru-
nus serotina flowers recorded 
at A 280 nm and B 350 nm. 
Peak numbers are described in 
Table 1
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Table 3   Content (mg/kg DW) 
of phenolics compounds in two 
different extracts, methanolic 
and water extract of Prunus 
serotina leaves

Phenolics Methanol extraction Water extraction

Caffeic acid hexoside 1 44.4 ± 10.1a 77.2 ± 14.6a

Caffeic acid hexoside 2 72.8 ± 12.44a 176.4 ± 22.01b

Caffeic acid hexoside 3 / 22.6 ± 3.8a

p-Coumaric acid hexoside 1 16.0 ± 3.7a 27.8 ± 5.3a

p-Coumaric acid hexoside 2 13.2 ± 2.1a 31.6 ± 4.1b

p-Coumaric acid hexoside 3 223 ± 23a 293 ± 46a

Caffeic acid 158.8 ± 35a 75.0 ± 12.3a

5-Caffeoylquinic acid 1 5768 ± 594a 7550 ± 1189a

5-Caffeoylquinic acid 2 936 ± 160a 1268 ± 160a

5-p-coumaroylquinic acid 1 470 ± 48a 408 ± 69a

5-p-coumaroylquinic acid 2 247 ± 29a 171.2 ± 31a

5-feruloylquinic acid 1 336 ± 34a 302 ± 58a

5-feruloylquinic acid 2 306 ± 39b 154.0 ± 37.7a

Dicaffeoylquinic acid 192.4 ± 12.8a 167.6 ± 35.5a

Total hydroxycinnamic acids 8785 ± 895a 10,720 ± 1235a

Eriodictyol hexoside 96.6 ± 7.9a 145.4 ± 16.3a

Eriodictyol 83.6 ± 3.5b 44.8 ± 4.6a

Total flavanones 180.4 ± 10.7a 190.2 ± 19.6a

Procyanidin dimer 1 3037 ± 370a 2800 ± 560a

Procyanidin dimer 2 436 ± 74a 1052 ± 131b

Procyanidin dimer 3 / 1689 ± 289a

( +)-Catechin 2342 ± 291b 605 ± 107a

Procyanidin trimer 1 4813 ± 599b 1243 ± 219a

Procyanidin trimer 2 / 151.8 ± 25.9a

Procyanidin trimer 3 1345 ± 209a 1561 ± 310a

Procyanidin trimer 4 395 ± 41a 342 ± 57a

Procyanidin trimer 5 208 ± 24a 186.6 ± 36.0a

Procyanidin trimer 6 875 ± 104a 606 ± 110a

Procyanidin trimer 7 189.0 ± 23.7b 95.2 ± 23.3a

(-)-Epicatechin 375 ± 64a 508 ± 64a

Total flavanols 14,010 ± 1639a 10,840 ± 1196a

Isorhamnetin hexoside pentoside hexoside 43.8 ± 7.3a 34.0 ± 11.1a

Isorhamnetin hexoside 641 ± 48b 231 ± 20a

Isorhamnetin dihexoside 1 46.2 ± 6.9a 41.8 ± 7.9a

Isorhamnetin dihexoside 2 33.0 ± 3.1b 18.8 ± 4.1a

Isorhamnetin-3-rutinoside 79.6 ± 3.6b 39.0 ± 4.0a

Isorhamnetin pentoside 1 506 ± 42b 185.6 ± 18.5a

Isorhamnetin pentoside 2 129.8 ± 28.4a 61.4 ± 10.0a

Quercetin rhamnoside hexoside 270 ± 56a 213 ± 48a

Quercetin hexoside rutinoside 18.4 ± 3.9a 14.8 ± 3.3a

Quercetin-3-rutinoside 1046 ± 63a 857 ± 102a

Quercetin-3-glucoside 2614 ± 136b 1406 ± 150a

Quercetin rhamnoside pentoside 351 ± 18.3b 189.0 ± 20.1a

Quercetin-3-xyloside 1473 ± 67b 722 ± 74a

Quercetin-3-arabinopyranoside 182.4 ± 7.7b 98.0 ± 9.6a

Quercetin-3-arabinofuranoside 5168 ± 388b 1859 ± 161a

Kaempferol rhamnoside hexoside 1 121.6 ± 10.8a 109.4 ± 19.3a

Kaempferol rhamnoside hexoside 2 2.6 ± 0.1b 1.2 ± 0.2a

Kaempferol-3-rutinoside 101.4 ± 4.6b 49.8 ± 5.0a

Kaempferol hexoside 461 ± 20b 248 ± 25a

Kaempferol dipentoside 109.0 ± 7.4a 94.4 ± 20.0a
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compound in TAP was fairly small, in methanolic extract 
only 0.5% TAP, whereas in the infusion, it was 0.7% of 
TAP. Flavones were represented by one compound: apigenin 
hydroxyhexoside; in both extracts it was about 0.2% of TAP.

Black cherry flowers were extracted with three differ-
ent solvents: methanol as the most widely used for phe-
nolic extraction, 40% ethanol used for an alcoholic drink or 
liqueur and hot water — as an infusion or tea extract. The 
contents of phenolic compounds in these three extracts are 
shown in Table 4. In total, forty-two different phenolic com-
pounds were identified, thirty-six of them being in common 
with the compounds identified in leaf extracts. We got the 
exactly the same compounds with the different extraction 
solutions, but there were big differences in their concentra-
tions. Comparable with the leaves, phenolics were divided 
into six groups. Ten compounds of hydroxycinnamic acid 
derivatives (HCA) were identified in flowers, one flavanone, 
six compounds of flavanols, twenty-four flavonols and one 
flavone.

The group of flavanols in flowers was responsible for 58% 
of total analysed phenolics (TAP) in methanolic extract and 
ethanolic extract and 45% of TAP in water extract. Four 
derivatives of procyanidin represented more than 50% of 
TAP in both alcohol extracts, and over 40% of TAP in the 
water infusion. The major compound in each extract was 
procyanidin trimer 1, in methanolic extract representing 25% 
of TAP, in ethanolic extract 30% of TAP and in water extract 
13% of TAP.

In flowers, the largest group of compounds were fla-
vonols; twenty-four different phenolics were determined. 
The group consisted of nine glycosides of quercetin, seven 
glycosides of kaempferol, seven glycosides of isorhamnetin 
and syringetin hexoside. Flavonols represented 32% of TAP 
in methanolic extract, 31% of TAP in ethanol extract and 
34% of TAP in the water infusion. Glycosides of quercetin 
represented approx. 70% of flavonols in each of the three 
extracts. Among them, three glycosides were most relevant: 
quercetin 3-rutinoside (rutin) with a significantly higher 
quantity in ethanol (3.04 g/kg followed by 2.50 g/kg in meth-
anolic extract and 2.12 g/kg in water extract) and quercetin 
3-glucoside, of which the quantity was again significantly 
higher in ethanol extract (4.03 g/kg followed by 3.29 g/kg in 

methanolic extract and 3.16 g/kg in water extract, Table 2). 
The last of those three glycosides was quercetin 3-arabino-
furanoside (avicularin). The quantity of avicularin was sig-
nificantly higher (3.87 g/kg in methanolic extract, 3.76 g/kg 
in ethanol compared to 1.12 g/kg in water infusion). The two 
compounds, kaempferol pentoside 2 and kaempferol hexo-
side, represented the highest share of kaempferol glycosides. 
Their content in alcohol extracts was significantly higher 
than in infusion.

Hydroxycinnamic acids (HCAs) were the third most rel-
evant group in black cherry flowers. The major elements of 
this group consisted of three derivatives of p-coumaric acid 
hexoside. There was the highest quantity of them in water 
extract (2.99 g/kg) followed by ethanolic (2.68 g/kg) and 
methanolic extract (2.18 g/kg). The second relevant com-
pound was 5-feruloylquinic acid, its amount being signifi-
cantly higher in ethanolic extract. Two isomers of 5-p-cou-
maroylquinic acid were also better extracted with ethanol, 
over 800 mg/kg compared to approx. 600 mg/kg in methanol 
extract and around 550 mg/kg in water extract. HCA repre-
sented about 9% of TAP in methanolic extract, 10% of TAP 
in ethanolic and 18% of TAP in infusion.

The two remaining groups in flowers were flavanones and 
flavones, each of them being represented by one compound. 
In flavanones this compound was eriodictyol hexoside. Erio-
dictyol hexoside in methanolic extract represented 0.4% of 
TAP, in ethanolic 0.7% of TAP and 2.8% of TAP in infusion. 
Flavones were represented by apigenin hydroxyhexoside, 
which constituted 0.2% of TAP in each extract. Its amount 
was in the range from 68.6 to 133 mg/kg.

The level of total analysed phenolics showed no signifi-
cant differences among extraction methods in leaf samples, 
and differences between each group were also not signifi-
cant. An exception was the group of flavonols; the content 
of which was twofold lower in leaf water infusion. Total 
analysed phenolics were at a similar level in both leaf and 
flower infusions (28.3 g/kg in leaf infusion and 29.7 g/kg 
in flower infusion). The impact of the extraction method on 
extractives is more clearly seen in flower extracts. Five days 
of maceration in 40% ethanol gave the best results of TAP 
content, as well as HCA and flavones extraction. Flavanones 
extraction was better in water infusion, giving four times 

Results are expressed in mg/kg DW (mean ± SD). Different letters in rows show significant differences 
between the two types of extracts —methanolic and water extract (LSD test, (p < 0.05); n = 10.)

Table 3   (continued) Phenolics Methanol extraction Water extraction

Syringetin hexoside 6.2 ± 1.3b 3.0 ± 0.5a

Total flavonols 13,480 ± 709b 6500 ± 648a

Apigenin hydroxyhexoside 57.4 ± 4.0a 63.4 ± 10.0a

Total flavones 57.4 ± 4.0a 63.4 ± 10.0a

Total analysed phenolics 36,512 ± 3596 b 28,318 ± 2806a
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Table 4   Content (mg/kg DW) 
of phenolics compounds in 
three different extracts of 
Prunus serotina flowers

Results are expressed in mg/kg DW (mean ± SD). Letters in the rows represent results of Fisher’s LSD test 
(p < 0.05); n = 10

Phenolics Methanolic extract Ethanolic extract Water extract

Caffeic acid hexoside 154.8 ± 11.5b 67.2 ± 1.8a 217.6 ± 8.3c

Caffeic acid 89.6 ± 4.9a 216 ± 3.6c 153.6 ± 3.8b

p-Coumaric acid hexoside 1 421.4 ± 31.5b 183.2 ± 4.8a 592 ± 22c

p-Coumaric acid hexoside 2 124.8 ± 8.8a 140.2 ± 2.6a 179.8 ± 4.9b

p-Coumaric acid hexoside 3 1631 ± 70a 2355 ± 37b 2217 ± 100b

5-Caffeoylquinic acid 264 ± 14a 638 ± 11c 453 ± 11b

5-p-coumaroylquinic acid 1 445 ± 24b 612 ± 7.0c 377 ± 19a

5-p-coumaroylquinic acid 2 157.2 ± 8.9a 230 ± 4.4c 177.2 ± 4.9b

5-feruloylquinic acid 557 ± 33a 868 ± 19b 584 ± 26a

Dicaffeoylquinic acid 492 ± 51b 694 ± 45c 257 ± 17a

Total hydroxycinnamic acids 4336 ± 493a 6005 ± 257c 5211 ± 454b

Eriodictyol hexoside 1 201 ± 37a 425 ± 136a 838 ± 14b

Total flavanones 201 ± 37a 426 ± 136a 838 ± 14b

Procyanidin dimer 1 8899 ± 1103c 6344 ± 463b 3319 ± 289a

Procyanidin dimer 2 3917 ± 203b 4663 ± 73c 3340 ± 61a

Catechin 826 ± 52b 1124 ± 18c 260 ± 3.7a

Procyanidin trimer 1 12,590 ± 797b 17,110 ± 277c 3967 ± 57a

Procyanidin trimer 2 2691 ± 148b 3706 ± 41c 2285 ± 114a

Epicatechin 180.4 ± 9.8a 436 ± 7.3c 309 ± 7.8b

Total flavanols 29,100 ± 1877b 33,390 ± 536c 13,480 ± 387a

Isorhamnetin hexoside pentoside hexoside 41.2 ± 5.4a 68.0 ± 4.2b 42.2 ± 3.8a

Isorhamnetin dihexoside 751 ± 57ab 935 ± 63b 670 ± 60a

Isorhamnetin hexoside 1 28.8 ± 2.4b 31.2 ± 2.5b 13.4 ± 2.0a

Isorhamnetin hexoside2 141.4 ± 9.4b 137.4 ± 6.9b 40.8 ± 4.4a

Isorhamnetin-3-rutinoside 93.8 ± 5.7b 93.0 ± 4.6b 41.6 ± 4.1a

Isorhamnetin pentoside 1 12.2 ± 1.2b 12.8 ± 1.0b 3.6 ± 0.4a

Isorhamnetin pentoside 2 128.4 ± 10.2b 57.8 ± 1.3a 64.0 ± 3.2a

Quercetin rhamnoside hexoside 69.6 ± 9.6a 217 ± 31b 49.8 ± 2.7a

Quercetin hexoside rutinoside 113.0 ± 11.0a 199.6 ± 13.0b 102.4 ± 3.9a

Quercetin-3-rutinoside 2505 ± 142a 3049 ± 108b 2115 ± 199a

Quercetin-3-glucoside 3298 ± 307a 4028 ± 12b 3156 ± 102a

Quercetin-3-xyloside 1047 ± 65b 1038 ± 51b 463 ± 45a

Quercetin dipentoside 15.0 ± 0.9b 15.0 ± 0.7b 6.4 ± 0.7a

Quercitin-3-arabinopyranoside 127.8 ± 10.8b 139.0 ± 11.3b 61.0 ± 8.8a

Quercitin-3-arabinofuranoside 3869 ± 258b 3764 ± 184b 1116 ± 123a

Quercetin acetyl hexoside 76.0 ± 6.0b 97.0 ± 6.5c 36.8 ± 3.0a

Kaempferol dihexoside 72.4 ± 7.3a 128.0 ± 8.3b 71.2 ± 6.6a

Kaempferol rhamnoside hexoside 1 189,4 ± 25.0a 306 ± 25b 206 ± 9a

Kaempferol rhamnoside hexoside 2 711 ± 66a 869 ± 28b 681 ± 22a

Kaempferol-3-rutinoside 144,2 ± 13.9a 201 ± 14b 151,2 ± 14.1a

Kaempferol hexoside 1195 ± 102b 1299 ± 106b 569 ± 82a

Kaempferol pentoside 1 175.4 ± 14.1b 224 ± 15c 84.6 ± 6.7a

Kaempferol pentoside 2 1009 ± 96b 1064 ± 90b 299 ± 27a

Syringetin hexoside 167.4 ± 14.3b 182.0 ± 14.8b 79.8 ± 11.4a

Total flavonols 15,980 ± 1103b 18,150 ± 684b 10,120 ± 641a

Apigenin hydroxyhexoside 75.2 ± 7.4a 133.0 ± 8.6b 68.6 ± 2.6a

Total flavones 75.2 ± 7.4a 133.0 ± 8.6b 68.6 ± 2.6a

Total analysed phenolics 49,822 ± 4506b 57,975 ± 2764c 29,722 ± 2687a
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higher contents than methanolic extract and almost two 
times more than for ethanolic extract (Table 4). Flavanols 
from the flowers were significantly better extracted in etha-
nol 33.39 g/kg, followed by methanol 29.1 g/kg and water 
13.28 g/kg. Hydroxycinnamic acids had a higher content 
in leaf than in flower extracts (8.78 and 10.72 g/kg leaves 
compared with 6.0, 5.21 and 4.34 g/kg flowers).

The content of total analysed phenolics in black cherry 
flowers and leaves are shown in Fig. 3. The quantity of phe-
nolics in both leaf extracts and in flower water infusion was 
very similar, the difference not being significant. Methanolic 
extraction showed that flowers are richer in phenolics than 
leaves. Extraction using 40% ethanol was the most efficient 
and allowed the extraction of nearly 60 g of phenolics per 
kilogram of dried flowers.

4 � Discussion

To the best of our knowledge, this paper is the first to report 
a detailed analysis of phenolic components from black 
cherry leaves and flowers. It was observed that people have 
started to use wild plants, including black cherry, in various 
forms: liqueurs, infusions, jams and syrups. The use of black 
cherry in Poland was first reported in 2007 (Łuczaj 2011). 
There is still a lack of information on the influence of pro-
cess methods on phenolics extraction from different plant 
parts of P. serotina. In previous studies (Olszewska 2005a, 
b, 2007; Techlichowska et al. 2020), phenolics compounds 
in Prunus serotina have also been reported, but, in our study, 
we performed a detailed analysis and accurate identification 
of a broad spectrum of phenolics in three different extracts.

Polyphenolics are an important group of compounds in 
human diet, the average daily consumption varying from 
25  mg to 1  g/person/day. Polyphenolics are important 
in human diet for the prevention of lifestyle diseases 

(Przeor et  al. 2019). The main groups of polyphenols 
important in human diet are flavonoids, phenolic acids, 
lignans, and stilbenes (Spencer et al. 2008). The health-
promoting properties of plants and plant products are 
strongly connected with their bioactive constituents, such 
as the above-mentioned polyphenolics, essential oils and 
resins (Kobus-Cisowska et al. 2019). The main sources 
of polyphenolics in the European diet are beverages: tea 
and coffee (Clifford 1999; Scalbert and Williamson 2000; 
Zamora-Ros et al. 2015). The leaves, flowers and bark of 
black cherry contain bioactive substances (Olszewska 2005a, 
b, 2007; Techlichowska et al. 2020). Extracts of these plant 
parts are used in traditional Mexican medicine. Tea made 
from leaves of Prunus serotina, in Mexico called Capulin, is 
used as a natural remedy for stomach upsets, hypertension, 
diarrhoea, paludism, bronchitis, mouth infections and coughs 
(Ibarra-Alvarado et al. 2009). Leaves and flowers of black 
cherry are used in the treatment of intestinal, cardiovascular 
and pulmonary diseases (Camacho-Corona et al. 2015).

A water infusion of black cherry leaf is used in traditional 
folk medicine (Rivero-Cruz 2014). The leaf infusion can be 
compared to a tea. The tea is usually made of three grams 
of leaves, which are infused in 200 mL of boiling water. 
Total flavonols in tea infusions have been studied, their con-
tent varying from 36.5 to 75.8 mg/L for regional teas and 
from 45.0 to 88.3 mg/L in blended black teas (McDowell 
et al. 1990). Our results showed that an infusion (tea) from 
black cherry leaves contained around 97.5 mg flavonols/L 
and tea from flowers contained 151.8 mg flavonols/L (data 
are not shown). Infusions of black cherry leaves or flowers 
thus appear to be a better source of flavonol glycosides than 
most common teas.

Previous studies on phenolics from Prunus serotina 
leaves showed seven flavonol glycosides in the study of 
Olszewska (2005a, b), six flavonoids and chlorogenic acid 
in the study of Olszewska (2007) and fourteen phenolic 

Fig. 3   Content of total analysed 
phenolics in black cherry leaves 
and flowers (g/kg DW) using 
different extraction methods. 
Methanol, standard extraction 
for phenolics (60% MeOH); 
water, extraction with hot water 
(infusion); ethanol (liqueur, 
40% EtOH). Different letters 
(a–c) indicate significant dif-
ferences in phenolic contents 
between different treatments 
(p < 0.05) by Duncan’s multiple 
range test
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compounds in the study of Techlichowska et al. (2020). 
Among these fourteen compounds were eleven phenolic 
acids and three flavonoids. In our work, fifty phenolics were 
identified, of which fourteen were HCAs and thirty-six flavo-
noids. Comparing our results with previous papers, some of 
the quercetin derivatives were also identified in Olszewska 
(2007). These are quercetin-3-xyloside, quercetin-3-arabino-
furanoside and quercetin-3-rutinoside, which was detected in 
Olszewska (2005a, b, 2007) but which was not detected by 
Techlichowska et al. (2020). All previously mentioned deriv-
atives of quercetin were also identified in our extracts, and 
we identified many new compounds, e.g. various phenolic 
acid derivatives, procyanidins, isorhamnetin and kaempferol 
glycosides, which had not previously been determined in 
black cherry leaves and flowers.

Total analysed phenolics (TAP) for leaf extracts of black 
cherry ranged from 28 g/kg DW (water infusion) to 37 g/kg 
DW (methanolic extract). In the work of Jesus et al. (2019), 
sweet cherry (Prunus avium) infusion had almost 47 g/kg 
DW of TAP, and ethanolic extract had almost 70 g/kg DW of 
TAP, but the final concentration of extract also depends on 
the mass of material and volume of solution. In the leaves of 
P. avium, 14 compounds were identified in the work of Jesus 
et al. (2019), as opposed to 50 compounds identified in our 
study. In both studies, the major component of the group of 
HCAs was 5-caffeoylquinic acid (chlorogenic acid). Among 
flavonoids, the main component in sweet cherry leaves was 
rutin, while in black cherry leaves, the main flavonoid was 
quercetin-3-arabinofuranoside. Similarly, as in both black 
and sweet cherry, the main phenolic component in sour 
cherry leaf was chlorogenic acid (Oszmiański and Wojdyło 
2014). A total of 36 phenolic compounds were identified 
in P. cerasus leaves, including 22 flavonoids and 14 HCAs. 
The richest flavonoids in black cherry were procyanidins 
and (-)-epicatechin, which are probably the reason for the 
astringent taste of the prepared product. Peleg et al. (1999) 
also reported that the stage of flavanol polymerization 
increased astringency. The second reason for the astringent 
taste of black cherry leaves is probably cyanogenic glyco-
sides (CGG). Prunus serotina leaves contain cyanogenic 
glycoside prunasin (Zhou et al., 2002). When leaves are 
damaged, CGG release hydrogen cyanide (HCN), which is 
toxic for organisms (Hu and Poulton, 1999). The main role 
of cyanogenesis is thus plant protection against pathogens 
and herbivores. Fitzgerald (2008) reported that black cherry 
leaves have a mean value of HCN of 1068 ppm of cyanide.

Black cherry leaves from our research had about half 
the content of total analysed phenolics (36.51 mg/g DW) 
in comparison with sour cherry leaves (87.37 mg/g DW) 
(Oszmiański and Wojdyło 2014). Alcoholic extracts of 
black cherry flowers were richer in phenolic compounds 
than their leaves. Water infusions of leaves and flowers had 
similar phenolic content. Two extraction methods for leaves 

and three methods for flowers were used in this study. The 
influence of solvent on extracted phenolics is significant. 
While the share of flavanols among total analysed phenolics 
was almost the same, 38.4 and 38.3%, in both leaf extracts 
(methanolic and water), hydroxycinnamic acids had the 
highest share of TAP in water leaf extract, 37.9% of TAP 
compared to 24.1% of TAP in methanolic leaf extract. In 
flower extracts, HCAs also had the highest share of TAP in 
water extracts compared to 60% methanol and 40% ethanol 
(17.5% of TAP in water followed by 8.7% in methanolic 
extract and 10.4% in ethanolic extract). Better extraction of 
HCAs in water has also been previously described in other 
studies (Reis et al. 2012; Mikulic-Petkovsek et al. 2015). The 
proportion of flavonoids was higher in both organic solvent 
extracts compared to the water extract. In the leaf extract, 
the major difference in flavonol glycosides was 36.9% of 
TAP in methanolic extract and 23% of TAP in water extract. 
In flower extracts, the biggest difference was in the flavanol 
group. The share of flavanols in both organic solutions was 
about 58% of TAP, while in the water extract, this share 
was 45% of TAP. It has also been previously reported that 
flavonoids are better extracted in organic solvents (especially 
methanol) (Siddhuraju and Becker 2003; Chaves et al. 2020).

One of the most widely used Polish wild shrubs is elder-
berry (Sambucus nigra). Fruits and flowers of this species 
are used to make traditional syrups, liquors, teas and jams 
(Senica et al. 2016). The results show that the flowers of P. 
serotina are richer in phenolics compounds than the flow-
ers of S. nigra. A study by Todorovic et al. (2017) showed 
that elderflower water extracts contained 4145 mg of HCAs/
kg, but our results for black cherry flower water extracts 
were 5211 mg of HCA/kg. The amount of flavonols and fla-
vanones was also higher in the infusion of P. serotina flowers 
than in the infusion of S. nigra flowers (10.12 vs. 8.22 g/kg 
of flavonols, 0.84 vs. 0.39 g/kg of flavanones) (Todorovic 
et al. 2017). The water infusion of S. nigra flowers con-
tained approx. 6703 mg of quercetin glycosides/kg DW, 
and it was found to be a rich source of these compounds. 
Similarly, the water extracts of P. serotina flower had similar 
levels of quercetin glycosides (7106 mg/kg), in contrast to 
the leaf water extracts which had slightly lower contents 
of them (5358 mg derivatives of quercetin/kg). The results 
also showed that there was no significant difference in the 
contents of TAP between flower and leaf extracts (29.72 for 
flowers, 28.32 g/kg for leaves). The main group of phenolics 
in elderberry leaves and flowers were flavonols (Todorovic 
et al. 2017; Senica et al. 2017). The results for black cherry 
leaves showed that flavonols together with flavanols were the 
main groups of phenolics, while the main group in flowers 
was flavanols. Flavanols content in flower methanolic extract 
was twofold higher than that of flavonols.

Methanolic extract of fresh elderberry flowers has been 
reported to be rich in phenolics (Mikulic-Petkovsek et al. 
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2015). Comparing the concentrations of some phenolic 
groups, black cherry leaves contain higher levels of HCA, 
and especially higher levels of flavanols (14 and 29.1 g/kg) 
and flavonol glycosides (13.4 and 15.9 g/kg DW) have been 
determined in both plant parts, leaves and flowers. Total 
phenolic content was higher in P. serotina leaves (36.5 g/
kg DW) and flowers (49.8 g/kg) than in S. nigra (10.2 g/
kg FW) (Mikulic-Petkovsek et al. 2015). Comparing the 
contents of total phenolics in leaves and flowers with some 
Prunus species that are grown in intensive cultivation, 
black cherry contains higher or similar contents than the 
mentioned species. In previous studies, total phenolics in 
extracts from Prunus avium leaves were 46.3 g/kg DW and 
from flowers 27.3 g/kg (Jesus et al. 2019). It has been found 
that Prunus armeniaca flowers reach only 4.04 to 7.68 g/kg 
FW (Gottingerova et al. 2020).

5 � Conclusion

In this study we identified a larger number of phenolic com-
pounds than in previous works. Infusions of hand-picked 
black cherry leaves and flowers are a good source of phe-
nolics, especially flavonols, which have a higher content 
than black tea. The identified phenolic compounds, fifty in 
leaves and forty-two in flowers, and also their high content, 
allow the assertion that infusions and liqueurs made with 
the investigated parts of black cherry are rich in phenolics. 
Methanolic extract of leaves contained 36.51 g of total ana-
lysed phenolics (TAP)/kg DW, and methanolic extract of 
flowers had 49.82 g of TAP/kg DW. Different solvents used 
for the extraction of phenolic compounds allow extracts with 
different quantities of phenolic groups to be obtained. Etha-
nolic flower extract had the highest content of hydroxycin-
namic acids, flavanols and TAP, and with water there was 
the lowest content of flavonols and TAP in the flower extract. 
The highest efficiency of extraction of flavonols and TAP 
from the leaves was obtained with methanol, which gave 
about two times higher content of flavonols and about 30% 
higher content of total analysed phenolics than with water. 
It is recommended that the extraction method is adjusted 
according to the expected amount of phenolics in the extract. 
Leaves and flowers of Prunus serotina are similar or richer 
in phenolic compounds than the leaves of widely used Pru-
nus species such as Prunus avium and Prunus armeniaca. 
Flowers of industrially utilized sweet cherry and apricot are 
not considered to be a phenolic source since they are needed 
to produce fruits. On the other hand, collecting the flowers 
of black cherry can make this plant more valuable and will 
reduce plant expansion in the forest. Leaves and flowers of 
the widespread black cherry, which is a problem in many 
European countries, should be considered by the pharma-
ceutical, cosmetics and food industries and may become a 

food additive, enriching products with phenolic compounds. 
However, further studies on the toxicology of products made 
from Prunus serotina, as well as studies of antioxidant activ-
ity and possible activity against microorganisms, will be 
required in the future.
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