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Abstract

This study aimed to evaluate the mineral content, and content of bioactive compounds in fruits of Cornelian cherry (Cornus
mas L.). Neochlorogenic acid, chlorogenic acid, caffeic acid, and rutin were determined in the samples. Vitamin C content
ranged from 610.36 to 1344 mg kg_1 FW. Content of K, Ca, P, Mg, and Na in samples ranged from 1750.8 to 2645.7 mg kg_1
FW, from 281.14 to 561.62 mg kg~! FW, from 180.38 to 294.95 mg kg~' FW, from 68.19 to 115.43 mg kg~' FW, and
from 2.48 to 71.33 mg kg_1 FW respectively. Content of Fe, Zn, Cu, Mn, Ni, Cr, and Co in samples ranged from 2.77 to
4.88 mg kg~! FW, from 0.49 to 0.99 mg kg~! FW, from 0.25 to 0.53 mg kg~! FW, from 0.07 to 0.17 mg kg~! FW, from
0.02 to 0.13 mg kg~! FW, from 0.01 to 0.02 mg kg~! FW, and from 0.01 to 0.08 mg kg~ FW respectively. Variations across
cultivars were found to be statistically significant, indicating that genetics is a key factor influencing the concentration of
bioactive compounds and minerals in Cornelian cherry fruits. Understanding the genetic factors influencing mineral and
bioactive compound content in cornelian cherry cultivars is essential for targeted breeding programs, crop improvement,
and the development of cultivars with enhanced nutritional and health-promoting attributes. This knowledge contributes to

sustainable agriculture and supports the production of crops that align with consumer preferences and health trends.
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Introduction

Numerous minor species of small fruits, whether they
are harvested from their natural habitats or deliberately
cultivated, are frequently used for both direct human
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consumption and the production of food products [1]. Cor-
nelian cherry (Cornus mas L.) belongs to the Cornaceae
family and is a very valuable plant that contains health-pro-
moting compounds not only in its fruits but also in its ana-
tomical parts (roots, leaves, flowers). It was already known
in ancient times, it is grown in Romania, Bulgaria, southern
Europe, and Asia [2]. Cornelian cherry is an undemand-
ing plant that can easily adapt to unfavorable environmental
conditions. It can be consumed fresh as well as dried and is
a suitable raw material for the food industry. It can be used
to make various drinks, syrups, gels, liqueurs, purees, and
jams [3]. It has a unique taste, nutritional properties, and
several health benefits.

The main carbohydrate of cornelian cherry fruits is glu-
cose, followed by fructose and sucrose [4]. The fruits are
rich in the essential mineral elements such as potassium,
calcium, magnesium, and sodium. Other minerals such as
phosphorus, iron, zinc, copper, and manganese are repre-
sented in smaller amounts. Variability is noted depending on
the location of the collection [5]. Its delicious fruits could
be used more often in the food industry because they are a
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rich source of chemoprotective substances such as flavonoids
(anthocyanins, flavonols), phenolic acids, terpenes, carot-
enoids, vitamins, organic acids [3]. Ellagic acid is found
in fruits in small amounts [6]. It is characterized by a high
content of vitamin C and iridoids [7]. In addition to vitamin
C, other vitamins found in these fruits include a-tocopherol,
biotin, and riboflavin. Their concentration varies depend-
ing on the variety as well as climatic conditions. Among
flavonoids, the main components are flavonol glycosides,
especially kaempferol and quercetin. Myricetin can be
attached as another aglycon component. The high content
of secondary metabolites, mainly anthocyanins, indicates
their use as a functional food. Among the anthocyanins
in the fruits, mainly cyanidin 3-O-galactoside, cyanidin
3-O-glucoside, delphinidin-3-O-galactoside, and peonidin
3-O-glucoside were identified [8, 9]. Due to the presence of
phytochemicals, the consumption of cornelian cherry has
protective effects against atherosclerosis, and cardiotonic
and antiobesity effects have also been reported [10]. It is
used in folk medicine to treat a wide range of diseases such
as indigestion, diabetes, and liver and kidney diseases [11,
12]. Individual fruits contain different content and different
groups of bioactive substances, which can manifest in the
antioxidant, anti-inflammatory, anticarcinogenic, and anti-
diabetic effects of fruits [13]. Extracts from cornelian cherry
fruits are good sources of antioxidants, showing antioxidant
activity [14]. The hepatoprotective effect of C. mas has also
been proven in animals by improving the levels of aspartate
transaminase (AST), and alanine transaminase (ALT) [15].
Even despite the mentioned health benefits, the fruits of cor-
nelian cherry are still not sufficiently used as ingredients in
various foods, in some regions of the country, especially
among organic growers, there is growing interest in process-
ing fruits already at the level of family farms.

The chemical composition of the fruits is diverse and
depends to a large extent on the variety, as well as on cul-
tivation and environmental and climatic conditions [16].
Progress in the cultivation of Cornus mas L. also leads to
the development of varieties with more attractive colors
and larger fruits. Therefore, this work aims to determine
the effect of the variety on the content of monitored miner-
als, bioactive substances and the antioxidant activity of the
fruits.

Materials and methods
Plant material
The fruits of ten cultivars and three genotypes of Cor-

nus mas L. were collected in the state of full ripeness in
the M.M. Gryshko National Botanical Garden of National
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Academy of Sciences of Ukraine (50.415092897763536,
30.562754581478206).

Aproximately 1500 g of each cultivar was harvested by
hand to obtain average sample. For the analyses, 500 g of
each average sample was washed with distilled water and
homogenized.

Extract preparation

Twenty five gram of homogenized fresh samples were
weighted and poured by 50 ml of 80% methanol. The mix-
ture was shaken on the Unimax 2010 horizontal shaker
(Heidolph Instrument GmbH, Germany) for 12 h. The
solution was then filtered via Munktell No. 390 filtrating
paper (Munktell & Filtrac, Germany), and put into sealed
50 mL vial tubes.

Total polyphenol content

Folin—Ciocalteau colorimetry assay was used to determine
the total polyphenol content [17]. Distilled water, 20%
Na,COj; (Sigma Aldrich, USA), and the Folin-Ciocalteu
phenol reagent (Merck, Germany) were used. A 50 mL
volumetric flask was filled with 0.1 mL of extract. Follow-
ing the addition of 0.85 mL of Folin—Ciocalteau reagent,
5 mL of 20% Na,CO; was added after 3 min. The mixture
was stirred, and the flask was filled with distilled water
to the mark. Flasks were kept at laboratory temperature
for two hours. Shimadzu UV-1800 UV/Visible Scanning
Spectrophotometer (Shimadzu, Kyoto, Japan) was then
used to analyze the sample against a blank solution at
765 nm. Based on the calibration curve, the total polyphe-
nol content was expressed as mg of gallic acid equivalent
in 1 kg of fresh matter (mg GAE kg™'). Analyses were
performed in 4 replicates.

Total anthocyanin content

The pH differential method was used to determine the total
anthocyanin content [18]. 1 ml of extract was pipetted
into two centrifuge tubes and 1 ml of 0.01% HCI in 80%
ethanol was added. Subsequently, 10 ml of a 2% aqueous
solution of HCl was added to the first centrifuge tube,
and 10 ml of solution with pH = 3.5 (prepared from 0.2 M
Na,HPO, and 0.1 M citric acid) was added to the second
centrifuge. Shimadzu UV- 1800 UV/ Visible Scanning
Spectrophotometer Shimadzu, Kyoto, Japan) was then
used to analyze the sample against a blank solution at
520 nm. Analysis were performed in 4 replicates.
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Antioxidant activity
DPPH radical scavenging assay

The DPPH radical scavenging assay was used to deter-
mine antioxidant activity [19]. A working DPPH solution
was prepared using methanol and the DPPHe + radical
(2,2-diphenyl-1-picrylhydrazyl) (Sigma Aldrich, USA).
3.9 mL of working DPPH solution and 0.1 mL of extract
were mixed, stirred, and left in the dark for 10 min. The
solution was measured at 515.6 nm against a blank solu-
tion, using a Shimadzu UV- 1800 UV/ Visible Scanning
Spectrophotometer (Shimadzu, Kyoto, Japan). Based on
the calibration curve, antioxidant activity was expressed
as the mmol of Trolox equivalents per kilogram of fresh
matter (mmol TE kg~! FW). Analysis were performed in
4 replicates.

ABTS radical scavenging assay

The ABTS radical scavenging assay was used to determine
antioxidant activity [20]. Working ABTS solution was
created using the ABTSe +radical cation (2,2'-azinobis-
3-ethylbenzothiazoline-6-sulfonic acid) (Sigma Aldrich,
USA), potassium persulfate (K2S208) (Sigma Aldrich,
USA), and acetate buffer (pH=4.3). 3 ml of ABTS solu-
tion and 0.05 ml of extract were mixed, stirred, and left in
the dark for 20 min. The solution was measured at 734 nm
against a blank solution, using a Shimadzu UV-1800 UV/
Visible Scanning Spectrophotometer (Shimadzu, Kyoto,
Japan). Based on the calibration curve, antioxidant activ-
ity was expressed as the mmol of Trolox equivalents per
kilogram of fresh matter (mmol TE kg~' FW). Analysis
were performed in 4 replicates.

FRAP assay

The FRAP assay was used to determine antioxidant
activity [21]. Working FRAP solution was created using
TPTZ—(2,4,6-tris(2-pyridyl)-S-triazine) (Sigma Aldrich,
USA), ferric chloride (FeCls) (Sigma Aldrich, USA), and
acetate buffer (pH=3.5). 3 ml of working FRAP solution
and 0.05 ml of extract were mixed, stirred, and left in the
dark for 20 min. The solution was measured at 593 nm
against a blank solution, using a Shimadzu UV-1800 UV/
Visible Scanning Spectrophotometer (Shimadzu, Kyoto,
Japan). Based on the calibration curve, antioxidant activ-
ity was expressed as the mmol of Trolox equivalents per
kilogram of fresh matter (mmol TE kg~' FW). Analysis
were performed in 4 replicates.

Vitamin C analysis

For Vitamin C analysis, two grams of homogenized fresh
samples were weighted and then stabilized with 20 mL of
3% meta-phosphoric acid in ultrapure water, to stabilize and
precipitate proteins in fruit samples. The mixture was thor-
oughly vortexed for 1 min. This solution was filtered through
0.45 pm PVDF Millipore syringe filter (Millipore Corpo-
ration, Bedford, MA, USA). Vitamin C was determined
by HPLC Agilent 1260 Infinity II (Agilent Technologies,
Waldbronn, Germany) with quaternary solvent manager cou-
pled with degasser, sample manager, column thermostat and
DAD detector. All analyses were performed on C-18 col-
umn with reverse phase Cortex (2.7 mm X 150 mm X 3.5 um)
(Waters, USA). Mobile phases consisted of methanol and
0.1% H;PO, in ddH20 (v/v). The isocratic elution was as
follows: 0—10 min (20% methanol and 80% acidified water).
The mobile phase flow was 0.6 mL/min and the sample
injection was 10 pL. Column thermostat was set to 30 °C
and the samples were kept at 8 °C the sampler manager. The
detection and quantification wavelength was set at 256 nm.
The spectral data were collected and processed using Agilent
CDS software for LC 3D Systems.

Individual phenolics analysis

Prior to HPLC analysis, the extracts were filtered through
a Q-Max syringe filter, (0.22 pm, 25 mm, PVDF) (Frisen-
ette ApS, Knebel, Denmark). The content of individual
phenolics was determined by HPLC Agilent 1260 Infin-
ity II (Agilent Technologies, Waldbronn, Germany) with
quaternary solvent manager coupled with degasser, sample
manager, column thermostat and DAD detector. All analyses
were performed on C-18 column with reverse phase Cortex
(2.7 mm x 150 mm x 3.5 um) (Waters, USA). The mobile
phase consisted of gradient acetonitrile with phosphoric acid
(pH=3.5) (A) and 0.1% (v/v) phosphoric acid in deionized
H20 (B). The gradient elution was as follows: 0—1 min iso-
cratic elution (20% of A), 1-5 min linear gradient elution
(20-25% of A), 5-15 min (25-30% of A), and 15-25 min
(30-40% of A). The post-run was 3 min. The flow rate was
1 mL/min, and the injection volume was 5 pL. The column
thermostat was set to 30 °C, and the samples were kept at
4 °C in the sampler manager. The detection and quantifica-
tion wavelength was set at 320 nm for neochlorogenic acid,
chlorogenic acid, and caffeic acid, and at 372 nm for rutin.
The spectral data were collected and processed using Agilent
CDS software for LC 3D Systems.

Macroelement analysis

To determine K, Ca, P, Mg, and Na content, 1 g of homog-
enized samples were mineralized in a mixture of 10 ml
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of concentrated HNO3 and 5 ml of concentrated HCLO
using a closed microwave digestion system Mars Xpress
5 (CEM Corp., Matthews, NC, USA). After mineraliza-
tion, cooled samples were filtered through quantitative fil-
ter paper Filtrak 390 (Munktell, GmbH, Bérenstein, Ger-
many). For the K, Ca, Mg, and Na determination, 2 ml of
filtered sample was diluted with redistilled water to the vol-
ume of 50 ml, and measured against a blank solution using
atomic absorption spectrophotometer VARIAN AASpec-
tra DUO 240FS (Varian, Ltd., Mulgrave, VIC, AUS). For
the P determination, 1 ml of filtered sample was diluted
with 8 ml of solution ((C4H3O,, H,SO,, (NH,),M00,, and
C,H,KO,Sb,0x 5H,0)) and deionized water to the volume
of 50 ml, and measured against blank solution using a UV/
Visible Scanning Spectrophotometer Shimadzu UV-1800
(Shimadzu, Kyoto, Japan). Analyses were performed in 4
replicates.

Microelement analysis

To determine Fe, Zn, Cu, Mn, Ni, Co and Cr content, 1 g of
homogenized samples were mineralized in a mixture of 5 ml
of concentrated HNO; and 5 ml of deionized water using a
closed microwave digestion system Mars Xpress 5 (CEM
Corp., Matthews, NC, USA). After mineralization, cooled
samples were filtered through quantitative filter paper Fil-
trak 390 (Munktell, GmbH, Bérenstein, Germany), and filled
with deionized water to the volume of 50 ml. Samples were
measured against a blank solution using atomic absorption
spectrophotometer VARIAN AASpectra DUO 240FS (Var-
ian, Ltd., Mulgrave, VIC, AUS). Analyses were performed
in 4 replicates.

Statistical analysis

The Shapiro—Wilk test showed no normal distribution of the
analysed quantitative variables; therefore, the non-paramet-
ric ANOVA test (Kruskal-Wallis) and Dunn pairwise test
with Holm correction was used for the comparison between
the tested variables. Principal component analysis was
usedto examine the interrelations among a set of variables
[22]. Spearman correlation was used to determine the rela-
tionships between individual analysed parameters [23, 24].

Results and discussion

Fruits, as a rich source of various phytochemicals and nutri-
ents, make up a significant part of human nutrition. Studies
have shown a negative correlation between the consumption
of fruits and vegetables and chronic illnesses, such as car-
diovascular and neurological disorders, and several types of
cancers [25]. According to FAOSTAT, average amount of
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fruit consumed in year 2021 was 86.95 kg per capita, with
apples, bananas, oranges and mandarines making up the
majority of this number [26]. Non-conventional, or minor
fruit species, such as Cornelian cherry, are also rich sources
of essential nutrients and bioactive phytochemicals, while
also playing a significant part in the economic and social
perspectives of local communities [27].

Content of minerals, bioactive polyphenols, and antioxi-
dant activity of Cornelian cherry fruits are discussed below.

Total polyphenol content, total anthocyanin
content, and antioxidant activity

Total polyphenol content, total anthocyanin content, and
antioxidant activity of monitored cultivars are presented in
the Table 1. Total polyphenol content in analysed samples
ranged from 583 to 1877 mg GAE kg~! FW, with the high-
est value found in the cultivar 'Svitliachok' and the lowest in
the cultivar 'Nizhnyi'. Kazimierski et al. [16] reported values
of TPC from 2170 to 6140 mg GAE kg~! FW. The content
of total polyphenols was also discussed by Moldovan et al.
[13], who determined 4899.4 mg GAE kg~! FW. Antolak
et al. [28] reported the content of total polyphenols to be
2330 mg GAE kg~! FW. De Biaggi et al. [11] determined
1970 mg GAE g~! FW, which corresponds with our values.
Gastot et al. [29] reported the total content of polyphenols
to be 45.6 mg GAE g~!. It is well established that several
factors, including variety, location, and environmental con-
ditions, influence the polyphenol content [30]. The obtained
results indicate that fruits of Cornus mas L. are a rich source
of total polyphenols, which exhibit a range of biological
effects.

According to previous scientific works, anthocyanins
obtained from Cornus mas L. can show a strong protective
effect against atherosclerosis [12]. They are natural antioxi-
dants with strong antioxidant and anti-inflammatory prop-
erties. Anthocyanins form complexes with DNA fibres and
thereby protect the genetic material from oxidative stress
[31]. They are unstable and reactive molecules, and their
colour depends on pH, temperature, exposure to light, and
the presence of metals [32]. The total content of anthocya-
nins is also strongly influenced by the genotype, the colour,
and the degree of maturity [33]. In addition, the storage tem-
perature of fruits also plays an important role. Total antho-
cyanin content in the analysed samples ranged from 50 to
549 mg kg~! FW. Hassanpour et al. [34] determined a higher
content of anthocyanins in the monitored varieties. Kuchar-
ska et al. [35] reported a wider range of values from 5.59 to
134.57 and 341.18 mg 100 g~! FW. Giizel [36] also reported
a higher content of anthocyanins (69-200 mg 100 g~' FW).
Cornus mas L. shows a higher content of anthocyanins
than common berries, but as the results show, the content is
strongly influenced by the variety.
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Table 1 Total polyphenol Cultivar/Variety ~ TPC TAC AADPPH  AAABTS  AAFRAP

content, total anthocyanin

content, and antioxidant activity (1 1547.8 +38.6 257.8+4.4%  281+0.03° 625+0.07°  4.47+0.08>¢

of analysed samples Cm 02 1344.34+29.3% 54964302  2.77+0.05%°  6.17+0.06"  4.48+0.08>¢
Cm 03 905.2+22.8 2236469  276+0.04° 6.10+0.04"® 3.86+0.06"
'Koralovyi Marka'  987.8+254% 23484323  274+0.01® 585+0.01*° 3.58+0.07%
"Kostia' 1554.0+31.3%  317.0+23.6 2.80+0.03° 6.09+0.05°° 3.89+0.07:>
"Vydubetskyi' 1507.0+18.9%  480.6+7.8°  275+0.04® 6.26+0.04°  3.80+0.08>
'Ekzotychnyi' 1712.8+26.4%  593.4+284° 276+0.03®  6.14+0.09°°  4.15+0.07%
'Olena’ 1509342772  484.1+24.1%  274+0.03®° 6.15+0.05° 4.60+0.07
'Svitliachok' 1876.8+16.6°  455.5+17.8"%  275+0.04°® 6.13+0.08° 4.89+0.04¢
'Starokyivskyi' 1512.7+£7.1%¢ 46134237  2.72+0.05° 6.19+0.09®° 4.21+0.07%
"Koralovyi' 841.0+27.2%®  50.1+5.9% 277+0.04°  6.19+0.08° 3.48+0.07%
"Yantarnyi' 790.8+29.1°  ND? 277+0.02®°  6.11+0.07° 3.41+0.05®
'Nizhnyi' 583.1+11.7*  ND? 244+0.02°  553+0.09°  3.31+0.09%

*Different letters indicate significant differences (p <0.05)

Antioxidant activity was determined by DPPH (2.44-2.81
mMol Trolox kg=! FW), ABTS (5.53-6.25 mMol
Trolox kg~! FW) and FRAP (3.31-4.89 mMol Trolox kg™!
FW) assays. The highest AA was determined in the variety
Cm 01, and in cultivar 'Svitliachok'. Rop et al. [37] deter-
mined similar values. On the other hand, our values were
lower than the values determined by Klymenko et al. [38].
The antioxidant activity of Cornus mas L. also strongly
depends on the variety [39].

HPLC analysis
Cornus mas L. is a rich source of vitamin C, which as an
antioxidant protects food from enzymatic and non-enzy-

matic browning. In the process of non-enzymatic brown-
ing, it reduces the oxidation of quinones, and the color of

Table 2 Vitamin C and phenolic content of analysed samples

the products remains unchanged [40]. Vitamin C and phe-
nolic contents of monitored cultivars are presented in the
Table 2. Vitamin C content in analysed samples ranged from
733 to 1344 mg kg~! FW. Similar values are given by Rop
et al. [37], Kostecka et al. [41] and Szczepaniak et al. [42].
Vidrih et al. [43] indicate that the vitamin C content is also
significantly influenced by the variety. The variable content
of vitamin C can be affected by the influence of the year,
degree of maturity as well as handling [12].

Three phenolic acids were determined in the ana-
lyzed samples: neochlorogenic (2.67-8.66 mg kg~!
FW), chlorogenic (1.33-7.32 mg kg~' FW), and caffeic
(1.33-6.02 mg kg~! FW). The content of rutin in analyzed
samples ranged from 6.67 to 20.67 mg kg~' FW. These
values are lower than that determined by Moldovan et al.
[13] and De Biaggi et al. [11]. Cosmulescu et al. [44] also

Cultivar/Variety Vitamin C Neochlorogenic acid Chlorogenic acid Caffeic acid Rutin

Cm 01 1344.1 +18.6° 4.66+0.03%° 3.99+0.01%° ND? 10.02 +0.06*
Cm 02 815.0+16.22 3.33+0.01%° 2.01+0.03% 2.02+0.05%¢ 6.67+0.02%
Cm 03 1037.2+23.7% 8.01+0.01¢ 2.00+0.02% 1.33+0.02% 8.67 +£0.05%
"Koralovyi Marka' 877.5+21.1%¢ 8.66+0.03¢ 1.37 +0.04% 1.38+0.06% 16.33+0.38°
"Kostia' 1085.5+2.6° 4.65+0.03%° ND? 4,03 +0.04%¢ ND?
"Vydubetskyi' 981.3 +5.3%¢ 3.35+0.03%° ND? 6.02+0.05¢ 20.67+0.77°
'Ekzotychnyi' 610.4+2.7% 3.98+0.02%¢ 1.33+£0.01% 4.67+0.01% 9.33£0.06™
'Olena’ 888.0+2.7%¢ 4.03 +0.042¢ ND? 5.16+0.20° 7.00+0.38%
'Svitliachok' 733.4+29.8% 4.03 +0.05%¢ ND? 3.34 +0.03%¢ 7.31+0.05%
'Starokyivskyi' 745.0 +5.4% 6.03+£0.05% ND? 4.61+0.06%° 10.13 +£0.25%
"Koralovyi' 1058.3 +2.7% 2.67+0.08%° 7.32+0.02° 3.33+0.022% 14.33 +0.38%
"Yantarnyi' 855.8 +2.7%¢ ND? 2.01+0.02® ND* ND?

"Nizhnyi' 855.9 +2.8%¢ 2.68 +0.06™ 7.32+0.07° 2.66+0.03%¢ ND?

*Different letters indicate significant differences (p <0.05)
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determined these phenolic acids in their samples but at
higher amounts, the content of the rutin corresponded with
our results. Many authors reported the presence of chloro-
genic as well as neochlorogenic acid in the fruits of Cornus
mas L. The composition and quantity of specific phenolic
compounds determined vary in a wide range, depending on
genetic, various abiotic (agrochemical and climatic condi-
tions, geographical origin, availability of water and light)
and biotic (herbivores, microorganisms) conditions [45].
The synthesis and accumulation of bioactive compounds,
such as anthocyanins, flavonoids, and phenolic acids, are
regulated by specific biochemical pathways within plant
cells. Genetic variation among cornelian cherry cultivars can
affect the activity and regulation of these pathways, leading
to differences in the types and concentrations of bioactive
compounds produced [46—48]. Therefore, regarding data on
the content of specific phenolic substances, the authors are
rather inconsistent.

Mineral content in analyzed samples

Mineral contents of monitored cultivars are presented in
the Tables 3 and 4. Content of K, Ca, P, Mg, and Na in
analysed samples ranged from 1750.8 to 2645.7 mg kg™!
FW, from 281.14 to 561.62 mg kg~! FW, from 180.38 to
294.95 mg kg™! FW, from 68.19 to 115.43 mg kg™ FW, and
from 2.48 to 71.33 mg kg~' FW respectively.

Karaaslan et al. [49] reported similar content of K, Ca,
and Mg in fruits of Cornelian cherry (2090.82, 425.92 and
104.23 mg kg™! respectively.) Gozlekei et al. [50] reported
that the content of K, Ca, P, Mg, and Na varies significantly
between individual genotypes. They reported similar con-
tent of K and Ca (2780-3340, 342-540 mg kg™! respec-
tively), and higher content of P, Mg, and Na (280-350,
210-254, and 50-65 mg kg~! respectively) in Cornelian
cherry fruits. Dokoupil and Reznicek (2012) [51] reported
similar content of Ca, and Na (301-656 and 58-82 mg kg™

Table 3 Content of

. Cultivar K Ca P Mg Na
macroelements in analyzed
samples Cm 01 2310+261.5 561.6+63.6 239+314 101.05+12.3 70.5+8.7
Cm 02 2078 +252.1 396+48.0 295+354 105.43+11.8 71.3+£79
Cm 03 2143.9+242.7 346.8+45.8 189.3+26.9 70.67+10.7 58.8+7.7
'Koralovyi Marka' 1750.8 +212.4 417.1+51.4 190.4+23.7 74.67+8.6 26.4+3.3
'Kostia' 2141+240.1 281.1+31.6 222.5+27.6 74.67+9.1 35.1+4.3
'Vydubetskyi' 2496.3 +302.6 419.9+50.9 237.8+29.5 102.67 +12.5 2.5+03
'Ekzotychnyi' 2569.8 +288.1 385.5+36.6 293.9+30.1 104.19+10.6 33+04
'Olena’ 2645.7+251.6 422.1+56.1 281.4+28.8 96.95+10.7 69.7+8.6
'Svitliachok' 2352+281.1 448.9+41.0 252.7+30.4 115.43+15.1 33.8+4.8
'Starokyivskyi' 1966.3 +239.8 396.2+43.2 279.4+31.3 84.67+9.6 63.9+7.9
'Koralovyi' 2309.8 +£259.1 530.6+64.2 202.7+20.5 85.05+9.5 30.6+3.4
"Yantarnyi' 2036.8 +£287.6 381.2+42.7 206.2+24.8 68.19+7.8 146+19
'Nizhnyi' 2088.5+259.2 385+54.4 180.4+23.8 79.24+7.2 84+1.1
Table 4 Content of microelements in analyzed samples
Cultivar Fe Zn Cu Mn Ni Cr Co
Cm 01 4.13+0.46 0.58+£0.07 0.41+0.05 0.13+0.02 0.13+0.02 0.01+0.001 0.01+0.001
Cm02 3.48+0.42 0.49+0.06 0.28+0.03 0.1+0.01 0.1+0.01 0.02+0.003 0.01+0.001
Cm 03 4.88+0.64 0.71+0.08 0.33+0.04 0.12+0.01 0.06£0.01 0.01+0.001 0.01+0.001
'Koralovyi Marka' 3.2+0.39 0.78+0.09 0.5+0.06 0.17+0.02 0.08 £0.01 0.02+0.002 0.02+0.002
'Kostia' 3.81+£0.47 0.66+0.07 0.39+0.05 0.1+0.01 0.12+£0.01 0.01+0.001 0.04+0.005
'Vydubetskyi' 341045 0.57+0.07 0.33+0.04 0.13+0.02 0.02+0.002 0.02+0.002 0.01+0.001
'Ekzotychnyi' 3.63+0.44 0.62+0.07 0.4+0.05 0.16+0.02 0.05+£0.01 0.01+0.001 0.03+£0.004
'Olena’ 4.18+0.55 0.72+0.08 0.39+0.04 0.09+£0.01 0.08 £0.01 0.01+0.001 0.01+0.001
‘Svitliachok' 2.77+0.31 0.6+0.08 0.34+0.04 0.12+0.01 0.04£0.004 0.01+0.001 0.01+0.001
'Starokyivskyi' 3.35+0.41 0.99+0.12 0.5+0.06 0.07+0.01 0.05+0.01 0.01+£0.001 0.02+0.002
'Koralovyi' 3.91+0.52 0.71+£0.09 0.53+0.06 0.09+0.01 0.11+£0.02 0.01+£0.001 0.07+0.009
"Yantarnyi' 4.3+0.57 0.71+0.09 0.4+0.04 0.07+0.01 0.08+0.01 0.01+£0.001 0.05+0.006
'Nizhnyi' 3.09+0.35 0.75+0.09 0.25+0.03 0.09+£0.01 0.11+£0.01 0.01+0.001 0.08+0.011
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respectively), and higher contents of K and Mg (3411-3798;
237-292 mg kg~! respectively) in Cornelian cherry fruits.
Content of K, Mg and Na showed significant differences
among cultivars, in cultivar 'Vydubetsky' the contents were
higher than our results (3411, 261.6 and 81.89 mg kg™!
respectively).

Cetkovska et al. [52] reported higher content of Ka and
Ca (4225-9729, 517-1164 mg kg™ respectively) and similar
to higher content of Mg (72430 mg kg™'.) Contents var-
ied significantly depending on the cultivar. The content of
Ka, Ca in cultivar 'Vydubetsky' was higher than our results
(4225 and 858 mg kg™! respectively), while the content of
Mg was lower (72 mg kg™!). According to Krosniak et al.
(2010) [53], juice from Cornelian cherry is also great source
of minerals, content of K, Ca, and Na was 1639, 323.4, and
324.2 mg 17! respectively.

Content of Fe, Zn, Cu, Mn, Ni, Cr, and Co in analysed
samples ranged from 2.77 to 4.88 mg kg~! FW, from 0.49 to
0.99 mg kg~! FW, from 0.25 to 0.53 mg kg~! FW, from 0.07
to 0.17 mg kg~! FW, from 0.02 to 0.13 mg kg~! FW, from
0.01 to 0.02 mg kg~' FW, and from 0.01 to 0.08 mg kg™!
FW respectively. Karaaslan et al. [49] reported slightly
lower content of Fe (2.78 mg kg~!) and higher content of
Zn (1.34 mg kg™") in Cornelian cherry fruits. Gozlekci
et al. [50] reported that the content of Fe and Mn varies
significantly between individual genotypes. They reported
higher content of Fe, Mn, Zn and Cu content in fruits
(23-34, 3-12, 24, and 1-3 mg kg~! respectively). Dok-
oupil and Reznicek [51] reported higher content of Fe, Zn,
Cu and Mn in fruits (41-49, 2.65-3.52, 1.09-1.74, and
24-29 mg kg~! FW respectively). Content of Fe showed
significant differences among cultivars, in cultivar "Vydu-
betsky' it was 41.98 mg kg~ which is significantly higher
than our results. Cetkovska et al. [52] reported lower content
of Fe (0.46-1.62 mg kg™!), and similar to higher content of
Mn, Cu, Zn and Cr (0.71-1.92, 0.53-3.6, 0.48-4.42, and
0.025-0.23 mg kg~ respectively) in Cornelian cherry fruits.
Contents varied significantly depending on the cultivar. The
content of Cu in the cultivar 'Vydubetsky' (0.67 mg kg™
was similar to our results, while the content of Fe was lower
(0.48 mg kg™!) and content of Zn, Mn and Cr was higher
(1.83, 2.89, and 0.073 mg kg~! respectively). The mineral
composition of fruits is influenced by various factors, includ-
ing genetic factors, soil conditions, climate, and agricultural
practices. The mineral content of fruits is strongly influenced
by the mineral composition of the soil in which the plants
are grown. Soil pH, nutrient availability, and other environ-
mental factors, type and amount of fertilizer used, irrigation
methods, and crop management practices can affect mineral
uptake by plants. [54-58].

Based on the results of our study and results reported
by other authors, it can be stated that the content of moni-
tored parameters are influenced by genetic factors, as well

as agroenvironmental factors. Genetic factors influence the
expression of genes involved in the synthesis of minerals
and bioactive compounds. Variability in gene expression can
result in different levels of these compounds among cul-
tivars. Environmental factors, including soil composition,
climate, and cultivation practices, interact with the genetic
makeup of cornelian cherry plants. Genotype-environment
interactions can influence the expression of genes involved
in nutrient uptake and the synthesis of bioactive compounds.

Relationships between analysed parameters

Relationships between bioactive compounds and antioxi-
dant activity of monitored cultivars are presented in the
Table 5. Based on the correlation matrix, we can suggest
that vitamin C, total polyphenols, total anthocyanins, caffeic
acid and rutin mainly contribute to the antioxidant activity
of the monitored cultivars. Principal component analysis
showed that cultivars 'Koralovyi', 'Yantarnyi' and 'Nizhnyi'
could be characterized by higher content of chlorogenic acid,
cultivars 'Olena’ and 'Svitliachok' by their content of antho-
cyanins, cultivar 'Ekzotychnyi' by the content of caffeic acid
and variety Cm 01 by the content of Vitamin C.

Relationships between mineral contents of monitored cul-
tivars are presented in the Table 6. Based on the correlation
matrix, we can suggest that cultivars with higher content of
Mg have also higher content of P, and lower content of Zn
and Co. Cm 02 could be characterized by their Mg content,
and cultivars 'Koralovyi', 'Yantarnyi', and 'Nizhnyi' by their
Co and Zn content.

Conclusions

We can conclude that the composition of Cornus mas L.
is diverse and depends on the variety. Fruits of Cornelian
cherry could contribute valuable bioactive compounds and
minerals to the human diet. The results showed that there
are significant differences in the content of minerals and
bioactive compounds among different cultivars even when
the growing conditions are identical, which highlights the
importance of cultivar on the chemical composition of Cor-
nus mas L. The obtained results could serve as a basis for
further investigation of the influence of the genetics and cul-
tivation practices on the content of bioactive substances and
minerals, and can be also used in the field of plant breeding,
to ensure an optimal combination of suitable cultivars and
growing conditions.

The results of the study also emphasize the role of non-
conventional fruit species as sources of mineral and bio-
active substances in human nutrition. Due to its mineral
content and profile of bioactive compounds with beneficial
effects on human health, use of the Cornelian cherry in the
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Table 5 Correlation matrix of bioactive compounds

Variables Vitamin TPC TAC AA AA AA Neochlorogenic Chlorogenic Caffeic Rutin
C DPPH ABTS  FRAP acid acid acid
Vitamin C 1
TPC -0.191 1
TAC — 0.410%*%0.716%** 1
AA DPPH 0.311*  0.219 0.062 1
AA ABTS 0.143 0.337* 0.343* 0.302*% 1
AA FRAP —-0.216 0.772%%%  0.711%** 0.194 0.315% 1
Neochlorogenic 0.183 0.365**  0.177 0.048 —0.102 0.345* 1
acid
Chlorogenic acid ~ 0.252 — 0.665%%* — 0.627***(0.027 —0.120 - 0.505%**— (.374** 1
Caffeic acid —0.243  0.442% 0.619%** —0.214 0.175 0.257 —0.047 — 0.678%** 1
Rutin 0.156 0.151 0.182 —0.037 0.367** 0.011 0.325% —0.090 0.203 1
Values in bold are statistically significant at *p <0.05, **p <0.01, ***p <0.001
Table 6 Correlation matrix of minerals
K Ca P Mg Na Fe Zn Cu Mn Ni Cr Co
K 1
Ca 0.189 1
P 0.223 -0022 1
Mg 0.401%*  0.350*%  0.598*** 1
Na —-0.071 0.042 0.227 0.125 1
Fe  0.033 -0.134 -0.128 -0.191 0.299*
Zn -0352*% -0.139 -0220 —0.510%** —0.005 0.031 1
Cu -0.065 0.185 0.016 -0.173 0.086 0.183 0.358* 1
Mn 0.085 0.146 0.028 0.379%* —0.205 —-0.146 —0347* -0.064 1
Ni -0.116 0.105 -0.308* —0.235 0.275% 0.187 -0.021 0.025 -0.219 1
Cr -0.117 0.015 —-0.103  0.085 —0.068 -0.172 -0.239 -0.209 0.259 -0.139 1
Co -0.183 —0.131 —-0354* —0476%%* —0.491*** —0.041 0.333* 0.167 —0.394%% 0.341* -0.184 1
Values in bold are statistically significant at *p <0.05, **p <0.01, ***p <0.001
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