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Cornelian cherry (Cornus mas L.) is a plant grown in the Eastern and Southern regions of Europe and the
Middle East, where it has been used in domestic cuisines for centuries and is one of the most valuable
fruit plants in the family Cornaceae Bercht. et ]. Presl. It is a very ancient cultural plant in Ukraine known
from times of Kyiv on Rus. It wildly used as a valuable food and medicinal plant. All parts of the plant
cornelian cherry widely used in folk medicine for the prevention and treatment of many diseases.
The aim of this study was to evaluate the antioxidant activity and phenolics content of Cornus mas
20 cultivars collected in the M.M. Gryshko National Botanical Garden of NAS of Ukraine. The content
of the total antioxidant activity and phenolic compounds from the fruits of the Cornus mas twenty
cultivars were compared. Antioxidant activity (AOA) was measured using three different photometric
methods - DPPH (2.2-diphenyl-1-picrylhydrazyl), ABTS (2.2-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid) and FRAP (Ferric reducing antioxidant power). Total phenolic content (TPC) was
evaluated using the Folin-Ciocalteu reagent assay. The results for AOA (uMol Trolox/g) determined
by the DPPH method varied from 5.94 (Kozerog) to 16.56 (Kostia), ABTS method varied from 13.560
(Koralovyj Marka) to 33.96 (Semen), FRAP method varied from 8.45 (Koralovyj) to 22.49 (Kostia).
The results for TPC varied from 91.34 (Kozerog) to 289.79 (Bolgarskyj) mg/100g. There was recorded
a positive linear correlation between antioxidant activity and total phenolic content in the examined
plant material. Obtained data showed that investigated cultivars have a potent antioxidant activity
that can be used for further investigation and utilization of cornelian cherry. The results of our study
also showed that cornelian cherry is an important traditional plant that deserves special attention for
widespread growth in Ukraine due to its high biochemical characteristics, as well as useful nutritional
and medicinal properties. The fruits of cornelian cherry are promising sources of biologically active
substances. Cornelian cherry fruits are a rich source of nutrients for humans. Currently, this plant is less
known and this new source can be potential as a functional food or value-added ingredient in the future
in our dietary system.
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Introduction

The genus Cornus L. of family Cornaceae Bercht. et ]J. Presl. consists of about 65 species
and is widely distributed in the northern hemisphere with centers of diversity in southern
and central Europe, southwest Asia, eastern and western North America and mountains of
Central America, South America and East Africa (Eyde, 1988). Among the Cornus species, four
species namely Cornus mas L., C. officinalis Siebold & Zucc., C. chinensis Wangerin and C. kousa
F. Buerger ex Hance bear edible fruits that are consumed in different parts of Europe and Asia
(Seeram et al,, 2002).

The cornelian cherry (Cornus mas) is one of the most valuable fruit plants and known in
garden cultivation for 4000 years. This plant comes from the foothills of the Caucasus and
from there it spreads over Turkey, Romania, Bulgaria, and Italy and to the inland European
continent (Dolejsi et al., 1991; Klimenko, 20044, b; Brindza et al., 2009).

Cornelian cherry was and still is, known for its flavor, nutritional and medicinal benefits.
Chemical composition of fruits of cornelian cherry rich enough. Biologically active
compounds, such as vitamin C, organic acids (mainly malic acid), pectins (Seeram et al., 2002;
Kucharska et al., 2011; Kucharska, 2012), phenolic acids (gallic and ellagic, and derivatives of
hydroxycinnamic acids) (Pantelidis et al., 2007; Kucharska, 2012), flavonoids (anthocyanins,
flavonols) (Tural and Koca, 2008; Pawlowska et al., 2010; Kucharska et al., 2015), triterpenoid
(ursolic acid) (Yayaprakasam et al.,, 2006), iridoids (Kucharska et al., 2015; Klymenko et al.,
2016), and recently identified iridoids (loganic acid, cornuside, loganin, sweroside) (West et
al,, 2012; Deng et al., 2013) have been reported in fruits of cornelian cherry. These compounds
are purported to be beneficial for the prevention of heart disease and diabetes. Fruits and
drugs of them (decoctions, tinctures, teas, concentrates of fresh and dried raw materials)
exhibit antiscorbutic, antibacterial, anti-inflammatory, antioxidant, general health-improving,
tonic, astringent, temporary hypotensive, and diuretic properties (Seeram et al., 2002; West
et al, 2012). Fresh fruits recommend 10-12 g/day for neurasthenia, common weakening,
joint pains, infectious hepatitis, and others. Cornelian cherry fruits also were used in folk
medicine for the treatment of various fever-related diseases (flu, sore throat, and malaria)
and gastrointestinal disorders.

The fruits, flowers, leaves, seeds, and bark in Cornus mas have been known and appreciated in
folk medicine for years, especially in Asia and is a rich source of anthocyanins, phenolic acids,
tannins, carotenoids, flavonoids, flavanols, iridoids, organic acids, vitamins (Du and Francis,
1973a,1973b; Jensen etal., 1973; Zargari, 1997; Klimenko, 2004; Brindza et al., 2007; Horvath
et al,, 2007; Leskovac et al., 2007; Pantelidis et al., 2007; Kucharska et al., 2009; Savikin et
al, 2009; Yilmaz et al., 2009; Pawlowska et al., 2010; Hassanpour, 2011; Deng et al., 2013;
Cetkovska et al,, 2014; Drkenda et al., 2014; Krivoruchko, 2014; Sochor et al.,, 2014; Behrangi
etal, 2015; Milenkovic-Andjelkovic et al., 2015; Rudrapaul et al., 2015).

The pharmacological studies showed antibacterial (Jayaprakasam et al., 2006; Mirbadalzadeh
and Shirdel, 2010; Radovanovic¢ etal., 2013; Asgary etal., 2014; Soltani et al., 2015; Shishehbor
et al., 2016), hypolipidemic (Jayaprakasam et al.,, 2006; Sozanski et al., 2016), antioxidant
(Tural and Koca, 2008; Popovi¢ et al., 2012), anticoagulant (Rafieian-Kopaei et al., 2011),
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antiparasitic (Mehrabi et al., 2012), cardioprotective (Alavian et al., 2014; Badalica-Petrescu
etal,, 2014; Darbandi et al., 2016), anticancer (Rezaei et al., 2014), hepatoprotective (Somi et
al.,, 2014), and anti-inflammatory (Moldovan et al., 2016; Sozanski et al.,, 2016) effects of the
Cornus mas fruits.

There are many recipes of different foods prepared from cornelian cherry and supplied in
private communications, such as cornelian cherry in sugar, lavash, syrup, juice, jam, candied
fruits, jelly, marmalade, compote, wine, fruit drink, marinated cornelian cherry, cornelian
cherry liqueur, pickles and so on (Brindza et al,, 2007; Pantelidis et al., 2007; Klymenko et al.,
2017). Refreshments from cornelian cherry are very tasty. Methods of using cornelian cherry
as food raw materials are very diverse. Local people where cornelian cherries are known from
immemorial time to prepare national dishes from cornelian cherry. Especially appreciated are
Caucasus products called ‘Turshu’ and ‘Lavash’ - these are concentrates (they are stored for
a long time) used as a product with a high content of vitamins, and fine seasoning for various
dishes, especially meat. Fresh fruits can be stored for a long time, frayed or sprinkled with
sugar. Very tasty are cornelian cherries frozen and canned in sugar syrup.

The aim of this study was to evaluate the antioxidant activity and phenolics content of
twenty Cornus mas cultivars. Obtained data showed that investigated cultivars have a potent
antioxidant activity that can be used for further investigation and utilization of Cornus mas.

Material and methodology

Biological material

The fruits of 20 cultivars of Cornus mas collected and selection in the M.M. Gryshko National
Botanical Garden of NAS of Ukraine (NBG) were the objects of these investigations. The raw
material was collected in the period (September) of full ripeness.

Chemicals and spectral measurements

1.1-diphenyl-2-picrylhydrazyl (DPPH) ferrous chloride, tripyridyltriazine (TPTZ),
kaliumperoxodisulfat, 2.2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), gallic acid were obtained
from Sigma Chemical Co. (Sigma-Aldrich, Poland, Poznan). Methanol was obtained from POCh
Poland. All chemicals and solvents were of analytical grade. All UV-V measurements were
recorded on a Shimadzu UV-2401PC (Kyoto, Japan).

Preparation of extracts for analysis of total polyphenols and antioxidant activity

The amount of about 2 g of fruits was homogenized and extracted with 80% aqueous methanol
to a final volume of 20 mL at room temperature. The extraction was performed in the ultrasonic
bath (Polsonic, Poland) for 15 minutes. All extracts were filtered through pickling mixture
paper filters (Whatman filter No. 1), and then they were subjected to analyses.
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Determination of total polyphenols content (TPC)

Total phenolic contents of fruits were determined by using the Folin-Ciocalteu reagent
method according to Gao et al. (2000). Plant extracts (0.1 mL) were mixed with 0.2 mL of
Folin-Ciocalteu reagent and 2 mL of H,0 and after 3 min 1 mL 20% sodium carbonate. Total
polyphenols were determined after 1 h of incubation at room temperature in the dark. The
absorbance of the resulting blue colour was measured at 765 nm with a Shimadzu UV-VIS
spectrophotometer. The standard curve was prepared using different concentrations of
gallic acid. The results were calculated as mg of gallic acid equivalent (GAE)/1 g. All the
determinations were performed in triplicates.

Determination of Reducing power, (FRAP) radical scavenging activity

Ferric reducing antioxidant power (FRAP) was measured suing Benzie and Strain (1996). An
aliquot (1.0 ml) of the diluted extract was added to 3 ml of FRAP solution (acetate buffer
(300 uM, pH 3.6), a solution of 10 uM TPTZ in 40 uM HCl, and 20 uM FeCl, at 10: 1:1 (v/v/v)
ratio). The mixture was shaken and left at room temperature for 10 min. The absorbance
was read at 593 nm after 10 minutes using a Shimadzu UV2401PC spectrophotometer.
The standard curve was prepared using different concentrations of Trolox. The results of
the assay were expressed in pM Trilox per 1 g. All the determinations were performed in
triplicates.

Determination of (DPPH) radical scavenging activity

The DPPH free radical scavenging activity of fruits extracts was measured from bleaching
of the purple colour of (2.2-diphenyl-1-picrylhydrazyl) out as described by Yen and Chen
(1995). Exactly 0.5 ml solution of different concentrations of the extract was added to 2 ml
of DPPH. The mixture was shaken and left at room temperature for 10 min. The absorbance
was measured at 517 nm, using a Shimadzu UV2401PC spectrophotometer. The standard
curve was prepared using different concentrations of Trolox. The results of the assay were
expressed in pM Trolox per 1 g. All the determinations were performed in triplicates.

Determination of ABTS radical scavenging activity

ABTS (2.2'-azino-bis (3-ethyl benzothiazoline-6-sulfonic acid) assay was based on the method
of Re et al. (1999). Briefly, ABTS radical cation is generated by reacting 7 mM ABTS and
2.45 mM potassium persulfate via incubation at room temperature (23 °C) in the dark for
12-16 h. The ABTS solution was diluted with to an absorbance of 0.700 +0.040 at 734 nm. The
reagent blank reading was taken (A4,). After the addition of 3.0 ml of diluted ABTS" solution to
30 pl of plant extracts, the absorbance reading was taken exactly 6 min after the initial mixing
(4,). The standard curve was prepared using different concentrations of Trolox. Results of
antioxidant activity were expressed in uMol Trolox equivalents (TE)/g. All the determinations
were performed in triplicates.

Statistical analysis

Basic statistical analyses were performed using PAST 2.17; hierarchical cluster analyses of
similarity between phenotypes were computed on the basis of the Bray-Curtis similarity
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index. Data were analysed with ANOVA test and differences between means compared
through the Tukey-Kramer test (o = 0.05). Correlation coefficients were calculated by CORR
analysis.

Results and discussion

Cornelian cherry is well known across Europe. In countries such as Austria, Bulgaria, England,
Hungary, Moldova, Poland, Slovakia and Ukraine, this species has been known in the culture
for hundreds of years and is widely used as a valuable edible, medicinal and ornamental
plant. But only in recent decades, breeding programs aimed at the development of large
fruit and high-yielding trees have been launched in several countries. Today, the selection
of large-fruited cultivars are characterized by the following: different fruit shapes, smaller
stones, desirable chemical composition, and different maturity dates on the same plant. Both
producers and consumers desire such fruits.

In the NBG for 50 years selection work with cornelian cherry has been carried out. 14 cultivars
were created which are included in the Register of Varieties of Ukraine. The gene pool of more
than fifty cultivars and varieties created. Best cultivars of our selection are Evgenia, Semen,
Coralovyi Marka, Svetlyachok, Elena, Vydubetskyi, Elegantnyi, Luk’yanovskyi, Exoticheskyi,
Radost, Nikolka, Vavilovets, Vladimirskyi, Grenader (Klymenko et al., 2017a, b).

The first stage was the analytical selection when we used the results of the spontaneous
selection. As a result of second stage - synthetic selection (cultivated forms of cornelian
cherry of diversified origin were used) cultivars were developed that are characterized by
steady annual fructification, with diverse biochemical properties and practical and valuable
characteristics (mass, shape, color fruit, ripening and other), high productivity, and frost
resistance under the conditions of the Forest-Steppe (Klymenko et al., 2017a, b). The shiny
fruit is red, dark red cherry red, pink, or yellow, while the fruit can be oval, pear or bottle-
shaped (Figure 1). Yellow fruited cultivars are either rare or no longer occur in the wild
(Klimenko, 2004). The average fruit mass is 5.0-8.0 g, the maximal average is 9.0-10.0 g. The
mass of the stone 7.5-11.0% from the mass of the fruit. They contain 8.0 to 15.0% of sugars;
1.3-1.9% of organic acids; 101.0-193.0 mg% of vitamin C; 670.0-850.0 mg% of anthocyanin
the skin, and 36.0-121.3 mg% in the pulp (Klymenko et al., 20173, b).

Plants have long been a source of dietary antioxidants. It is believed that two-thirds of the
world's plant species have medicinal importance, and almost all of these have excellent
antioxidant potential (Krishnaiah et al., 2011). Antioxidant activity of plants as Chaenomeles
japonica (Thunb.) Lindl. Ex Spach (Zhang et al., 2010), Cornus mas L. (Kucharska et al., 2011;
Milenkovic-Andjelkovic et al., 2015), Pseudocydonia sinensis Schneid. (Monka et al., 2014;
Grygorieva et al., 2019), Morus nigra L. (Kucelova et al., 2016), Ziziphus jujuba Mill. (IvaniSova
et al,, 2017), Diospyros virginiana L. (Grygorieva et al., 2018), Sambucus nigra L. (Hor¢inova
Sedlackova et al., 2018), Asimina triloba (L.) Dunal (Brindza et al., 2019) were discussed
recently.
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Figure 1 Fruits of different cultivars of Cornus mas L. selection of M.M. Gryshko National Botanical
Garden (Kyiv, Ukraine)

Antioxidant activity of Cornus mas

The DPPH radical scavenging activity of each Cornus mas cultivars extracts is shown in Figure 2.
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Figure 2 Antioxidant activity of Cornus mas L. cultivars evaluated by DPPH method (uMol Trolox/g)

Antioxidant activity of cornelian cherry cultivars ranged from 5.94 (Kozerog) to 16.56 (Kostia)
uMol Trolox/g.

Milenkovic-Andjelkovic et al. (2015) study, 100 ml of cornelian cherry fruit extract can
scavenge 94-109 mg of dissolved DPPH radicals. Tural and Koca (2008) reported that the
methanolic extracts of the cornelian cherry fruits showed EC50 (mg/ml) (DPPH reduction)
values as 0.52. Dragovic-Uzelac et al. (2007) determined that DPPH values in two different
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cornelian cherry types were between 33.41 and 39.89 mmol Trolex equivalent/kg fw.
Paulovicsova et al. (2009), found that the antiradical activities were 77.59-84.56 and 88.85%
in three cornelian cherry types. Hassanpour et al. (2011) stated that the efficiency of DPPH
radicals’ scavenging depends on the total polyphenolic concentration, total flavonoids, and
ascorbic acid content. In the cited study, fruit extracts scavenged DPPH radicals at levels
varying from 38.98 to 77.6%. According to Kucharska et al. (2011), antioxidant activity in
Polish breeding cultivars was the highest in Dublany cultivar (20.72 uMol Trolox/g) and the
lowest in Juliusz cultivar (10.85 pMol Trolox/g).

Other stable free radical cation, ABTS", was used to evaluate the antioxidant activity of the
cornelian cherry extracts (Figure 3).
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Figure 3 Antioxidant activity of Cornus mas L. cultivars evaluated by ABTS" method (uMol Trolox/g)

As shown in Figure 2 antioxidant activity of extracts of cornelian cherry cultivars measured
by ABTS-+ ranged from 13.56 (Koralovyi Marka) to 33.96 (Semen) pMol Trolox/g and had the
most results comparing with other methods. These results indicated that the cornelian cherry
extracts have different radical scavenging activity depending on cultivars.

Moldovan et al,, (2016) reported that the antioxidant activity of fresh cornelian cherries was
677.88 £19.25 mol Trolox equivalents/100 g FW (ABTS assay). According to Rop et al. (2010),
the content ranges of fruits from 3.65 (cv. Devin, Polish breeding) to 10.28 (Vydubeckyi,
Ukrainian breeding) g GAE kg-1 FM. According to Kucharska et al. (2011) antioxidant activity
in Polish breeding cultivars the content ranges of fruits from 18.87 (cv. Juliusz) to 38.96
(cv. Szafer) uMol Trolox/g.

Antioxidant activity of cornelian cherry cultivars evaluated by the FRAP method (Figure 4)
ranged from 8.45 (Koralovyi) to 22.49 (Kostia) pMol Trolox/g. FRAP assay uses antioxidants
as reductants in a redox-linked colorimetric method employing an easily reduced oxidant
system.
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Figure 4 Antioxidant activity of Cornus mas L. cultivars evaluated by FRAP method (1Mol Trolox/g)

According to Kucharska et al. (2011) antioxidant activity in Polish breeding cultivars the
content ranges of fruits from 21.17 (cv. Juliusz) to 41.08 (cv. Szafer) uMol Trolox/g. According
to Biaggi et al. (2018), the Cornelian cherry extract can reduce 20.41 pmol Fe** per gram of
solution. A study conducted by Yilmaz et al. (2009) presents a significant range of FRAP values,
in which the minimum is 73 and the maximum reaches 114 pmol AA (ascorbic acid) equivalent
per gram of DW. Pantelidis et al. (2007) confirm that the FRAP value is approximately 84 pumol
AA/g DW. However, Popovic et al. (2012) present a different range for this parameter, which
is probably caused by a data presence question. In their study, the ferric-reducing antioxidant
power ranges from 2 to 65 pmol/ml Fe?*.

The cluster analysis (CA) was performed according to the hierarchical cluster analysis (HCA)
method using the mean value to distinguish similar groups among the various antioxidant
capacities. In this study, twenty genotypes were grouped into five main clusters based on
the highest similarities (Figure 5). Yuvileinyi Klymenko, Yantarnyi, Semen and Kozerog (the
last cultivar showed a high value only with the ABTS method) represented the highest values
by the FRAP, ABTS, and DPPH assays; the third group had the lowest values of antioxidant
activity; the fourth group includes the largest number of varieties with similar data as
determined by the DPPH, FRAP and ABTS methods: Group 1: Yuvileinyi Klymenko, Yantarnyi
and Semen; Group 2: Kostia, Samophertilnyi, Jolico and Ugolek, Group 3: Koralovyi Marka,
Lukianivskyi and Sokolyne; Group 4: Svitliachok, Oryginalnyi, Sylia, Priorskyi, Pervenets and
Mriia Shaidarovoi; Group 5: Ekzotychnyi, Vovilovets and Koralovyi.
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Figure 5 Cluster diagram of the antioxidant activity (FRAP, ABTS, and DPPH methods) of 20 cultivars
Cornus mas L.

Assessment of total polyphenol content

The results for TPC determined by the Folin-Ciocalteu method varied from 91.34 (Kozerog)
to 289.79 mg/100 g (Yuvileinyi Klymenko) (Figure 6).

The obtained results were within the limits of the values published by several authors for
cornelian cherries from Greece, Czech Republic, Poland, Romania, Azerbaijan, Turkey (Tural
and Koca, 2008; Yilmaz et al., 2009; Hashempour et al., 2010; Rop et al., 2010; Kucharska et
al,, 2011; Cetkovska et al,, 2014). Rop et al. (2010) stated that the total amount of polyphenolic
content was cultivar dependent. In their study, the total polyphenolic content was the lowest
for the cv. Devin Czech breeding (261 mg GAE/100 g FW), and the cv. Vydubieckii Ukrainian
breeding had the highest concentration of polyphenol (811 mg GAE/100 g FW). The total
phenolic content of Cornus mas of Greece cultivars was 1,592 mg GAE; of Azerbaijan cultivars,
1,097-2,695 mg GAE; of Turkey cultivars, 2,659-7,483 mg GAE (Yilmaz et al., 2009; Cetkovska
et al,, 2014). According to Cetkovska et al. (2014), total polyphenol content in Ukrainian
breeding cultivars was the highest in Ekzotichnyi cultivar (614.3 mg GAE per 100 g DW) and
the lowest in Lukianivskyi cultivar (182.3 mg GAE per 100 g DW). According to Romanian
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researchers, the determined total phenolic content of the fresh ripe fruits of Cornelian cherry
acquired from a local market from Cluj-Napoca was 489.94 +17.88 mg/100 g FW expressed as
GA equivalents (Moldovan et al., 2016). Kucharska et al. (2011) presented research cultivars
Polish breeding, that the richest in polyphenols was cv. Szafer (464 mg/100 g) and the poorest
was cv. Juliusz (262 mg/100 g).
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Figure 6 Total polyphenol content of cultivars of Cornus mas L. fruits extracts based on gallic acid

equivalents (GAE, Line) (mg/100 g)

Polyphenol content can be linked to the amount of juice and peel color (Demir and Kalyoncu,
2003; Bijeli¢ et al., 2011; Cosmulescu et al., 2018). Cultivar Szafer possessed the most intense
purple color of all cultivars, and it was also the richest in TPC among the cultivars tested by
Kucharska et al. (2011). Milenkovic-Andjelkovic et al. (2015) indicated in their study that the
polyphenol content slightly depended on the cultivation conditions which differ from year to
year (90 mg GAE/g DW in 1 year and 91 mg GAE/g DW in the following one).

The differences in total polyphenol content may be caused by the different extraction methods
used in that study compared to the other studies.

Results on the basis of polyphenolic compounds are distributed into four basic groups by
cluster analysis as we can see at Figure 7: Group 1: Yantarnyi, Jolico, Sylia, Semen, and Mriia
Shaidarovoi; Group 2: Pervenets, Vovilovets, Sokolyne, Priorskyi, Ekzotychnyi, Oryginalinyi,
Lukianivskyi, Svitliachok and Koralovyi Marka; Group 3: Kozerog, Ugolek and Koralovyi;
Group 4: Bolgarskyi, Samophertilnyi and Kostia.

The fourth group can be distinguished by the highest content polyphenols. As for the
representatives of the third group, they have the lowest content of polyphenols.
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Correlation analysis was used to explore the relationships between the individual phenolic
compounds and antioxidant capacities (ABTS, DPPH, and FRAP) measured for all fruit extracts
from twenty Cornus mas cultivars (Figure 8).

The findings of this study indicate that TPC present high and positive correlations with FRAP
scavenging capacity and DPPH (r = 0.845, p <0.05; r = 0.706, p <0.05, respectively). Between
the TPC and ABTS there is a very weak correlation (r=0.102).

The correlation analysis between radical scavenging and polyphenolic composition has been
additionally proven in many studies (Pantelidis et al.,, 2007; Ersoy et al,, 2011; Milenkovic-
Andjelkovic et al., 2015).

Conclusions

The antioxidant activities and total phenol contents of fruit extracts from twenty Cornus
mas cultivars were studied. Interest in new sources of anti-inflammatory and antioxidant
compounds has recently become a major research issue. Cornelian cherry receiving particular
attention for its significant amounts of phenolic compounds and vitamins, which exhibita wide
range of biological and pharmacological properties. Obtained data showed that investigated
cultivars have a potent antioxidant activity that can be used for further investigation and
utilization of cornelian cherry. The results of our study also showed that cornelian cherry
is an important traditional plant that deserves special attention for widespread growth in
Ukraine due to its high biochemical characteristics, as well as useful nutritional and medicinal
properties. Cluster analysis allows us to determine the possible relationships between the
analyzed cultivars based on the observed parameters. The amount of these compounds
depends on the plant genotype and the ripeness of fruits. Currently, this plant is less known
and this new source can be potential as a functional food or value-added ingredient in the
future in our dietary system.

Acknowledgements

The publication was prepared with the active participation of researchers in international
network AgroBioNet, as a part of the International Program ‘Agricultural Biodiversity to
Improve Nutrition, Health and Quality of Life"

References

ALAVIAN, S.M., BANIHABIB, N., HAGHI, E., PANAHI, F. 2014. Protective effect of Cornus mas fruits extract
on serum biomarkers in CCl4-induced hepato-toxicity in male rats. In Hepat Mon., vol. 14(4),
€10330. https://doi.org/10.5812/hepatmon.10330

ASGARY, S., RAFIEIAN-KOPAEI, M., SHAMSI, E, NAJAFI, S, SAHEBKAR, A. 2014. Biochemical and
histopathological study of the anti-hyperglycemicand anti-hyperlipidemic effects of cornelian
cherry (Cornus mas L.) in alloxan-induced diabetic rats. In ] Complement Integr Med., vol. 11(2),
p.- 63-69. https://doi.org/10.1515/jcim-2013-0022

BADALICA-PETRESCU, M., DRAGAN, S., RANGA, F, FETCA, F,, SOCACIU, C. 2014. Comparative HPLC-DAD-
ESI (+) MS fingerprint and quantification of phenolic and flavonoid composition of aqueous leaf

extracts of Cornus mas and Crataegus monogyna in relation to their cardiotonic potential. In Not.
Bot. Horti Agrobot., vol. 42(1), p. 9-18. https://doi.org/10.15835/nbha4219270

- 495 -


https://doi.org/10.5812/hepatmon.10330
https://doi.org/10.1515/jcim-2013-0022
https://doi.org/10.15835/nbha4219270

Klymenko, S., Kucharska, A. Z., Sokét-Letowska, A., Piérecki, N.
Agr.bio.div. Impr. Nut., Health Life Qual., 2019, 484-499

BEHRANGI, N., GHAFOORI, H., FARAHMAND, Z., KHANI, E.M., SANATI, M.H. 2015. Comparison among
cornelian cherry and Prunus cerasus according to phenolic content and antioxidant capacity by
three various methods of extraction. In Food Nutr. Sci., vol. 6(12), p. 1166-1173. https://doi.
org/10.4236/fns.2015.612122

BIJELIC, S.M., GOLOSIN, B.R., NINIC TODOROVIC, ]I, CEROVIC, S.B., POPOVIC, B.M. 2011. Physicochemical
fruit characteristics of cornelian cherry (Cornus mas L.) genotypes from Serbia. In Hort. Science,
vol. 46, p. 849-853

BRINDZA, J., GRYGORIEVA, 0., KLYMENKO, S., VERGUN, 0., MARECEK, J., IVANISOVA, E. 2019. Variation
of fruits morphometric parameters and bioactive compounds of Asimina triloba (L.) Dunal
germplasm collection. In Potravinarstvo Slovak Journal of Food Sciences, vol. 13(1), p. 1-7. https://
doi.org/10.5219/1019

BRINDZA, P, BRINDZA, ], TOTH, D., KLIMENKO, S.V, GRIGORIEVA, 0. 2007. Slovakian cornelian
cherry (Cornus mas L.): potential for cultivation. In Acta Hortic., vol. 760, p. 433-438. https://doi.
org/10.17660/ActaHortic.2007.760.59

BRINDZA, P, BRINDZA, ]J., TOTH, D., KLIMENKO, S.V., GRIGORIEVA, 0. 2009. Biological and commercial
characteristics of cornelian cherry (Cornus mas L.) population in the Gemer region of Slovakia.
In Acta Horticulturae, vol. 818, p. 85-94. https://doi.org/10.17660/ActaHortic.2009.818.11

CETKOVSKA, J., DIVIS, P,, VESPALCOVA, M., PORIZKA, J., REZNICEK, V. 2014. Basic nutritional properties
of cornelian cherry (Cornus mas L.) cultivars grown in the Czech Republic. In Acta Aliment., vol.
44(3), p. 549-557. https://doi.org/10.1556/AAlim.2014.0013

COSMULESCU, S.N.,, TRANDAFIR, I, CORNESCU, F. 2018. Antioxidant capacity, total phenols, total
flavonoids and colour component of cornelian cherry (Cornus mas L.) wild genotypes. In Not Bot
Horti Agrobot Cluj-Napoca, vol. 47(2), p. 390-394. https://doi.org/10.15835/nbha47111375

CZERWINSKA, M.E., MELZIG, M.F. 2018. Cornus mas and Cornus officinalis - analogies and differences
of two medicinal plants traditionally used. In Front Pharmacol, vol. 9, p. 1-28. https://doi.
org/10.3389/fphar.2018.00894

DARBANDI, N., HASHEM]I, A., NOORI, M., MOMENI, H.R. 2016. Effect of Cornus mas fruit flavonoids on
memory retention, level of plasma glucose and lipids in an intra-cerebroventricular streptozotocin-
induced experimental Alzheimer’s disease model in Wistar rats. In Environ Exp Bot., vol. 14(3),
p. 113-120. https://doi.org/10.22364 /eeb.14.16

DE BIAGGI, M., DONNO, D., MELLANO, M.G., RIONDATO, I, RAKOTONIAINA, E.N., BECCARO, G.L. 2018.
Cornus mas (L.) fruit as a potential source of natural health-promoting compounds: physico-
chemical characterisation of bioactive components. In Plant Foods Hum Nutr., vol. 73(2), p. 89-94.
https://doi.org/10.1007/s11130-018-0663-4

DEMIR. F, KALYONCU, L.H. 2003. Some nutritional, pomological and physical properties of Cornelian
cherry (Cornus mas L.). In | Food Eng., vol. 60(3), p. 335-341. https://doi.org/10.1016/
S0260-8774(03)00056-6

DENG, S., WEST, B.]., JENSEN, C.]. 2013. UPLC-TOF-MS characterization and identification of bioactive
iridoids in Cornus mas fruit. In J. Anal. Methods Chem., vol. 2013, ID 710972, p. 1-7. https://doi.
org/10.1155/2013/710972

DOLEJSI, A, KOTT, V,, SENK. L. 1991. Menczname Ovoce. 1°' ed., Praha : Brazda, p. 149.

DRAGOVIC-UZELAC, V, LEVAJ, B, BURSA, D., PEDISI, S., RADOJI, I, BISKO, A. 2007. Total phenolics and
antioxidant capacity assays of selected fruits. In Agriculturae Conspectus Scientificus, vol. 72(4), p. 279-284.

DRKENDA, P, SPAHIC, A., BEGIC- AKAGIC, A., GASI, F, VRANAC, A., HUDINA, M., BLANKE, M. 2014.
Pomological characteristics of some autochthonous genotypes of cornelian cherry (Cornus mas
L.) in Bosnia and Herzegovina. In Erwerbs-Obstbau, vol. 56(2), p. 59-66. https://doi.org/10.1007/
s10341-014-0203-9

DU, C.T,, FRANCIS, EJ. 1973a. Anthocyanins from Cornus mas L. In Phytochemistry, vol. 12(10), p. 2487-
2489. https://doi.org/10.1016/0031-9422(73)80460-1

DU, C.T,, FRANCIS, FJ. 1973b. New anthocyanin from Cornus mas. In HortScience, vol. 8, p. 29-30.

- 496 -


https://doi.org/10.4236/fns.2015.612122
https://doi.org/10.4236/fns.2015.612122
https://doi.org/10.5219/1019
https://doi.org/10.5219/1019
https://doi.org/10.17660/ActaHortic.2007.760.59
https://doi.org/10.17660/ActaHortic.2007.760.59
https://doi.org/10.17660/ActaHortic.2009.818.11
tps://doi.org/10.1556/AAlim.2014.0013
https://doi.org/10.15835/nbha47111375
https://doi.org/10.3389/fphar.2018.00894
https://doi.org/10.3389/fphar.2018.00894
https://doi.org/10.22364/eeb.14.16
https://doi.org/10.1007/s11130-018-0663-4
https://doi.org/10.1016/S0260-8774(03)00056-6
https://doi.org/10.1016/S0260-8774(03)00056-6
https://doi.org/10.1155/2013/710972
https://doi.org/10.1155/2013/710972
https://doi.org/10.1007/s10341-014-0203-9
https://doi.org/10.1007/s10341-014-0203-9
https://doi.org/10.1016/0031-9422(73)80460-1

Klymenko, S., Kucharska, A. Z., Sokét-Letowska, A., Piérecki, N.
Agr.bio.div. Impr. Nut., Health Life Qual., 2019, 484-499

ERSOY, N., BAGC], Y., GOK, V. 2011. Antioxidant properties of 12 cornelian cherry fruit types (Cornus mas
L.) selected from Turkey. In Sci Res Essays, vol. 6(1), p. 98-102. https://doi.org/10.5897 /SRE10.740

EYDE, R.H. 1988. Comprehending Cornus: puzzles and progress in the systematics of the dogwoods.
In Bot. Rev., vol. 54(3), p. 233-351.

GRYGORIEVA, 0., KUCHARSKA, A.Z., PIORECKI, N., KLYMENKO, S., VERGUN, 0., BRINDZA, J. 2018c.
Antioxidant activities and phenolic compounds in fruits of various genotypes of American
persimmon (Diospyros virginiana L.). In Acta Sci Pol Technol Aliment, vol. 17(2), p. 117-124. http://
doi.org/10.17306/].AFS.0544

GRYGORIEVA, 0.V, KLYMENKQO, S.V,, VERGUN, O.N., BRINDZA, J., IVANISOVA, E. 2019. Biological activity
of peel and pulp of Pseudocydonia sinensis Schneid. fruits. In Horticulture and Viticulture, vol. 1,
p. 22-28. https://doi.org/10.31676/0235-2591-2019-1-22-28

HASHEMPOUR, A., GHAZVINI, R.E, BAKHSHI, D., GHASEMNEZHAD, M., SHARAFTI, M., AHMADIAN, H.
2010. Ascorbic acid, anthocyanins, and phenolic contents and antioxidant activity of ber, azarole,
raspberry and cornelian cherry genotypes growing in Iran. In Hortic. Environ. Biotechnol., vol.
51(2), p. 83-88.

HASSANPOUR, H., YOUSEFE, H., JAFAR, H.,, MOHAMMAD. A. 2011. Antioxidant capacity and phytochemical
properties of cornelian cherry (Cornus mas L.) genotypes in Iran. In Sci Hortic (Amsterdam), vol.
129(3), p. 459-463. https://doi.org/10.1016/j.scienta.2011.04.017

HORCINOVA SEDLACKOVA, V., GRYGORIEVA, 0., FATRCOVA-SRAMKOVA, K., VERGUN, 0., VINOGRADOVA,
Y, IVANISOVA, E., BRINDZA, J. 2018. The morphological and antioxidant characteristics of
inflorescences within wild-growing genotypes of elderberry (Sambucus nigra L.). In Potravinarstvo
Slovak Journal of Food Sciences, vol. 12(1), p. 444-453. https://doi.org/10.5219/919

HORVATH, G., TURCSI, E.,, MOLNAR, P, SZABO, L.G.,, DELI, J. 2007. Isolation and identification of
carotenoids in the fruit of cornelian cherry (Cornus mas L.). In Planta Med., vol. 73, 286-288.
https://doi.org/10.1055/s-2007-987066

IVANISOVA, E., GRYGORIEVA, 0., ABRAHAMOVA, V., SCHUBERTOVA, Z., TERENTJEVA, M., BRINDZA, ].
2017. Characterization of morphological parameters and biological activity of jujube fruit (Ziziphus
Jjujuba Mill.). In Journal of Berry Research, vol. 7(4), p. 249-260. https://doi.org/10.3233 /JBR-170162

JAYAPRAKASAM, B., OLSON, L.K,, SCHUTZKI, R.E., TAI, M.-H., NAIR, M.G. 2006. Amelioration of obesity and
glucose intolerance in high-fat-fed C57BL/6 miceby anthocyanins and ursolicacid in Cornelian cherry
(Cornus mas). In ] Agric Food Chem., vol. 54(1), p. 243-248. https://doi.org/10.1021/jf0520342

JENSEN, S.R,, KJAER, A,, NIELSEN, B.]. 1973. Loniceroside (secologanin) in Cornus officinalis and C. mas.
In Phytochemistry, vol. 12, p. 2064-2065.

KLIMENKQO, S. 2004a. Genetic collections of cornelian cherry (Cornus mas L.): collection, preservation,
use. In Protection of Genetic Resources of Pomological Plants and Selection of Genitors with Traits
Valuable for Sustainable Fruit Production. Book of Abstract, Skierniewice, Poland.

KLIMENKOQO, S. 2004b. The Cornelian cherry (Cornus mas L.); collection, preservation and utilization of
genetic resources. In J. Fruit Ornam. Plant Res., vol. 12(2), p. 93-98.

KLYMENKQO, S., GRYGORIEVA, 0., BRINDZA, ]. 2017a. Less known species of fruit crops. Slovak University
of Agriculture in Nitra. 104 p. https://doi.org/10.15414/2017.fe-9788055217659

KLYMENKO, S., GRYGORIEVA, 0., ONYSHUK, L. 2017b. Biological bases of seed and vegetative
reproduction of cornelian cherry (Cornus mas L.) in nature and culture. In Agrobiodiversity
for Improving Nutrition, Health and Quality, vol. 1, p. 233-248. http://dx.doi.org/10.15414/
agrobiodiversity.2017.2585-8246.233-2

KLYMENKQO, S., KUCHARSKA, A., BRINDZA, J., PIORECKI, N., GRYGORIEVA, 0. 2016. Biochemical features
and medical properties of cornelian cherry (Cornus mas L.). In Scientific Proceedings of the
International Network AgroBioNet “Biodiversity after the Chernobyl Accident”, vol. 2, p. 111-118.

KRISHNAIAH, D., SARBATLY, R., NITHYANANDAM, R. 2011. A review of the antioxidant potential of
medicinal plant species. In Food Bioprod Process, vol. 89(3), p. 217-233. https://doi.org/10.1016/].
fbp.2010.04.008

- 497 -


https://doi.org/10.5897/SRE10.740
http://doi.org/10.17306/J.AFS.0544
http://doi.org/10.17306/J.AFS.0544
https://doi.org/10.31676/0235-2591-2019-1-22-28
https://doi.org/10.1016/j.scienta.2011.04.017
https://doi.org/10.5219/919
https://doi.org/10.1055/s-2007-987066
https://doi.org/10.3233/JBR-170162
https://doi.org/10.1021/jf0520342
https://doi.org/10.15414/2017.fe-9788055217659
http://dx.doi.org/10.15414/agrobiodiversity.2017.2585-8246.233-2
http://dx.doi.org/10.15414/agrobiodiversity.2017.2585-8246.233-2
https://doi.org/10.1016/j.fbp.2010.04.008
https://doi.org/10.1016/j.fbp.2010.04.008

Klymenko, S., Kucharska, A. Z., Sokét-Letowska, A., Piérecki, N.
Agr.bio.div. Impr. Nut., Health Life Qual., 2019, 484-499

KRIVORUCHKO, E.V. 2014. Carboxylic acids from Cornus mas. In Chem. Nat. Compd., vol. 50, 112-113.

KUCELOVA, L., GRYGORIEVA, 0., IVANISOVA, E., TERENTJEVA, M., BRINDZA, J. 2016. Biological properties
of black mulberry-derived food products (Morus nigra L.). In Journal of Berry Research, vol. 6,
p. 333-343. https://doi.org/10.3233/]BR-160141

KUCHARSKA, A. Z., SZUMNY, A., SOKOL-LETOWSKA, A., ZAJAC, K. 2009. Fatty acid compositions of seed
oils of cornelian cherry (Cornus mas L.). In Acta Biochim. Pol., vol. 56(2), p. 21-22.

KUCHARSKA, A.Z,, SOKOL-LETOWSKA, A., PIORECKI, N. 2011. Morphological, physical & chemical, and
antioxidant profiles of polish varieties of cornelian cherry fruit (Cornus mas L.). In Zywno$¢ Nauk
Technol Jakosé, vol. 3, p. 78-89.

KUCHARSKA, A.Z., SZUMNY, A., SOKOL-LETOWSKA, A., PIORECKI, N., KLYMENKO, S.V. 2015. Iridoids
and anthocyanins in cornelian cherry (Cornus mas L.) cultivars. In Journal of Food Composition and
Analysis, vol. 40, p. 95-102. https://doi.org/10.1016/j.jfca.2014.12.016

LEJA, M., MARECZEK, A., NANASZKO, B. 2007. Antioxidant properties of fruits of certain wild tree and
bush species. In Rocz Akad Rol w Pozn., vol. 383, p. 327-331

LESKOVAC, A., JOKSIC, G., JANKOVIC, T., SAVIKIN, K., MENKOVIC, N. 2007. Radioprotective properties of
the phytochemically characterized extracts of Crataegus monogyna, Cornus mas and Gentianella
austriaca on human lymphocytes in vitro. In Planta Med., vol. 73(11), p. 1169-1175. https://doi.
org/10.1055/s-2007-981586

MEHRABI, M., SADRAIE, ]J., GHAFFARIFAR, F. 2012. Comparative study of the effect of garlic tablet and
blueberry extract on Cryptosporidum parvumoocysts in HANK solution. In Sci J Kurdistan Univ Med
Sci., vol. 17, p. 53-60.

MILENKOVIC-ANDJELKOVIC, A.S., ANDJELKOVIC, M.Z, RADOVANOVIC, A.N., RADOVANOVIC, B.C,
NIKOLIC, V. 2015. Phenol composition, DPPH radical scavenging and antimicrobial activity of
Cornelian cherry (Cornus mas) fruit and leaf extracts. In Hem. Ind., vol. 69, p. 331-337. https://doi.
org/10.2298/HEMIND140216046M

MIRBADALZADEH, R., SHIRDEL, Z. 2010. Anti-diabetic and anti-hyperlipidemic effect of alcoholic
extract of Cornelian cherry in diabetic mice compared with glibenclamide. In Iran J Diabetes Lipid
Disord., vol. 9, p. 335-343

MOLDOVAN, B,, FILIP, A., CLICHICI, S., SUHAROSCHI, R., BOLFA, P, DAVID, L. 2016. Antioxidant activity of
Cornelian cherry (Cornus mas L.) fruits extract and the in vivo evaluation of its anti-inflammatory
effects. In J Funct Foods., vol. 26, p. 77-87. https://doi.org/10.1016/].jff.2016.07.004

MONKA, A., GRYGORIEVA, 0. CHLEBO, P, BRINDZA, ]. 2014. Morphological and antioxidant
characteristics of quince (Cydonia oblonga Mill.) and chinese quince fruit (Pseudocydonia sinensis
Schneid.). In Potravinarstvo Slovak Journal of Food Sciences, vol. 8(1), p. 333-340. http://dx.doi.
org/10.5219/415

PANTELIDIS, G.E., VASILAKAKIS, M. MANGANARIS, G.A., DIAMANTIDIS, G.R. 2007. Antioxidant
capacity, phenol, anthocyanin and ascorbic acid contents in raspberries, blackberries, red
currants, gooseberries and Cornelian cherries. In Food Chem., vol. 102(3), p. 777-783. https://doi.
org/10.1016/j.foodchem.2006.06.021

PAULOVICSOVA, B., AULOVICSOVA, B., TURIANICA, 1, JURKOVA, T, BALOGHOVA, M. 2009. In Anim.
Breeding Biotechnol., vol. 42(1), p. 608-614.

PAWLOWSKA, A.M., CAMANGI, F, BRACA, A. 2010. Quali-quantitative analysis of flavonoids of Cornus
mas L. (Cornaceae) fruits. In Food Chem., vol. 119(3), 1257-1261. https://doi.org/10.1016/j.
foodchem.2009.07.063

POPOVIC, B.M., STAJNER, D., SLAVKO, K., SANDRA, B. 2012. Antioxidant capacity of cornelian cherry
(Cornus mas L.) - comparison between permanganate reducing antioxidant capacity and other
antioxidant methods. In Food Chem., vol. 134(2), p. 734-741. https://doi.org/10.1016/j.
foodchem.2012.02.170

- 498 -


https://doi.org/10.3233/JBR-160141
https://doi.org/10.1016/j.jfca.2014.12.016
https://doi.org/10.1055/s-2007-981586
https://doi.org/10.1055/s-2007-981586
https://doi.org/10.2298/HEMIND140216046M
https://doi.org/10.2298/HEMIND140216046M
https://doi.org/10.1016/j.jff.2016.07.004
http://dx.doi.org/10.5219/415
http://dx.doi.org/10.5219/415
https://doi.org/10.1016/j.foodchem.2006.06.021
https://doi.org/10.1016/j.foodchem.2006.06.021
https://doi.org/10.1016/j.foodchem.2009.07.063
https://doi.org/10.1016/j.foodchem.2009.07.063
https://doi.org/10.1016/j.foodchem.2012.02.170
https://doi.org/10.1016/j.foodchem.2012.02.170

Klymenko, S., Kucharska, A. Z., Sokét-Letowska, A., Piérecki, N.
Agr.bio.div. Impr. Nut., Health Life Qual., 2019, 484-499

RADOVANOVIC, B.C., ANDELKOVIC, S, RADOVANOVIC, A.B.,, ANDELKOVIC, M.Z. 2013. Antioxidant and
antimicrobial activity of polyphenol extracts from wildberry fruits grown in southeast Serbia.
In Trop ] Pharm Res., vol. 12(5), p. 813-819. https://doi.org/10.4314 /tjpr.v12i5.23

RAFIEIAN-KOPAEI, M., ASGARY, S., ADELNIA, A., SETORKI, M., KHAZAEI, M., KAZEM], S. 2011. The effects
of cornelian cherry on atherosclerosis and atherogenic factors in hypercholesterolemic rabbits.
In / Med Plants Res., vol. 5(13), p. 2670-2676.

REZAE], F, SHOKRZADEH, M., MAJD, A., NEZHADSATTARI, T. 2014. Cytotoxic effect of hydroalcoholic
extract of Cornus mas L. fruit on MCF7, HepG2 andCHO cell line by MTTAssay. In | Mazandaran Univ
Med Sci., vol. 24(113), p. 130-138

ROP, 0., MLCEK, ]., KRAMAROVA, D., JURIKOVA, T. 2010. Selected cultivars of cornelian cherry (Cornus
mas L.) as a new food source for human nutrition. In Afr J Biotechnol., vol. 9(8), p. 1205-1210.
https://doi.org/10.5897/A]B10.1722

RUDRAPAUL, P, KYRIAKOPOULOS, A.M,, DE, U.C,, ZOUMPOURLIS, V,, DINDA, B. 2015. New flavonoids
from the fruits of Cornus mas, Cornaceae. In Phytochem. Lett., vol. 11, p. 292-295. https://doi.
org/10.1016/j.phytol.2015.01.011

SAVIKIN, K., ZDUNIC, G., JANKOVIC, T, STANOJKOVIC, T, JURANIC, Z., MENKOVIC, N. 2009. In vitro
cytotoxic and antioxidative activity of Cornus mas and Cotinus coggygria. In Nat. Prod. Res., vol.
23(18), p. 1731-1739. https://doi.org/10.1080/14786410802267650

SEERAM, N.P, SCHUTZKI, R, CHANDRA, A, NAIR, M.G. 2002. Characterization, quantification and
bioactivities of anthocyanins in Cornus species. In J. Agric. Food Chem., vol. 50(9), p. 2519-2523.
https://doi.org/10.1021/jf0115903

SHISHEHBOR, E, AZEMI, M.E., ZAMENI, D., SAK]I, A. 2016. Inhibitory effect of hydroalcoholic extracts of
barberry, sour cherry and Cornelian Cherry a-amylase and a-Glucosidase activities. In Int ] Pharm
Res Allied Sci., vol. 5(2), p. 423-428.

SOCHOR, J., JURIKOVA, T, ERCISLI, S., MLCEK, J., BARON, M., BALLA, S., YILMAZ, S.0., NECAS, T. 2014.
Characterization of cornelian cherry (Cornus mas L.) genotypes- genetic resources for food
production in Czech Republic. In Genetika, vol. 46(3), p. 915-924. https://doi.org/10.2298/
GENSR1403915S

SOLTANTI, R., GORJI, A., ASGARY, S., SARRAFZADEGAN, N., STAVASH, M. 2015. Evaluation of the effects of
Cornus mas L. fruit extract on glycemic control and insulin level in type 2 diabetic adult patients: A
randomized double-blind placebo-controlled clinical trial. In J Evidence-Based Comple-ment Altern
Med., vol. 2015, 740954. https://doi.org/10.1155/2015/740954

SOMI, M.H., BANIHABIB, N., DEHGHAN, G., HAGHI, M.E., PANAH]I, F. 2014. Hepatoprotective effect of
Cornus mas fruits extract against carbontetrachloride-induced hepatic damage in male albino rats.
In Thrita, vol. 3(2), e17625. https://doi.org/10.5812 /thrita.17624

SOZANSKI, T, KUCHARSKA, A.Z., RAPAK, A., SZUMNY, D., TROCHA, M., MERWID-LAD, A. 2016. Iridoid-
loganic acid versus anthocyanins from the Cornus mas fruits (cornelian cherry): common
and different effects on diet-induced atherosclerosis, PPARs expression and inflammation.
In Atherosclerosis, vol. 254, p. 151-160. https://doi.org/10.1016/j.atherosclerosis.2016

TURAL, S., KOCA, 1. 2008. Physicochemical and antioxidant properties of cornelian cherry fruits (Cornus
mas L.) grown in Turkey. In Sci. Hortic., vol. 116(4), p. 362-366. https://doi.org/10.1016/j.
scienta.2008.02.003

YILMAZ, K.U,, ERCISLI, S., ZENGIN, Y., SENGUL, M., KAFKAS, E.Y. 2009. Preliminary characterization of
cornelian cherry (Cornus mas L.) genotypes for their physicochemical properties. In Food Chem.,
vol. 114(2), p. 408-412. https://doi.org/10.1016/j.foodchem.2008.09.055

ZARGARI, A. 1997. Medicinal Plants, Part B. Tehran University Press, Tehran, p. 643-645.

ZHANG, L., CHENG, Y.X., LIU, A.L.,, WANG, H.D., WANG, Y.L., DU, G.H. 2010. Antioxidant, anti-inflammatory
and anti-influenza properties of components from Chaenomeles speciosa. In Molecules, vol. 15(11),
p. 8507-8517.

- 499 -


https://doi.org/10.4314/tjpr.v12i5.23
https://doi.org/10.5897/AJB10.1722
https://doi.org/10.1016/j.phytol.2015.01.011
https://doi.org/10.1016/j.phytol.2015.01.011
https://doi.org/10.1080/14786410802267650
https://doi.org/10.1021/jf0115903
https://doi.org/10.2298/GENSR1403915S
https://doi.org/10.2298/GENSR1403915S
https://doi.org/10.1155/2015/740954
https://doi.org/10.5812/thrita.17624
https://doi.org/10.1016/j.atherosclerosis.2016
https://doi.org/10.1016/j.scienta.2008.02.003
https://doi.org/10.1016/j.scienta.2008.02.003
https://doi.org/10.1016/j.foodchem.2008.09.055

