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Carrying out phenological and biochemical studies, the prospect of using the studied varieties of 
a thorn in breeding programs for obtaining new adaptive, large-fruited varieties and cultivars have 
been established. The data on the content of catechins and anthocyanins in the bark, leaves, flowers, and 
fruits of cultivated plants and wild varieties of Prunus spinosa L. are presented. As a result of the study, 
it was found that the wild variety of Prunus spinosa has a significantly higher content of anthocyanins 
and catechins in the above-ground organs than cultural varieties. This indicates a higher adaptive 
capacity of wild varieties to unfavorable environmental factors in comparison with cultural varieties, 
as catechins and anthocyanins, as well as other representatives of flavonoids, are used as biochemical 
markers of species adaptability. According to the content of anthocyanins and catechins can predict the 
success of the introduction. The highest amount of catechins and anthocyanins found in the leaves. The 
flowers have the lowest content of anthocyanins and catechins. In the study of the contents of catechins 
and anthocyanins in fruits of plants cultivated and wild varieties of Prunus spinosa. It was found that the 
wild variety of Prunus spinosa (genotype Sp1) has the lowest content of catechins in the presence of the 
highest content of anthocyanins. 
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Introduction
Modern botanical research of cultivated fruit plants is impossible without genetic analysis, 
selection, and use of the gene pool of their wild relatives (as they are a valuable reserve of 
genetic material), which provides resistance to biological factors of the environment.

Among the common plants of the family Rosaceae Juss. (Malus Mill., Pyrus L., Cydonia Mill., etc.) 
subfamily Amygdaloideae Arn. is one of the most cultivated in temperate climatic latitudes, 
including the territory of Ukraine (Komarnickij et al., 1975). One of the reasons for this spread 
was probably the location of ancient human settlements in the area of the historical center of 
the origin of plants (Lee et al., 2001). 
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Today, among wide varieties of species Prunus L. significant interest attracts thorns (Prunus 
spinosa L.), which is characterized by high productivity, frost and winter hardiness, resistance 
to pests and diseases, and is a valuable breeding material for further study. By successive 
selections and folk breeding among wild thorns were identified large-fruited varieties 
(Woldring, 2000). Therefore, the comparative ecological and biological, biochemical studies 
of cultivated and wild representatives of the species Prunus spinosа is relevant.

Occupying a fairly large area of distribution of Prunus spinosa is marked by a large 
polymorphism. In the middle of the species are not rare varieties with different ecological 
fitness, winter hardiness, and drought resistance. That is the last two characteristics are the 
most important when it is grown in culture and breeding. There are also large-fruited thorns 
whose average mass reaches 15 g, they grow in the South of the Volga region and Crimea 
(Eremin, 2003).

Phenological observations have shown that the biological characteristics of the studied 
representatives are closely related to the climatic conditions of the growth area. Thus, the 
phase of Bud blooming in the varieties of thorns of large-fruited and wild was observed in the 
first decade of April at an average daily temperature of +6–8 °C. Flowering varieties of thorns 
small-fruited and thorns “large-fruited“ was observed earlier, for 4–6 days from their wild 
representative. The beginning of mass flowering occurred at a temperature of +10–15 °C.

Fruiting varieties of thorns cultural variety 1 and cultural variety 2 was noted earlier-in the 
third decade of August, the first decade of September, and lasted 25–30 days. It is established 
that the wild-growing thorn begins to bear fruit later, from the second decade of September 
to the third decade of October, and has a longer period of fruiting, in comparison with the 
previous ones (Golubkova et al., 2017).

Prunus spinosa is a honey plant. Juice from fruits and bark are used to color the tissues, the 
fruits themselves and the aboveground part of the plant are widely used in folk medicine. 
Planting of thorns is often used in landscaping, as a hedge. The fruits contain 8.9% sugar, 
2.0% organic acids, up to 1.5% pectin. In the nuclei – up to 37% fat, amygdalin, and other 
substances. Thorn plants serve as a stock for undersized varieties of peach, apricot, and plum 
(Makarov, 1972; Koch et al., 2016).

Prunus spinosa is a valuable genetic resource and is a raw material for the pharmaceutical and 
agricultural industries, therefore, the main task of the acclimatization Department of fruit 
plants M.M. Gryshko National Botanical Gardens was the enrichment of biodiversity of stone 
fruit crops rare plants for wide use in the culture and learning biology.

Prunus spinosa has unique medicinal properties. If in many medicinal plants healing power 
has some one part, the thorn in this regard is unique – for medicinal purposes use not only its 
berries but also leaves, roots, flowers, branches and bark (Marchelak et al., 2017).

Thorn helps with diseases of the stomach, intestines, kidneys, and liver, as well as metabolic 
disorders, with a lack of vitamins in the body. It is a good sweatshop and antipyretic. The 
juice of the thorn berries has antiviral properties, so its purpose makes sense in disorders of 
the gastrointestinal tract as a result of helminthosis (Yuksel, 2015). Medicinal properties of 
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the fruit known in dysentery, food poisoning, colitis, non-specific varieties. Pharmacological 
preparations of blackthorn have anti-inflammatory, astringent, diuretic, expectorant, laxative 
and antibacterial properties (Chopik et al., 1983).

In homeopathic practice use leaves, young branches, bark, rhizomes, flowers, and fruits of 
thorns. Water infusion from the flowers of the plant is an effective laxative, soothing the 
nervous system, a diaphoretic and diuretic (Ozcan et al., 2008). Bark, young branches, roots of 
thorns have a diaphoretic and anti-sporadic effect (Ahmad et al., 1998). The leaves and flowers 
of the blackthorn are in the variety of decoction with the aim of increasing the elasticity of 
blood vessels, improve cell metabolism, increase the protective forces of the body (Marchelak 
et al., 2017). A major role in the formation of medicinal properties of thorn due to the action of 
the secondary metabolites of the class of flavonoids – catechins and anthocyanins (Lila, 2004, 
Horbowicz et al., 2008), which are also considered as environmental markers of plants and 
participate in adaptive reactions of the plant organism (Minaeva, 1978; Lukner, 1979; Levon 
et al., 2017).

The aim of this study was to determine the content of anthocyanins and catechins in the 
above-ground organs of Prunus spinosa plants, which will allow evaluating the level of 
adaptation of its different varieties.

Material and methodology

Biological material
For the study, we used a wild variety of Prunus spinosa (genotype Sp1), small-fruited 
variety (genotype Sp2) and large-fruited variety (genotype Sp3). Thorn large-fruited from 
the collection of M.M. Gryshko National Botanical Garden of NAS of Ukraine. All of them are 
grafted on the seedlings of cherry plum, which makes it possible to effectively use the genetic 
material, without the variation of root seedlings, together with other cultural varieties of the 
subfamily Prunoideae. 

Biochemical analysis
Quantitative determination of the content of anthocyanins and catechins was carried out 
in the dried leaves and fruits of the middle tier of sprouts dried under shading in natural 
conditions in a well-ventilated area at a temperature of 20–25 and crushed in an electric mill.

The quantitative determination of catechins is based on the reaction of their condensation 
with vanillin (4-hydroxy-3-methoxybenzaldehyde). The reaction catalyst was concentrated 
hydrochloric acid. The optical density of the solution of condensation products was 
proportional to the initial concentration of catechins. The determination of the optical density 
was carried out with a green filter (maximum absorption 520 ±10 nm) (Kriventsov, 1982).

The quantity of anthocyanins was determined by the method of photoelectric colorimetry at 
a wavelength of 530 nm using an alcoholic extract of plant material homogenate was acidified 
to 3.5% hydrochloric acid (Kriventsov, 1982).

Measurements were carried out on a photoelectrocolorimeter Zalimp KF 77 (Poland).
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Obtained data calculated using formulas:

 

 

where: D – the optical density of the solution; V – the total amount of the extract and the 
average sample (ml); R – dilution ratio of the solution; l – working length of the cuvette (cm); 
H – aliquot part; m – linkage, the average of the sample (g); K – conversion factor

The number of parallel measurements was 3. The accuracy of the method was in the range 
of 2.5–4.8%. The obtained data were presented in mg/100 g of dry matter (DM) in terms of 
anthocyanidin.

Statistical analysis
Statistically processed data is shown on histograms as arithmetic means and their standard 
errors. The significance level was set at α = 0.05. The statistical analysis was performed with 
IBM SPSS Statistics, release 23.0.

Results and discussion
According to our previous data on the biochemical properties of Prunus spinosa, the 
aboveground organs of this plant are rich in biologically active compounds. The content of 
cyanogenic glycoside prunasin in sprouts is in the range of 131–691 mg/100 g DM (Levon et 
al., 2007), catechin content in fresh fruits – 78.5 mg/100 g DM (Mustafaeva, 2013), vitamin 
C – 25.5 mg/100 g DM (Celik et al., 2017). Eight flavonoids were isolated from the flowers of 
Prunus spinosa: kaempferol, quercetin, kaempferol 3-O-alpha-L-arabinofuranoside, quercetin 
3-O-alpha-L-arabinofuranoside, kaempferol 3-O-alpha-L-ramnopyranoside, kaempferol 
7-O-alpha-L-ramnopyranoside, kaempferol 3-O-beta-D-xylopyranoside, kaempferol 3-O-(2‘‘-
E-p-coumaroyl)-alpha-L-arabinofuranoside. The last three have been found for the first time 
in this plant (Olszewska et al., 2001). Steroids and terpenoids are abundant in Prunus spinosa: 
oleanolic acid, alpha-amyrin, sitosterol, beta-Sitosterol-beta-D-glucoside (Wolbis et al., 2001).

Prunus spinosa has been found to be a good source of phenylpropanoid esters: 5-hydroxy-
6-methoxy-7-O-beta-D-glucosyl coumarin (Crespo et al., 1992). Prunus spinosa is also a rich 
source of epicatechin (Kolodziej), cyanidin-3-glucoside (Werner et al., 1989) and caffeic acid 
(Olszewska et al., 2000). In the fruits of Prunus spinosa was discovered aliphatic components 
nonacosane (C29H60) and 10-nonacosanol (Kaminska et al., 1970).

As a result of our research, it was found that among all the studied varieties the leaves had 
the highest content of anthocyanins (255–281 mg/100 g DM) (Figure 1). The content of 
anthocyanins in the bark ranged from 50 to 163 mg/100 g DM. In the flowers, the low content 
of anthocyanins (12–81 mg/100 g of DM) was found. Among the small-fruited (Sp2) and 
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large-fruited cultural varieties (Sp3) of Prunus spinosa, the flowers of the large-fruited variety 
had a much higher content of anthocyanins than the small-fruited variety.

Figure 1 The content of anthocyanins in the above-ground organs of plants of Prunus spinosa L. 
(mg/100 g DM)

The greatest content of catechins determined in the leaves (617–1031 mg/100 g DM) (Figure 
2). The content of catechins in the bark of the studied objects was much lower than in the 
leaves (440–684 mg/100 g DM). Flowers had a low content of catechins (162–216 mg/100 
g DM). Among the small-fruited (Sp2) and large-fruited (Sp3) cultural varieties of Prunus 
spinosa, the flowers of the large-fruited variety had a slightly higher content of catechins (171 
mg/100 g DM) than the small-fruited variety (162 mg/100 g DM).

Figure 2 The content of catechins in the above-ground organs of plants of Prunus spinosa L. 
(mg/100 g DM)

It is interesting to note the fact that the wild variety of Prunus spinosa (Sp1) had a much higher 
content of anthocyanins and catechins in the aboveground organs than cultural varieties. This 
indicates a higher adaptive capacity of wild varieties to adverse environmental factors in 
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comparison with cultural varieties, as the accumulation of anthocyanins and catechins is one 
of the biochemical markers of the level of adaptation of species (Levon et al., 2016, 2017).

Figure 3 The content of catechins and anthocyanins in the fruits of plants of Prunus spinosa L. 
(mg/100 g DM)

In the study of the content of catechins and anthocyanins in the fruits of cultural and wild 
varieties of Prunus spinosa (Sp2), it was found that among all the studied varieties the greatest 
content of catechins were the fruits of the large-fruited cultural variety (Sp3) of Prunus spinosa 
(226 mg/100 g DM) (Figure 3). The wild variety (Sp1) of Prunus spinosa had a significantly 
lower content of catechins than the cultural variety and it was 168 mg/100 g DM. According 
to the content of anthocyanins in the fruits of cultural and wild varieties of Prunus spinosa, 
a radically opposite result observed. The greatest content of anthocyanins had fruits of wild 
variety (Sp1) Prunus spinosa – 384 mg/100 g DM. Low content of anthocyanins had fruits of 
large-fruited (Sp3) cultural variety Prunus spinosa (230 mg/100 g DM). This pattern can be 
explained by the oxidation-reduction reaction. Catechins are oligomers/polymers which give 
anthocyanins by cleavage of the C–C bond under strongly acidic conditions in the presence 
of molecular oxygen (Bilia et al., 1996). Consequently, the oxidation of catechins leads to an 
increase in the content of anthocyanins.

Conclusions
The study showed that the above-ground organs of different varieties of Prunus spinosa have 
a high content of anthocyanins and catechins in the conditions of M.M. Gryshko National 
Botanical Garden of the NAS of Ukraine. The wild variety of Prunus spinosa (genotype Sp1) has 
a higher content of these compounds. The study of the quantitative content of anthocyanins 
and catechins in the above-ground organs of Prunus spinosa varieties showed that they are of 
interest to the food and pharmaceutical industry and can serve as a raw material for P-vitamin 
preparations, because the content of vitamin P in the fruit of the wild blackthorn is not inferior 
rosehip and chokeberry and superior currants.
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