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The paper presents the results of studying fruits antioxidant properties of several species, 
previously combined into the genus Sorbus L. (Rosaceae family). Ripe fruits were collected in 
September 2020 from the plants of Cormus domestica (L.) Spach, Sorbus aucuparia L., 
Karpatiosorbus latifolia (Lam.) Sennikov & Kurtto and Torminalis glaberrima (Gand.) Sennikov 
& Kurtto from the collection of the Botanical Garden of the Oles Honchar Dnipro National 
University. Total phenolic content (TPC), total flavonoids content (TFC), ferric reducing 
antioxidant power (FRAP) and total antioxidant capacity (TAC) were determined both in the 
fruits peel and pulp. In the fruits of all species, higher values of the determined indicators were 
found in the fruit peel than in the pulp. Moderate and strong positive correlation was found 
between FRAP and TPC as well between FRAP and TFC both in peel and pulp of all studied 
species. At the same time, notable interspecific differences of the phytochemical traits were 
established, indirectly confirming the ambiguity of the taxonomy of the genus Sorbus L. 
According to the fruits antioxidant properties and secondary metabolites accumulation, species 
K. latifolia (broad-leaved whitebeam) and T. glaberrima (wild service-tree) are the most 
promising for cultivation in arid conditions of the central steppe of Ukraine. 

 
Keywords: genus Sorbus; rowans; biologically active compounds in fruits; phenolic 

compounds; flavonoids; ferric reducing antioxidant power; total antioxidant capacity 

 
 
Introduction 

 
Fruit plants have always been one of the most important 

nutrition sources for humans. The nutritional benefits of 
products determine their consumer value and competitiveness. 
In the modern world, there is a trend towards the elimination of 
synthetic compounds from food and the use of natural plant 
extracts. In the food market, plant extracts have won a leading 
position due to the fact that they have the highest antioxidant 
potentials. The most valuable are the extracts of medicinal 
plants, which, in addition to compounds with antioxidant 
properties, contain other biologically important substances 
(Dragonyuk et al., 2012).   

The steppe zone of Ukraine is characterized by a limited 
species composition and insufficient distribution of 
autochthonous fruit plants. In this regard, the introduction of 
productive cultivated species from other geographic regions can 
enrich the spectrum of fruit species. Today, among the 
underutilized fruit plants in Ukraine, there are representatives of 
the genus Sorbus L. (Grynyk et al., 2019). Meanwhile, plants of 

this genus have unique medicinal properties due to the high 
content of biologically active secondary metabolites in both 
vegetative and generative organs (Gaivelyte et al., 2013; Zymone 
et al., 2018). The beginning of species of the genus Sorbus 
cultivation in Ukraine dates back to 1809, and by 1999,  
14 species were introduced into the culture (Melnichenko, 1999).  

The genus Sorbus L. (rowan) sensu lato is highly diverse, 
including more than 250 species of trees and shrubs that grow 
naturally in East Asia and are widespread in the Northern 
Hemisphere under different climatic and ecological conditions 
(Sołtys et al., 2020). The genus Sorbus is a typical example of 
a genus with a complex and disordered taxonomy, which today 
is far from an unambiguous solution. In this regard, the 
taxonomic status of many of the described mountain ash 
species is constantly being refined. According to Datsko 
(2004), the composition of the genus Sorbus L. sensu stricto 
includes from 50 to 84 species, while Sołtys et al. (2020) 
indicate 88 species. According to a number of researchers, the 
description of new taxa on the European continent is due to the 
exceptional genetic and morphological diversity within the 
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genus, which is the result of repeated polyploidization, homo- 
and heteroploid hybridization, backcrossing and apomixis 
(Welk et al., 2016; Tomović et al., 2020). For example, hybrids 
between Sorbus torminalis (L.) Crantz and Sorbus aria are 
widespread in central and western Europe, as well as in the 
eastern part of Crimea. As a rule, it is very difficult or 
practically impossible to define the boundaries of these taxa, 
which is why they are often called Sorbus latifolia agg. 
(Zieliński & Vladimirov, 2013).  

Despite the taxonomic complexity of the genus Sorbus L. 
sensu lato, in recent years, the number of studies of 
phytochemical compounds, antioxidant potential and biological 
activity of rowan fruits, as well as taxa previously included in 
the genus Sorbus L. The data obtained support the 
characterization of rowan fruits as "superfruits" containing 
various phytochemicals, including phenolic acids, flavonoids, 
proanthocyanidins, iridoids, coumarins, hydrolysable tannins, 
carotenoids, and anthocyanins (Chang et al., 2019). Research 
results indicate prospects for expanding the use of plant 
extracts in natural medicines, cosmetics and as innovative food 
ingredients that may find wider application in functional foods 
(Sarv et al., 2020). However, according to Olszewska et al. 
(2010), today most species of the genus Sorbus L. are not 
phytochemically characterized, with the exception of a few 
species with known ethno medical significance, such as  
S. aucuparia L., S. americana Marsh., S. cashmiriana Hedl.,  
S. commixta Hedl. and S. decora (Sarg.) C.K. Schneid. The 
analysis of scientific literature, carried out by these authors, 
indicates that indicated species have antioxidant, 
antiatherogenic, anti-inflammatory, antidiabetic, vasoprotective 
and vasodilatory effects. Most of the biological activity of the 
studied rowan species is associated with the presence of 
phenolic components. 

Studies carried out by Olszewska (2011) showed that 
Sorbus aucuparia L. leaf extracts are universal antioxidants 
and revealed a strong correlation between antioxidant potential 
and total phenol content. The best antioxidant properties and 
the highest phenolic content were found in leaves harvested 
during the three summer months (June, July and August). 
Raudonė et al. (2015) found that the leaves of the species 
Sorbus commixta Hedl., Sorbus discolor (Maxim.) Maxim. and 
Sorbus gracilis (Siebold & Zucc.) K. Koch have higher 
antioxidant activity in comparison with the species Hedlundia 
anglica (Hedl.) Sennikov & Kurtto, Sorbus aria Linnaeus, 
1753, Sorbus austriaca Gruppe, Hedlundia armeniaca (Hedl.) 
Mezhenskyj × hostii (Jacq.ex Host) Sennikov & Kurtto, as well 
as Karpatiosorbus semiincisa (Borbás) Sennikov & Kurtto, 
Sorbus tianschanica Rupr.).  

The study of phenolic and antioxidant profiles of fruits of 
different Sorbus species showed that neochlorogenic and 
chlorogenic acids are markers of antioxidant activity (Raudonis 
et al., 2014). In particular, the fruits of the Sorbus commixta 
Hedl. contain a number of active compounds, including 
chlorogenic acid, rutin, protocatechic acid, hydroxybenzoic acid, 
which are known to have anti-cancer activity (Jin et al., 2020).  

A number of researchers have shown the multidisciplinary 
beneficial medical effects of extracts from the cortex of Sorbus 
commixta Hedl. Thus, water and ethanol extracts from the 
cortex of S. commixta suppress inflammatory processes and 
can be useful for patients with asthma, bronchitis, gastritis (Yu 
et al., 2009, 2011). Ethanol extracts from the S. commixta 
cortex have a photoprotective effect against the negative effects 
of ultraviolet radiation on the skin (Bae et al., 2007). Methanol 
extracts of S. commixta cortex are antitoxic (Lee et al., 2006); 
methanol and butanol extracts have vasodilating properties 
(Kang et al., 2005; Yin et al., 2005) and also exhibit 
antiatherogenic effects (Sohn, 2005a, 2005b).  

Thus, the scientific data available today indicate a rich 
phytochemical composition and a high antioxidant capacity of 
the Sorbus plants and species previously attributed to this 
genus, including those that were introduced in the steppe zone 
of Ukraine. However, even the successful acclimatization of 

alien plants species and varieties does not guarantee a 
consistently high yield, as well as the nutritional and biological 
value of fruit plant products. One of the reasons lies in the 
natural variability of the plant chemical composition, reflecting 
the degree of realization of the genetic potential of plant 
species under certain environmental conditions. The purpose of 
our work was to study the antioxidant properties of the fruits 
Sorbus aucuparia L., Cormus domestica (L.) Spach, 
Karpatiosorbus latifolia (Lam.) Sennikov & Kurtto and 
Torminalis glaberrima (Gand.) Sennikov & Kurtto, growing in 
the arid conditions of the steppe zone of Ukraine, and to assess 
the prospects of different species for distribution in the region. 

 
Material and methods 

 
Fruits of different species previously assigned to the genus 

Sorbus L., namely, Cormus domestica (L.) Spach, Sorbus 
aucuparia L., Karpatiosorbus latifolia (Lam.) Sennikov & 
Kurtto, and Torminalis glaberrima (Gand.) Sennikov & Kurtto, 
were used for a comparative assessment of the plants 
antioxidant potential. Ripe fruits were collected in late 
September – early October 2020 on the territory Botanical 
Garden of Oles Honchar Dnipro National University  
(48 ° 26'7 "N 35 ° 2'34" E, Dnipro city, Ukraine). Plant species 
are named according to Synonymic Checklists of the Vascular 
Plants of the World (https://www.gbif.org/ru/dataset/688b9402-
2cd6-4c87-aed3-c36246812731). 

Cormus domestica (L.) Spach (syn. Sorbus domestica L.) is 
a rare wild tree with deciduous nature, 15–20 (rarely 30) m tall 
with broad. Service tree grows slowly (except in the juvenile 
period), reaches the age of 200–300 years and prefers warm 
and mild climate. It does not require any specific soil 
properties, but it grows well on deep and fertile soils. It can 
withstand drought, but is sensitive to late spring frosts. In a 
forest ecosystem, the ecological significance of this tree is 
great due to the forage (fruits) which it offers to wildlife 
species. Furthermore, its timber is valuable due to its excellent 
aesthetic and technical characteristics (Drvodelić et al., 2018). 
Distribution areal of C. domestica extends to North Africa and 
Asia Minor, but this species also can be found in Central 
Europe (Poljak et al., 2015), Romania and Crimea Mt. 
(Paganová, 2008). The C. domestica trees grow mainly in the 
oak forests in these locations and in forest-steppe stands; it 
even thrives in locations that have a negative water balance 
during the growing season (Poljak et al., 2015). Several 
seedlings of Cormus domestica (L.) Spach were planted in the 
DNU Botanical Garden in 1958.  

Plants of Sorbus aucuparia L. (European mountain-ash, 
Mountain ash) species are trees with an average height of 10–
20 m, maximum 27 m; however, they grow like bushes on the 
almost bare rocky cliffs. It is a light-loving pioneer tree with 
fast growth, reaching a maximum age of 80 to 100 years 
(Burga et al., 2019). S. aucuparia is widespread in Europe from 
sea level to the timberline and reaches its most northern range 
in Norway at 71 °N. Plants of S. aucuparia occurs on dry to 
moist and mesotrophic to oligotrophic soils. Bozhuyuk et al. 
(2020) reported that S. aucuparia plants were found in 
European countries, Caucasia and Siberia. In Ukraine, common 
mountain ash (S. aucuparia) grows in natural conditions, and is 
also widely cultivated as a valuable fruit, medicinal and 
ornamental plant. The main biologically active substances of 
rowan fruits are phenolic compounds, terpenoids, organic 
acids, carbohydrates and vitamins, which cause a diuretic, 
choleretic, antioxidant, anti-inflammatory and hemostatic 
effect (Markin & Krivoruchko, 2020). In the Botanical Garden 
of the DNU named after Oles Honchar, plants of the species  
S. aucuparia have been growing since 1952. 

Torminalis glaberrima (Gand.) Sennikov & Kurtto (syn. 
Sorbus torminalis (L.) Crantz) plants are the trees with a height 
of 10–25 m (maximum 32 m) and a trunk diameter of 15– 
75 cm (up to 1 m). This species has high ecological plasticity, 
shows resistance to soil and air drought, is tolerant to the 
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degree of soil moisture and is not inferior to common oak 
(Quercus robur L.), since it evaporates much less moisture 
when grown in arid conditions. According to Thomas et al. 
(2017), T. glaberrima is widely distributed throughout lower 
elevation temperate and Mediterranean zones of Europe, 
extending eastwards into the Caucasus Mountains and northern 
Iran. In the south, it extends into the Iberian Peninsula, and 
Morocco and Algeria in north-west Africa in the west, and into 
eastern Syria and Lebanon in the east. In the north, it extends to 
the Baltic and is largely absent from Scandinavia except for 
Denmark. T. glaberrima is a native species in the western part of 
Ukraine, where the extreme northeastern border of its distribution 
lies (Grynyk et al., 2019). Today this species is included in the Red 
Data Book of Ukraine (Red data book, 2009). On the territory of 
the Botanical Garden of the DNU named after Oles Honchar  
T. glaberrima has been grown since 1958. 

Karpatiosorbus latifolia (Lam.) Sennikov & Kurtto (syn. 
Sorbus latifolia (Lam.) Pers.) is a complex of hybridogeneous 
forms between Sorbus aria (L.) Crantz and Sorbus torminalis 
(L.) Crantz (Rudow & Aas, 1997; Feulner et al., 2013). These 
plants grow as shrubs or almost as small trees. Leaves simple, 
variably whitish- to greyish- or greenishtomentose underneath, 
with 7–12 pairs of lateral veins, with small to prominent, rather 
acute lobes, with a variable number of teeth. Petals white; fruits 
are rather big, yellowish-, orange-, reddish-brown, with 
numerous large lenticels (Sennikov & Kurtto, 2017). Plants of 
K. latifolia are in the collection of Botanical Garden of DNU 
since 1952. 

Plant isopropanol extracts of fruit peel and pulp containing 
the phenolic compounds were obtained as previously described 
(Khromykh et al., 2018). The Folin – Ciocalteau method 
(Singleton et al., 1999) in slight modification was used for the 
total phenolic content (TPC) measurement, followed by the 
results were calculated using a calibration graph prepared on 
the solutions of Gallic acid (GA), and expressed as mg GA 
equivalents per 100 g of wet weight (mg GA/100 g WW). Total 
flavonoids content (TFC) in fruit peel and pulp was determined 
by aluminum chloride spectrophotometric method (Pękal & 
Pyrzynska, 2014) and expressed as mg Rutin Equivalents per 
100 g of plant (mg Ru/100 g WW). Ferric reducing antioxidant 
power (FRAP) of the plant extracts was evaluated using 
potassium ferricyanide method (Pulido et al., 2000) and was 
expressed in mg Ascorbic Acid per g plant material  
(mg AA/100 g WW). Evaluation of total antioxidant capacity 
(TAC) of fruit peel and pulp was carry out in accordance with 
Prieto et al (2000) using the reagent solution (0.6 M sulfuric acid, 
28 mM sodium phosphate, and 4 mM ammonium molybdate); 
the results were calculated using a calibration graph prepared on 
the solutions of Ascorbic Acid, and expressed as mg AA per  
100 g of plant material (mg AA/100 g WW).  

The content of secondary metabolites in fruits of mountain 
ash and closely related species was assessed statistically by 
calculating the mean content and standard error. The Tukey's 
HSD test was used to compare the mean values of the studied 
parameters (TPC, PFC, FRAP and TAC) in the skin and pulp 
of rowan fruits. The relationship between the phytochemical 
characteristics of the skin and fruit pulp was assessed by the 
Pearson correlation coefficient. 

 
Results and discussion 

  
The study of the processes of secondary metabolites 

accumulation revealed significant differences both in dynamics 
and the level of accumulation in the peel and pulp of fruits of 
various cultivated plant species (Shaposhnik et al., 2011), 
which was taken into account in our study. According to the 
results of determining the phytochemical parameters of rowan 
fruits and closely related species, statistically significant 
differences were found in the total content of phenolic 
compounds (TPC) in the peel and pulp of fruits (Table 1). The 
highest level of Total phenols for fruit pulp was found in the 
species Torminalis glaberrima (308.6 mg GA / 100 g), which 

exceeds the values for other species by 2.0–2.3 times. In the 
skin of fruits, the maximum level of Total phenols content, 
characteristic of Karpatiosorbus latifolia (493.3 mg GA / 100 g), 
was 1.4–2.0 times higher than the level of all other studied species. 

 
Table 1 
Statistical differences of total phenolic  
content (TPC, mg GA/100 g) in the fruits of rowan  
and closely related species (Х ± SE, n = 3, P ˂ 0.05)  
 

Species Pulp Peel 
S. aucuparia 158.9 ± 2.68a 361.7 ± 9.67a 
K. latifolia 162.9 ± 2.68a 493.3 ± 1.52b 
C. domestica 135.6 ± 4.41a 251.9 ± 1.52c 
T. glaberrima 308.6 ± 10.71b 250.4 ± 6.95c 

Note: the different letters in column indicate statistically 
significant differences in the means of the compared pair 
according to the Tukey criterion (HSD). 
 

The variability of the total content of flavonoids (TFC) in 
fruits of different rowan species (Table 2) had patterns similar 
to those for total phenols content. In the fruit pulp, the 
maximum flavonoids content was established for the species 
Torminalis glaberrima (49.3 mg Ru / 100 g), which is 2.3–3.0 
times higher than that of all other species. In the skin of fruits, 
the total content of flavonoids in the species Karpatiosorbus 
latifolia (104.5 mg Ru / 100 g) exceeds the level of 
accumulation in other species by 1.2–1.8 times. 
 
Table 2 
Statistical differences of total flavonoids  
content (TFC, mg Ru/100 g) in the fruits of rowan  
and closely related species (Х ± SE, n = 3, P ˂ 0.05)  
 

Species Pulp Peel 
S. aucuparia 16.27 ±1.04a 85.08 ± 1.08a 
K. latifolia 21.54 ± 1.10a 104.47 ± 1.24b 
C. domestica 17.95 ± 1.10a 58.52 ± 1.29c 
T. glaberrima 49.30 ± 1.46b 56.72 ± 1.56c 

Note: the different letters in column indicate statistically 
significant differences in the means of the compared pair 
according to the Tukey criterion (HSD). 
 

The antioxidant capacity of rowan fruit, defined as Ferric 
reducing antioxidant power (FRAP) in the pulp and peel of the 
fruit (Table 3), varied in accordance with the trends previously 
established for TPC and TFC. The level of FRAP in fruit pulp 
found in the species Torminalis glaberrima (355.0 mg AA / 100 g) 
was 1.3–1.9 times higher than in other studied species. The 
FRAP value in the peel of Karpatiosorbus latifolia fruits 
(674.6 mg AA / 100 g) is the maximum, exceeding the values 
of other species by 1.1–1.6 times. 
 
Table 3 
Statistical differences of FRAP (mg AA/100 g) in the fruits  
of rowan and closely related species (Х ± SE, n = 3, P ˂ 0.05)  
 

Species Pulp Peel 
S. aucuparia 183.1 ± 6.33a 561.4 ± 7.85a 
K. latifolia 277.8 ± 4.44b 674.6 ± 9.98b 
C. domestica 209.1 ± 6.05a 592.8 ± 8.25a 
T. glaberrima 355.0 ± 11.00c 433.1 ± 9.98c 

Note: the different letters in column indicate statistically 
significant differences in the means of the compared pair 
according to the Tukey criterion (HSD). 
 

At the same time, the distribution of the total antioxidant 
activity (TAC) in the skin and pulp of rowan fruits was not 
similar to the previous indicators (Table 4). In the fruit pulp, 
the highest TAS level established for the species Cormus 
domestica (571.0 mg AA/100 g) was significantly higher only 
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than the indicator for the species Sorbus aucuparia (1.9 times) 
and slightly differed from the levels of other species. For the 
skin, the highest TAC level in the fruits of Torminalis 
glaberrima (947.4 mg AA/100 g) statistically significantly 
exceeds the indicators of all other species (1.4–2.0 times). 
 
Table 4 
Statistical differences of total antioxidant  
capacity (TAC, mg AA/100 g) in the fruits of rowan  
and closely related species (Х ± SE, n = 3, P ˂ 0.05)  
 

Species Pulp Peel 
S. aucuparia 307.5 ± 10.87a 473.7 ± 17.47a 
K. latifolia 539.6 ±14.49b 699.6 ± 21.96b 
C. domestica 571.0 ± 9.58b 668.2 ± 16.30b 
T. glaberrima 529.2 ± 2.09b 947.4 ± 11.31c 

Note: the different letters in column indicate statistically 
significant differences in the means of the compared pair 
according to the Tukey criterion (HSD). 
 
 

 

Correlation analysis revealed a strong positive relationship 
between various phytochemical parameters of rowan fruits 
determined in our study. In fruit pulp, high correlation 
coefficients were found for the following pairs: TPC and TFC 
(r = 0.98, P < 0.0001); TPC and FRAP (r = 0.87, P < 0.0002); 
TFC and FRAP (r = 0.91, P < 0.0001). A similar strong 
correlation was found between the indicators determined in the 
skin of the fruit: TPC and TFC (r = 0.98, P < 0.0001); TPC and 
FRAP (r = 0.75, P < 0.0053); TFC and FRAP (r = 0.75,  
P < 0.0054).  

 

Analysis of the levels of accumulation of secondary 
metabolites in the skin and pulp of fruits (Fig. 1) showed that 
for the species Torminalis glaberrima this ratio is close to unity 
(1.16 for TPC; 0.87 for TFC, and 0.82 for FRAP). Similar 
ratios in other species were more variable, with the exception 
of the ratio of TAC indicators, which is also close to unity. 

It is known that the antioxidant system of plants is one of 
the important nonspecific mechanisms of resistance, which 
significantly contribute to the drought resistance of plants 
(Kolupaev & Kokorev, 2019). Obviously, in an arid steppe 
climate, the advantage will be on the side of plants with a high 
level of functioning of the antioxidant system. Comparative 
analysis of the total (peel and pulp) characteristics of the fruits 
of the studied rowan species allows us to select the species 
Karpatiosorbus latifolia as the most promising for distribution 
in the region, since the fruits of this species have the maximum 
levels of phytochemical indicators (Table 5). Torminalis 
glaberrima can also be included in a number of promising 
species, since the TAC level of this species fruits exceeds that 
of the Sorbus aucuparia and Cormus domestica fruits. 

 

 

However, the correlation between TAC and all other 
phytochemical indicators was low both in the pulp and in the 
skin of the fruit, indicating that some compounds (for example, 
ascorbic acid) that we did not study made a large contribution 
to the formation of total antioxidant capacity in rowan fruits. 

 
Conclusion 

 
The results of a comparative phytochemical study of the fruits 
of rowan (Sorbus aucuparia) and closely related species 
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Fig. 1. The ratio of antioxidant activity indicators (TPC, TFC, FRAP and TAC) in the fruit peel  
and pulp of rowan and closely related species 

Table 5 
Statistical differences in the total (peel and pulp) phytochemical parameters of rowan (sensu lato) fruits (Х ± SE, n = 3, P ˂ 0.05) 
 

Species TPC, mg GA/100 g TFC, mg Ru/100 g FRAP, mg AA/100 g ТАС, mg AA/100 g 
S. aucuparia 520.6 ± 8.43a 101.36 ± 2.01a 744.5 ± 8.18a 781.2 ± 11.31 a 
K. latifolia 656.2 ± 3.95b 126.0 ± 2.31b 952.4 ± 8.66b 1239.2 ± 32.95b 
C. domestica 387.5 ± 3.08c 76.47 ± 2.04c 801.9 ± 10.92a 1239.2 ± 25.55b 
T. glaberrima 559.0 ± 14.78a 106.0 ± 2.46a 788.1 ± 20.41a 1476.6 ± 9.98с 

Note: the different letters in column indicate statistically significant differences in the means of the compared pair according to the 
Tukey criterion (HSD). 
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Cormus domestica, Karpatiosorbus latifolia, and Torminalis 
glaberrima showed a high antioxidant potential of all studied 
plants. However, fruits of the species Karpatiosorbus latifolia 
and Torminalis glaberrima accumulated higher levels of 
secondary metabolites (phenolic compounds in general, as well 
as flavonoids) and had high antioxidant activity. On the basis 
of a comprehensive assessment of fruits antioxidant capacity, 
the species Karpatiosorbus latifolia (Lam.) Sennikov & Kurtto 
and Torminalis glaberrima (Gand.) Sennikov & Kurtto were 
designated as promising for the cultivation in arid climatic 
conditions of the steppe zone of Ukraine. 
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