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Abstract. This study provided a comprehensive analysis of the biochemical composition and 
nutritional value of nine promising rowan-chokeberry hybrids (×Sorbaronia fallax) developed at 
the National University of Life and Environmental Sciences of Ukraine (NULES). These hybrids 
were compared to two established cultivars: ‘Vseslava’ and ‘Nero’. The research aimed to evaluate 
the content of dry matter, soluble solids, total sugars, titratable acidity, pectin, ascorbic acid, 
polyphenolics, anthocyanins, and chalcones. Fruit samples were collected in 2023-2024 from 
NULES experimental orchards. The results showed significant differences between the genotypes. 
Specifically, genotype 5-84 exhibited the highest levels of dry matter, soluble solids, ascorbic acid, 
anthocyanins, and chalcones, while genotype 3-15 generally had the lowest levels. The effect of the 
cultivation year was only statistically significant for pectin content. Strong positive correlations were 
observed between dry matter and soluble solids (r = 0.90) and between anthocyanins and chalcones 
(r = 0.99). Overall, the hybrids surpassed the parent cultivar in several nutritional aspects, including 
sugar content, pectin, ascorbic acid, anthocyanins, and chalcones, highlighting their significant 
genetic potential. The findings of this study offered valuable information for breeding programmes 
focused on improving the nutritional traits of these fruits. Breeders and agronomists can use these 
results to select the best genotypes for further cultivation. Furthermore, producers of food and 
dietary supplements can leverage this data to develop new functional products
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INTRODUCTION
The development of contemporary horticulture 
is increasingly driven by the introduction of 
new fruit crops that offer enhanced resistance 
to abiotic and biotic environmental factors and 
possess a unique biochemical composition rich 
in biologically active substances. Many formerly 
wild fruit plants, such as blueberry, cranberry, 
kiwifruit, sea buckthorn, and black chokeber-
ry, are cultivated on hundreds of thousands of 
hectares in many countries, providing peo-
ple with valuable fruit for fresh and processed 
consumption. In the 20th century, a new fruit 
crop called black chokeberry, also known as 
black rowan, gained widespread popularity as 
a novel fruit crop. Its fruits are highly valued 
for their exceptional content of bioflavonoids. 
According to research by Z.  Kobus  et al.  (2019), 
the therapeutic properties of bioflavonoids for 
cardiovascular health are highlighted. A.  Sidor 
& A. Gramza-Michałowska (2019) pointed to the 
high antioxidant potential of the fruits, making 
them beneficial for a healthy diet. Furthermore, 
H. Yang et al. (2019) noted that due to their high 
anthocyanin content, the fruits are also used as 
a food colouring. Recent reviews, such as those 
by J.  Xu  et al.  (2024), highlighted the diversifi-
cation of chokeberry products into juices, fer-
mented beverages, and functional foods, driven 
by growing market demand. This research un-
derscores the numerous applications of choke-
berry as a functional food, primarily due to the 
health benefits of its polyphenolic compounds 
and exceptional antioxidant properties, posi-
tioning chokeberries as an important source 
of natural functional ingredients. According to 
B.  Strik  et al.  (2003) and B.  Green  et al.  (2023), 
garden chokeberry cultivation has expanded 
beyond Europe to other continents.

Horticulturalists initially regarded the cul-
tivated plant as a cultivated variety of Aronia 
melanocarpa (Michx.) Elliott. However, sub-
sequent molecular studies definitively estab-
lished it as a hybrid, resulting from the interge-
neric cross between Aronia melanocarpa (black 
chokeberry) and Sorbus aucuparia L. (common 
rowan). Various names have been proposed for 
this hybrid by systematists: Aronia mitschuri-
nii A.  Skvortsov & Maitulina and ×Sorbaronia 
mitschurinii A. Skvortsov & Maitulina. However, 

the botanically correct name for hybrids be-
tween these parent species is ×Sorbaronia fal-
lax (C.K.  Schneid.) C.K.  Schneid. (International 
code of…,  n.d.). Morphologically, the new fruit 
plants are more similar to Aronia species, while 
Sorbaronia fallax, the preferred name for such 
hybrids, has leaves with an intermediate mor-
phology between the simple leaves of Aronia 
species and the compound leaves of Sorbus. To 
address this, A.  Stalažs & A.  Bādere  (2023) rec-
ognised two subspecies within Sorbaronia fal-
lax: subsp. fallax with intermediate-structure 
leaves and subsp. mitschurinii A. Skvortsov & 
Maitulina with simple leaves. All cultivars of 
the garden chokeberry, also known as the black 
chokeberry sensu horticulturists, belong to 
×Sorbaronia fallax subsp. mitschurinii. These 
plants are notable for their apomictic seed de-
velopment, a trait that ensures seedlings large-
ly retain the characteristics of the mother plant, 
thereby facilitating the establishment of indus-
trial plantations using seed-derived planting 
material. Despite this, horticultural practice 
often favours varietal culture through the vege-
tative propagation of superior genotypes, which 
are then recognised as named varieties or culti-
vars. The first cultivar, Sorbaronia fallax subsp. 
mitschurinii ‘Nero’, was registered in Czechoslo-
vakia in 1989. In subsequent years, other named 
cultivars of Sorbaronia fallax subsp. mitschurinii 
appeared in various European countries. Due to 
the apomictic development of their seeds, these 
cultivars were practically identical to each other.

The first variety of garden chokeberry of 
Ukrainian breeding, ‘Vseslava’, was included in 
the State Register of Plant Varieties of Ukraine 
in 2019 (Ministry of Agrarian Policy...,  2025). 
Uniquely among the widely cultivated varieties 
of this crop, ‘Vseslava’ belongs to Sorbaria fal-
lax subsp. fallax. According to V.  Mezhenskyj  et 
al. (2024), while ‘Vseslava’ surpasses ×Sorbaronia 
fallax subsp. mitschurinii cultivars in fruit size 
and number of fruits per cluster, it exhibits lower 
levels of polyphenol compounds. Unlike Sorba-
ronia fallax subsp. mitschurinii, which produces 
genetically and morphologically homogeneous 
seedlings, ‘Vseslava’ seedlings exhibit signifi-
cant variability. This variability provides a solid 
foundation for future breeding efforts aimed at 
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enhancing the cultivation of garden chokeberry 
and garden rowan, which are both RCH’s. 

Therefore, this study specifically aimed to 
investigate the biochemical variability of se-
lected ×Sorbaronia fallax subsp. fallax ‘Vseslava’ 
seedlings, providing insights into their potential 
for further horticultural development.

MATERIALS AND METHODS
Plant Materials. The breeding fund, consisting 
of ‘Vseslava’ seedlings, was cultivated using a 
3 × 1 m planting scheme in the Fruit & Vegetable 
Garden at the National University of Life and 
Environmental Sciences of Ukraine (NULES) in 
Kyiv. The study used nine RCH’s genotypes from 
this collection: 2-49, 2-50, 2-63, 3-6, 3-15, 3-42, 
3-88, 5-58, and 5-84. Cultivars ‘Nero’ and ‘Vse-
slava’ from the collection orchard of the Educa-
tional, Research and Productive Laboratory of 
Genetic Resources, Introduction and Breeding 
of Rare Fruits and Ornamental Plants at the De-
partment of Horticulture of NULES, near Kyiv, 
were also used. The plants were cultivated ac-
cording to the standard agricultural practices 
employed for fruit crops in the region, with due 
consideration given to the local soil and climatic 
conditions. Fruit samples of these hybrids and 
cultivars were harvested in mid-August of con-
secutive years (2023 and 2024) when the pomes 
were visually assessed as ripe based on their 
black colour at maturation. The study was con-
ducted in compliance with the ethical standards 
of the Convention on Biological Diversity  (1992) 
and the Convention on the Trade in Endangered 
Species of Wild Fauna and Flora (1976).

Dry matter. To determine dry matter, fruit 
samples (3-4 g) were dried to a constant weight in 
an SNOL 58/350 (Ukraine) drying cabinet at 98-
100°C. The results are expressed as a percentage.

Soluble solids. Soluble solids were meas-
ured using a PAL-1 ATAGO (China) portable re-
fractometer. For the analysis, 15-20 fruits were 
homogenised, and a drop of the resulting juice 
was placed on the refractometer glass. The data 
are also expressed as a percentage.

Organic titrated acids. To extract the acids, 
25  g crushed sample was extracted with hot  
distilled water. After cooling and filtering, 20 ml 
of the extract was titrated with 0.1 N sodium hy-
droxide using phenolphthalein as an indicator 

until a stable pink colour appeared. The acid 
content was then calculated using an equation 
that includes a conversion factor to citric acid 
and expressed as a percentage of the raw mass.

Sugars. Sugars were extracted from the fruit 
with hot distilled water. The extract was then 
purified to remove proteins and pigments. Su-
crose was hydrolysed into glucose and fructose 
by heating with 10% hydrochloric acid. The re-
sulting sugars were oxidised using Fehling’s 
solution, and the optical density of the solution 
was measured at 640  nm with a ULAB 102UV 
(China) spectrophotometer. A standard curve, 
created from glucose solutions of known con-
centrations, was used to calculate the final sugar 
content, which was expressed as a percentage of 
the original mass.

Pectin Substances. To determine the con-
tent of pectin substances, the sample was first 
purified with ethyl alcohol to remove sugars and 
pigments. Soluble pectin was then extracted 
with water, and protopectin was extracted with 
1N sulphuric acid. The protopectin was hydro-
lysed to galacturonic acid by heating. A coloured 
complex was formed by adding a 0.2% carbazole 
solution and concentrated sulphuric acid to both 
the soluble pectin and protopectin extracts. The 
optical density of these solutions was measured 
at 535 nm using a ULAB 102UV spectrophotome-
ter. The final pectin content was calculated using 
a calibration graph based on galacturonic acid 
standards, with results expressed as a percentage.

Ascorbic Acid. To determine ascorbic acid, a 
sample was mashed and extracted with a solution 
of 2% oxalic acid and 1% hydrochloric acid. The 
filtered extract was then titrated with a 2.6-di-
chlorophenolindophenol solution (Tilmans’ 
paint). The ascorbic acid content was calculat-
ed using an equation based on the titration re-
sults and expressed as mg per 100 g of raw mass.

Total polyphenolic. The total polyphenolic 
content was extracted from a mashed sample 
using ethyl alcohol. The resulting extract was 
then combined with distilled water, Folin-Den-
is reagent, and a saturated sodium carbonate 
solution. After a one-hour reaction period, the 
optical density was measured at 640  nm using 
a ULAB 102UV spectrophotometer. The final 
content was calculated using a standard curve 
prepared with chlorogenic acid solutions and 
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expressed as mg/100 g of raw mass.
Anthocyanin and Chalcone. Anthocyanin 

and chalcone content were determined spec-
trophotometrically. An alcohol extract from an 
acidified plant homogenate (containing 3.5% hy-
drochloric acid) was prepared, and its absorption 
was measured at 530 nm and 364 nm, respective-
ly, using a ULAB 102UV spectrophotometer. The 
results are expressed in mg/100  g of raw mass.

Statistical analyses. Descriptive statistics 
were used to analyse the data obtained and calcu-
late the average values, standard deviation (SD), 
and coefficient of variation (CV%) for each trait 
over two years. The percentage change between 
2023 and 2024 for each biochemical composition 
trait was determined, as was the range of fluc-
tuations. An independent two-sample Welch’s 
t-test was performed to detect significant dif-
ferences between cultivars for each parameter, 
assuming unequal variances and a significance 
level of α = 0.05. The effect of year and genotype 
on each selection parameter was assessed sep-
arately using a two-factor analysis o f variance 
(ANOVA) in Microsoft Excel. Fisher’s least signifi-
cant difference (LSD) test was used to determine 
significant differences between means at a 95% 

confidence level (p ≤ 0.05). Results are presented 
as the mean ± standard deviation. To assess the 
linear relationships between the measured pa-
rameters, Pearson correlation coefficients were 
calculated using Microsoft Excel. The dendro-
gram of genotypes was constructed using the 
Python programming environment. Data nor-
malisation was performed using Z-score (Stand-
ardScaler), and hierarchical clustering was car-
ried out by Ward’s method (Ward’s linkage) with 
the aid of the scikit-learn and SciPy libraries. 
Visualisation was performed using Matplotlib.

RESULTS AND DISCUSSION
Two cultivars were included in the study: Sorb-
aronia fallax subsp. mitschurinii ‘Nero’, a typical 
example of garden chokeberry; and Sorbaronia 
fallax subsp. fallax ‘Vseslava’, the mother culti-
var of the nine RCH’s genotypes studied. Due to 
the different growing conditions, these varie-
ties cannot be used as controls for these RCH’s 
genotypes. However, a comparative analysis of 
biochemical parameters enables to identifica-
tion of common features and differences. The 
biochemical composition of these cultivars is 
presented in Table 1 and Table 2.

Table 1. Biochemical composition of two cultivar fruits, %

Note: the data represent average values for 2023-2024 (x ± SD, n = 2), where SD – standard deviation, n – number of 
replicates. Different letters within a column indicate a statistically significant difference (p < 0.05, Welch’s t-test). 
Letters are assigned from the highest to the lowest mean value
Source: compiled by the authors

Note: the data represent average values for 2023-2024 (x ± SD, n = 2), where SD – standard deviation, n – number of 
replicates. Different letters within a column indicate a statistically significant difference (p < 0.05, Welch’s t-test). 
Letters are assigned from the highest to the lowest mean value
Source: compiled by the authors

Genotype Dry matter Soluble solids Total sugar Titratable acidity Sugar/Acid ratio Pectin substances

‘Nero’ 22.56 ± 5.93 17.91 ± 3.83 6.91 ± 0.42 1.58 ± 0.21 4.41 ± 0.83 0.99 ± 0.01a

‘Vseslava’ 17.90 ± 1.83 17.76 ± 0.93 5.70 ± 1.41 1.49 ± 0.07 3.81 ± 0.77 0.72 ± 0.01b

Table 2. Biologically active compounds of two cultivar fruits, mg/100 g
Genotype Ascorbic acid Total polyphenols Anthocyanins Chalcons

‘Nero’ 12.44 ± 2.63 3,318.45 ± 193.11a 148.92 ± 11.77 74.35 ± 22.27

‘Vseslava’ 13.72 ± 2.22 2,111.45 ± 147.86b 113.47 ± 22.44 42.00 ± 7.35

Welch’s t-test successfully demonstrated 
that most traits were not statistically signifi-
cant (p > 0.05). However, statistically significant  

differences were observed between ‘Vsesla-
va’ and ‘Nero’ for pectin substances and total 
polyphenol content only. The anthocyanins and 
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chalcones traits approached statistical signifi-
cance. Specifically, ‘Vseslava’ accumulates low-
er amounts of both pectin substances and total 
polyphenols in its fruits compared to ‘Nero’. Re-
search by S.  Kulling & H.  Rawel  (2008) showed 
that the pectin content in fresh chokeberry 
fruits ranges from 0.30 to 0.75%. This range is 
supported by the study by M. Trenka et al. (2020), 
who reported a pectin content of 0.35-0.50%. 
Notably, the pectin content in ‘Vseslava’ under 
experimental conditions was significantly high-
er than the reported ranges.

Cultivars of garden chokeberry belonging to 
×Sorbaronia fallax subsb. mitschurinii are valued 
precisely for their extremely high total polyphe-
nol content. The lower quantity of these com-
pounds in the fruits of Sorbaronia fallax subsb. 
fallax ‘Vseslava’ may indicate a reduced value of 
this cultivar in terms of this biochemical trait. 
These data align with earlier comparative stud-
ies of Aronia and garden chokeberry cultivars. 
For example, V. Mezhenskyj et al. (2024) propose 
that the total polyphenol content decreases  

in the following order: Aronia melanocarpa > 
×Sorbaronia fallax subsp. mitschurinii > ×Sorb-
aronia fallax subsb. fallax. M.  Brand  et al.  (2017) 
also reported a higher content of total polyphe-
nols in chokeberry species compared to garden 
chokeberry cultivars.

Nevertheless, ‘Vseslava’ demonstrated the 
capacity to accumulate total polyphenols as 
some cultivars of ×Sorbaronia fallax nothosub-
sp. mitschurinii, and the fruits of its seedlings 
can have a higher content of total polyphenols 
(Gürer  et al.,  2023; Mezhenskyj  et al.,  2024). 
Considering that ‘Vseslava’ possesses signifi-
cantly better productivity characteristics (such 
as the number of fruits per cluster and their 
mass) compared to ×Sorbaronia fallax subsb. 
mitschurinii cultivars, it represents a valuable 
source for garden chokeberry breeding. There-
fore, a breeding fund of several hundred ‘Vsesla-
va’ seedlings was established. Nine genotypes, 
selected based on the aforementioned morpho-
logical fruit characteristics, were analysed for 
their fruit biochemical composition (Tables 3, 4).

Table 3. Biochemical composition of RCH fruits, %

Genotype Dry matter Soluble solids Total sugar Titratable 
acidity

Sugar/Acid 
ratio

Pectin 
substances

2-49 20.74 ± 0.90cd 18.31 ± 0.98bc 7.44 ± 1.10 1.36 ± 0.42 5.88 ± 2.65 0.97 ± 0.02b
2-50 19.04 ± 0.63d 16.36 ± 3.20cd 6.77 ± 0.41 1.64 ± 0.02 4.12 ± 0.30 1.09 ± 0.01a
2-63 23.91 ± 0.16abc 21.02 ± 1.16ab 7.76 ± 0.04 1.17 ± 0.07 6.65 ± 0.43 0.86 ± 0.06d
3-6 23.38 ± 0.74bc 20.36 ± 2.35bc 7.16 ± 0.14 1.44 ± 0.04 4.97 ± 0.25 0.74 ± 0.02f

3-15 18.67 ± 4.67d 15.11 ± 0.72d 6.71 ± 1.06 1.23 ± 0.16 5.55 ± 1.56 0.59 ± 0.01g
3-42 24.47 ± 0.04ab 21.66 ± 1.36a 7.27 ± 0.72 1.07 ± 0.07 6.84 ± 1.13 0.96 ± 0.01b
3-88 22.16 ± 1.70bcd 18.26 ± 2.49bc 6.11 ± 0.03 1.07 ± 0.34 6.01 ± 1.88 0.83 ± 0.02e
5-58 20.75 ± 0.85ab 20.76 ± 1.22ab 6.52 ± 1.40 1.14 ± 0.02 5.76 ± 1.34 0.58 ± 0.01g
5-84 27.24 ± 2.00a 23.01 ± 1.71a 6.27 ± 0.85 1.02 ± 0.09 6.10 ± 0.28 0.92 ± 0.01c

Note: the data represent average values for 2023-2024 (x ± SD, n = 2), where SD – standard deviation, n – number of 
replicates. Different letters indicate values that are significantly different within one column according to results 
of the LSD test (p ≤ 005). Letters are assigned from the highest to the lowest mean value
Source: compiled by the authors

Table 4. Biologically active compounds of RCH fruits, mg/100 g
Genotype Ascorbic acid Total polyphenols Anthocyanins Chalcons

2-49 19.90 ± 0.42b 1,617.70 ± 280.40 93.30 ± 8.35ab 40.05 ± 4.88ab
2-50 21.56 ± 1.39a 1,564.55 ± 129.32 42.31 ± 6.81c 25.15 ± 1.48c
2-63 20.78 ± 0.55ab 1,699.60 ± 184.78 41.70 ± 0.28c 26.90 ± 0.57c 
3-6 18.82 ± 1.66bc 1,357.55 ± 561.94 78.78 ± 22.79b 36.80 ± 0.00b

3-15 6.17 ± 2.08d 1,644.00 ± 768.17 20.10 ± 0.71c 20.85 ± 0.78c
3-42 21.07 ± 0.70ab 2,021.90 ± 357.96 101.27 ± 5.43ab 44.00 ± 6.79b
3-88 16.95 ± 0.97c 1,919.70 ± 99.42b 91.66 ± 5.47ab 38.20 ± 4.10ab
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A two-factor ANOVA revealed statistically 
significant differences (p  ≤  0.05) between gen-
otypes for most biochemical parameters under 
study, except total sugars, titratable acidity, the 
sugar-acid index, and total polyphenols. This 
finding underscores the substantial genetic 
control over these traits and highlights the cru-
cial role of genotype in determining desirable 
fruit quality characteristics. For instance, gen-
otype 5-84 consistently exhibited the highest 
levels of dry matter, soluble solids, ascorbic acid, 
anthocyanins, and chalcones, whereas geno-
type 3-15 generally showed the lowest levels of 
these substances. Furthermore, genotypes 2-50, 
2-63, 3-42, and 5-58 demonstrated ascorbic acid 
content comparable to genotype 5-84, while 
genotypes 2-49, 3-88, and 5-58 were similar in 
their anthocyanin and chalcone accumulation. 
Although there were no significant differences 
in total polyphenol content among genotypes, 
potentially due to the limited number of obser-
vations, genotypes 5-58 and 5-84 numerically 
exhibited the highest levels of anthocyanins, 
chalcones, and overall total polyphenols. Sig-
nificant differences in pectin content were also 
identified across almost all genotypes, with gen-
otype 2-50 notably accumulating the highest 
level, which was also associated with the highest 
ascorbic acid content.

The fruits of the studied genotypes exhib-
ited high sugar content and a favourable sug-
ar-to-acid ratio, contributing positively to their 

nutritional value and taste. These characteristics 
generally positioned them as superior to the two 
reference cultivars, including the ‘Vseslava’ par-
ent cultivar. However, it is important to acknowl-
edge that differences in soil conditions across 
cultivation sites might have influenced these 
characteristics (Yavorovskyi & Brovko,  2014). 
Furthermore, the accumulation of high 
amounts of pectin supports the nutritional val-
ue of these genotypes and enhances their suit-
ability for fruit processing. According to A. Sidor 
& A.  Gramza-Michałowska  (2019) and J.  Xu  et 
al.  (2024), biologically active substances with 
high antioxidant potential, such as ascorbic acid 
and bioflavonoids, are crucial components of a 
healthy modern diet. Fruits of the RCH seedlings, 
in particular, demonstrated higher ascorbic acid 
content than the cultivars under study, with 
some genotypes also exhibiting comparable lev-
els of bioflavonoids. According to the two-factor 
ANOVA, the effect of the year of cultivation was 
statistically significant (p  ≤  0.05) exclusively for 
pectin content. This indicates that while certain 
parameters may exhibit inter-annual variation 
influenced by weather conditions, the primary 
determinant for most characteristics resides at 
the genetic level. Table  5 provides a summary 
of the statistics for each chemical trait across 
the two growing years (2023 and 2024), offering 
valuable insights into the mean values, variabil-
ity, and dynamic changes in the fruit’s chemi-
cal composition among the studied genotypes.

Table 4, Continued
Genotype Ascorbic acid Total polyphenols Anthocyanins, Chalcons

5-58 20.00 ± 0.28ab 2,215.95 ± 383.18 119.32 ± 6.10a 47.20 ± 5.52a
5-84 21.08 ± 0.42ab 2671.40 ± 261.06 114.53 ± 24.08a 46.70 ± 8.49a

Note: the data represent average values for 2023-2024 (x ± SD, n = 2), where SD – standard deviation, n – number 
of replicates. Different letters indicate values that are significantly different within one row according to results 
of the LSD test (р ≤ 005). Letters are assigned from the highest to the lowest mean value
Source: compiled by the authors

Trait Year x ± SD CV, % Min – max Change, % (2024 compared to 2023)

Dry matter
2023 23.04 ± 2.77 12.01 19.49–28.72

-6.76
2024 21.48 ± 3.21 14.94 15.36–25.75

Soluble solids
2023 20.47 ± 2.73 13.33 15.62–24.22

-10.00
2024 18.39 ± 2.72 14.81 14.10–21.80

Table 5. Statistics describing the chemical composition  
of the fruits of the genotypes that were studied for each trait (n = 9)
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The inherent variability of plants can be 
described by the coefficient of variation, where 
5-24% is the “lower” norm, 25-44% is the “upper” 
norm, and 45-63% is “large variation” (Mezhen-
skyj, 2021). Most biochemical composition traits 
of the genotypes under study generally fluctu-
ated within normal ranges, with the notable ex-
ception of anthocyanidin content in 2023. This 
anomaly was primarily influenced by the low 
anthocyanidin content observed in genotype 
3-15, which, unlike the other genotypes and both 
cultivars, produces purple rather than charac-
teristic black fruits. Nevertheless, the coeffi-
cient of variation for this trait decreased to the 
‘lower’ norm the following year due to a smaller 
range of fluctuations. The decrease in the co-
efficient of variation for anthocyanins in 2024 
could be because genotypes responded more 
uniformly to this year’s conditions. In general, 
secondary metabolites, such as ascorbic acid 
and compounds of flavonoid complex, have a 
higher coefficient of variation within the “upper” 
range. A higher coefficient of variation indicates 
significant genotypic variability in this trait, 
which is desirable for breeding purposes, as it 
enables the selection of genotypes with a high  

concentration of these compounds. Such pro-
nounced genotypic diversity, evidenced by a 
wide range of values, is crucial for breeding 
programmes aimed at improving fruit quali-
ty. Importantly, some genotypes were found to 
possess higher total content of polyphenols, 
anthocyanins, and chalcones compared to the 
original ‘Vseslava’ cultivar.

Comparison of annual averages revealed 
distinct trends in biochemical composition. 
Specifically, from 2023 to 2024, the content of 
dry matter, soluble solids, total sugars, total 
polyphenols, anthocyanins, chalcones, and the 
sugar-acid ratio, decreased by 1.09-10.00%. Con-
versely, titratable acidity, pectin substances, and 
ascorbic acid content increased by 2.09-3.21%. 
These fluctuations suggest that the stability of 
chemical component expression across differ-
ent genotypes is influenced by yearly environ-
mental conditions. Genotypes, therefore, can 
adapt to varying environmental conditions by 
altering both the average level and the degree of 
variability of biochemical indicators within the 
population. The linear relationships between 
the measured biochemical parameters of the 
fruit are shown in Table 6.

Table 5, Continued
Trait Year x ± SD CV, % Min – max Change, % (2024 compared to 2023)

Total sugar
2023 6.89 ± 0.69 9.96 5.66–7.78

-3.22
2024 6.60 ± 0.94 13.43 5.53–8.21

Titratable acidity
2023 1.23 ± 0.29 23.85 0.83–1.66

2.09
2024 1.25 ± 0.20 16.26 1.02–1.66

Sugar-Acid Ratio 
2023 5.86 ± 1.21 20.59 4.01–7.34

-3.26
2024 5.67 ±1.40 24.66 3.90–7.75

Pectin substances
2023 0.82 ± 0.17 20.98 0.57–1.08

3.21
2024 0.85 ± 0.18 20.72 0.58–1.10

Ascorbic acid
2023 18.27 ± 5.28 28.91 4.70–21.56

2.27
2024 18.69 ± 4.47 23.95 7.64–22.54

Total phenolics
2023 1885.89 ± 486.78 25.81 1101.00–2856.00

-2.95
2024 1830.23 ± 503.76 27.52 970.10–2486.90

Anthocyanins
2023 78.54 ± 38.12 48.53 19.60–131.56

-1.09
2024 77.68 ± 34.61 14.55 20.60–115.00

Chalcons
2023 37.79 ± 11.74 31.05 20.30–52.70

-8.38
2024 34.62 ± 8.34 24.09 21.40–43.50

Source: compiled by the authors
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Following the classification by V.  Mezhen-
skyj (2021), the relationship between the traits is 
considered weak with a correlation coefficient 
of 0.1-0.29, moderate with a coefficient of 0.3-
0.49, noticeable with a coefficient of 0.5-0.69, 
high with a coefficient of 0.7-0.89, and very high 
with a coefficient of 0.9-0.99. As anticipated, a 
very strong positive correlation (r = 0.90) was ob-
served between dry matter and soluble solids, 
given that soluble solids constitute the primary 
component of dry matter. Interestingly, despite 
the common association between dry matter 
and sugars, this study revealed only a weak cor-
relation between soluble solids and sugar con-
tent. This suggests that other components of 
fruit composition, possibly the flavonoid com-
plex, have a stronger influence on soluble sol-
ids. Soluble solids exhibit a noticeable or high 
positive correlation with the sugar/acid ratio 
(r = 0.57), total polyphenols (r = 0.61), ascorbic acid 
(r = 0.65), anthocyanins (r = 0.57), and chalcones 
(r = 0.74). Conversely, high negative correlations 
were observed between titratable acidity and the 
sugar-acid index (r = -0.85) and total polyphenols 
(r = -0.74). A noticeable negative relationship also 
existed between titratable acidity and dry mat-
ter, soluble solids, and chalcones (r  =  -0.58 to 
-0.51). This suggests that, as the product ripens 
and acidity decreases, the concentration of these 
phenolic compounds, which often contribute to 
colour and antioxidant properties, increases.

Generally, sugar content shows a weak or 
moderate correlation with almost all indicators 

(r = 0.23-0.31), and this relationship can be either 
positive or negative. However, the correlation 
between sugars and total polyphenols is nota-
bly negative (r = -0.54). Pectin substances exhibit 
weak to moderate positive and negative corre-
lations (r  =  0.02-0.30) with all other biochem-
ical composition parameters, except ascorbic 
acid, with which they exhibit a high correlation 
coefficient (r  =  0.62). This suggests that pectin 
content may be less directly influenced by, or 
correlated with, changes in sugars, acids, and 
phenolic compounds that occur during matu-
ration. The weak relationship between ascorbic 
acid and both titratable acidity and sugar con-
tent may suggest independent metabolic path-
ways. Ascorbic acid’s highest correlations were 
observed with soluble solids (r  =  0.65), pectin 
substances (r = 0.62), and anthocyanins (r = 0.54).

An extremely strong positive correlation al-
most suggests that anthocyanins and chalcones 
are chemically very closely related, perhaps in 
their accumulation patterns within the product. 
It could also indicate that chalcones are pre-
cursors to anthocyanins (Samota  et al.,  2024). 
They are common subclasses of flavonoids in 
fruits and vegetables (Zheng et al., 2025). J. Ma-
honey et al. (2022) provide a detailed description 
of the biosynthetic pathway of anthocyanins in 
chokeberry, confirming that the synthesis of 
flavonoids, including anthocyanins, begins with 
the formation of chalcones. However, the rela-
tionship between these two flavonoids and to-
tal polyphenols is only noticeable (r = 0.65-0.66).  
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Dry matter 1
Soluble solids 0.90 1

Total sugar 0.03 0.11 1
Titratable acidity -0.58 -0.55 0.28 1
Sugar/Acid ratio 0.56 0.57 0.24 -0.85 1

Pectin substances 0.23 0.09 0.23 0.30 -0.08 1
Ascorbic acid 0.49 0.65 0.22 0.07 0.09 0.62 1

Total polyphenols 0.58 0.61 -0.54 -0.74 0.46 -0.02 0.25 1
Anthocyanins 0.52 0.69 -0.31 -0.48 0.34 0.03 0.54 0.65 1

Chalcons 0.57 0.74 -0.25 -0.51 0.40 0.02 0.53 0.66 0.99 1

Source: compiled by the authors

Table 6. Pearson correlation coefficients between indicators (r)
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Although anthocyanins and chalcones are part 
of the total polyphenols, they only constitute 
a certain fraction. The accumulation patterns 
of other polyphenolic compounds may differ, 
which blurs the direct correlation. Different 
groups of biologically active compounds accu-
mulate in different ways, reflecting the com-
plexity of the chemical composition of garden 
chokeberry fruit. The main polyphenols in 
chokeberry fruits are catechol and chlorogenic 
acid (Yang et al., 2019).

A noticeable positive correlation (r  =  0.53-
0.54) was also observed between anthocyanins/
chalcones and ascorbic acid. This indicates a 
tendency for increased ascorbic acid content, 
another important bioactive compound in fruits, 
alongside higher levels of anthocyanins and 
chalcones, and vice versa. These findings align 
with previous research by N. Dobros et al. (2024), 
who reported correlations between anthocy-
anins, ascorbic acid, and other antioxidants  
varying with the ripening stage of chokeberry 
fruit. Indeed, the co-accumulation of ascorbic 
acid and anthocyanins contributes to the high 
antioxidant capacity of fruits, a finding support-
ed by E. Guerrero-Álvarez et al. (2023). Further-
more, H. Yang et al.  (2019) reported that unripe 
chokeberry fruits exhibit higher antioxidant ac-
tivity due to their comparatively greater abun-
dance of flavonoids, phenolic compounds, and 
total polyphenols compared to fruits at full ripe-
ness. Overall, the correlation analysis not only 
confirmed established biochemical relation-
ships but also elucidated specific associations 
within the studied genotypes. These insights 
are valuable for optimising breeding strategies, 
facilitating the simultaneous improvement of 
multiple interrelated fruit quality traits. Hierar-
chical clustering analysis, visualised through the 
dendrogram, provides valuable insights into the 
biochemical diversity and relationships among 
the genotypes under study (Fig. 1).

Within the first major cluster, genotypes 
2-49 and 3-6 formed the tightest subgroup, 
merging at the lowest level of dissimilarity and 
exhibiting similar profiles across most parame-
ters. Another distinct subgroup within this clus-
ter comprises genotypes 2-63 and 3-42. These 
genotypes showed high levels of dry matter 
and soluble solids, a relatively high sugar-acid 

ratio, and low titratable acidity, alongside gen-
erally high concentrations of polyphenols and 
anthocyanins, though they displayed some var-
iations in the specific levels of total polyphe-
nols, anthocyanins, and chalcones. These two 
subgroups (genotypes 2-49/3-6 and 2-63/3-42) 
subsequently joined at a Euclidean distance of 4, 
forming a central cluster characterised by more 
average or balanced biochemical profiles across 
all measured traits.

Figure 1. Dendrogram of genotype clustering 
based on biochemical characteristics

Source: compiled by the authors

The second major cluster was initiated by 
the close association of genotypes 3-88 and 
5-58, merging at a Euclidean distance of approx-
imately 2.7. This pair was then joined at a Eu-
clidean distance of about 4.0 by genotype 5-84, 
which notably exhibited the highest levels of 
dry matter and soluble solids in both ripening 
years. This entire group (genotypes 3-88, 5-58, 
and 5-84) distinguished itself with exceptionally 
high levels of total polyphenols, anthocyanins, 
and chalcones, in addition to generally high 
levels of dry matter and soluble solids. Despite 
their initial association being at a slightly high-
er dissimilarity than that of the tightest cluster 
(genotypes 2-49 and 3-6), these three genotypes 
formed a distinct and relatively homogeneous 
cluster. These genotypes represent valuable 
sources of bioactive compounds, making them 
ideal candidates for the development of natural 
dyes and functional food additives.

Forming a distinct outlier group, genotypes 
2-50 and 3-15 exhibited profiles notably dif-
ferent from each other and the main clusters. 

5-58 3-88 5-84 3-42 2-63 3-6 2-49 3-15 2-50
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They were generally characterised by a low 
content of anthocyanins and chalcones, as well 
as lower dry matter and soluble solids content. 
Genotype 3-15, in particular, displayed signifi-
cantly lower ascorbic acid values. Conversely, 
genotype 2-50 is notable for its consistently 
highest pectin content over both study years. 
These two genotypes subsequently joined the 
previously described clusters at a remarkably 
high Euclidean distance of approximately 7.8, 
underscoring their significant biochemical 
dissimilarity from all other genotypes studied. 
This distinct group, while generally possess-
ing lower levels of the main biochemical com-
position parameters, is characterised by other 
unique attributes. Specifically, genotype 3-15 
is distinguished by its large, juicy, burgundy 
fruits. V.  Mezhenskyj  et al.  (2024) pointed out 
that this makes it morphologically more similar 
to the rowan-like cultivar ‘Titan’ than to typical 
chokeberry-like cultivars. This variability high-
lights their potential for diverse applications, 
from fresh consumption to specific industrial 
processing, showcasing the wide genetic diver-
sity within the hybrids under study.

CONCLUSIONS
A comprehensive two-year study (2023-2024) of 
the biochemical composition of fruits from nine 
RCH genotypes identified the key factors shap-
ing their quality. Analysis of variance showed a 
highly statistically significant effect of genotype 
(p < 0.05) on most of the fruit quality parameters 
examined. This highlights the substantial genet-
ic control over these traits and the critical role of 
genotype in forming desirable characteristics. 
Conversely, the effect of the cultivation year was 
statistically significant only for pectin content. 
Specifically, genotype 5-84 consistently demon-
strated the highest levels of dry matter, soluble 
solids, ascorbic acid, anthocyanidins, and chal-
cones. In contrast, genotype 3-15 generally ex-
hibited the lowest values for these compounds. 
This differentiation is exceptionally valuable for 
breeding purposes. Genotype 5-84 represents a 
promising donor for programmes aimed at cre-
ating varieties with enhanced nutritional and 

antioxidant properties. Furthermore, genotype 
2-50 stood out with the highest pectin content, 
making it a valuable candidate for the process-
ing industry. Other genotypes, such as 3-42, 
5-58, 2-49, and 3-88, also showed high or compa-
rable levels of ascorbic acid, anthocyanidins, and 
chalcones, thus broadening the breeding pool.

Correlation analysis revealed strong inter-
relationships between key fruit quality parame-
ters. Notably, the strong positive correlation be-
tween dry matter and soluble solids (r = 0.90) has 
significant practical value for selection. It allows 
breeders to use a quick and simple refractome-
try method to measure soluble solids as a reli-
able indicator for assessing the total dry matter 
content in large sample sets, which substantially 
accelerates the selection process. An extremely 
strong correlation was also found between an-
thocyanidins and chalcones (r = 0.99). This ena-
bles the analysis of only one of these parameters 
during selection for an indirect assessment of 
the total bioflavonoid content, which is crucial 
for selecting genotypes with high antioxidant 
activity. The visualisation of samples in Euclid-
ean distance space confirmed genotypic differ-
entiation, indicating their unique biochemical 
profiles. The obtained data underscore the sig-
nificant genetic potential of the studied geno-
types for use in breeding programmes aimed 
at improving nutritional traits. These results 
provide a robust foundation for further research 
and the development of new varieties with en-
hanced biochemical characteristics. Further re-
search could focus on analysing other bioactive 
compounds in these genotypes to more com-
prehensively assess their value, and investigat-
ing how specific annual conditions impact the 
biochemical composition of the fruit.
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Біохімічний склад і харчова цінність гібридів 
горобиноаронії (×Sorbaronia fallax (C.K. Schneid.) 

C.K. Schneid.) дібраних в Україні

Анотація. У цьому дослідженні комплексно проаналізовано біохімічний склад та харчову 
цінність дев’яти перспективних гібридів горобиноаронії (×Sorbaronia fallax), створених 
у Національному університеті біоресурсів і природокористування України (НУБіП). Їх 
порівнювали з двома сортами: ‘Всеслава’ та ‘Nero’. Метою було оцінити вміст сухої речовини, 
розчинних сухих речовин, цукрів, титрованої кислотності, пектинових речовин, аскорбінової 
кислоти, поліфенолів, антоціанідинів та халконів. Зразки плодів збирали у 2023-2024 роках 
в дослідних садах НУБіП України. Результати показали значні відмінності між генотипами. 
Зокрема, генотип 5-84 мав найвищий вміст сухої речовини, розчинних сухих речовин, 
аскорбінової кислоти, антоціанідинів та халконів, тоді як генотип 3-15  – найнижчий. Вплив 
року вирощування був значущим лише для вмісту пектину. Виявлено сильні позитивні 
кореляції: між сухою речовиною та розчинними сухими речовинами (r  =  0,90), а також між 
антоціанами та халконами (r  =  0,99). Гібриди загалом перевершили батьківський сорт за 
вмістом цукрів, пектину, аскорбінової кислоти, антоціанідинів та халконів, що свідчить про 
значний генетичний потенціал. Результати дослідження надали цінну інформацію для 
селекційних програм, спрямованих на покращення харчових властивостей плодів. Вони 
можуть бути використані селекціонерами та агрономами для добору найкращих генотипів 
для подальшого культивування. Крім того, виробники продуктів харчування та дієтичних 
добавок можуть використовувати ці дані для розробки нових функціональних продуктів

Ключові слова: ×Sorbaronia fallax subsp. fallax; генотипи; аскорбінова кислота; поліфеноли; 
антоціани
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