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Content of sugar, titrated acids and biologically active substances
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For the first time was assessed the quality of fruits of four varieties of American blackberries and one of Swiss and Serbian selection,
grown in the Forest-Steppe of Ukraine. The limits of variation of fruit mass, content of dry soluble substances, sugars, titrated
acids, ascorbic acid, polyphenols and anthocyanins were established. The mass of blackberries varied within a minimum of 6.6 g
of Asterina variety and a maximum of 8.2 g — Chester Thornless, the amount of soluble dry substances varied in the range of 9.4
(Cacanska Bestrna) — 15.1% (Heaven Can Wait), and sugars from 7.82 to 12.72% Kiowa and Chester Thornless varieties. The highest
content of bioactive substances, in particular ascorbic acid, was accumulated by fruits of Kiowa and Heaven Can Wait varieties, the
last of these, among the studied varieties, had the highest amount of polyphenolic substances 845 mg.100 g™, variability of which
was very low, corresponding to 8%. According to the look of the fruit, and in particular its mass, as well as taste, ratio of sugar to
acid, there were highlighted varieties that have the prospect of widespread cultivation in industrial plantations, such as Chester
Thornless and Chief Joseph. In order to conduct the selection process for the creation of varieties, whose fruits will have excellent
marketable, consumer and preventive qualities (apart from the above-mentioned varieties) should be also involved with others,
namely Heaven Can Wait and Kiowa.
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biological functions, mainly associated with intervention
at all stages of cancer development, including initiation,
advancement, progression, invasion, and metastasis
(Kolniak-Ostek et al., 2015; Kiss & Piwowarski, 2018;
Parmenter et al.,, 2020; Briguglio et al.,, 2020; Chairez-
Ramirez et al., 2021). In addition to these compounds,
natural pigments, mainly anthocyanins, are attractive

1 Introduction

Blackberries are a popular fruit mainly because of their
excellent taste and aroma but also because of the
rich content of biologically active compounds such as
anthocyanins, flavonoids, etc. (Milivojevi¢ et al., 2011;
Garcia-Seco et al., 2015; Kolniak-Ostek et al., 2015; Zlabur
etal., 2021). The demand for blackberries (Rubus spp.) has

significantly increased in recent years, as its fruits contain
large amounts of phenolic compounds and vitamin
C, which prevent the development of degenerative
diseases (Ali et al., 2011). Due to their valuable nutritional
composition and phytochemical content, they are
endowed with numerous functional properties, ranging
from antioxidant, antimicrobial, anti-inflammatory and
antitumor activity (Vergara et al., 2016; Ponder et al.,
2017; Zorzi et al., 2020). In addition to their main potent
antioxidant activity, anthocyanins have a wide range of

dyes for the production of dairy products, jellies and fruit
syrups (Acosta-Montoya et al., 2010).

Blackberries (Rubus fruticosus L.) are grown all over
the world but the most optimal for its cultivation is
a climate with mild winters and long mild summers.
The main regions of blackberry production are North
America, Europe, Asia, South and Central America, and
Africa (Lykins et al., 2021). In Ukraine, the area of this
crop, created by varieties of foreign selection, is 300 he.
The basis for expanding the range of plant foods with
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high biological activity is the selection of varieties,
including blackberries (Rubus fruticosus L.), which are
able to form fruits weighing at least 8 g, excellent taste
at sugar-acid index 10 and high content of biologically
active substances. Unfortunately, the potential for the
formation of commodity and consumer indicators of
blackberry fruit quality of introduced varieties in the
conditions of cultivation of the Forest-Steppe of Ukraine
has not been studied. Therefore, the main task of our
work was to establish the potential for the formation
of commodity and biochemical indicators of quality
of blackberries varieties of foreign selection in the
Forest-Steppe of Ukraine. Knowledge of the influence
of the weather of the Forest-Steppe of Ukraine on the
formation of indicators of blackberry fruit quality will
allow domestic breeders to correctly select parent pairs
for the selection process to create new high-yielding and
biologically valuable varieties.

2 Material and methods

Blackberries for the study of biometric and biochemical
quality indicators were selected from the research areas
of the Institute of Horticulture of the National Academy
of Agrarian Sciences of Ukraine (IH NAAS of Ukraine).
The location of natural-climatic zone - Forest-Steppe of
Ukraine, altitude 187 m (50° 27" 16" N, 30° 131’ 25" W),
distance to Kyiv 4 km. The fruits for research were
collected in 10 days after the advent of the first ripe.

The climate of the region of the Institute of Horticulture
of NAAS of Ukraine is temperate-continental. According
to long-term data, the average annual air temperature is:
+9.7 °C, the maximum: +37 °C and the minimum: -25 °C,
and the amount of precipitation: 497 mm.

The weather data for years of research were obtained at
the Vantage Pro2 Plus weather station, located on the
research area of IH NAAS of Ukraine.

Blackberry plantations were created in 2017, the distance
between plants in a row is one meter, between rows —
2 m. The soil of the research area is middle loam alfisol
podzolic soil.

The system of keeping the soil in a row — mulching with
sawdust, in between rows - turfing, the experiment is laid
with irrigation, the care for plantations is recommended
for the Forest-Steppe zone of Ukraine. The objects of
research were the fruits of introduced varieties (Table 1).

Analytical research was performed in the laboratory of
postharvest quality of fruit and berry products of the
IH NAAS of Ukraine. Blackberry fruits, with the shape
and color characteristic of the variety, were selected at
the stage of consumer ripeness, the mass of the sample
met the requirements of the method “Methodology
for assessing the quality of fruit and berry products”
(Kondratenko et al., 2008). The average mass was
determined by weighing 30 berries on laboratory scales
with its precision to the first sign. Crushed analytical
samples of fruits to determine the content of nutrients
and biologically active substances were prepared using
a laboratory homogenizer. The sample was weighed on
analytical scales Axis AD 200R with its precision to the
second sign.

2.1 Soluble solids

Soluble solids were determined using a portable
refractometer ATAGO PAL-1 (Japan). A drop of crushed
fruit juice was squeezed through the tissue on the
refractometer glass and the temperature error was
taken into account when recording the data. Data were
expressed as a percentage.

2.2 Titrated acids

To a 250 ml volumetric flask by rinsing with hot distilled
water of 150 ml volume, was transferred the crushed
samplein theamount of 25 g.The flask was keptin a water
bath for 30 minutes at 80 °C and cooled. The contents of
the flask were made up to the mark with distilled water
and filtered through a filter into a 250 ml conical flask.
Pipette 20 ml of the extract into a 250 ml conical flask,
added 3-4 drops of phenolphthalein and titrate with
0.1 N sodium hydroxide until a pink color corresponding
to pH 7.0 appears. Three parallel measurements were
performed and the average value of the indicator was

Table 1 List of varieties whose fruits were studied for physico-chemical quality indicators
Varieties Ripening group Country of origin
Kiowa early USA
Heaven Can Wait early USA
Asterina early Switzerland
Cacanska Bestrna middle Serbia
Triple Crown late USA
Chester Thornless late USA
Chief Joseph remontant USA
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found. The content of titrated acids in the sample was
calculated by the formula, using a titer of 0.1 N sodium
hydroxide and a conversion factor for malic acid.

2.3 Ascorbic acid

For the extraction of ascorbic acid, the sample was
ground in a porcelain mortar with the addition of broken
glass and a mixture of 2% oxalic and 1% hydrochloric
acid (80 + 20, vol + vol), transferred to a volumetric flask
with a capacity of 100 ml. The contents of the flask were
adjusted to the mark with a mixture of 2% oxalic and
1% hydrochloric acids (80 + 20, vol + vol) and filtered.
The resulting extract was titrated with a solution of
2,6-dichlorophenolindophenol (Tillmans paint). The
content of ascorbic acid in the sample was calculated by
theformula, using the titer of Tillmans paint (Kondratenko
etal., 2008).

2.4 Sugars

Extraction of sugars from apple was performed with hot
distilled water. The resulting extract was purified from
proteins and pigments by precipitation of the latter with
lead acetic acid. Sucrose was hydrolyzed to glucose and
fructose by heating in the presence of 10% hydrochloric
acid. The hydrolysis products were oxidized with Fehling’s
solution. The optical density of the obtained solutions
was determined on a ULAB 102UV spectrophotometer
at a wavelength of 640 nm. The sugar content in
the sample was calculated by the formula using the
calibration graph. To construct a calibration graph of the
dependence of optical density (units of optical density)
on the concentration of glucose (mg.ml") used standard
glucose solutions with different concentrations.

2.5 The sugar-acid index (SAl)

The sugar-acid index (SAl) was defined as the ratio of
total sugars to the amount of titrated acids.

2.6 Polyphenolic compounds

To extract the polyphenols, the sample was ground in
a porcelain mortar with a small amount of ethyl alcohol
and filtered under vacuum on a Biichner funnel through
a ‘blue ribbon'’ filter paper into a Bunsen flask. The filter
residue is washed with small amounts of ethyl alcohol
until the sample is completely discolored. The volume
of alcohol used (ml) was recorded. 7.9 ml of distilled
water, 0.1 ml of extract, 1 ml of Folin-Denis reagent were
poured into a test tube, stirred and after 3 minutes 1 ml
of saturated sodium carbonate solution was added
and stirred again. The optical density of the tubes was
recorded on a ULAB 102UV spectrophotometer at
a wavelength of 640 nm for an hour. As a control, the

mixture prepared as follows was used: 8 ml of distilled
water, 1 ml of Folin-Denis reagent were poured into a test
tube, stirred, 1 ml of saturated sodium carbonate solution
was added after 3 minutes and stirred again. Conducted
at least 3 parallel measurements and found the average
value of the optical density (Kondratenko et al., 2008). The
content of polyphenols in the sample was calculated by
the formula, using the indicators of the calibration graph.
To build a calibration graph of the dependence of optical
density (units of optical density) on the concentration
of chlorogenic acid (mg.ml") used standard solutions of
chlorogenic acid with different concentrations.

2.7 Anthocyanins

The content of anthocyanins was determined by the pH
difference method (Giusti & Wrolstad, 2001), in which the
extracts were dissolved (1 : 150) in two buffer systems:
potassium chloride pH 1.0 (0.025 M) and sodium acetate
pH 4.5 (0.4 M). Absorption of extracts was measured on
a ULAB 102UV spectrophotometer at a wavelength of 520
and 700 nm. The content of anthocyanins was calculated
on cyanidin-3-glucoside (molar adsorption — 29,600,
molecular weight — 449.2). The results were expressed in
mg of anthocyanin per 100 g of fresh fruit.

2.8 Flavonoids

Determination of flavonoid content was performed by
spectrophotometric method (Vronska, 2018), which
is based on measuring the absorption of a complex
of flavonoids with aluminum chloride in ethanol
environment (70%). Absorption of extracts was measured
on a ULAB 102UV spectrophotometer at a wavelength of
410 nm. Quantitative content was converted into rutin.
Simultaneously was measured the absorption of the
standard rutin solution (comparison solution). The results
were expressed in mg of anthocyanin per 100 g of fresh
fruit.

2.9 Statistical analysis

Statistical data processing was performed using the
program STATISTICA 13/1 (StatSoft, Inc., USA). The results
are presented as means with their standard errorsas mean
+ standard error (x + SE). Differences between replicates,
as well as relative to the average intervarietal value
were determined using ANOBA. The research results are
presented at the level of reliability at P <0.05. Two-factor
analysis of variance of the significance of the genotype
of the variety and weather and climatic factors on the
content of nutrients and biologically active substances
in highbush blueberries and correlation analysis was
performed in Excel, tab Data Analysis.
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3 Results and discussion

The average daily temperatures in the period from the
beginning of the vegetation season of early blackberries
to harvest in 2020 were 1.6, and late varieties 1.3 °C
higher than in 2021 and 1.3 and 1.0 °C than the average
for the last 10 years. There was also more precipitation
in 2020 than in 2021, but this amount differed little from
the average for the last 10 years. There were 62 mm
more of them in the period from the beginning of the
growing season to the harvest of fruits of early varieties
and 70 mm more - of late varieties in 2020 than in 2021.
Under such weather conditions, blackberry fruits had
a fruit mass: in 2020 - 6.7-9.0 g, and in 2021 - 6.5-8.0 g,
average 7.8 and 7.2 g, respectively. The most dependent
on the conditions of the year of cultivation was the mass
of blackberries Asterina, a coefficient of variation of 20%,
significant stability of this indicator was a variety of Triple
Crown, a coefficient of variation of 8%. Blackberries
grown in central Slovenia weighed 5.87-8.38 g (Mikulic-
Petkovsek et al., 2012), and in Arkansas USA the mass of
blackberries ranged from 6.0 to 14.3 g (Threlfall et al,,
2016). Comparing the data, it was found that the mass of
blackberry varieties grown in Ukraine corresponds to the
data obtained by Slovenian colleagues, but the berries of
some varieties studied in the United States were larger.
Variety Cacanska Bestrna in the conditions of Slovenia,
depending on the date of collection gained fruit mass
of 5.95-10.08 g (Mikulic-Petkovsek et al., 2012), and in
Ukraine, depending on the year of cultivation - 7.7-6.8 g
(Table 2), which corresponds to the mass that was in the
fruit from Slovenia during the sixth harvest (Mikulic-
Petkovsek et al., 2012).

The quality characteristics of blackberry fruits can be
significantly influenced by the presence of nutrients
which together with sources of biologically active

substances, vitamins, and secondary metabolites are
necessary to ensure proper nutrition (Carl, 1999; Callahan,
2003).

The climate of the Federal University of Lavra (UFLA),
Lavras, Minas Gerais, is tropical, according to Keppen'’s
classification, characterized by dry winters, rainy summers
and mild temperatures (Guedes et al, 2013), which
differs significantly from the climate of Ukraine. Under
such conditions, the content of dry soluble substances
in blackberries grown in this region was 4.87-7.95,
the average was 6.97% (Guedes et al.,, 2013). A slightly
wider range of contents (6.6 to 11.5% (Brix °)) of these
substances was found in blackberries in the region of
the Empresa de Pesquisa Agropecudria de Minas Gerais
(Epamig) with an average annual air temperature of about
19.2 °C and an average relative humidity of 75% (Caproni
et al., 2016). Their number in the fruits of introduced
varieties grown in Ukraine was 10.1-15.1%, the average
value was 11.4% (Table 2), which is much more than in
berries from the tropical region of Minas Gerais, and the
average value is at the level of the maximum, which was
obtained by analyzing the berries of varieties studied in
Brazil. Heaven Can Wait fruits gained the most soluble
solids: 15.4% in 2020 and 14.9% in 2021, coefficient of
variation 3% (Table 2).

The main sugars of blackberries, according to Mikulic-
Petkovsek et al. (2012) were glucose and fructose.
According to their studies, the ratio of these sugars
was 1 : 1 and was approximately 90-96% of the total
amount of sugars, the rest was sucrose (0.1-3.4 g.kg”)
(Mikulic-Petkovsek et al., 2012). Similar values of sugar
content were reported by Veberic et al. (2014). The
amount of fructose and glucose in blackberries grown
in the Forest-Steppe zone of Ukraine was 6.81-9.32%
in 2020 and 4.96-10.47% in 2021, the average — 7.48%,

Table 2 Mass and content of soluble solids in blackberries

Varieties Mass (g) Soluble solids (%)
2020 2021 average CV (%) 2020 2021 average CV (%)

Kiowa 7.8 8.0 7909 14 13.6 1.3 12,5 £1.1 11
Heaven Can Wait 7.9 6.7 7.3£1.1 19 154 14.9 15.1 £0.3° 3
Asterina 6.7 6.5 6.6 £1.1 20 10.5 11.2 10.9+0.4 4
Cacanska Bestrna 7.7 6.8 7311 19 10.1 8.6 9.4 £0.7° 10
Triple Crown 7.1 7.2 7.2+£0.5 8 11.4 9.6 10.5+0.8 10
Chester Thornless 8.4 8.0 82+1.0 15 10.6 12.9 11.7 £1.1 12
Chief Joseph 9.0 7.2 8.1+1.2 19 104 9.4 9.9 £0.6° 7
Average 7.8 7.2 7.5 0.7 12 11.7 11.1 11.4+0.3 3
max 9.0 8.0 8.2+1.0 154 14.9 9.4 +£0.7
min 6.7 6.5 6.6 £1.1 10.1 924 15.1£0.3
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which was 66% of the total amount of sugars (Table 3),
which is 24-30% less than the indicators obtained by
colleagues from Slovenia. According to Milivojevic et al.
(2011) different values of sugar content are a reflection
of different environmental conditions, location of sites
and technological measures in blackberry production.
Heaven Can Wait of the studied varieties accumulated
the biggest amount of glucose and sucrose (8.06% in
2020 and 10.47% in 2021, coefficient of variation 14.5%)
which is 99% in 2020 and 94% in 2021 of the total
amount of sugars. High stability of fructose and glucose
content among the studied varieties was distinguished
by varieties Asterina and Chester Thronless, coefficients
of variation 7.2 and 5.4%, respectively (Table 3). Their
percentage of total sugars is 71% in Asterina and 70% in
Chester Thronless.

The amount of titrated acids in the fruits of blackberries of
our studied varieties in 2020 varied between a minimum
of 0.80% and a maximum of 1.22% and in 2021 from 0.63
to 1.03%, respectively. The high dependence of titrated
acids in the fruits of some varieties of blackberries on the
conditions of the year of cultivation is evidenced by high

coefficients of variation, in particular 26.6% - Heaven Can
Waitand 21.7% - Asterina (Table 3). The content of titrated
acids in fruits grown in Brazil was 0.68-2.6% (Guedes et
al., 2013) in a slightly smaller range (from 0.73 to 1.55%)
their amount was in berries from Serbia (Miodrag et al.,
2018) approximately the same number (0.7-1.4%) had
fruits studied in Arkansas, USA (Threlfall et al.,, 2016),
which is almost identical to our data. It is important to
note that the fruits of all studied varieties gained titrated
acids by 0.15% more in 2020 than in 2021.

Organic acids, sugar and their ratios together with
various secondary and aromatic compounds play an
important role in the taste and organoleptic properties
of fruits (Mikulic-Petkovsek et al., 2012). In our studies,
the ratio of sugars to titrated acids of blackberry fruits
ranged from the lowest 7.3 (Heaven Can Waite) and
the highest — 14.0 (Chester Thornless). The last of these
varieties had the highest ratio of sugars to titrated acids
(15.4) in 2021, the lowest this year it was in the variety
Cacanska bestrna (5.9) (Table 3). Similar indicators of
sugar-acid index (6.2-16.5) had blackberry fruits studied
by American scientists (Threlfall et al., 2016).

Table 3 The content of organic substances in blackberries (%)
Varieties Fructose + glucose Sugars
2020 2021 average CV (%) 2020 2021 average CV (%)
Kiowa 8.27 5.21 6.74 £1.35 25.0 9.37 6.21 7.82£1.38 22.0
Heaven Can Wait 8.06 10.47 9.27 £1.08 14.5 8.60 11.33 9.97 £1.22 15.3
Asterina 8.06 7.11 7.59 £0.44 7.2 11.08 10.30 10.69 +0.40° 47
Cacanska Bestrna 6.81 4.96 5.89 +£0.84 17.9 9.55 6.13 7.84 £1.56 24.9
Triple Crown 9.32 6.08 7.70 £1.44 234 13.30 743 10.36 £2.59 31.2
Chester Thornless 9.12 8.74 8.93+0.38 54 13.59 11.84 12.72 £0.81° 8.0
Chief Joseph 6.16 6.28 6.22 £0.40 8.1 8.55 8.83 8.69 +£0.34 5.0
Average 7.97 7.03 7.48 £0.47 7.9 10.58 8.87 9.73 £0.78 10.0
max 9.32 10.47 9.27 £1.08 11.08 11.84 12.72 £0.81
min 6.81 4.96 5.89 +0.84 8.55 6.13 7.82+£1.38
Varieties Titrated acids Sugar-acid index (SAI)
2020 2021 average CV (%) 2020 2021
Kiowa 1.03 0.94 0.99 +0.06 7.9 9.1 6.6
Heaven Can Wait 1.18 0.77 0.98 +0.21 26.6 7.3 14.7
Asterina 1.22 0.82 1.02 £0.18 21.7 9.1 12.5
Cacanska Bestrna 1.00 1.03 1.02 £0.06 7.9 9.6 5.9
Triple Crown 0.97 0.98 0.97 £0.06 7.5 13.7 7.6
Chester Thornless 0.97 0.77 0.87 £0.1 16.4 14.0 15.4
Chief Joseph 0.80 0.63 0.71 £0.11 18.9 10.7 14.1
Average 1.02 0.85 0.94 +0.09 114 10.5 10.4
max 1.22 1.03 1.02 £0.18 14.0 14.7
min 0.80 0.63 0.71 £0.11 7.3 5.9
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The amount of vitamin C in blackberries grown in Brazil
ranged from 42.69 to 55.7, an average of 46.7 mg.100 g
(Guedes et al., 2013), in the fruits studied in the United
States it was 7.46-11.43 (Threlfall et al., 2016). A slightly
different range of vitamin C content (from 6.45 to
21.36 mg.100 g”) in blackberries has been established
by Serbian researchers (Jazi¢ et al,, 2018). They proved
that Cacanska Bestrna blackberries grown in Bosnia
and Herzegovina are able to gain vitamin C - 10.23-
11.25mg.100 g7, slightly higher limits of its content were
established by our studies (11.1-19.0 mg.100 g' WM
(Table 4).

The results of studies by Croge et. al. (2019) showed that
the content of ascorbic acid in blackberries averages
24.5 mg.100 g, i.e. 17 percent or less of the daily
recommended human intake. In our studies, this figure
was lower and was 16.4 mg 100 g WM (Table 4), which
corresponds to the level of maximum vitamin C in
blackberries from northern Greece (12.3-16.4 mg.100g™")
(Pantelidis et al.,, 2007), this is 11% of the daily norm
of consumption. Therefore, blackberry fruits (Souza
et al, 2014) along with apple and blueberry fruits,

which contain 2.5 and 19.5 mg.100 g of ascorbic acid,
respectively (Shevchuk et al, 2021a; Shevchuk et al,
2021b) cannot be recommended as the only dietary
source of this vitamin.

Fruits of all the varieties we studied gained more vitamin
C in 2020, when the average daily temperature and
precipitation of the period of growth and ripening of
blackberries was higher than in 2021. Significantly more
vitamin C than other studied varieties in both years of
research had fruits of the Kiowa variety. (20.5) and Heaven
Can Wait (23.4 mg.100 g), the variability of this indicator
in these varieties was the lowest, the coefficients of
variation were 8.6 and 7.3%, respectively (Table 4).

Blackberry fruits that are grown in the temperate climate
of Ukraine, contained polyphenolic substances from 528
to 845 mg.100 g'. Their values, depending on the variety
ranged from 546 to 824 mg.100 g in 2020, when the
period of fruit growth and development was warmer and
wetter than in 2021, the content of polyphenolic were
in the range 469-705 mg.100 g (Table 4). Our received
data on the content of polyphenols in fruits blackberries

Table 4 The content of biologically active substances in blackberries (mg.100 g WM)

Varieties Vitamin C Polyphenols

2020 2021 average CV (%) 2020 2021 average CV (%)
Kiowa 21.9 19.1 20.5 +1.4° 8.6 824 705 765 67 11
Heaven Can Wait 22.0 24.8 234 +1.4° 7.3 798 892 845 +57° 8
Asterina 19.2 10.9 15.0 £3.7 31.0 546 509 528 £37° 9
Cacanska Bestrna 19.0 11.1 15.0 £3.5 293 602 469 535 +65° 15
Triple Crown 14.7 9.1 11.9+25 26.4 648 549 599 +£56 12
Chester Thornless 16.5 9.1 12.8 3.3 31.9 682 602 642 +49 10
Chief Joseph 18.7 134 16.0+2.4 18.5 791 607 699 £84 15
Average 18.9 13.9 16.4 £2.2 16.9 699 619 659 £39 7
max 22.0 24.8 23414 824 705 845 £57
min 14.7 9.1 11.9+2.5 546 469 528 £37
Varieties Flavonoids Anthocyanins

2020 2021 average CV (%) 2020 2021 average = CV (%)
Kiowa 87.1 205.5 137.8 £51.1 46.4 72.6 101.0 86.8 £12.2 17.5
Heaven Can Wait 121.7 109.3 116.4 £9.5 10.2 65.8 65.3 65.5+4.0° 7.5
Asterina 107.6 124.7 1149 £10.5 114 71.0 125.4 98.2 £24.2 30.7
Cacanska Bestrna 914 64.2 79.7 £12.0 18.8 44.6 67.8 56.2 £10.5 234
Triple Crown 77.6 142.5 105.4 £28.6 339 74.5 78.6 76.6 £3.3 54
Chester Thornless 118.7 138.9 1274 £129 12.6 90.5 91.2 90.8 £2.8 3.9
Chief Joseph 66.9 130.5 94.1 £27.7 36.8 533 89.6 71.5+16.4 28.6
Average 95.8 130.8 110.8 £15.3 17.2 67.6 88.3 779 +£94 15.0
max 121.7 142.5 137.8 £51.1 90.5 125.4 98.2 £24.2
min 66.9 64.2 79.7 £12.0 44.6 65.3 56.2 £10.5
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were higher than in berries from Oregon state of USA and
Brazil, where the climate is much warmer than in Ukraine.
Cechinel-Filho (2012) reports that from air temperature
of the period of growth and formation of blackberry
fruits, significantly depends on the intensity of synthesis
of polyphenolic compounds. However, a direct positive
correlation was found between the duration of cool
day sand their polyphenol content. Thus, the temperate
climate of the Forest-Steppe of Ukraine with more
severe winters than in Oregon in the USA and Brazil had
a positive effect on the synthesis of polyphenols in the
fruits of the studied blackberry varieties.

The amount of flavonoids in blackberries that we studied
varied both by years of research and varieties, from
95.8 in 2020 to 130.8 mg.100 g in 2021, an average of
110.8 mg.100 g'. The content of flavonoids in blackberry
fruits did not differ much which was studied by Brazilian
colleagues — 102.7-136.07 mg.100 g' (Guedes et al.,
2014).

Most of the varieties we studied had Kiova fruit 2021
(205.5 mg.100 g'), in 2020 this variety accumulated
much less (87.1 mg.100 g™), the variability of the content
was 46.4%. The most stable according to the content of
flavonoids by years of research were varieties of Heaven
Can Wait, Asterina and Chester Thornless, coefficients of
variation 10.2; 11.4 and 12.6%, according with (Table 4).

Anthocyanins are considered as important antioxidants
in berries (Moyer et al, 2002). Their content in
blackberries grown in the southeastern United States
was 292.2-446.9 mg.100 g’ (Cho et al.,, 2005), in Brazil
they were 58.6 mg.100 g (Souza et al, 2014), and in
fruits that were studied in Japan - 75-110 mg.100 g
(Toshima et al.,, 2021). The amount of anthocyanins in
blackberry fruits that we studied ranged both by years
of research and by variety. In 2020, the content of these
substances was 44.6-90.5, average 67.6 mg.100 g7,
and in 2021 65.3-125.5, average 88.3 mg.100 g (Table
4). From the studied varieties, anthocyanins more than
100.0 4 mg.100 g' were accumulated in varieties of
Kiowa (101.0) and Asterina (125.4 mg.100 g™) in 2021.
The most variable was the content of these substances
in the fruits of the last of these varieties, the coefficient of
variation of 30.7% (Table 4). Our data are comparable to
those obtained by Brazilian and Japanese scientists, but
the number of anthocyanins in blackberries studied by
American scientists was much higher.

4 Conclusions

As a result of research, it was established that the fruits
of blackberries of American, Swiss, and Serbian selection
in the conditions of cultivation in the Forest-Steppe of
Ukraine are able to form fruits of high marketable and

consumer qualities. Chester Thornless and Chief Joseph
are the most suitable for industrial cultivation in terms of
a set of physical and consumer quality indicators. Heaven
Can Wait and Kiowa varieties should be used as parental
forms in the selection work to create varieties with higher
content of bioactive substances.
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