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Nutritional components of fresh and frozen fruits
of highbush blueberries (Vaccinium corymbosum L.)

Abstract. The relevance of the study is conditioned by the significant popularity of highbush blueberries among
consumers, which they have gained due to their balanced taste and the content of nutrients and bioactive substances
that are useful for the human body. Therefore, the purpose of the study was to establish the suitability of fruits of the
varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ for freezing and storage in a frozen state. Biometric, laboratory, analytical, and
statistical research methods were used to achieve this goal. As a result of the conducted studies, it was established that
the frozen fruits of highbush blueberries of the studied varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ met the requirements
of the highest commercial grade according to DSTU 4837:2007. Defrosted berries of the ‘Duke’ variety had a better
appearance than the other two varieties under study, were unfrozen with a wax coating inherent in this type of
fruit, their weight loss during freezing was 0.20%, and juice loss after defrosting - 0.71%. Highbush blueberries of
the varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ in the forest-steppe of Ukraine accumulated from 17.6 to 19.0 mg/100 g of
vitamin C, 378-545 mg/100 g of polyphenolic substances, 127.2-176.8 mg/100 g of flavonoids, 59.4-162.9 mg/100 g of
anthocyanins, and 15.6-32.5 mg/100 g of chalcones. Defrosted ‘Duke’ berries contained the largest amount of nutrients,
while losses during freezing and defrosting were: vitamin C - 2.7 mg/100 g, total polyphenols - 102 mg/100 g,
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anthocyanins - 41.8 mg/100 g. The data obtained are of practical value for gardeners when choosing a variety for
creating plantings of highbush blueberries, the fruits of which can be used both for fresh consumption and freezing

Keywords: polyphenols, vitamin C, anthocyanins, chalcones, flavonoids

INTRODUCTION

Fruit and berry crops are excellent sources of nutrients.
They contain a significant amount of biologically active
compounds, in particular, ascorbic acid, anthocyanins,
flavanols, flavonoids, phenols, and tannins (Prokhorchuk,
2019; Galat, 2021). Fruit consumption improves the over-
all condition of the body, in particular, it helps strength-
en the immune system, the functioning of the cardio-
vascular and digestive systems (Skrovankova et al, 2015).
Considering the data of the State Statistics Service of
Ukraine, which indicates that the amount of fruit prod-
ucts consumed by one person per year from 2005 to 2021
increased by 29.4 kg and amounts to 587 kg, it can be as-
sumed that functionalfood productshavebecomeatrend
and are actively in demand in recent years (Balances and
consumption..., 2019). The main reason for the increase
in demand for fruit products is a healthy lifestyle, ration-
al nutrition, and vegetarianism (Dhalaria et al, 2020).

The prospects of highbush blueberries (Vaccinium
corymbosum L.) are evidenced by the ever-growing vol-
ume of production of its fruits (Manganaris et al, 2014;
Dhalaria et al, 2020). Their global production increased
from 262 tonnes in 2006 to 556 tonnes in 2016 (Aliman et
al., 2020). According to FAOSTAT, the leaders in the pro-
ductionofhighbushblueberry fruits are the United States
(269 tonnes) and Canada (179 tonnes). In Ukraine, over
the past 10 years, highbush blueberries have moved from
alittle-known niche crop to the status of one of the wide-
ly cultivated ones. As of 2017, Ukraine became one of the
5 largest European producers of highbush blueberries.
The area under highbush blueberries for the period from
2007 to 2017 increased almost 12 times, from 130 to more
than 1,500 hectares, and at the end 0f 2018, it was expect-
edtoexpandto2,000 hectares (Shevchuketal,2021). Ber-
ries of Vaccinium corymbosum L. contain a large amount
of valuable nutrients that have a positive effect on the
human body and are part of a balanced diet (Szajdek &
Borowska, 2008). A significant antioxidant capacity of its
fruits is provided by the high content of vitamin C, antho-
cyanins, and phenolic compounds (Szajdek & Borowska,
2008; Skrovankova et al,, 2015; Coronel et al, 2019). The
fruits of highbush blueberries are consumed both fresh
and processed, in particular, in the form of defrosted af-
ter freezing, dried or freeze-dried, as well as in the form
of jams, jellies, juices, canned fruit and purees (Michal-
ska & Lysiak, 2015; Balances and consumption..., 2019).

However, the short shelf life of highbush blueberries
is the main problem in providing the population with
products of this type. Therefore, producers are faced with
the problem of choosing a processing method that would

ensure maximum preservation of the nutritional compo-
nents of this type of fruit. One of such methodsis freezing.

The main task of the research was to establish the in-
fluence of the freezing process, the duration of storage of
berries in the frozen state and defrosting on the content
of bioactive substances, as well as changes in physical
and sensory indicators of their quality.

A number of researchers claim that processing
highbush blueberries by freezing causes a significant
decrease in its nutritional components (Brownmiller et
al.,, 2008). On the other hand, some researchers argue
that certain freezing processes have a positive effect on
the functional properties of raw materials, since they can
promote the release of bound compounds, in particular,
phenols and anthocyanins (Mullen et al, 2002; Leong et
al., 2012; Neri et al., 2020). R. Veberic (2014) noted an in-
crease in the content of bioactive substances in berries
after their long-term storage in a frozen state. Such am-
biguous conclusions of the researchers gave rise to the
study of the effect of freezing on the preservation of the
nutritional values of highbush blueberry fruits. There-
fore, the purpose of the study was to identify varieties
of highbush blueberries, the fruits of which, according
to the complex of preserved quality indicators, are an
excellent raw material for freezing. The scientific origi-
nality of the study lies in the fact that for the first time,
the physical, sensory, and bioactive quality indicators of
fruits of the ‘Duke’, ‘Patriot’, ‘Chanticleer’ varieties grown
in the forest-steppe of Ukraine were investigated and
their suitability for freezing was established.

LITERATURE REVIEW

Highbush blueberry berries, according to research-
ers from Ukraine (Shevchuk et al,2021), France (Brat et
al, 2006) and other countries of the world (Smrke et al.,
2021), are a source of nutritional biologically active sub-
stances that are useful for the human body. They con-
tain a significant number of compounds that have an
antioxidant effect, in particular: vitamin C, polyphenols,
flavonoids, anthocyanins, and chalcones. Anthocyanin
substances, which are more than 500 in highbush blue-
berries, provide its fruits with a characteristic black
colour. Anthocyanins have become the subject of many
scientific studies, mainly for two reasons: their benefi-
cial effects on human health and their use as potential
sources of natural food colouring.

Natural extracts of these pigments are used in the
food industry as a natural dye, which is an environmen-
tally friendly alternative to synthetic ones (Mullen et al,
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2002). In addition to anthocyanins, blueberries contain
flavonoids, which are a subgroup of polyphenols. It is the
latter that are of particular interest to human health re-
searchers because of their antioxidant activity (Brat et al,
2006). The largest and most diverse group of polyphenols
are flavonoids, which are found in the form of free mole-
culesorbound tosugars.Flavonoids are characterised by a
wide range of health benefits and are used in the pharma-
ceutical, medical, and cosmetics industries. This is condi-
tioned by their antioxidant, antiinflammatory, antimuta-
genic, and anticarcinogenic properties, combined with
theirabilitytomodulate key functions of cellular enzymes.
They are used to fight diseases such as cancer, Alzheim-
er’s disease, and atherosclerosis (Panche et al, 2016).

Chalcone substances are another subclass of flavo-
noids. They are also known as open-chain flavonoids.
Chalcones, like flavonoids, have anticancer, antioxidant,
antibacterial, antiinflammatory, antitumor, cytotoxic,
and immunosuppressive properties. But due to their bi-
ological and morphological characteristics, the fruits of
highbush blueberries are not endowed with good shelf
life. The maximum period during which they can main-
taintheir quality indicatorsis 1-3 months, so producers of
highbush blueberries are faced with the task of extend-
ing the shelf life of this type of product while maximally
preserving sensory and bioactive indicators of its quality.

One of the most effective ways to store fruits for
a long time, which minimally affects their quality, is
freezing (Neri et al, 2020). With this method of pro-
cessing, a significant amount of biologically valuable
substances containing fruits is preserved, which allows
the population to consume natural and useful products
throughout the year (Michalska & Eysiak, 2015). Freezing
inhibits many metabolic processes in fruits, slows down
the growth kinetics of microorganisms, and ultimately
prevents degradation reactions of important biological
substances, which mainly affect the deformation of the
texture and structure of the product and worsens the
characteristic colour of berries (Neri et al, 2020).

Processing and storage conditions cause a gradual
decrease in the content of nutritionally valuable com-
ponents, including vitamin C in berries (Skupien, 2006) .
The vitamin C content of berries is influenced by numer-
ous factors: genetic variation, ripeness, climate, meth-
ods of cultivation, harvesting, and storage (Davey et al.,
2000), therefore, the content of this vitamin in berries is
highly variable (Skupieni, 2006).

Based on the considerable amount of scientific lit-
erature, it is established that the issue of changes in the
content of biologically active substances in the fruits of
highbush blueberries during freezing and defrosting is
rather underinvestigated, so the studies performed are
relevant and necessary. They will be useful both for sci-
entific breeders to further conduct the breeding process
for creating new varieties of highbush blueberries, and
for producers when choosing raw materials for freezing.
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MATERIALS AND METHODS

The study was conducted during 2020-2021. The ob-
jects of the study were the fruits of highbush blueber-
ries - varieties of American selection ‘Duke’, ‘Patriot’,
‘Chanticleer’. Fruits for laboratory tests were selected
at the experimental sites of the laboratory of selection
and technology of berry crops cultivation of the Insti-
tute of Horticulture of the National Academy of Agrar-
ian Sciences (IH NAAS) of Ukraine. The weight of one
sample was one kilogramme. Its geographical location
is in the forest-steppe zone of Ukraine, altitude above
sea level - 187 m (50° 27°16°N, 30° 131°25'W), distance
to Kyiv — 4.0 km. Year of creation of plantings - 2016,
planting scheme 1x3 m, the soil of the site is grey forest
medium loamy. The system of soil retention in a row is
mulching with sawdust, in the row spacing - sodifica-
tion. The experiment was laid without irrigation, the care
of plantings is recommended for the forest-steppe zone
of Ukraine (Balabak et. al,, 2017).

Thezone'sclimateistemperatecontinental. According
tolong-termdata, the average air temperature was +9.7°C
andtheamountofprecipitationfortheyearwas466.3mm.
The minimum average long-term temperature - neg-
ative 28.4°C (February), the maximum - 37.7°C (August).
Analytical research
Analytical research was conducted in the laboratory of
post-harvest quality of fruit and berry products of the
Institute of Horticulture of the National Academy of
Sciences of Ukraine. On the day of fruit collection, the
content of vitamin C, total polyphenols, anthocyanins,
flavonoids, and chalcones was determined. Laboratory
tests were conducted on blueberries in a state of con-
sumer ripeness with a characteristic shape and colour
for each of the studied varieties according to the ‘Meth-
ods of assessing the quality of fruit and berry products’
(Kondratenko et.al.,, 2008). Crushed analytical samples
of fruits to determine the content of biologically active
substances in them were prepared using a laboratory
homogeniser.Theberrieswereweighed onananalytical
scalewithanaccuracyofuptothesecondsign.Biochem-
ical studies were performed in threefold repetition.

Highbush blueberries were frozen in a Samsung
RZ32M7110SA/UA freezer, at a temperature of -24°C,
in plastic containers. They were stored at a tempera-
ture of negative 18-20°C for six months. At the end of
storage, weight loss in frozen fruits was determined.
After that, the fruit was thawed at room temperature
(+20°C) for 6 hours. Juice losses were determined in
defrosted berries. Weight and juice losses were meas-
ured by weighing on analytical scales with accuracy
up to the second sign, expressed in% of the weight of
the fresh sample.

Determination of the content of nutrients was car-
ried out in fresh and defrosted berries.

Vitamin C content (ascorbic acid) was determined ac-
cording to the method based on its extraction from berry
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samples with a mixture of 2% aqueous oxalic solution
and 1% aqueous hydrochloric acid solution (80:20). 5 g of
crushed fruit was ground using broken glass and trans-
ferred to a measuring flask with a capacity of 100 ml.
The contents of the flask were brought to the mark with
a mixture of 2% oxalic and 1% acetic acids (80:20) and
left for extraction for 10 minutes. The resulting extract
was filtered through a cotton wool filter into a 100 ml
flat-bottomed flask. In a glass with a capacity of 50 ml,
10 ml of the extract was added and titrated from the mi-
croburette with a solution of 2.6 — dichlorophenol-indo-
phenol with sodium salt (Tilmans paint) until a slightly
pink colour appeared, which did not disappear for 1 min.
According to the amount of paint that was used for ox-
idation, the content of vitamin C is determined, and a
mixture of oxalic and acetic acids is used for control
(Kondratenko et.al. 2008).

Total polyphenol content was determined according
to a method based on the extraction of phenolic sub-
stances from berry samples with ethyl alcohol. To do this,
5 g of crushed berry samples were added to a porcelain
mortar, a small amount of ethyl alcohol was added and
filtered under vacuum on a Buchner funnel through a
blue ribbon paper filter into a Bunsen flask. The residue
on the filter was washed with a small amount of ethyl al-
cohol until the sample was completely discoloured. The
number of washes depended on the intensity of staining
of the sample and was 3-5 times. Record the volume of
alcohol used in ml. 79 ml of distilled water, 0.1 ml of Ex-
tract, 1 ml of Folin-Denis reagent were added to the test
tube, mixed and after 3 minutes 1 ml of saturated sodi-
um carbonate solution was added and mixed again. For
an hour, the optical density of the contents of test tubes
was recorded on an ULAB 102UV spectrophotometer at a
wavelength of 640 Nm. For control, a mixture prepared
from 8 ml of distilled water, 1 ml of Folin-Denis reagent
and after 3 minutes, 1 ml of saturated sodium carbonate
solution was added.

Total polyphenol content in the sample was calculat-
ed by equation (1):

— A-V-100 (1)

X )
2B

where: X - total polyphenol content in the sample,
mg/100 g; A - amount of chlorogenic acid in the volume
taken for spectrophotometric determination, found on
the calibration graph, mcg; V - total volume of the final
extract of the sample, ml; V, - volume of aliquot of the fi-
nal extract of the sample taken for analysis, ml; M - sam-
ple weight, g (Kondratenko et. al, 2008).

Anthocyanin and chalcone content was determined
by spectrophotometric method (ULAB 102UV spectro-
photometer). The absorption of extracts was determined
at wavelengths of 530 and 364 Nm, respectively, using an
alcohol extract from plant homogenate acidified with
3.5% hydrochloric acid (Kryventsov, 1982).

)

Flavonoid content was determined by absorption
spectrophotometry by measuring the absorption of a fla-
vonoid complex with a 3% aluminium chloride solution.
AnULAB 102UV spectrophotometer with a wavelength of
410 Nm was used for the measurement (Vronska, 2018).
Statistical analysis
Statistical data processing was performed using STATIS-
TICA 13/1 (StatSoft, Inc., USA). The results are presented
as averages with their standard errors as the mean +
standard error (x+SE). Differences between repetitions
and relative to the average intersort value were deter-
mined using ANOVA statistical model. The results of the
research are presented at the level of reliability in P<0.05.
Two-factor variance analysis of the materiality of the in-
fluence of the genotype of the variety and weather and
climatic factors on the content of biologically active sub-
stances in the fruits of highbush blueberries and corre-
lation analysis were performed in Excel software suite,
Data Analysis tab.

RESULTS AND DISCUSSION

1.Sensory and physical indicators of the quality of fro-
zen and defrosted highbush blueberry fruits

Weight loss of fruits during frozen storage and juice af-
ter their defrosting is a physical indicator that depends
on the freezing temperature, defrosting rate, and va-
rietal characteristics (Odarchuk et. al., 2020). It is from
these physical characteristics of fruits that their ap-
pearance depends, which is normalised by the require-
ments of DSTU 4837:2007 (2008). According to the spec-
ified standard, 95% of frozen blueberries should be not
cracked, and after defrosting without excessive juicing,
the number of frozen blueberries should not exceed 10%
of the total volume of the sample, and the colour should
be uniform and characteristic of the berries of this varie-
ty, taste without extraneous flavour. According to the re-
sults of organoleptic analysis, the fruits of all the varieties
under study were of the highest grade, they were whole,
not deformed, and without foreign taste and smell.

In the process of freezing and storing in a frozen
state, the weight loss of blueberry fruits ranged from
0.20 (‘Duke’) to 0.37% (‘Patriot’), an intermediate val-
ue (0.21%) was found in the ‘Chanticleer’ variety (Fig. 1).
These figures are significantly lower than those of red
currants, where, according to research conducted by
Y. Tereshchenko (2018), they were 1.5-1.8%.

Highbush blueberries of the ‘Duke’ variety after their
defrosting had not only the smallest weight loss, but also
the smallest juice loss (0.71%), they were more significant
in the ‘Chanticleer’ variety (1.3 %), slightly smaller - in
‘Patriot’ (0.87%) (Fig. 1).

Considering the data obtained and comparing
them with the results on juice losses of fruits of various
crops, in particular, currants (2.7-4.9%) (Tageshchepko,
2018), cherries (4.8-7.1%) (Voitok, 2018), strawberries —
10.7% (Simakhina, 2019) and 16.9% (Odarchuk et. al,
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2020), as well as sweet cherries of different maturation
periods (13.6-22.9%) (Ivanova et. al., 2019), blueberries

from among all the above fruits have the least juice loss
after their defrosting.

2,00 130
150 [
0.87 W Duke
100 —
0.21
® 0.37 - || Patriot
0.20 T
0.50 -
Chanticleer
0.00
Weight loss Juice loss

-0.50

Figure 1. Weight and juice loss of highbush blueberries, % to fresh fruits (average for 2020-2021)

2.Vitamin C content of defrosted blueberries

According to Rafal Nadulski et al. (2019), highbush
blueberries are not considered a source rich in vitamin
C. They found a low content of this vitamin in fruits -
6.75+1.06 mg/100 g of weight. Similar data were ob-
tained by Latvian researchers. The fruits of highbush
blueberry varieties studied by them contained from
7.43 to 9.98 mg/100 g by weight of ascorbic acid (Ozo-
la §Duma, 2019). Blueberries grown in Romania accu-
mulated this vitamin from 18.40 mg/100 g (‘Blueray’) to
13.79 mg/100 g ‘Duke’, average value - 16.28 mg/100 g
(Ciucu-Paraschiv § Hoza., 2021). While blueberry fruits
ofthe ‘Bluecrop'varietygrownin Turkeyhad avitamin C
content 0of 39.10 mg per 100 g of raw weight, which is sig-
nificantly higher than fruits from Poland and Romania,
aswell as berries of wild forms of this crop, which accu-
mulated thisvitamin from 4 to 8 mg/100 g of raw weight
(Celik et al., 2018). According to B. Silenko and S. March-
enko (2013), fruits of highbush blueberries under grow-

ing conditions in the Right-Bank part of the western
forest-steppe of Ukraine can accumulate from 15.19
(‘Patriot’) to 34.72 (‘Dzhonni’) mg/100 g of ascorbic acid.

According to the conducted studies, the fruits of high-
bush blueberries in the conditions of the forest-steppe
of Ukraine accumulate 18.24 mg/100 g of raw weight of
vitamin C (average forvarieties), whichis atthelevel of data
obtained by Romanian researchers (Bunea et al., 2011) and
more than the indicators obtained by Polish researchers
(Szajdek § Borowska, 2008). The highest amount of it was
observedin fresh fruits of the ‘Duke ‘variety -19.0 mg/100 g
of raw weight, the lowest - in ‘Chanticleer’ berries
(176 mg/100 g of raw weight) (Fig. 2). Somewhat similar
data were obtained in the laboratory of the horticultural
Institute, but for other varieties, in particular, the amount
of vitamin C in fresh blueberries ranged from 20.0 mg/100
g of raw weight (‘Reca)) to 270 mg/100 g of raw weight
(‘Elisabeth’) with an intermediate value of 22.5 mg/100 g
of raw weight (Bluegold’) (Shevchuk et al, 2021).

20

M fresh

Duke

Patriot

M defrosted

Chanticleer

Figure 2. Vitamin C content in fresh and defrosted blueberry fruits, mg/100 g of raw weight (average for 2020-2021)
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The fact of a decrease in the amount of vitamin C dur-
ing fruit storage and defrosting has been established by
many researchers (Skupien, 2006; Simakhina§Khalapsi-
na,2015).Inparticular, K. Scupienetal (2006),argue thatas
the shelflife of frozen berries increases, the loss of this vi-
taminincreases. Asaresult of the conducted studies, con-
firmation of previously obtained data was found, namely,
the content of ascorbic acid in the studied deforstated
blueberry fruits remained at the level of 62-76%, depend-
ing on the variety (Poiana et. al, 2010b). The fruits of the
studied varieties of highbush blueberries, after storage in
a frozen state and defrosting, quite significantly lost their
vitamin C content. The lowest losses of this vitamin were
in the variety ‘Chanticleer’ (8%), twice as high in ‘Duke’
(19%), and the largest in ‘Patriot’ (34%). The significance of
the difference in the obtained data is explained by the dif-
ferent strength of fruit cells of different varieties, which
during freezing causes cryogenic damage to them, and
in the future, the process is accompanied by oxidation of
ascorbic acid. The data obtained largely do not agree with
the results of studies by Polish researchers, who note that
blueberries lost from 57% (‘Bluecrop’) to 72% (Jersey’) of
vitamin C during 6 months of storage (Skupieni, 2006).
Similar data were provided by G. Simakhina et al. (2019),
which noted that the loss of vitamin C in highbush blue-
berries, blackberries, and mountain ash is 55.6-71.0%.

3.Content of total polyphenols and flavonoids in fresh
and defrosted highbush blueberry fruits

Findings of L. Shevchuk (2021) showed that the
content of total polyphenols in highbush blueber-
ries ranges from 280.4 to 494.4 mg/100 g of fresh
fruit weight, similar indicators of the content of
these substances were obtained by W. Zheng and
S.Y. Wang (2003) for blueberries of the ‘Sierra’ va-
riety - 410 mg/100 g. According to research held in
Romania, their number in the fruits of the ‘Bluecrop
‘and ‘Duke’ varieties was 424.84-952.27 mg/100 g
(Bunea et. al., 2011). According to K. Skupien (2006),
similar to the amount of vitamin C, the highest total
polyphenol content was found in ‘Bluecrop’ berries,
and the lowest - in ‘Blueray’ and ‘Jersey’. According
tothe data obtained, the fruits of highbush blueber-
ries contained a higher amount of total polyphenols
than indicated in the studies by a number of re-
searchers, in particular, R. Moyer (2002), W. Zheng
and S. Wang (2003). The content of polyphenolic
substances in fresh fruits of the studied varieties
was 482+83 mg/100 g, significantly less than these
substances accumulated in the ‘Chanticleer’ vari-
ety (378+9.5 mg/100 g). Varietal difference of the
polyphenolic component was at the average level,
the variation coefficient was 17% (Table 1).

Table 1. Content of total polyphenols and flavonoids in fresh
and defrosted highbush blueberries, mg/100 g of raw weight (average for 2020-2021)

Polyphenols Flavonoids
Variety
fresh defrosted % change fresh defrosted % change
Duke 52419.8 422+2.5 -19 176.8+4.5 182+9.1° 28
Patriot 545+7.4 417+8.1 -23 171.8+4.4 160.3%£5.9* -7
Chanticleer 378+9.5° 344+8.5° -9 127.2+4.0° 106.0£3.4° -17
Average by variety 482+83 394+43 -18 158.6+24.8 149.4+3.4 -6
min 368 336 - 1231 91.7 -
max 564 447 - 187.0 189.9 -
Variation coefficient 17 11 - 16 23 -

Note: the upper indices (a and b) in the lines next to the indicators indicate significantly different values of polyphenols and
flavonoids relative to the average indicator (x) for the study group at P<0.05

After freezing and defrosting, the greatest loss of
polyphenols was observed in ‘Patriot’ variety (23%),
while the lowest loss was observed in ‘Chanticleer’ (9%).
Thus, the polyphenolic component of the studied de-
frosted fruits of highbush blueberries was the highest
in the ‘Duke’ variety (422), slightly less contained in ‘Pa-
triot’ (417), and the least - ‘Chanticleer’ (394 mg/100 g),
which did not significantly change the picture regarding
the amount of these substances that was in fresh fruits
(Table 1). Significantly greater losses of the above sub-
stances in the fruits of blue honeysuckle were noted by

R. Khattab et al. (2015). Scientists have found that stor-
ing frozen at negative 18°C for six months reduces the
content of total polyphenols by 37.08%. Other research-
ers have also observed the process of reducing polyphe-
nolic substances in the fruits of highbush blueberries in
their studies (Skupien, 2006). K. Skupien (2006) proved
that the materiality of losses can depend on both freez-
ing conditions and varietal characteristics. M.-A. Poia-
na, D. Moigradean (2010b) and K. Skupien (2006) proved
that after 10 months of storage, there is an accelerated
degradation of anthocyanin substances, which are a

: @ Plant and Soil Science (13) 4
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component of polyphenols, in particular, in highbush
blueberries by 13% compared to the amount that was in
fresh berries. This is confirmed by the data of the con-
ducted studies. Significantly greater losses of the above
substances were noted by R. Khattab et al.(2015), but in
the fruits of blue honeysuckle. He found that storing fro-
zen at -18 °C for 6 months reduced the total phenol con-
tent of the fruit by 37.08%.
Ingeneral,thevariationinthecontentoftotalpolyphe-
nols in fresh blueberries was average, the coefficient of
variation was 17, and in defrosted blueberries it was insig-
nificant, the corresponding indicator was 11 % (Table 1).
Fresh fruits of highbush blueberries of the varie-
ties under study contained 158.6 mg/100 g of flavonoids.
Significantly less than the average value for the studied
varieties, their value was accumulated by berries of the
‘Chanticleer’ variety (127.2 mg/100 g), the amount of fla-
vonoids in the other two varieties was higher, and was
equal to: 171.8 (‘Patriot’) and 176.8 mg/100 g (‘Duke’). In
the process of freezing and defrosting, there was a sig-
nificant reformatting of the biochemical component of
the fruit, which resulted in a significant increase in the

flavonoid component in the fruits of the ‘Duke’ variety
(by 28%), a decrease in their number, by 17%, was in the
‘Chanticleer’ variety and by 7% - in ‘Patriot’ (Table 1).
4.Anthocyanin and chalcone content in fresh and de-
frosted highbush blueberry fruits

Compared to other crops, blueberries are a significant
source of anthocyanins (Grace et. al., 2019; Smrke et. al,
2021). According to K. McGee and M.C. Walton (2007),
100 g of its fruit can provide up to several hundred mg
of anthocyanins. According to the conducted studies, the
‘Duke’ berry (162.9 mg/100 g) was significantly higher in
anthocyanin content among the studied varieties. The
other two varieties contained them from 59.4 (‘Chanti-
cleer’) to 86.9 mg/100 g (‘Patriot”), these data indicate a
significant varietal difference, the coefficient of variation
is 47%. Storage for 6 months of highbush blueberries of
the ‘Duke’ and ‘Patriot’ varieties in a frozen state and af-
ter defrosting caused a decrease in the anthocyanin con-
tent by 26 and 22%, respectively. The opposite trend was
observed in blueberry fruits of the ‘Chanticleer’ variety -
the anthocyanin content increased by 15% and amount-
ed to 68.5 mg/100 g (Table 2).

Table 2. Anthocyanin and chalcone content in fresh and defrosted highbush blueberry fruits,
mg/100 g of raw weight (average for 2021-2022)

Anthocyanins Chalcones
Variety
fresh defrosted % change fresh defrosted % change

Duke 162.9+2.1° 121.1+2.1° -28 32.5%1.5° 34.7+2.4° 7
Patriot 86.91+2.1 68.1+2.0 -22 25.5+1.2 30.6+1.6 20
Chanticleer 59.4+1.3 68.5+1.8 26 15.6+1.5° 23.5+1.7° 51
Average by variety 103.1+47.0 85.9+27.9 -17 24.5+7.6 29.6+5.7 21
min 58.1 56.35 - 141 21.7 -

max 164.9 123.05 - 33.9 36.0 -
Variation coefficient 47 33 - 32 19 -

Note: the upper indices (a and b) in the rows next to the indicators display significantly different values of anthocyanins and

chalcones relative to the average indicator (x) for the study group at P<0.05

Long-term frozen storage of blueberries did not
significantly affect the total polyphenol content, antho-
cyanins, or antioxidant activity (Scibisz §Mitek, 2007).
However, a number of researchers who have conduct-
ed research with other cultures indicate the opposite,
in particular A. Hartmann et al. (2008) found that the
amount of vitamin C and anthocyanins in defrosted
strawberries was significantly lower than in fresh ones.
Significant losses of the same substances, but in fro-
zen pomegranate juice, were reported by H. Mirsaeedg-
hazi et al. (2014), in cherry fruit - by A. Chaovanalikit §
R.E. Wrolstad (2004), in frozen strawberry, cherry and
cherry juices - by M.A. Poiana et al. (2010a). The degrada-
tion effect is explained by the storage of fruits in a frozen
state and the defrosting process (Celli et al.,, 2016). These
statements are also consistent with the results ob-
tained in the study on strawberries (Poiana et al., 2010a),

cherries and mazzard (Poiana et al., 2010a), and blue hon-
eysuckle berries (by 46.34-59.24%) (Khattab et al., 2015).
L.M. Shevchuk (2019) found that in apple fruits, the
amount of chalconesvaries from4.3t011.8 mg/100 gand
prevails over the amount of anthocyanins, which is not
typical for red-coloured fruits, in particular, their con-
tent in black currants is 40-100 mg/100 g, in strawber-
ries —15-28 mg/100 g, while the proportion of chalcones
does not exceed 10 mg/100 g. A small number of chal-
cones (1.5-7.0 mg/100 g) was observed in red-coloured
raspberries. The lowest content of these substances in
fresh blueberry fruits was found in the ‘Chanticleer’
variety (15.6), and most of them were contained in the
‘Duke’ variety (32.5 mg/100 g). Under the influence of
low freezing and storage temperatures, as well as the
defrosting process, the number of chalcones in all the
studied varieties increased significantly. In particular,
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in ‘Chanticleer’ - by 51% and equal to 15.6 mg/100 g, in
‘Patriot’ — by 20%, in ‘Duke’ - by 7% (Table 2).

CONCLUSIONS

Accordingtotheresults of organoleptic analysis, frozen
fruits of highbush blueberries of the varieties ‘Chanti-
cleer’, ‘Patriot’, and ‘Duke’ met the requirements of the
highest commercial grade. The lowest weight loss after
long-term storage in the frozen state and juice after de-
frosting was in the fruits of blueberries of the ‘Duke’ va-
riety - 0.20 and 0.71%, respectively. Fresh berries of this
variety in the process of growth in the forest-steppe of
Ukraine accumulated the greatest amount of vitamin C
(19.00 mg/100 g), polyphenols (524 mg/100 g), and an-
thocyanins (162 mg/100 g). In the process of freezing
and defrosting, the losses of the first two of these sub-
stances were 19% each, anthocyanins - 28%, and the
flavonoid and chalcone components of ‘Duke’ berries
were also the highest (176.8 and 32.5 mg/100 g) com-
pared to other varieties.

Blueberries of the ‘Chanticleer’ variety, during 6
monthsofstorageinafrozenstateatatemperature ofneg-
ative 18-20°C, lost 0.21% of their weight. The loss of ascor-
bicacid after defrostingwas 8%, polyphenols —17%, but the

contentofanthocyaninsand chalconesincreased by 51and
26%,respectively,compared tothe contentin freshberries.

The content of vitamin C, flavonoids, and antho-
cyanins in highbush blueberries of the ‘Patriot’ variety
during freezing storage decreased by 34.7 and 22%, re-
spectively, and the chalcone part increased (+20% to its
original content) and amounted to 30.6 mg/100 g.

The result of the above is that the most suitable for
freezing and storage in a frozen state, according to a set
of quality indicators, is the ‘Duke’ variety. Therefore, this
variety should be recommended to producers for creating
plantings, the intended purpose of which is processing by
freezing. ‘Duke’ and ‘Patriot’ varieties are distinguished
by a significant content of common polyphenols, which is
a valuable component of the nutritional quality of fruits.
Therefore, both of these varieties can be involved as donors
of economically valuable traits for further breeding work.

Inordertoclearlyunderstandtheadaptabilityofhigh-
bush blueberries to the conditions of Ukraine, it is neces-
sary to continue studying the quality of fruits, including
their size, shape index, crushing force, and the content
of basic organic components and trace elements, which
would be valuable not only for the breeding process but
also for the food industry and pharmaceutical industry.
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HyTpieHTHOUIHHa cKNlapaoBa CBXUX Ta 3aMOPOXKEHUX NJIOAIB YOPHULI
BUCOKopocnoi (Vaccinium corymbosum L.)

AHOTaUif. AKTyaJbHICTb OOCITIIKeHh O6YMOBJI€HA 3HAYHOIO IMOMYJIAPHICTIO YOPHUI BHCOKOPOCJOI Cepep
CIIOKMBAYIB, Ky BOHA 3706yJIa 3aBAAKU 36aJIaHCOBAHOMY CMaKy, Ta BMIiCTy KOPUCHUX [IJIs OPTraHi3My JIIOAMHU
MOKUBHUX 1 6i0aKTUBHUX pedyoBUH. TOMy MeETOI0 MPOBENEHUX NOCTIKeHb 6YI0 BCTAHOBJIEHHS MPUAATHOCTI
mwionie coptie ‘Duke’, ‘Patriot, ‘Chanticleer’ mo 3amMoposkeHHs Ta 36epiraHHS y 3aMOpOKEHOMY CTaHi. 3amjs
IOCATHEHHHS MeTu O6y/MM 3acTOCOBaHi 6GioMeTpuyHi, labopaTopHi, aHANITUYHI Ta CTATUCTUYHI MeTOLU
TOCIiAReHH . B pe3ynbTaTi IpoBefieHUX OOCIIiAKeHb BCTAHOBJIEHO, 1110 3aMOPO’KeH] IUI0A Y YOPHULLi BUCOKOPOCIIOL
mocmimryBaHux coptiB ‘Duke’, ‘Patriot’, ‘Chanticleer’ Bigmomimanu BuUMOraM BHUIIOTO TOBApHOTO COPTY 3TiZHO
OCTY 4837:2007. OedpocToBani Arogy copty ‘Duke’ BUPi3HAINCA KpalllM 30BHIIIHIM BUTJIALOM HiXK IBa iHIIMX
IOCITiIKyBaHUX COPTH, 6YJIM HE3MOPIIEHNMHU 3 IPUTAMaHHUM JaHOMY BUJY IUIOJiB BOCKOBUM ITOKPUTTSAM, BTPaTH
ix Macu y mpolieci 3aMoposkeHHs cTaHoBwIu 0,20%, a coky micnsa gedpocratii — 0,71%. YopHUIIA BHCOKOpOCa
coptiB ‘Duke’, ‘Patriot’, ‘Chanticleer’ B ymoBax Jlicocteny Vkpainu HaronudyBaa Bif 17,6 mo 19,0 mr/100 r BiTaMiHy
C, 378-545 Mr/100 r mosnipeHOTpHUX pedoBUH, 127,2-176,8 Mr/100 T ¢naBoHOiIniB, 59,4-162,9 Mr/100 T aHTOIliaHiB
Ta 15,6-32,5 Mr/100 T xanKkoHiB. Hai6inbIy KiNbKiCTh HYTPiEHTHOLIHHUX PEYOBUH MICTUIM PO3MOPOIKEH] Arogu
copty ‘Duke’, mpu 1bOMy BTpaTH B IIpoLieci 3aMOpOosKeHHS Ta AedpocTallil craHoBuId: Bitaminy C - 2,7 Mr/100 T,
3arayIbHUX MostidpeHosiB — 102 Mr/100 T, aHToLiaHiB — 41,8 Mr/100 r. [[aHi OTpUMaHUX AOCTiI)KEHb MalOTh TPAKTUYHY
L[iHHICTb J/IS CaZiBHUKIB IIpY BU6OPi COPTY 11 CTBOPEHHS HacaI)KeHb YOPHULI BUCOKOPOCJIO], IIOAY IKUX MOJKHA
BUKOPHCTOBYBATH SIK [IJIf CIIOKMBAHHS ¥ CBI)KOMY BUTTIAL, TaK i 3aMOpOKeHH

Kniou4oBi cnoBa: nosideHomny, BiTaMiH C, aHTOLiaHY, XaJIKOHU, GpJIaBOHOIAU
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