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INTRODUCTION

In modern environmental conditions in the field of
nutrition, there is an urgent task of organising health-
improving nutrition for the population. Scientific devel-
opments (Sloan, 2022; Veerapandi et al., 2022; Osokina
et al., 2019) aimed at searching for raw materials with
a high content of biologically active substances and
developing new food technologies using it.

A valuable technical raw material is a multivi-
tamin culture of black currant, the fruits of which have
high dietary and medicinal properties with a natural
content of functional ingredients, as a complex non-me-
dicinal complex that provides a reliable therapeutic
and preventive effect. In terms of the content of essen-
tial substances that should regularly enter the human
body — ascorbic acid (100-300 mg/100g) and polyphe-
nolic substances (over 1,000 mg/100g), it has no equal
among fruit and berry crops (Veerapandi et al., 2022;
Osokina et al., 2019; Ongkowijoyo et al., 2018).

The Ukrainian juice market is developing extremely
dynamically. And this applies not so much to the capac-
ity of the market, but to its assortment content. The juices
presented on the market are close to the world stand-
ard in terms of not only taste, but also the appearance of
packaging.

Blackcurrant juices belong to one of the main cat-
egories of natural food products of high and low calo-
ries, which are carriers of biologically active substances.
They can considerably diversify your daily diet. However,
the range of blackcurrant juices on the market is limited.
This is primarily due to the lack of proper technology
that would consider the specific features of raw materi-
als. Classical methods of obtaining juices are inefficient
in this case. There are numerous factors involved, which
are listed below.

Due to the phenomena of adsorption and cap-
illarity, some juice remains in the pomace and reduces
the percentage of yield. At the same time, solid particles
also enter the extracted liquid. Juice losses in pomace
are not only quantitative, but also qualitative ones. The
latter are conditioned upon that taste, aroma and col-
our substances are mainly found in cells that are difficult
to destroy during juice extraction (Osokina et al., 2020;
Deinychenko et al., 2020).

The chemical composition of fruit juice from dif-
ferent tissues is dissimilar. If for most types of raw mate-
rials, it is desirable to extract biologically active sub-
stances of juice from the main tissue, trying not to occupy
the juice of the integumentary and mechanical tissues,
then for black currant fruits, on the contrary, as much as
possible from the integumentary tissue, in which colour-
ing substances are mainly localised. The so-called extrac-
tives determine the value of the juice (Ongkowijoyo et al.,
2018).

The cell wall comprises plasma and cellulose-
pectin layers. The latter is mainly permeable to solu-
bles, and the plasma layer is the main barrier to them. It
is mainly represented by hydrophilic colloids (proteins,
lipids), which constantly interact during vital activity.
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Therewith, processes of partial coagulation, dissolution,
or compaction are often observed. Changes in the inter-
nal structure of the plasma layer occur not only during
natural die-away, but also during destruction at high
temperature (Newman & Cragg, 2020). Therefore, fruit
juice production depends on the cellular permeability
of the fruit tissue. The juice in fruits is located in cel-
lular vacuoles, protoplasm and partially in intercellular
spaces and is firmly retained by a living cell (Osokina
et al., 2021). The main factor that inhibits juice production
is the protoplasm of cells.

Natural blackcurrant juices are highly acidic. Con-
sidering the high extractive ability of natural blackcur-
rant juice, it is considered as a semi-product for the man-
ufacture of juices with sugar.

In addition, the data presented in the scientific
literature on changes in the quality indicators of black-
currant juices are ambiguous (Osokina et al., 2019;
Osokina et al., 2021; Flaumebaum et al., 1986), they are
difficult to compare due to the lack of research in the
dynamics of production; there is no single approach to
evaluating the results.

The purpose of this study is to establish rational meth-
ods of preliminary heat treatment of raw materials to
increase the yield of juice and their impact on changes
in quality indicators. For this, it is necessary to develop
criteria for evaluating the efficiency of extracting juice
from black currant fruits and investigate the preserva-
tion of ascorbic acid, which determines the biological
value during cooking.

LITERATURE REVIEW

According to N.M.Osokina et al. (2021), the content of
cellular juice in blackcurrant fruits is 88-94%. However,
upon extracting the juice, it has never been possible to
completely separate the liquid and solid phases of the
fruit. Furthermore, natural blackcurrant juice has its dif-
ferences, the objective reasons for which are as follows:
1. According to the biophysical theory of juice pro-
duction B.L.Flaumenbaum et al. (1986), with the loss of
semi-permeable properties of the protoplasm, the abil-
ity of raw materials to retain juice is lost, which is con-
ventionally achieved by mechanical grinding of fruits.
A comparative evaluation of mechanical impact meth-
ods (Ongkowijoyo et al., 2018), such as cutting, hitting,
crushing, abrasion, showed that for quinces and apples
with the appropriate degree of grinding, it is possible
to achieve considerable juice yields, for fruits of black
currants, plums, gooseberries, apricots, the degree of
cell damage is not great: upon cutting — 20-30%, upon
crushing — up to 40%. It was found that for black cur-
rant fruits, the degree of cell damage upon grinding is
31%, upon crushing — 40%. Other types of mechanical
impact are even less efficient. Therefore, after mechan-
ical grinding, it is possible to extract only up to 25% of
the juice (Backhall et al., 2018; Deinychenko et al., 2020;
Conidi et al., 2020b).
One of the components of the juice output is the
degree of grinding. Upon pressing a well-ground mass,




the juice is released from its outer parts, compaction
(moulding) occurs, which prevents the juice from flow-
ing out of the inner parts, and the juice extraction is
noticeably reduced. Upon a uniform loose state, drain-
age is provided during pressing, which contributes to
the flow of juice. The degree of grinding under the same
conditions affects the amount of sediment, turbidity, and
emergence of the juice (Paniuta, 2019).

There are limits to the grinding of slices, at which
the best juice production is observed. The lower limit —
under 0.1 mm is limited by the very nature of fruits and
berries. Depending on the type of raw material, the par-
ticle size is from 1 to 8 mm. When studying the degree
of grinding of black currant fruits (from 1.25 to 7 mm),
the best juice output in terms of particle size was estab-
lished — 3.5 mm (Flaumenbaum et al., 1986).

1. According to the anatomical structure in the juicy
part of the black currant pericarp, only the mesocarp
with bubble-like cells is filled with watery cell juice, and
the endocarp, which is factually fruit pulp, due to the
sliming of arillus cells represented by pectin gel, has
a slimy consistency that complicates the separation of
juice (Cherevko et al., 2020).

2.The completeness and speed of juice extraction
from black currant fruits is associated with pectin sub-
stances. Their splitting can loosen the tissues, reduce the
viscosity of the juice, and facilitate its separation. Forms
of pectin substances in raw materials are in a mobile
state and largely determine the physical and mechanical
properties of fruit tissue. As a hydrophilic biopolymer,
pectin increases the water retention capacity of plant
tissue (Deinychenko et al., 2020; Conidi et al., 2020b).

The destruction of structural polymers that make
up the median plates of plant cells leads to the break-
down of connections between cells and causes the
breakdown of tissue into individual cells. The intercel-
lular protopectin of the median plates is connected to
each other by ionic and covalent bonds. The destruc-
tion of ionic bonds is ensured by heating at pH<4.5
(Castro-Munoz, 2019).

1. The juice in black currant fruits is a biological
fluid belonging to a heterogeneous dispersed system.
Adsorption processes occur on the surface of the dis-
persed phase particles, which lead to stabilisation of
the colloidal juice solution, which prevents the outflow
of juice upon pressing (Blackhall et al., 2018).

2. The shape, nature, and degree of strength of
water bonds with fruit pulp affects juice extraction. In
black currant fruits, the total amount of bound water in
the form of osmotically bound and colloidal bound is
78%. Osmotically bound water in currant fruits occu-
pies only about 46%, while in apple, pear, and cherry
fruits — 60-70% (Osokina et al., 2021). It forms flabby
fibrous structures of pectin substances between which
there is a spatial grid, the cells of which are filled with
water molecules, which can be extracted during the pro-
duction of juice under conditions of preliminary prepara-
tion of raw materials — heat treatment and others that
destroy the structural grid.

The proportion of colloidal-bound (adsorption)
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water in currant fruits is 32%, while in apple, pear, and
cherry fruits it is 15-25% (Osokina et al., 2021). It occurs
because of the concentration of water molecules in the
surface layer of colloidal particles of the product, which
is part of the micelles of various hydrophilic colloidal
solutions — proteins, polysaccharides. Extracting such
water is quite difficult.

1. Heat treatment of juices substantially affects the
preservation of biologically active substances. Pasteuri-
sation of juices for inactivation of enzymes and destruc-
tion of microorganisms is carried out without oxygen
access to prevent a decrease in their quality. However,
it adversely affects the taste and aroma of juices and
causes the “boiled” taste (Vishnikin et al., 2019).

2. Upon the production and storage of juices, various
biochemical changes occur associated with hydrolysis,
condensation, oxidation, reduction, and other processes
(Conidi et al., 2020a; Savas Bahceci, 2022; Denisenko
et al., 2018). Some of them are desirable for the forma-
tion and improvement of the taste properties of juices,
but most of them lead to the formation of undesirable
or harmful substances and, thus, to a deterioration in the
quality of juice. The intensity of changes depends primar-
ily on the shelf life of the product. The chemical compo-
sition of juices undergoes noticeable changes within the
first 3 months of storage. The preservation of ascorbic
acid in black currant juices is 39-81%. According to other
sources, after 6 months of juice storage, the ascorbic acid
preservation is 54-73%, after 8 months — 37-43%. After
12 months of storage, the ascorbic acid content in the
juice decreased from 186.70 to 62.86 mg/100 g, or the
preservation was 35-45% (Savac Bahceci, 2022; Denisenko
etal.,2018).

MATERIALS AND METHODS

Research on juice extraction was conducted during
2003-2010 with black currant fruits of the varieties Minai
Shmyrey, Belarus Sweet, Novyna Prykarpattia in the lab-
oratory of the Department of technology of storage and
processing of crop production, in the Educational and Pro-
duction Department of the Uman National University of
Horticulture. Black currant plantations are located in the
central part of the Right-Bank Forest-Steppe of Ukraine.

According to the Uman Weather Station, the
region’s climate is temperate continental with unsta-
ble moisture, uneven precipitation, and unstable tem-
peratures. Features of geographical location and atmos-
pheric processes cause adverse weather events in some
years: heavy rains, hail, strong winds, droughts, high tem-
peratures in summer and low in winter, which affects
both the crop and its quality.

For this study, black currant fruits without brushes
were collected at the end of June in boxes-trays weigh-
ing 4-5 kg in dry cool weather and transported to the
laboratory. The weight of black currant fruits of each
variety is 60 kg.

Juice extraction was carried out by pressing with
a screw press (pressure 0.3-0.4 MPa) after inspection and
washing of fruits, preparation of raw materials according
to the following methods of preliminary heat treatment:
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1. Mechanical grinding to the pomace (control).

2. Heating the pomace of ground fruits at 50-55°C,
65-70°C (5 min).

3. Heating the pomace of crushed fruits at 50-55°C
(5 min).

4. Heating whole fruits with 15% water at 50-55°C
(5 min).

5. Blanching of fruits in water at temperatures of
50-55°C, 95-100°C (5 min).

6. Blanching of fruits in juice at 50-55°C (5 min).

7. Blanching of pomace in the juice of pre-pressed
fruits at 50-55°C (6 h).

The mass of the sample for pressing is 1.5-2 kg.
Repeatability — three times.

The juice yield was estimated using the general-
ised Harrington desirability function (Weishtord & Pri-
tykina, 1992).

To harmonise the taste of freshly pressed natural
juices by chemical composition, they were used to pre-
pare juices with sugar. According to the content of dry
substances and acids that are regulated by DSTU 4150:
2003, they corresponded to the highest grade. Accord-
ing to the technological instructions (Shirokov, 1974),
the composition was as follows: 60% juice + 40% sugar
(30%) syrup.

The method of preparation of blackcurrant juices
with sugar provided for mixing boiling syrup with juice,
packaging, pasteurisation at 85°C in a thermal cabinet
for 35 min, encapsulation.

In raw materials, freshly pressed natural juices
and juices with sugar (after 15 days of storage), the con-
tent of dry soluble substances, total sugar content, acid
content, and ascorbic acid content were determined. The
preservation of ascorbic acid in juices was calculated.
The sugar-acid index was calculated. Organoleptic eval-
uation of juices was performed.

The content of ascorbic acid was determined in
blackcurrant juices with sugar for 3 months, 6 months,
9 months, 12 months of storage. Its preservation in
juices was calculated using the following formula (1):

AAL Xxmy

Puy = ———1x 1009
1= 2, X 100% (1)

where AA, is the ascorbic acid content in the finished
product, g; A4, is the ascorbic acid content in the raw
product, g; m, is the mass of the finished product, g; m,
is the mass of raw product, g.
Determination methods:

— for the content of dry soluble substances — refrac-
tometric (Shirokov, 1974);

- for acid content — titrimetric (Shirokov, 1974);

- for total sugar content, invert sugar content, glu-
cose — ferricyanide (Shirokoy, 1974);

- for the content of ascorbic acid — iodometric (accord-
ing to B.P.Pleshkov (1976));
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- for fruit juiciness — acidimetric (Pleshkov, 1976);
- for preservation of ascorbic acid — according to
B.L. Flaumenbaum et al. (1986).

The repeatability of chemical analyses is three-
fold. The mass of the sample for analysis is 2 kg of fruit
or 1.5 kg of product.

Statistical processing of research results was per-
formed using variance analysis.

RESULTS AND DISCUSSION

To exclude subjectivity in evaluating the juice yield from
black currant fruits, the authors applied the general-
ised Harrington desirability function (Weishtord & Pri-
tykina, 1992).

When indicating the percentage of juice yield, the
authors assumed that according to their data, the juici-
ness of black currant fruits is, on average, 90.7% (fruits of
the Minai Shmyrev variety — 90.5%, fruits of the Belarus
Sweet variety — 89.3%, fruits of the Novyna Prykarpattia
variety — 92.3%). The yield of blackcurrant juice should
be considered efficient starting from 40%. According to
the level of desirability, juice extraction efficiency indica-
tors are distributed as follows: under 35% — very unsat-
isfactory; 35-40% — unsatisfactory; 40-48% — satisfac-
tory; 48-55% — good; over 55 % — exceptionally good.
The Harrington desirability function can be a criterion
for evaluating methods for pre-treatment of blackcur-
rant fruits to increase juice yield.

Influence of mechanical grinding on the yield and quality
of blackcurrant juices

The first and mandatory operation in preparing raw mate-
rials for juice extraction is grinding. However, the need
for grinding is quite obvious where the fruit pulp
is hard and tough, but there is doubt regarding the need
for grinding soft berries. In particular, the degree of dam-
age to the cells of black currant fruits under the influence
of mechanical grinding is small.

The studies have shown that when ground, black
currant fruits did not produce loose pomace, which
would comprise small pieces and juice, which is con-
sistent with the data of other scientists (Deinychenko
et al., 2020; Cherevko et al., 2020; Shirokov, 1974). The
pomace had a solid, homogeneous mass, from which no
juice was released at all. The degree of grinding could
only be estimated by the size of the pieces of skin out-
lined against the background of the pomace. Their size
was from 2 to 4 mm. Pressing such a pomace is quite
difficult.

According to Table 1, the juice yield during mechan-
ical grinding of fruits to pomace is low (very unsatisfac-
tory) — from 17.8% to 24.3%. On average, over 8 years
of study, depending on the variety, it was 20-22%. Fruits
of the Novyna Prykarpattia variety yielded 4-10% more
juice than fruits of other varieties.
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Table 1. Juice output from black currant fruits of different varieties,%

Year Variety
Minai Shmyrev Belarusian Sweet Novyna Prykarpattia
2003 21.8 19.0 234
2004 19.2 17.8 20.3
2005 20.1 18.6 224
2006 20.6 20.3 22.8
2007 22.0 213 243
2008 23.1 21.8 22.5
2009 22.0 20.7 20.4
2010 20.8 21.2 20.5
Average 21.2 20.1 22.1
HIP 2.7

Q5

The resulting juice had a light pink colour, high
viscosity, pleasant taste and aroma inherent in black cur-
rant fruits. However, it was devoid of the most inher-
ent feature — intense colouring. Since the colouring sub-
stances in black currant fruits are located in the peel, they
did not pass into the juice upon cold pressing and were
removed with pomace (Ozola & Duma, 2020).

The chemical composition of freshly pressed juices
was different from that of fruits. On average, the dry mat-
ter content decreased by 2.4-3.1%, the total sugar con-
tent — by 2.1-2.6%, and acids — by 4.8-7.3%. Due to high
acid losses, the sugar-acid index of juices increased by
an average of 3.7%. The content of ascorbic acid in juices
decreased by 15-21%. The low preservation of the C-vi-
tamin value of juices is associated with the high activity of
oxidative enzymes during the main technological tech-
niques — grinding and pressing.

According to the indicators regulated by the DSTU
4150:2003 standard, freshly pressed natural fruit juices
and juices with sugar met the requirements.

The addition of sugar syrup to natural juices
considerably improved their taste qualities due to
a 3-4.5-fold increase in the sugar-acid index. Depend-
ing on the variety of fruit, it was 11.3-18.7,and in some
years it increased to 20.4-22.1 or decreased to 8.5-9.9.

The C-vitamin content of juices with sugar in

comparison with natural ones is 1.7 times lower. But con-
sidering the recipe for the product, the preservation of
ascorbic acid, regardless of the fruit variety, was about 98%.

However, the key difference between blackcurrant
juices extracted by pressing mechanically ground pomace
is related to their organoleptic assessment. In appearance,
they did not correspond to natural juices due to a con-
siderable deviation from the inherent colour. However,
the juices had a pronounced smell, and the taste was
very pleasant. Over time, during three months of storage,
they quickly lost colour. The latter first turned dirty pink,
and then dirty light-brown and never once resembled the
inherent colour of blackcurrant juice. Therefore, the use
of the method of pressing ground black currant pomaces,
as an independent one, is not economically and techno-
logically expedient.

Effect of pomace heating on the yield and quality of black-
currant juices

Literature data on the dependence of black currant fruit
juice production on heat treatment are quite contra-
dictory (Osokina et al., 2021; Deinychenko et al., 2020;
Vyshnikin et al., 2019), and require clarification of tem-
peratures and processing methods. Results of heat treat-
ment of black currant pomace at 65-70°C (5 min) are
presented in Table 2.

Table 2. Juice yield depending on the method of pre-treatment of black currant fruits of different varieties,%
(three-year data are sufficient to confirm the reliability of the results)

Minai Shmyrev

Belarusian Sweet Novyna Prykarpattia

Pre-processing method

2003 2004 2005 2003 2004 2005 2003 2004 2005

Toe;::;ccil(gcg:ig? 218 192 201 190 178 186 234 203 224

Heating of thesp:n"::ce AOSTOC 404 371 389 383 364 380 423 385 410
HIP 2.0

05
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The juice output of raw materials depended on
the specific features of the variety and the year of harvest,
but the greatest impact was exerted by heat treatment
of pomace — 83%.

The yield of juice from fruits, on average, was
about 38-41%, which is 1.8-2.0 times more than in
the control (19-22%). The advantages of the Novyna
Prykarpattia fruit variety are clear: 19% more juice than
from the Belarus Sweet variety and 8% more than from
the Minai Shmyreyv fruit variety in the control and 8%
and 5% in the experimental variety, respectively.

Genetic features of the variety related to its ana-
tomical structure and chemical composition directly
affected the extraction of juice. This was more evident
in the control version. Warming up the pomace, which

caused cell die-away, somewhat levelled the difference
between the varieties, but remained substantial.

The juice yield varied depending on the year of
black currant harvest. The highest rate was recorded in
2003-40.3% (control — 21.4%), which is 12% more in
the control and 8% more in the experimental variants.

Qualitative evaluation of juices (Table 3) showed
that natural juice is close to fresh fruit in terms of chem-
ical parameters. The main components of the chemical
composition were transferred to the juice by 97-99%.

Heat treatment of the pomace before pressing
allowed obtaining natural juices, in which the loss of
dry soluble substances is almost threefold, sugars and
acids are 2.5 times less compared to the juices of the
control version.

Table 3. Indicators of the chemical composition of black currant fruits of various varieties
and juices from them (three-year data are sufficient to confirm the reliability of the results)

2003 2004 2005

b=y X 5 x X x X ° x

£ o d o o o X
23 28 5% T T eh 5w - T 28 5% 3
Y = 2 € o °. k] = S € o °. ' = S € o °. t =
s § 28 3¢ g T 28 zg § T 28 ¥ g %
& E g g2 § § 23 z& § § %y g & § 8
- — - o S 4 S
£ §5 8¢ s 5 &5 B = 5 &5 B8 s 5,
2 X 4 2 < 3 3 X 4

a a a
Minai Shmyrev
Fruits 16.0 7.26 3.32 2.19 15.8 7.01 3.05 30 16.4 891 2.65 3.36
Fruit grinding to 15.62 706 3.20 2.21 154 .83 292 2.34 16.0 8.68 . 347
pomace (control) 214 1624 192 8.46 21.2 16.1 1.75 9.20 21.6 17.2 1.52 11.3
Heating of the pomace . 718 3.25 221 156 6.94 3.00 2.31 16.4 8.88 2.68 331
at 65-70 °C, 5 min. 216 16.28 195 8.35 214 16.1 1.81 8.93 21.8 17.3 1.60 10.8
Belarusian Sweet
Fruits 16.0 8.82 2.55 3.46 14.2 6.56 2.31 2.84 16.8 9.21 1.86 4.95
Fruit grinding to 156 8.68 242 3.59 13.8 6.38 212 3.01 16.4 9.12 176 518
pomace (control) 214 17.2 1.45 11.8 20.4 15.8 1.27 124 21.8 17.4 1.05 16.5
Heating of the pomace  15.8 8.76 .50 3.50 14.0 6.44 2.25 2.86 16.8 9.25 1.82 5.08
at 65-70°C, 5 min 21.6 17.2 1.50 114 20.4 15.8 11.3 11.6 220 17.5 1.09 16.1
Novyna Prykarpattia

Fruits 14.6 791 261 3.03 13.2 6.01 2.18 2.76 13.8 4 1.79 4.69
Fruit grinding 14.0 1.65 241 317 12.8 5.80 . . 134 8.26 1.65 5.01
to pomace (control) 20.4 16.6 1.45 11.5 19.6 15.4 1.25 12.3 20.0 16.9 1.00 16.9
Heating of the pomace  14.4 7.85 2.54 3.08 13.0 59 218 271 13. 8.34 171 4.88
at 65-70°C, 5 min 20.6 16.6 1.51 111 19.8 15.5 1.30 11.9 20.2 17.0 1.03 16.5
Hip .033  0.48 0.09 023 0.033 048 0.09 023 0.033 048 0.23
05 0.043 047 0.12 0.75 0.043 047 0.12 0.75 0.043 047 0.12 0.75

Note: 1) in terms of citric acid; 2) above dash — natural juice, under dash — juice with sugar

Juices with sugar, which were prepared from the
fruits of the varieties Belarus Sweet and Novyna Prykar-
pattia, were distinguished by high taste properties. Their
sugar-acid index is from 12 to 17. In years when the
acidity of black currant fruits increases above 2.5%, one
should use blending juices with those containing a lower
acid content, especially less than 1.5%. This technique
allows preserving the natural properties of products.

Scientific Horizons, 2022, Vol. 25, No. 3

As pointed out by C. Conidi et al. (2020b), juices with
a sugar-acid index below 15 are too acidic, and those
with a sugar-acid index above 45 are too sweet. Instead,
C. Conidi et al. (2020a) and R. Castro-Munoz (2019)
believe that for the average person, juice tastes bet-
ter if its sugar-acid index is 13. However, the taste is
formed not only by the ratio of sugar and acid, but also
other organic substances, such as colouring ones, and




therefore the assessment of taste may differ in the juices
of fruits of different cultivars.

According to organoleptic parameters, the juices
obtained by heat treatment of the pomace differed
from the juices of the control variants. They had a nat-
ural appearance, saturated colouring inherent in black
currant, pronounced unique aroma, pleasant taste, the
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freshness of which is somewhat lost, but boiled tones
are not felt. The data in Table 4 indicate a substantial
effect of heat treatment of pomace on the preservation
of ascorbic acid. The preservation of C-vitamin value,
regardless of the variety, was 83-85%. While in similar
juices obtained with heat treatment of pomace, the level
of preservation is 95-97%.

Table 4. Ascorbic acid content (mg/100 g) and its preservation (%) in black currant fruits of various varieties
and juices from them (three-year data are sufficient to confirm the reliability of the results)

2003 2004 2005
Jui Jui Jui
Pre-processing method uices dices dices
Fruits With Fruits With Fruits With
Natural Natural Natural
sugar sugar sugar
Minai Shmyrev
Fruit grinding to 151.1* 88.7 149.7 88.0 144.5 85.0
pomace (control) 83.0 97.8 85.1 98.0 84.0 98.0
182.1 176.0 172.0
Heating the pomace at 176.6 104.1 167.3 91.1 165.9 98.5
65-70°C, 5 min 97.0 98.3 95.1 98.7 96.5 99.0
Belarusian Sweet
Fruit grinding to 227.0 133.2 261.4 1539 2291 134.8
pomace (control) 97.8 84.9 98.1 84.0 98.1
2375 308.0 2728
Heating the pomace at 230.4 157.2 292.5 172.9 261.8 155.8
65-70°C, 5 min 97.0 98.8 95.0 98.5 96.0 99.2
Novyna Prykarpattia
Fruit grinding to 191.2 1124 1533 90.3 162.0 5.1
pomace (control) 83.4 98.0 85.0 98.2 8 97.8
229.3 180.4 192.4
Heating the pomace at 222.3 132.3 171.5 101.9 184.4 109.5
65-70°C, 5 min 97.0 99.2 95.1 99.0 95.8 99.0
HIP,., mg/100 g 6.9 6.4 6.9 6.4 6.9 6.4

Note: * — above dash — the content of ascorbic acid in juices, mg/100 g, under dash — the preservation of ascorbic acid

in juices, %

Blackcurrant juices with sugar considerably differed
in the content of ascorbic acid. Its amount decreased by
1.7 times compared to natural juices. However, ascorbic
acid in juices with sugar had a high stability — its pres-
ervation was 98-99%. The value of the juices was deter-
mined by the initial content of ascorbic acid in the fruit.
If in the fruits of the Belarus Sweet variety its content is
1.2-1.8 times higher than in the fruits of other varieties,
then a similar trend was observed in juices. Dispersion

analysis confirmed the greatest strength of influence
of specific features of the variety (80%) on the ascorbic
acid content in natural juices. In juices with sugar, the
weight of the method of heat treatment of pomace is
66%, and the variety — 28%.

According to Table 5, it was found that the yield
of blackcurrant juice under heat treatment at 50-55°C
depended on the method of preparation of raw materials.

Table 5. Juice yield depending on the method of pre-treatment of black currant fruits of different varieties,%

Minai Belarusian Novyna
Pre-processing method Shmyrev Sweet Prykarpattia
2006 2007 2006 2007 2006 2007
Mechanical grinding of fruits to pomace (control) 20.6 22.0 20.3 213 22.8 24.3
Heating the ground pomace at 50-55°C (5 min) 36.0 36.8 34.6 35.1 37.2 38.4
Heating the pomace of crushed fruits
53.6 54.0 49.4 51.0 54.2 55.8
at 50-55°C (5 min)
Heating the whole fruits with 15% water
41.0 428 38.2 40.5 43.0 45.2
at 50-55°C (5 min), (excluding water)
HIP 4.0

Q5
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When the ground pomace was heated at 50-55°C,
the juice yield increased to 35-38%, which is 1.6-1.7
times more compared to the control. The result is only
7-8% less compared to heating the pomace at 65-70°C
(see Table 2). But the temperature regime of 50-55°C
probably had a milder effect on the coagulation of col-
loids, and denaturation of protein substances.

At 50-55°C, the variant with heating whole fruits
with the addition of 15% water was satisfactory. Compared
to the control, the juice yield increased by 1.9-2 times
and amounted to 38-45%, or was at the level of juice
yield when the ground pomace was heated at 65-70°C
and 10-18% higher at 50-55°C.

The reason for this, evidently, lies in the preserva-
tion of the integrity of the fruit before pressing, the skin
of the fruit remained intact from the outside, but from
the inside the pulp underwent physical and chemical
changes, which caused cell plasmolysis (Osokina et al.,
2021). It was enough just to press on the fruit as the
peel burst, not finding back pressure from the already
boiled pulp. The extraction of juice was also facilitated
by the water that was added. It liquefied the pomace and
promoted the diffusion of soluble organic substances.

The highest juice yield was obtained by pressing
the heated pomace of crushed fruits, depending on the
variety and year of research, — 49-56%, which is 2.3-
2.6 times more compared to the control. The efficiency of
fruit crushing is obvious. When comparing the juice out-
put from ground and crushed pomace, under the same
heat treatment conditions, the difference was 15-18%.
The juice yield increased by 1.4-1.5 times.

The option of pressing the pomace of crushed
fruits had advantages over the option of pressing whole
fruits with the addition of 15% water. The difference in
juice output is 11-13%, which is 23-30% more.

The high efficiency of crushing black currant fruits
during heat treatment to increase the juice yield is associ-
ated with the degree of cell damage. It was found that for
black currant fruits, the degree of cell damage upon grind-
ing is 31%, while upon crushing — 40% (Deinychenko
et al., 2020; Conidi et al., 2020b; Cherevko et al., 2020).
The use of the combined effect of fruit crushing and heat
treatment increased the juice yield by almost 30%.

Juice production of fruits of the Novyna Prykar-
pattia variety is the best for any juice extraction variant.
The increase in juice yield was from 8-9% to 13-14%
compared to Belarus Sweet fruits, and from 3-4% to
10% compared to Minai Shmyrev fruits, depending on the
variant.

The quality indicators of freshly pressed juices
depended on the chemical composition of the fruit. In
the juices of the control variants, the content of dry soluble
substances and sugars decreased mainly by 1.5-1.7 %;
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the content of acids — by 3-10%. In juices obtained by
pressing whole fruits with 15% water — by 9-15%, 8-14%,
9-17%, respectively, which is associated with the dilution
of the juices with water.

Freshly pressed juices from the fruits of the varieties
Belarus Sweet and Novyna Prykarpattia did not meet the
standard (1.5-3.7%) in terms of acid content. This is due
to their low content in raw materials (1.3-1.4%), which
is rarely found in black currant fruits. The sugar-acid
index of juices did not increase significantly (by 2-4%),
which did not affect the taste of freshly pressed juices.

Indicators of the chemical composition of juices
with sugar depended entirely on the quality of freshly
pressed natural juices. The acid content substantially
affected the taste of juices with sugar. The sugar-acid
index of juices from fruits of the Minay Shmyrev vari-
ety is 13-15. The indicator level is satisfactory. However,
the sugar-acid index of juices from fruits of the varie-
ties Belarus Sweet and Novyna Prykarpattia is unjusti-
fiably high — 18-22, as it is rare in practice. Although
juices with this index are extremely pleasant, soft, silky,
and can satisfy the most capricious consumer. They have
a pronounced aroma. The appearance and colour of the
juices is typical for black currant fruits.

The results of heat treatment of raw materials had
a positive effect on the preservation of ascorbic acid.
In freshly pressed juices obtained from heated pomace
of ground and crushed fruits at 50-55°C, the preserva-
tion of ascorbic acid was usually 95-97%, while in the
juices of control variants — only 83-87%. At the control
level, the preservation of ascorbic acid in juices pressed
from heated whole fruits with 15% water, due to dilution,
was also found. The high preservation of C-vitamin con-
tent of juices is associated with inactivation of oxidative
enzymes, acidic environment and deaeration of raw mate-
rials upon heating.

In blackcurrant juices with sugar, the content of
ascorbic acid decreased by almost 1.7 times. However,
the preservation of C-vitamin content remained high —
about 99%, regardless of the variety of fruits and the
method of pre-processing.

Influence of fruit blanching on the yield and quality of
blackcurrant juices

According to Table 6, blanching the fruit before press-
ing allows increasing the juice yield by 1.5-2 times. But
with different processing options, the output was differ-
ent. Blanching fruits in water is more efficient. The juice
yield increased to 39-44 % (at 50-55°C) and 42-45%
(at 95-100°C), which is 1.8-2 times more than the control.
As the water temperature increased, the efficiency of
juice extraction increased by 4-7%.
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Table 6. Juice yield depending on the method of pre-treatment
of black currant fruits of different varieties (2007), %

Pre-processing method Minai Shmyrev Be;::‘saltan Novyna Prykarpattia
Mechanical grinding of fruits to pomace (control) 22.0 21.3 24.3
Blanching fruits in water at 50-55°C (5 min) 41.2 39.3 43.6
Blanching fruits in water at 95-100°C (5 min) 440 42.0 45.2
Blanching pomace in juice at 50-55°C (6 h) 34.1 33.0 35.0
HIP 4.2

05

Blanching the fruit in juice (5 min) and pomace (6 h)
in its own juice at 50-55°C was inefficient — the juice
yield increased to 30-35%, which is only 1.5 times more
than in the control. The result of juice output is 20-27%
worse than blanching fruits in water.

The difference in the yield of juice from the fruits

of the varieties under study is from 3-5% to 6-11%.

According to Table 7, quantitative changes in the

chemical composition of freshly pressed juices obtained
by blanching fruits and pomace in juice, and in the con-
trol version, are not substantial. While blanching fruits
in water caused a loss of dry soluble substances (5-8%),
sugars (3-6%), acids (13-27%) in the juice, which is asso-
ciated with their diffusion into water. Changes in the
content of sugars and acids considerably increased (by
11-32%) the level of the sugar-acid index in juices.

Table 7. Indicators of the chemical composition of black currant fruits
of various varieties and juices from them, 2007

- 3¢ - c
2 o 5 & %5 °, = Eo &Y
S5¢ F¢ Ee§ %y £fg §EX
Preprocessing method S h g - 9 S 5w 5 2 g 8- 5 =
235 85 St g = 2=2 g&w
a v o = © <‘tJ = -05 0w ] £ & ©
1 2 3 4 5 6 7
Minai Shmyrev
Fruits 12.8 7.03 2.06 341 186.6 -
Mechanical grinding of fruits 12.6* 6.93 1.90 347 161.9 86.8
to pomace (control) 19.6 16.16 1.14 3.3 94.8 97.6
Blanching fruits in water 12.2 6.73 162 . 166.4 89.2
at 50-55°C (5 min) 19.2 16.06 0.97 16.56 98.6 98.8
Blanching fruits in water 11.8 6.63 1.56 4.25 156.6 83.9
at 95-100°C (5 min) 19.0 15.98 0.94 17.00 92.6 98.6
Blanching fruits in juice 13.0 7.03 2.10 3.35 1679 90.0
at 50-55°C (5 min) 19.8 16.22 1.26 12.87 99.2 98.5
Blanching pomace in the juice 13.0 7.03 2.10 3.35 160.5 86.0
of pre-pressed fruits at 50-55°C (6 h) 19.8 16.22 1.26 12.87 94.7 98.3
Belarusian Sweet
Fruits 11.8 6.43 1.54 4.18 2349 -
Mechanical grinding of fruits 11.6 6.36 1.40 4.54 202.3 86.1
to pomace (control) 19.0 15.82 0.84 17.58 118.3 97.5
Blanching fruits in water 11.2 6.23 1.34 4.65 209.2 89.1
at 50-55°C (5 min) 18.6 15.75 0.80 19.69 123.8 98.6
Blanching fruits in water 11.0 6.10 111 5.50 1947 82.8
at 95-100°C (5 min) 18.6 15.65 0.67 23.36 115.2 98.6
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Table 7, Continued

] -
9 g 58 £y X © t o S v
Preprocessing method SHh g Z g S5 ® & 2 gsd E 23
>3 5 g5 Ry g = =g g
a v o = O é = E (7] ] a ©
1 2 3 4 5 6 7
Belarusian Sweet
Blanching fruits in juice 12.0 6.48 1.60 4.05 206.6 879
at 50-55°C (5 min) 19.4 15.90 0.96 16.56 122.0 98.4
Blanching pomace in the juice 12.2 6.56 1.65 3.98 204.4 87.0
of pre-pressed fruits at 50-55°C (6 h) 194 15.95 1.00 15.95 120.7 98.4
Novyna Prykarpattia
Fruits 134 7.84 1.36 5.76 189.7 -
Mechanical grinding of fruits 13.0 763 1.19 6.10 158.1 83.3
to pomace (control) 16.58 0.71 22.10 98.0
Blanching fruits in water 12 748 1.20 6.23 170. 89.6
at 50-55°C (5 min) 16.51 0.72 2293 101.3 99.1
Blanching fruits in water 12.4 742 1.16 6.40 159.3 84.0
at 95-100°C (5 min) 19.4 16.45 0.70 23.50 94.8 99.2
Blanching fruits in juice 134 7.80 1.39 5.61 170.4 89.8
at 50-55°C(5 min) 20.2 16.68 0.83 20.10 101.0 98.8
T e hm 10 se om0 mo
16.72 0.84 19.91 97.80 98.80
at 50-55°C (6 h)
HIP 0.02 0.30 0.12 0.29 4.19 _
05 0.03 0.52 0.06 1.36 5.33

Note: * — above dash — natural freshly pressed juice, under dash — juice with sugar

In terms of taste properties, juices with sugar from
the experimental versions were pleasant, extractive.
Blanching fruits in water practically did not affect their
appearance, colouring, aroma, and taste.

The value of freshly pressed juices depended on
the blanching method. In juices obtained by blanching
fruits in water at 50-55°C, the preservation of ascor-
bic acid is the best — 88-90%. In juices extracted from
pomace blanched in juice, its preservation was lower —
86-87% (close to control), which is associated with the
oxidation of raw materials when infused for 6 hours.
The preservation of ascorbic acid in juices obtained by
blanching fruits in water was the lowest at 95-100°C,
amounting to 83-84%.

High losses of ascorbic acid in freshly pressed
juices upon blanching in water — 10-17% and upon

Table 8. Ascorbic acid content (mg/100 g)

blanching in juice — 10-14% (control — 13-15%) are asso-
ciated with dilution of juice with water. The decrease in
the biological value of juices is a considerable lack of
the variants under study, which is consistent with the
results of research by other scientists (Denisenko et al.,
2018; Weishtord & Pritykina, 1992). Blackcurrant juices
with sugar were described by high preservation of ascor-
bic acid — 97-99%.

Influence of technological parameters, storage duration
on the content of ascorbic acid in blackcurrant juices with
sugar

The preservation of ascorbic acid in blackcurrant juices
with sugar is influenced by the conditions of the techno-
logical process, preparation methods, and storage dura-
tion (Table 8).

and its preservation (%) in juices with sugar

from black currant fruits of the Minai Shmyrev variety, 2010

Method of final heat treatment of juices

Duration of storage of juice with

Hot-bottling Pasteurisation

sugar, months

Content

Preservation Content Preservation

Mechanical grinding of fruits to pomace (control)

Freshly pressed juice 123.0 123.0
0.5 71.9 97.4 723 98.0
3 67.2 91.0 67.6 91.6
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Table 8, Continued

Method of final heat treatment of juices

Duration of storage of juice with

Hot-bottling

Pasteurisation

sugar, months

Content Preservation Content Preservation
Mechanical grinding of fruits to pomace (control)

6 57.2 77.5 56.1 76.0
46.1 62.5 439 59.5
12 32.8 44.5 29.5 40.0

Heating the pomace at 50-55°C, 5 min

Freshly pressed juice 1435 1435

0.5 84.7 98.4 85.2 99.0
3 80.9 94.0 81.7 94.9
6 70.7 82.1 69.3 80.5
57.7 67.0 55.1 64.0
12 42.4 49.2 38.3 44.5

Heating the pomace at 65-70°C, 5 min

Freshly pressed juice 141.7 141.7
0.5 83.3 98.0 83.9 98.7
3 79.4 93.4 80.2 94.3
6 69.2 81.4 67.9 79.9
56.5 66.4 53.9 63.4
12 411 48.4 374 44.0
HIP 5.7 - 5.7 -

095

Note: there was no significant difference between varieties and years

The greatest influence on the content of ascorbic
acid in juice is the duration of storage. With its increase,
the preservation of C-vitamin content of juices decreased.
In the juice of the control version, the process was faster.

Calculations showed that during the first 3 months
of storage, the monthly content of ascorbic acid in
juices with sugar decreased, depending on the variety
and method of final heat treatment: in the control —
by 2.5-3%, in experimental versions — by 1.5-2%. For
6 months of storage, the decrease was 7-8% and 6-7%,
respectively, for 9 months — 12-14% and 10-13%, for
12 months — 18-20% and 16-19%, respectively. Almost
every month, there was a dynamic decrease in the value
of the product. For 12 months of storage, the content of
ascorbic acid in juices with sugar decreased by 7-10 times.
The preservation of ascorbic acid shows the same trend.

During the first 3 months of storage, there was
a tendency for a lower ascorbic acid content in hot-bot-
tled juices. But over the last storage period (4-12 months),
the picture changed: hot-bottled juices had slightly
higher levels of ascorbic acid due to short-term expo-
sure to elevated temperatures. Upon storing juices, their
value was higher.

Depending on all these factors, the content of
ascorbic acid in juices with sugar largely depended on
the initial content in freshly pressed juice, and the latter
on the characteristics of the variety.

CONCLUSIONS
The yield of juice from black currant fruits depends on

the combined influence of factors — the type of mechan-
ical processing, the temperature of heat treatment of
raw materials, the characteristics of the variety, and
weather conditions of the growing season.

1. According to Harrington’s desirability index, the
efficiency indicators for extracting blackcurrant juice are
exceptionally good — over 55%, good — 48-55%, satis-
factory — 40-48%, unsatisfactory — 35-40%, very unsat-
isfactory — under 35%.

2.The juice yield upon pressing ground black currant
pomace is 18-24%.Juices with a considerable deviation
from the inherent colouring.Juice extraction is econom-
ically and technologically impractical.

3.The depth of changes and the speed of their pas-
sage during heat treatment of fruits is determined by the
temperature and methods of influencing raw materials.
Already at 50-55°C, the juice yield increases by 1.5-2.5 times
compared to the control. The juice yield during 5-minute
heat treatment upon pressing is: 49-56% — from the
pomace of crushed fruits, 38-43% — from whole fruits
with 15% water — at 50-55°C; 37-42% — from the pomace
of ground fruits at 65-70°C.

4. Blanching fruits in water with an increase in tem-
perature from 50-55°C to 95-100°C increases the juice
yield from 39-44% to 42-45%, and blanching fruits and
pomace in their own juice is inefficient — the yield is
up to 33-36%.

5.The chemical composition of freshly pressed juices,
regardless of the method of processing raw materials, is
close to fresh fruits, their taste and aroma do not change.
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6. The content of ascorbic acid in freshly pressed  for 6 months — by 5.5-7%, for 9 months — by 10-13%,
juices depends on the variety. Its preservation in juices  for 12 months — by 16-19% or 7-10 times.
upon heat treatment is 95-97%, including blanching — To increase the juice yield, other methods of pro-
83-90%. In juices with sugar, it is 1.7 times lower com-  cessing black currant fruits (enzyme, freezing) can also
pared to natural ones, but the preservation is 98-99%.  be used, but they require further study and research.
However, monthly for the first 3 months — by 1.5-2%,
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00r'pyHTYBaHHI WNsXiB i cnocobiB eheKTUBHOIO BUTArYBaHHS COKY 3i 36epexKeHHsIM NPUPOLHOro XiMiYHOro cKiagy Ta
6ionoriyHo akTMBHMUX peyoBMH. MeTa poboTH — NOPIBHSANbHE OLIHKOBAHHSA CMOCO6iB TENIOBOro 06pobieHHs Nnoais
YOPHOI CMOPOAMHM ANS NiABULLEHHS coKoBiaAadi. OuiHKY edeKTUBHOCTI BUXOAY COKY 3 N/OAIB YOPHOI CMOPOAMHM
BApTO BECTU AndEPEHLiM0BaHO 3a piBHEM BaaHOCTI XappiHrToHa: fyxe fobpa — Ginblwe 55 %, nobpa — 48—-55 %,
3ap0BinbHa — 40—48 %, He3apoBinbHa — 35—40 %, pyKe He3a[0BiNbHA — MeHLwe 35 %. 3 NNoAIB YOPHOI CMOPOAMHM,
3a3BuYai, oaepxyroTb 18 —24 % Buxony coky, Wo no3baBneHuit BNacTMBoro 3abapeiexHs. Tennosa 06pobka CMpoBUHM
36inbwye BMxig coky B 1,5—2,5 pasu, nopiBHAHO 3 noapibHeHHAM, 1 Npu LbOMy Bxe 3a TemnepaTypu 50—55°C
KNiTUHU BiAMMPatOTb NpoTArom 5 xB. [JoOpi MOKa3HWKM BUXOAY COKY 3a NMPeCYBaHHS MS3r1M po3aaBfieHMX NnoLis (49-
55 %), 3a00BiNIbHI — 3@ HarpiBaHHS LiMX NA0AIB 3 AoAaBaHHAM 15 % Boau (38 —45 %), a Takox 6naHWyBaHHS NNOAIB
y Boai 3 Temnepatypoto 95—100 °C (42—45 %). ButaraHHs coky 6i1aHLWyBaHHAM NAOAIB Ta BUMABOK Y BIACHOMY COKY He
edekTmBHE (33—36 %). 3a XiMiYHUM CKNAL0M CBIXKOBIANPECOBAHI COKM, HE3aNEXHO Bif, CN0oCoby 06pO6KM CUPOBUHMU,
6am3bKi [0 CBiXMX Nnoais. TennoBa 06pobka CMPOBMHM He MAE HEraTUBHOTO BM/IMBY HA CMAK Ta apoMart CoKiB. BMicT
ackop6iHOBOi KMCNOTH y cokax (142—225mr/100r) 3anexwuTb Bif COPTY NIOAIB Ta MOTOLHUX YMOB POKY. 36epexeHicTb ii
y CBIXKOBiANpecoBaHMX COKax 3a TennoBoi 06pobku — 95—97 %, B ToMy umncni, npu 6naHwysaHHi — 83—90 %.Y cokax i3
LyKpoM ii BMicT B 1,7 pa3u Huxuuid, ane 3bepexeHictb — 98—99 %. Mg, yac 36epiraHHs COKiB i3 LyKpOM, 30epexeHicTb
aCcKopbHiIHOBOI KMCIOTU 3HWXKYETLCSA NMPOTATOM NepLUMX TPbOX MicauiB — Ha 1,5—2 %, 3a 6 mic.— Ha 5,5—7 %, 3a 9 mic.—
Ha 10—13%,3a 12 micauiB — Ha 16—19 % abo B 7—10 pasis. YuHHMKamu cTabinisawii ackopb6iHOBOT KMCNOTH B COKAX
€ LlyKOp, rapsunii po3nnii, HeTpuBase HarpiBaHHS 33 BUCOKMX TeMnepaTyp

KniouoBi c10Ba: 1icOBa NOXeEXa, riapoTepMidHMUIA KOeiLLiEHT, AMHAMIKA MOLWMPEHHS MOXKEX, BEPXOBA MOXKEXA, BEreTaLimHum
nepioa, cyma TeMnepaTyp noBiTps, CyMa onaais
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