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The process of ice formation in the
pericarp of black currant depends on
the pomological variety, the degree of
ripeness of the fruit, and the method of
Jfreezing.

During the slow and fast freezing of
black currant, four ranges of fruit cool-
ing temperatures are distinguished:

1) from the temperature of the fruit
to the temperature of initiation of ice
JSormation;

2) from the temperature of the front
(initiation) of ice formation to the low-
est possible temperature of the fetal
mesocarp;

3) from the lowest possible tem-
perature of the mesocarp to the lowest
temperature of the fetal endocarp;

4) from the lowest possible endo-
carp temperature to fetal freezing tem-
perature. Fast freezing boosts cool-
ing, freezing and freezing from 37 min.
(slow) up to 5.6 min. due to a halv-
ing of the temperature of initiation of
ice formation, an increase of 1.3 times
in the rate of heat extraction and an
increase in the freezing temperature
Jrom -22...-24 °C (slow) to —20.8 °C.

It is scientifically substantiated that
the temperatures of freezing fruits signifi-
cantly change the general existing rec-
ommendations (not higher than —18 °C)
regarding the storage conditions of black
currant fruits: with quick freezing, not
higher than —21 °C, with slow freezing,
not higher than —24 °C.

The formation of the properties of
black currant occurs during the grow-
ing season under various agro-climatic
conditions and affects the parameters of
ice formation indicators.

The marketable condition, quali-
ty and organoleptic characteristics
of black currant fruits depend on the
method of freezing. The advantages of
fast freezing of black currant fruits in a
quick-freezing chamber with forced air
circulation at a speed of 1.5-2.5 m/s at
a temperature of —30...—32 °C in com-
parison with slow freezing in freezers at
a temperature of —20 have been estab-
lished...— 22 °C
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1. Introduction

healing fruits of black currant due to their sufficient production

In modern environmental conditions, it is urgent to solve
the problem of year-round provision of the population with

and the use of a highly effective method of canning — freezing.
The nature of ice formation in fruits determines the tem-
perature and freezing rate, which depend on the chemical




composition of the fruit. The higher the concentration of
substances, the greater the resistance of cells to the effects
of negative temperatures, the fruits better preserve their
natural properties [1, 2].

Freezing is accompanied by a deep decrease in the tem-
perature of the fruit and the transformation of moisture into
ice, that is, dehydration. The formation of ice crystals causes
changes in the tissue structure of the product, the degree of
which depends on the freezing speed [3]. By slow freezing
of fruits at relatively high temperatures (-4 ...—8 °C), ice
crystals are formed primarily in the intercellular spaces. In
the middle of the cells, where the concentration of juice is
higher, ice forms more slowly. The formation of ice crystals
and the associated increase in the concentration of sap in the
intercellular spaces leads to an increase in osmotic pressure.
The water from the cells passes into the intercellular space,
where it freezes on the edges of the previously formed crys-
tals. In this case, the cells are dehydrated, and large crystals
are formed in the intercellular spaces, unevenly distributed
in the tissues. Crystals press on neighboring cells and cause
damage to the cell membranes and their death. When the
fruits are thawed, the formed moisture does not have time to
be absorbed, the juice flows out, the product loses its natural
properties: it changes its consistency, becomes watery.

Rapid freezing (temperatures —35 ...—40 °C and below)
does not cause significant deformation of the tissue struc-
ture. The cooling rate of the fruit increases sharply, ice crys-
tals are formed simultaneously in the intercellular spaces
and in the cells. Removal of moisture from the latter does not
work. The faster the process is carried out, the more crystals
are formed and their size is smaller. Crystals are evenly dis-
tributed in cells and tissues, do not cause significant damage
to cell membranes. When these fruits are thawed, more cells
bind moisture, the loss of cell juice is not so significant.

The practical implementation of the method of freez-
ing food using liquid nitrogen intensifies the process tens
of times [1, 2]. However, the American firm “Rich Products
Corp” has developed and actively developed a technology for
freezing drinks, juices, sauces, soups, dough, flour, confection-
ery and fruits on the principle that free water does not crystal-
lize, but is transferred into a bound state with the components
of the chemical composition. Products are usually cooled to
—18°C and stored at the same temperature. This method of
freezing allows to maintain a soft consistency of the product,
which does not require defrosting before use [3, 4].

So, proceeding from the classical assertion that freezing
is a phase transition associated with the formation of ice
in biological objects, it is clear that the implementation of
the process of crystallization of water in frozen materials in
compliance with optimal conditions, prevention of cryogenic
plant cell structures is the main factor in obtaining frozen
fruits and berries of high biological and consumer quality.

2. Literature review and problem statement

A brief review of the literature is given [1], reveals the
effect of negative temperatures on the microstructure of a
plant cell. By slow freezing of fruit pieces, cell division in the
parenchymal tissue is observed. The ice that forms in the in-
tercellular spaces pushes the cells apart, causing the lamellae
and cell walls to rupture. It has been shown [2] that with an
increase in the freezing rate, the deformation and division of
cells decreases. Freezing whole fruits, with an average speed

and gradual defrosting, causes the least disorganization and
fragmentation of protoplasm. Endoplasmic reticulum, ribo-
somes, Golgi bodies, osmophilic globules, and mitochondria
undergo profound changes in fruits with highly vacuolated
cells. In work [2], the researchers came to the conclusion
that the destruction of membranes with the following losses
of cells of the ability to retain water is the main cause of
profound structural changes in succulent plant tissues. To
prevent weakening of the tissue structure, the duration of
freezing should not exceed 30 minutes.

It is shown [3] that a high degree of preservation of
the nutritional value and organoleptic properties of frozen
fruits and berries is based on the inhibition of biochemical
processes and the vital activity of microflora. Microorgan-
isms can develop at temperatures above —5...—8 °C, and
yeast: —10...—12 °C, molds: —12...-15 °C [4].

The work [5] presents the results of histological studies
of frozen plant objects. Changes in their structure depend on
the structural features of the tissues. The structure of small-
celled tissues (epidermis, core) with tightly adjacent cells is
better preserved.

In frozen strawberries, the peel is most resistant to neg-
ative temperatures, which consists of small, tightly adjacent
cells. The cells of the cortical layer experience more struc-
tural changes [5].

By quickly freezing tomatoesinliquid nitrogen (-195 °C),
damage to the cells of the epidermis and pulp does not occur;
cuticle, epidermal cells, fruit pulp do not separate, and af-
ter thawing they are close to fresh. Freezing tomatoes in
air (—30 °C) causes damage to the pulp cells. Slow freezing
for many hours leads to a thickening of the plates that bind
cells and the formation of extracellular ice [3].

Cryoprotectants (protein, salt, sugar) have a positive
effect on the quality of frozen fruits and berries and on the
integrity of the tissue structure [6].

When freezing raspberries in liquid nitrogen, carbon
dioxide, at a temperature of —25 °C, the internal, external
microstructure of the drupe is fully preserved only for the
first two methods [6].

The results of studies of the lipid-protein complex [4] and
the fractional composition of carbohydrates [7] in grapes
responsible for the tissue structure revealed that freezing
insignificantly affects the qualitative composition of lipids in
the peel and pulp of berries, as a result of which the structure
of cell membranes remains intact.

Freezing plum fruits down to —18 °C and —40 °C is not
accompanied by rupture of cell membranes or damage to
plasmodesmata. Least of all are subject to changes in mito-
chondria and nucleus. Plastids are rearranged into a state of
destruction, starch grains remain intact. Freezing to —40 °C
causes an increase in vesicles by 5—8 times. This is evidence
of the continuation of the process of freezing of moisture, the
formation of a more compact ice system, which aligns the
vesicles in the cut plane to the shape of a circle [8].

In thawed fruits of apples, pears, plums, the epidermis
exfoliates from the pulp, the hypodermis stratifies, the cells
of the main parenchyma are severely deformed, their cell
walls are mostly destroyed [9].

The softening of fruits during storage occurs due to
genetically determined disintegration of the glycosylprotein
complex of cell walls, increased degradation of pectin poly-
saccharides in the middle plate, and a decrease in calcium
content in cell membranes. The transformation of pectins
with the formation of calcium pectinates is considered to be



the reason for the hardening of the structure
of frozen cherries and cherries [10].

So, bioproducts during freezing are ad-
versely affected by ice crystals, excessive de-
hydration, hyperconcentration of salts, and
other changes in pH [11]. The study of the
role of each of these factors in cryo-sensitiza-
tion of cells and tissues has led to the emer-
gence of numerous concepts and hypotheses
that interpret differently the mechanism of
action of one or another damaging factor
and its role in the destruction of biological
object structures during freezing. In the
damage to cells caused by crystallization, in
the early stages of research, the focus is on
extracellular ice. However, the inconsisten-
cy of the results and conclusions regarding
its role remains unclear until now [11-13].
Further studies have shown that ice crystals
can form not only in the intercellular space, 8
but also in the middle of cells [14, 15].

From the above review of literary sourc-
es, it is clear that for all biological objects,
including fruit and berry raw materials, there
is one regularity — when cooled to 0 °C and
below, under the influence of negative tem-
peratures, cells can be destroyed. All this
gives grounds to assert that it is expedient
to conduct a study of the ice formation process in black cur-
rant fruits, depending on the freezing method, pomological
variety, degree of ripeness and short-term storage. During
freezing, structural changes occur in the food [1]. Literature
sources do not give a complete picture of the nature and
characteristics of such changes in fruits and berries, there-
fore, their research remains relevant and requires a solution.

3. The aim and objectives of research

The aim of research is to establish the temperature
regime of storage of frozen black currant fruits of different
pomological variety, degree of ripeness, method of freezing
with the study of the ice formation process.

To achieve this aim let’s solve the problem:

— to study the duration and process of cooling and phase
transitions of cell juice into ice depending on the pomolog-
ical variety, degree of ripeness and short-term storage of
black currant fruits;

— to carry out a comparative assessment of slow and fast
freezing by changing the parameters of the ice formation
process in blackcurrant fruits and to establish a rational way
of freezing blackcurrant fruits and their storage temperature.

4. Materials and methods of research

The fruits of black currant varieties Bilorus Sweet, Mi-
nai Shmyrev, which were used in the study, were grown on
the experimental field of the educational and production de-
partment of the Uman National University of Horticulture.

The assessment of the ice formation process was carried
out according to the modern method of differential thermal
analysis (DTA) [16] using a specially created device [16] for
plant objects (Fig. 1).
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Fig. 1. Schematic diagram of the differential thermal analysis setup:
1 — sample with a thermocouple; 2 — standard with a thermocouple;
3 — thermocouple for recording the temperature in the chamber of micro-
refrigerators; 4 — micro-refrigerators TLM-2 (USSR); 5 — two-coordinate
potentiometer R-307 (Russia, Krasnodar); 6 — power supply unit for micro-
refrigerators VSP-33 (USSR, Lviv); 7, 8 — paper recorder (USSR, Lviv)

The DTA method [16] of plant objects provides for the
analysis of thermograms of ice formation taking into ac-
count the ratio of individual bands and the interval of their
appearance [8].

Chromel-Alumel thermocouples were used as tempera-
ture sensors. One thermocouple was introduced into the
central part of the fetus, the other into the reference sample.
Paraffin was used as an indifferent standard in size, which
was close to the size of the sample. The thermocouples were
turned on with their poles facing each other. The signal was
applied to the “Y” input of a highly sensitive potentiometer
R-307 with two coordinates. Another thermocouple was
used to measure the temperature in the cooler chamber. The
signal from this thermocouple was fed to the “X” input of the
same potentiometer.

During the analysis, the samples were cooled in a two-
stage semiconductor microcooler of the TLM-2 type. The
temperature in the chamber was reduced at a constant rate
of 1°C/min. in the temperature range +10...—40 °C. Con-
necting thermocouples allows to measure the temperature
difference between the sample and the standard during ice
formation. When water is converted into ice, latent heat is
released, which is measured as the difference in signals from
thermocouples caused by an increase in the temperature of
the sample under study relative to the standard, does not
contain water.

Ice formation in various tissues of the sample proceeded
unevenly, therefore, on the exotherms there are several max-
ima, the amplitude, the position of which was determined by
the water-physical properties of the tissues. The exotherm
was registered on a sheet of graph paper, marked for further
processing of the results. They were brought to a computer in
a database that was created on the basis of the Excel program
of the Windows operating system.

The anatomical structure of the pericarp of black
currant was studied using a microscope “Lomo Biol-



am” S1U4.2 (Russia, St. Petersburg), preliminarily
performing sections of microtome MZ-1 (Russia, St.
Petersburg) with the device TOS-2 (USSR). The im-
ages of the sections were recorded on a computer us-
ing a Philips ToUcam camera video attachment (Neth-
erlands) and a special system for microscopy and
analysis “Image Scope Lite” (according to the meth-

od [17]).

4. 1. Experimental procedures

The research was carried out in the
laboratory of the Department of Stor-
age Technology and Processing of Plant
Growing Products and the Quick Freez-
ing Shop of the Uman Cannery (Ukraine)
in accordance with the “Methodological
Guidelines for Conducting Research on
Quick Frozen Fruits, Berries and Vege-
tables” [18].

Fruits of black currant of a consumer
degree of ripeness were harvested un-
der favorable weather conditions, berries
without brushes were selected according
to GOST 6829-89, in boxes-trays No. 5.2
weighing 4-5 kg. They were transported
to the laboratory and the quick-freezing
shops. After inspection, washing, water
removal on filter paper, re-inspection, the
fruits were packed in mesh bags with a
capacity of 400—-500 g (control), weighed,
frozen according to the following experi-
ment options:

— slow freezing in freezers “Calex” (Slo-
vakia) at a temperature of —20...-22 °C;

—fast freezing in a fast freezing
chamber with forced air circulation at
a speed of 1.5-2.5m/s at a temperature
of =30...-32 °C.

After weighing, the fruits were packed in
plastic bags (50—55 microns thick) weighing
400-500 g, and sealed. The bags were stored
at a temperature not exceeding —18 °C.
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5. Research results of the ice formation
process in the fruits of ice formation

5. 1. Duration and process of cooling
and phase transitions of cell sap into ice,
depending on the pomological variety,
ripeness degree and short-term storage
of black currant fruits

Fig. 2,3 show typical changes during
ice formation in fruits, characterizing the
phase transition of a liquid into a solid.

The results of the exothermic process
converted into digital form are reflected
in Tables 1, 2.

Ice formation in whole fruits is re-
flected by a rather diffuse spectrum of the
exothermic process in a wide temperature
range: —6.2..-24.3 °C. At the same time,
the spectra of the exothermic process al-
most always have two large bands in the
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temperature range: the first: —6.2...—9.0 °C; the second:
-9...-24.3 °C. Obviously, the first exotherm characterizes
the processes of ice formation in the tissues of the me-
socarp, the second — in the tissues of the fetal endocarp.
Against their background, there is still a small low-tem-
perature exotherm in the range of —16.9..-24.3°C. Its
occurrence can be associated with ice formation in the cells
of the fetal endocarp.
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Fig. 2. Thermograms of ice formation in black currant fruits of the Bilorus
Sweet variety depending on the phase of ripeness for slow freezing: a — fruits
of a technical ripeness degree; b — fruits of the consumer’s foot of ripeness
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Fig. 3. Thermograms of ice formation in black currant fruits of the Minai
Shmyrev variety, depending on the ripeness phase for slow freezing:

a — fruits of a technical degree of ripeness;

b — the fruits of the consumer’s foot of ripeness



Table 1

Changes in the parameters of indicators of the ice formation process in black currant fruits by slow freezing

DTA indicators, °C
Grade Fruit condition temperature amplitude
front MAXIMUM | Maximum LTE AT mesocarp | AT endocarp | AT LTE
mesocarp | endocarp
Bilorus Sweet technical ripeness -6.2 -71 -18.1 -20.7..-21.7 2.3 5.0 0.1
Minai Shmyrev -8.2 -8.9 -19.0 -22.0..-23.3 2.0 4.1 0.1
Bilorus Sweet . -7.4 -7.4 -19.8 —22.2..-24.3 3.3 5.6 0.1
Minai Shmyrey | COnsumed ripeness =7 9.0 169 | -194..219 3.1 58 0.2
Table 2

Changes in the parameters of indicators of the ice formation process in black currant fruits of a consumer degree of ripeness
by quick freezing

DTA indicators, °C
Grade Fruit condition temperature amplitude
ont | e | endorary | TE | e | Y | arLzE
Bilorus Sweet before storage -15.7 -16.0 -17.6 -20.0..-20.8 4.2 4.6 0.1
Minai Shmyrev -15.8 -16.2 -17.9 —20.0..—-20.8 3.8 4.2 0.1
Bilorus Sweet after storage -14.8 -15.4 -18.2 -21.8..-23.0 3.4 52 0.2
Minai Shmyrev -13.9 -14.9 -17.2 -21.0..-22.0 3.2 4.9 0.1

Ice formation in whole fruits is reflected by a rather
diffuse spectrum of the exothermic process in a wide tem-
perature range: —6.2...—24.3 °C. At the same time, the spec-
tra of the exothermic process almost always have two large
bands in the temperature range: the first: —6.2...—9.0 °C; the
second: —9...-24.3 °C. Obviously, the first exotherm char-
acterizes the processes of ice formation in the tissues of the
mesocarp, the second — in the tissues of the fetal endocarp.
Against their background, there is still a small low-tempera-
ture exotherm in the range of —16.9...-24.3 °C. Its occur-

rence can be associated with ice formation in the cells of the
fetal endocarp.

3. 2. Comparative evaluation of the method of freezing
by changing the parameters of indicators of the process of
ice formation

Fig. 4 shows thermograms of ice formation in fruits of
black currant varieties Bilorus Sweet for quick freezing.

Fig. 5 shows thermograms of ice formation in fruits of
black currant variety Minai Shmyrev for fast freezing.
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Fig. 4. Thermograms of ice formation in the fruits of black currant varieties Bilorus Sweet consumer degree of ripeness
for quick freezing: a — immediately after freezing; b — after short-term storage in the refrigerator
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Fig. 5. Thermograms of ice formation in black currant fruits of the Minai
Shmyrev variety of consumer degree of ripeness for quick freezing:
a — immediately after freezing; b — after short-term storage in the refrigerator

The process of ice formation depends on the degree of
ripeness of the fruit and the pomological variety. With an
increase in the concentration of organic substances in the
juice of ripe fruits (the content of dry soluble substances is
15.9 %, versus 13.7 % in fruits of the technical degree of ripe-
ness), the temperature of initiation of ice formation (-7.4 °C)
in the mesocarp of the fruit of the Bilorus Sweet variety
decreases...In the fruits of the Minai Shmyrev variety, such
a pattern was not always manifested, however, the indicated
temperatures were lower — —8.1...—9.0 °C. Ice formation in
the endocarp was observed at temperatures of —17 ...—20 °C
(ripe fruits) and —18 ...—19 °C (brown fruits). The indicator
of the exothermic process in the mesocarp did not depend
on the variety and was 3.1...3.3 °C for ripe fruits, 2.0...2.3 °C
for brown fruits. Accordingly, the indicator of the exother-
mic process increased in the endocarp to 5.6...5.8 °C and
4.1..5.0°C.

6. Discussion of the research results of the freezing effect
on the quality of black currant fruits

Analysis of thermograms indicates the presence
of high-temperature exotherms (HTE) associated with
ice formation in the mesocarp and low-temperature exo-
therms (HTE) — in the endocarp of the fetus. But on the
thermograms, the high-temperature maximum of the exo-
thermic transition is significantly modified, as a result of
which the clear high-temperature exothermic transition dis-
appears. This is probably due to the anatomical structure of
the fetus. The juicy part of the black currant fruit is formed
mainly by arillus — formations, represented by strands of
pectin mucus.

When freezing, the speed of the process is of decisive im-
portance. A close relationship has been established between
the quality of the product and the speed of the process. Ex-
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perimental data [19, 20] indicate the effect
of the freezing rate on the size of ice crys-
tals, structural changes in products. The
idea of fast (“shock”) freezing is to speed up
the processes of cooling, freezing and freez-
ing food. This is achieved by increasing the
rate of heat extraction in products by low-
ering the temperature of the environment
to —27..-35°C and by accelerating the
movement of the coolant (air) by intensive
blowing (Table 2). A decrease in tempera-
ture leads to unjustified expenditure of
power and an increase in product deforma-
tion, the unevenness of the process becomes
too large.

The changes that took place in the
fruits of the black currant after quick freez-
ing did not depend on the variety. Rapid
freezing of fruits initiated ice formation at
temperatures of about —15.8 °C (Table 2),
which is 2 times lower than at slow fre-
ezing (Table 1). These temperatures were
close to the temperatures that caused
ice formation in the mesocarp (-16.0...—
16.2 °C). The maximum of the exothermic
transition was significantly modified; it
is difficult to isolate it in the fruits of the
Belorusskaya Sweet variety.

Cooling temperatures caused endocarp ice formation,
decreased to —17.6...—17.9 °C, which is 2.3 °C lower than in
the mesocarp of the fruit of the Bilorus Sweet variety and
1 °C lower than in the mesocarp of the fruit varieties Minai
Shmyrev.

The indicator of the exothermic process by rapid freezing
in the mesocarp of the fetus is higher (3.8...4.2°C) (Ta-
ble 2), then the process is inhibited in the endocarp of the
fetus (4,2...4,6 °C) with its completion.

Ice formation in currant fruits, short-term stored, is char-
acterized by high temperatures of initiation of the process and
the formation of ice in the mesocarp, but lower temperatures
in the endocarp. This caused a corresponding decrease in the
rate of exothermic process in the mesocarp (3.2...3.4 °C) and
an increase in the endocarp (4.9...5.2 °C) (Fig. 4, 5).

Since the temperature in the chamber decreased at
a rate of 1 °C/min, this made it possible to establish the
duration of freezing of black currant fruits. The dura-
tion of the process in a ripe fruit for slow freezing is
20 min (Table 1), with fast — 2 min (Table 2). The whole
process of freezing the fetus was 37 and 5.6 minutes,
respectively. Fast freezing is 10 and 6.6 times faster, re-
spectively. In fruits, previously stored in a refrigerator for
a short time, for quick freezing, ice formation was com-
pleted in 4 minutes, and the entire freezing process — in
8.4 minutes (Fig. 4, 5).

Based on the analysis of experimental data, when freez-
ing black currant, 4 ranges of fruit cooling temperatures can
be distinguished:

1) from a fruit temperature of 18 °C to the tempera-
ture of initiation of ice formation (-7.4...—8.1°C — slow,
—15.8 °C — fast);

2) from the temperature of the front (initiation) of ice
formation (-7.4...—8.1 °C — slow, —15.8 °C — fast) to the lowest
possible temperature of the fetal mesocarp (-7.4..—-9.0 °C —
slow, —16.0...—16.2 °C — fast);
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3) from the lowest possible temperature of the meso-
carp (-7.4..-9.0 °C — for the slow, —16.0...—16.2 °C — fast)
to the lowest possible temperature of the endocarp of the
fetus (-16.9...-19.8 °C — slow, —17.6...—17.9 °C — fast);

4) from the lowest possible endocarp temperature (—16.9...—
19.8°C — slow, —17.6...—17.9 °C — for fast) to freezing tempera-
ture of the fetus (-21.9..—24.3 °C — slow, —20.8 °C — fast).

At the indicated temperatures in the mesocarp of
the fetus, the indicator of the exothermic process reach-
es 3.1..3.3°C for a slow one (Table 1); 3.8..4.2°C for
quick (Table 2) freezing, in the endocarp of the fetus, respec-
tively 5.6...5.8 °C and 4.2...4.6 °C. In the process freezing,
the indicator of the exothermic process of fruits decreases to
0.1 °C, fruits acquire temperatures of —21.9...-24.3 °C with
slow freezing and —20.8 °C with quick freezing.

Analysis of the exothermic process in blackcurrant fruits
during freezing provides sufficient information to solve prac-
tical technological issues. Recorded temperatures, freezing
fruits radically change the recommendations regarding
storage conditions for black currant fruits: for quick freezing
not higher than —21 °C (Table 2), with slow freezing — not
higher than —24 °C (Table 1).

Black currant fruits must be packed in plastic bags (50—
55 microns thick) weighing 400—500 g, sealed and stored at
a temperature not exceeding -18 °C. The temperature in the
chamber must be reduced at a constant rate of 1 °C/min in
the temperature range +10...—40 °C.

The questions of the influence of the established condi-
tions of freezing and storage on weight loss, indicators of cry-
oresistance (tendency to cracking, loss of juice after defrost-
ing, etc.), changes in the commodity and quality indicators of
black currant fruits throughout the year remain unstudied.

7. Conclusions

1. The process of ice formation of the pericarp of black
currant depends on the pomological variety, the degree

of maturity of the fruit, the method of freezing. The mi-
crostructure of the peel of fruits of various pomological
varieties affects their physical changes. The increase in
the intercellular spaces, the thickening of the network of
their branches in the peel of the fruits of the Bilorus Sweet
variety is reflected in the change in the parameters of ice
formation indices in comparison with those in the fruits
of the Minai Shmyrev variety. The quality of frozen black
currants is determined by the formation of the proper-
ties of fruits of technical and consumer ripeness during
the growing season in different agroclimatic conditions,
affects the components of the integrating indicator of
the content of dry soluble substances, which varies from
13.7 to 15.9 % under the influence of weather conditions
in typical pomological conditions. After weighing, the
fruits should be packed and sealed. It is advisable to store
frozen fruits of black currant at a temperature not higher
than minus 21 °C after fast and minus 24 °C after slow
freezing.

2. The advantages of fast freezing of black currant fruits
in a quick-freezing chamber with forced air circulation at
a speed of 1.5-2.5m/s at a temperature of —30...-32°C
in comparison with slow freezing in freezers “Calex” at a
temperature of —20...—22 °C. Rapid freezing boosts cooling,
freezing and freezing from 37 to 5.6 minutes. due to a halving
of the temperature of initiation of ice formation, an increase
of 1.3 times in the rate of heat extraction and an increase
in the temperature of freezing from —22..-24 °C (slow)
to —20.8 °C.
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