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and biologically active substances. The study was conducted with blackcurrant fruits of the varieties Mynai Shmyrey,
Belarus sweet, Novyna Prykarpattia in the laboratory of the Department of Technology of Storage and Processing
of Plant Production and the Training and Production Department of the Uman National University of Horticulture.
Research methods (physical,chemical, physical-chemical) and statistical processing of results (analysis of variance)
are generally accepted. Blackcurrant fruit usually yields an unsatisfactory juice yield of 18-24%, which lacks its
inherent colour. According to Harrington’s desirability assessment, enzymatic treatment with pectofoetidine
increases the juice yield from crushed fruit to satisfactory (37-44%) and very good (57-60%) for crushed fruit
(pomace), which is 2-3 times higher. During the fermentation of pomace, three stages are distinguished: the first
is the destabilisation of the colloidal system of the pomace (up to 1 hour); the second is the degradation of the
pomace structure (up to 2 hours); and the third is the stabilisation of the process (after 3 hours). Optimum conditions
for pomace fermentation are ensured by using 0.03% by weight of the preparation suspension, a temperature of
42-45 °C,and a process duration of 2 h. This results in up to 60% juice extraction, 96-102% acid conversion and up
to 97% ascorbic acid content. The increase in juice yield by 6-15% correlates with the characteristics of the variety.
In juices with sugar, the content of ascorbic acid is 1.7 times lower, but its preservation reaches 98-99%. Sugar and
hot bottling are the factors that stabilise ascorbic acid in juices. Increasing juice yield and improving its quality is

economically and technologically feasible

Keywords: enzymatic treatment; juice yield; juice quality; ascorbic acid preservation

INTRODUCTION

Blackcurrant juice has no equal in terms of nutrition-
al and dietary value. Fruits with 88-94% cellular juice.
However, it is not possible to completely separate the
liquid and solid phases of the fruit during the extraction
process. Natural blackcurrant juice has its own charac-
teristics. O. Cherevko et al. (2020) formulated the objec-
tive reasons for the differences in juice extraction from
blackcurrant fruits. The latter is conditioned by the fact
that the value of the juice, namely flavour, aroma and,
especially, colouring substances, is mainly localised in
the cells of the integumentary tissues, which are diffi-
cult to destroy, even with varying degrees of mechan-
ical grinding or crushing of the fruit. The juice yield of
fruit depends on the cellular permeability of the fruit
pulp, which has a mucilaginous consistency due to the
pectin gel. Its splitting can loosen the tissues, reduce
the viscosity of the juice, and facilitate its separation.
Pectin substances in blackcurrant fruits are in a mobile
state and to a certain extent determine the formation
of physical and mechanical properties of fruit tissue.

According to O-C.Bujor et al. (2018), the hydrophilic
biopolymer pectin can increase the water-holding ca-
pacity of plant tissue. The destruction of structural pol-
ymers that make up the middle plates of plant cells
occurs, which leads to the breakdown of connections
between cells and is the result of tissue breakdown into
individual cells. The intercellular protopectin of the
middle lamellae is connected to each other by ionic and
covalent bonds. lonic bonds are destroyed by heating
at pH<4.5. Covalent bonds are broken by a complex of
enzyme preparations. The process of enzymatic hydrol-
ysis of protopectin can occur due to the destruction of
internal or external bonds of the cellulose-hemicellu-
lose-pectin complex.

Furthermore, the shape, nature, and degree of
strength of water bonds with fruit pulp affects juice
extraction. Blackcurrant juice, as a biological liquid,
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belongs to a heterogeneous dispersed system. Adsorp-
tion processes occur on the surface of its particles,
which help to stabilise the colloidal juice solution.
C. Colodel et al. (2018) found that the total amount
of bound water in blackcurrant fruits is in osmotical-
ly bound and colloidally bound forms, with a share
of 78%. In currant fruits, osmotically bound water ac-
counts for only about 46%, while in apples, cherries,
pears, and other types of fruit, it accounts for 60-70%.
It forms a coarse fibrous structure of pectin substances
between which there is a spatial grid, the cells of which
are filled with water molecules. The proportion of col-
loidally bound (adsorbed) water in currant fruit is 32%,
while in the previously listed fruits it is 15-25%. It is
formed due to the concentration of water molecules in
the surface layer of colloidal particles of the product,
which is part of the micelles of various hydrophilic col-
loidal solutions — proteins, polysaccharides. Extracting
such water is quite difficult. In juice production, some
of the colloidally bound water can be extracted by en-
zymatic treatment of the raw material and, as a result,
the hydrate layer is destroyed.

D. Chettri and A. Verma (2023), K. Aaby and
M.R. Amundsen (2023) substantiated that various bio-
chemical changes occur during juice production, asso-
ciated with processes such as hydrolysis, oxidation, re-
duction, condensation, etc. Some of these processes are
necessary to form and improve the taste properties of
juices, but the vast majority cause the formation of un-
desirable or harmful substances and, as a result, deteri-
oration of juice quality. Namely, the presence of oxidis-
ing enzymes that cause darkening of the juice, enzymes
that reduce the content or change colouring substanc-
es, enzymes that oxidise ascorbic acid, and reduce the
value of the juice is undesirable in preparations.

Considering the high extractivity and acidity of natu-
ral blackcurrant juice, it is considered a semi-finished




product for the production of pleasant and harmonious
tasting juices with sugar. The purpose of this study was
to establish optimum conditions and rational meth-
ods of preliminary enzymatic treatment of blackcur-
rant pulp to increase juice yield and their influence on
changes in quality indicators.

LITERATURE REVIEW

One of the most promising methods of pre-treat-
ing fruits and berries for juice extraction is the use
of enzyme preparations. Generally, pectolytic, cytol-
ytic, and proteolytic enzyme preparations are used in
the canning industry. According to B. Flaumenbaum et
al. (1986), H. Schmidt et al. (2022), pectolytic prepara-
tions are widely used in juice production, primarily for
clarification of natural juices and for depectinisation of
juices before concentration. However, as pointed out
by K. Fan et al. (2019), with the right type of prepara-
tion and treatment regimes, it is possible to increase
the juice yield from fruits and berries by 5-20-30% (del
Rocio Castro-Lépez et al., 2016; Ninga et al., 2018).

The crucial factor affecting the completeness and
speed of juice extraction is the presence of pectin sub-
stances. Their breakdown helps to loosen the tissues,
reduce the viscosity of the juice, and facilitate its sep-
aration. However, the amount and fractional composi-
tion of pectin substances in fruits and berries is not the
same. For each type of raw material, the most effective
preparations with a specific enzyme complex should
be selected. Pectolytic enzymes are obtained from ex-
tracts of Aspergillus avamori and Foetidus fungi. Such
preparations, apart from a complex of pectolytic en-
zymes, contain hemicelluloses, celluloses, proteinases,
polyphenol oxidases, etc. The amount of accompanying
enzymes in the preparations is not the same. Some of
them can negatively affect the quality of the juice, for
instance, change its colour, oxidise ascorbic acid.

A. Todaro et al. (2016) describe the mechanism of
action of enzyme preparations as follows: enzymes
destroy protopectin, which cements individual cells
together, resulting in cell separation and tissue loos-
ening. Furthermore, the protopectin encrusting the cell
membranes is destroyed, which weakens their mechan-
ical strength and, as a result, the protective properties
of the protoplasmic membranes underneath. Then en-
zymes and some non-enzymatic substances enter the
cell, causing coagulation of protein-lipid colloids and
cell death. This is due to the long-term effect of the
temperature factor. These changes increase cellular
permeability, protoplasmic membranes rupture, and
juice yield increases. Notably, hydrolysis of protein com-
pounds in pomace and juices also occurs with the help
of pectolytic enzyme preparations with high proteolytic
activity, such as pectofoetidine. The effect of pectolyt-
ic enzyme preparations on the juice yield from fruits
and berries has been studied in research institutions
and laboratories. M. Siddiq et al. (2018) found that when
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apple pomace and some types of berries were pro-
cessed, depending on the enzyme preparation, the juice
yield increased by 4.5-15%.

The most effective use of preparations is for raw
materials that are difficult to juice. The treatment of
gooseberry pulp with nigrin (0.05% and 0.1% by weight)
increased juice yield by 11-19%, and additional heating
of pulp to 70°C increased it by 29%. The addition of
0.02% suspension of pectavamorin, pectofoetidin, and
phylazim to plum pomace at 80°C increased juice yield
by 10%. Comparable data were obtained by I. Olawuyi et
al.(2021) and A.Marsol-Vall et al. (2021), who claim that
treated aronia, blueberry, and plum pomace increased
juice yields to 61%, 87% vs. 57%, 50%, respectively.
Treatment of blackcurrant fruit pomace with pectava-
morin P10x (0.075% by weight) for 2 hours provided
67% juice yield (control-20%). The juice’s sugar content
increased by 78%, polyphenols by 2.5 times, and the
amount of pectin decreased from 0.68% to 0.10%.

Analogous studies M. Siddiq et al., (2018) found
the feasibility of 4-hour fermentation of the pomace.
The juice yield was 64% (control - 16%). A sharp de-
crease in juice viscosity and pectin content (from 0.98%
to 0.10%), an increase in polyphenols (from 0.22% to
0.55%), sugars (from 10.8% to 13.7%), and vitamin C
(from 175 to 207 mg/100 g) was observed. Heating
blackcurrant pomace to 45°C, adding 0.02% suspen-
sion of pectofoetidin P10x and pectavamorin P10x,
and keeping for 4 hours at 40°C increased juice yield
by 27-28%. The highest juice yield from blackcurrant
pulp by centrifugation was obtained after treatment
with pectofoetidine G20x - 75% (control — 32%). Under
these conditions,A.Marsol-Vall et al. (2021) obtained up
to 64% juice. The loss of pectin substances in the juice
was 83.3%, and its viscosity was reduced by 8.3 times.

However, the use of pectin-degrading pectolytic
preparations is only beneficial in weakening the pro-
tective properties of the cell membrane, which is de-
prived of the encrusting element, and facilitating press-
ing by reducing the viscosity of the flowing juice. The
majority of the cell wall of blackcurrant fruit, which has
completed its formation, is the secondary membrane,
which mainly consists of polysaccharides - cellulose
and hemicelluloses. They form a cell membrane matrix
that prevents juice from leaking out. Therefore, it is ad-
visable to use cytolytic enzyme preparations, such as
cellulases, amylases, and hemicelluloses.

Experimental data showed that the maximum ex-
traction of the liquid phase from apples (up to 85%)
is provided by the cytolytic complex cellulase-100 due
to the deep hydrolysis of a complex of polymers that
determine the structural strength and water retention
capacity of tissues. The complex treatment of raw ma-
terials with enzyme preparations pectofoetidin and
celloretin increased the juice yield of currant berries
by 22.5%. Furthermore, pectin substances (27% of the
raw material), sugars, and colouring agents were better
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preserved. The source of cytolytic preparations can
be enzymes of malt raw materials - cellulase, hemi-
cellulose. They break down B-glucans and destroy the
connection of pectin substances with cellulose and
hemicellulose of plant tissue through the neutral poly-
saccharides arabinoxylans and arabinogalactans.

A complex of barley malt enzymes is used to pro-
duce a pectin extract. S. Wang et al. (2023) and T. Yu et
al. (2023) confirmed the feasibility of using barley malt
cytolytic enzymes for the pretreatment of blackcur-
rant berries (ratio of pulp: barley malt - 1:0.4, temper-
ature - 40°C, duration - 2 hours). The juice yield was
increased by centrifugation to 70%. The preservation
of pectin content is 61-70% compared to 15.5% when
treated with pectofoetidine. Considering the specifics
of the raw materials and the features of the technolog-
ical process, optimum conditions were created for the
action of enzyme preparations for currant fruits: tem-
perature - 35-40°C, pH - 2.8-3.5.

According to the technological instruction, the
calculated amount of the preparation for the treat-
ment of pomace is dissolved with a small amount
of warm water (35-40°C), poured with 10 times the
amount of juice heated to 45-50°C, and stirred until
a homogeneous suspension is obtained. It is prepared
immediately before introduction. The suspension is
applied to the pomace of pome fruit immediately af-
ter grinding. 10-15% of water is added to the pulp of
stone fruit, heated to 40-45°C, mixed with a slurry,and
temper for 40-60 min before pressing. However, the
Technological instruction (1992) does not contain any
references to the specifics of processing the pomace
of berry fruits and specifically blackcurrant fruits with
enzyme preparations. The fermentation temperature
is not specified. However, other scientific literature
suggests that the pomace of crushed blackcurrant
fruit is heated to 40-45°C,0.03% of the enzyme prepa-
ration avamorin is added as a suspension in juice or
water, mixed thoroughly, tempered for 4-6 h, and then
pressed (Wang et al., 2015).

Therefore, to increase juice extraction from black-
currant fruits, preparations with a certain complex of
enzymes should be selected: pectolytic, in which the
presence of cytolytic and proteolytic enzymes is desir-
able, and by means of a differential approach, optimum
conditions for their action should be created.

MATERIALS AND METHODS

Research on juice extraction was conducted during
2003-2006 with blackcurrant fruits of the varieties
Minai Shmyrev, Belarus sweet, Novyna Prykarpattia
in the laboratory of the Department of technology of
storage and processing of crop production and in the
Educational and Production Department of the Uman
National University of Horticulture. Blackcurrant plan-
tations are located in the central part of the Right-
Bank Forest-Steppe of Ukraine. The region’s climate is
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temperate continental with unstable moisture, uneven
precipitation, and unstable temperatures.

Blackcurrant fruits of consumer ripeness were har-
vested at the end of June under favourable weather
conditions, berries without tassels were selected in box-
es-trays weighing 4-5 kg and transported to the labo-
ratory. The weight of blackcurrant fruits of each variety
is 60 kg. Juice was extracted by pressing with a screw
press (pressure 0.3-0.4 MPa) after inspection, washing
of the fruit, obtaining the pulp, preparation of the pulp
by the following methods of pretreatment with the en-
zyme preparation pectofoetidine G20x (E 1500 units/qg),
dose 0.03%:

1. Mechanical grinding to the pomace (control).

2. Treatment with pectofoetidine, fermentation for
4 h at 42-45°C:

a) pomace of ground fruit; b) pomace of crushed
fruit.

3. Pectofoetidine treatment of the pulp of crushed
fruit at 37-40°C, 42-45°C:

a) a suspension of the dry preparation; b) an extract
of the preparation after fermentation (1-2 h).

The suspension was prepared from the dry powder
with a small amount of juice (to dissolve) before adding
to the pomace. The extract of the preparation was ob-
tained by pouring 5-10 times the amount of juice and
insisting for 1-2 h.

4. Treatment of the pomace of ground fruits with
pectofoetidin at 37-40°C, 42-45°C with a fermentation
duration of 0.5,1,1.5,2,3,4,5,6,and 8 h.

The mass of the sample for pressing — 1.5-2 kg.
Threefold repetition. The juice yield was estimated us-
ing the generalised Harrington desirability function. To
harmonise the taste of freshly pressed natural juices by
chemical composition, they were used to prepare juices
with sugar. According to the content of dry substanc-
es and acids that are regulated by (DSTU 4150:2003,
2004), they corresponded to the highest grade. Accord-
ing to the Technological instruction (1992), the recipe
was 60% juice + 40% sugar syrup (30%).

The method of making blackcurrant juices with
sugar involved mixing boiled syrup with juice, heat-
ing to 90-95°C, packaging, sealing (hot bottling). In
raw materials, freshly pressed natural juices and juices
with sugar (after 15 days of storage), the content of dry
soluble substances, total sugar content, acid content,
sugar-acid index, and ascorbic acid content were de-
termined. Organoleptic evaluation of juices was per-
formed. Preservation of ascorbic acid in juices was cal-
culated according to the following formula (1):

AAXmq
Py =
AAy XMy

x 100%, (1)

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




Determination methods:

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

m for acid content - titrometric (Pleshkov, 1976);

m for total sugar content, invert sugar content, glu-
cose - ferricyanide (Shirokov, 1974);

B ascorbic acid content - iodometric (Pleshk-
ov, 1976);

B preservation of ascorbic acid (Flaumenbaum et
al.,1986).

The repetition of chemical analyses was three-
fold. The mass of the sample for analysis - 2 kg of
fruit or 1.5 kg of product. Statistical processing of re-
search results was performed using variance analysis.
Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or internation-
al guidelines. The study adhered to the standards of
the Convention on Biological Diversity (1992) and the
Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

Osokina et al.

RESULTS AND DISCUSSION
Technochemical evaluation of pectofoetidine in the
processing of blackcurrant pulp. The most effective
enzyme preparation for juice extraction from blackcur-
rant fruits — pectofoetidine G20x (E 1500 units/g) - was
used. It consists of a complex of enzymes: pectinase,
polygalacturonase, pectin methyl esterase, cellulase,
and amylase (Todaro et al., 2016). According to the
technological instruction, the dosage of the product is
0.01-0.03%. As the amount of pectin in the raw materi-
al increases, the dose of the product increases, but the
excess of 0.03% is not allowed.

According to Table 1, pomace processing dramati-
cally increased juice yield. This is due to the liquefac-
tion of the pomace, reduction of the juice viscosity, and
its easy separation. The influence of the raw material
processing method on the juice yield is 98%. Juice ex-
traction from fruit according to the Harrington desir-
ability level (Cherevko et al., 2020): very good - more
than 55%, good - 48-55, satisfactory - 40-48, unsatis-
factory — 35-40, very unsatisfactory - less than 35%.

Table 1. Juice yield depending on the method of pretreatment of blackcurrant fruits
of different varieties (preparation dose — 0.03%, fermentation — 4-6 h, temperature — 42-45°C), %

Minai Shmyrev Belarus sweet Novyna Prykarpattia

Preprocessing method

2003 2004 2005 2003 2004 2005 2003 2004 2005

Mechanical grinding of fruits to 21.8 19.2 20.1 19.0 17.8 18.6 234 20.3 224

pomace (control)

Pectofoetidine treatment of the 590 573 588 582 567 575 603 572 596
pomace of ground fruit

Treatment of the pomace of crushed 45 o 375 490 423 367 405 443 387 430
fruit with pectofoetidine

LSD 21

05

Source: developed by the authors of this study

The physical and mechanical properties and spe-
cific anatomical structure of the raw materials adjust-
ed the juice yield. When the preparation was used to
treat the pomace of crushed fruit, the juice yield in-
creased 3 times compared to the control and reached
a very good score of 57-60%. With analogous treat-
ment of the pomace of crushed fruits, the juice yield
was estimated as satisfactory and amounted to 37-
44%, which is only 2 times higher than in the control.
The enzymatic maceration of crushed fruits increased
the effectiveness of the preparation by 1.5 times. The
result indicates that the blackcurrant pomace should
be ground as much as possible when treated with an
enzyme preparation. Currants have a dense, elastic
skin. Grinding it increases the contact area and cre-
ates optimum conditions for the action of enzymes, as
noted by L. del Rocio Castro-Ldpez et al. (2016). Clog-
ging of the channels during the pressing of macer-
ated pomace is not dangerous, as the juice flows out

easily and only needs to be separated from the fruit
tissue particles.

The difference in juice yield by variety is not al-
ways significant and ranged within 1.0-3.6%, which is
due to the chemical composition of the fruit, tissue
structure, the degree of cell damage during grinding,
etc. No direct evidence of the influence of the chemical
composition of the raw materials on the effect of the
preparation was found, but in the pomace of different
varieties of fruit, enzyme activation or inhibition pro-
cesses may occur, as evidenced by T. Yu et al. (2023). In
terms of chemical composition, freshly pressed juices
obtained by treating raw materials with an enzyme
preparation (Table 2) are close to fresh fruit. They dif-
fered in appearance - they lost their inherent viscosity
and had a liquid, highly extractable phase. The colour
of the juice is intense, the smell is well pronounced,
typical of blackcurrant fruit. Whereas the juice from
the control variants was devoid of natural colour.

Scientific Horizons, 2024, Vol. 27, No. 4
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Table 2. Indicators of the chemical composition of blackcurrant fruits of different varieties
and juices from them (fermentation with pectofoetidine (dose — 0.03%, duration — 4-6 h, temperature — 42-45 °C)

2003 2004 2005

£ ® % £ X 3 £ X %

o g - = o] P 9 - -~ © o 9 = —~ b~

. - c S - c - c 3 - c —=c s - c
Preprocessing method 2 g 8 = = =2°8 S = S =28 S £ s
g8 @ S 5 285 3 S £ 25 3 s i

on - o o 0% - ° o O0Onh - ° =)

o 8 ‘S > K] 8 'S > o 8 ‘S >

2 e < 2 2 ° < w F ° < 0

Minai Shmyrev

Fruits 16.0 726 332 219 1538 7.01 305 230 164 891 265 3.36
Mechanical grinding 15.6 7.06 3.20 221 154 6.83 292 2.34 16.0 8.68 2.50 3.47

of fruits to pomace (control) 214 16.24 192 8.46

Treatment of pomace
of shredded fruits
with the preparation

Treatment of pomace
of crushed fruits
with the preparation

Fruits 16.0  8.82 2.55 3.46

14.2 6.56 231 284 168 9.21 1.86 495

Mechanical grinding 1567  8.68 2.42 3.59
of fruits to pomace (control) 21.4 1720 1.45 11.8

Treatment of pomace
of shredded fruits
with the preparation

Treatment of pomace
of crushed fruits
with the preparation

Novyna

Prykarpattia

Fruits 14.6 791 261 3.03

132 6.01 218 276 138 840 179 469

Mechanical grinding 14.0 756 241 3.17
of fruits to pomace (control) 204 16.61 145 11.52

Treatment of pomace
of shredded fruits
with the preparation

Treatment of pomace
of crushed fruits
with the preparation

LDy 012 068 011 088

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

Source: developed by the authors of this study

Juices with sugar met the standard’s quality require-
ments. The positive effect of the treatment of raw ma-
terials with the enzyme preparation on the preservation
of ascorbic acid was established (Table 3). The juices

Scientific Horizons, 2024, Vol. 27, No. 4

lost mainly 6-7% of ascorbic acid from the content in
the fruit, or its retention was about 94% (control - 83-
85%).That is, the ascorbic acid content in the juices of the
natural experimental variants is on average 10% higher.
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Table 3. Ascorbic acid content (mg/100 g) and its preservation (%) in blackcurrant fruits of different varieties
and in juices from them (preparation dose - 0.03%, duration - 4-6 h, fermentation temperature — 42-45°C)

2003 2004 2005
Preprocessing method
Content Preservation Content Preservation Content Preservation
Minai Shmyrev

Fruits 182.1 - 176.0 - 172.0 -
Mechanical grinding 151.17 83.0 149.7 85.1 144.5 84.0
of fruits to pomace (control) 88.7 97.8 88.0 98.0 85.0 98.0
Treatment of pomace of shredded fruits 171.7 94.3 156.2 88.8 162.2 94.3
with the preparation 101.5 98.5 92.6 98.8 96.0 98.6
Treatment of pomace of crushed fruits 170.8 93.8 165.1 93.8 161.3 93.8
with the preparation 101.1 98.7 98.0 98.9 95.4 98.6

Belarus sweet

Fruits 273.5 - 308.0 - 272.8 -
Mechanical grinding 2270 83.0 261.5 84.9 289.1 84.0
of fruits to pomace (control) 133.2 97.8 1529 98.1 134.8 98.1
Treatment of pomace of shredded fruits 2571 94.0 289.5 94.0 256.4 94.0
with the preparation 152.0 98.5 171.3 98.6 151.7 98.6
Treatment of pomace of crushed fruits 258.2 94.4 288.3 93.6 255.3 93.6
with the preparation 152.9 98.7 170.9 98.8 151.5 98.9

Novyna Prykarpattia

Fruits 229.3 - 180.4 - 192.4 -
Mechanical grinding 191.2 83.4 153.3 85.0 162.0 84.2
of fruits to pomace (control) 1124 98.0 0.3 98.2 1 97.8
Treatment of pomace of shredded fruits 216.2 93.4 170.0 94.2 151.0 78.5
with the preparation 128.3 98.9 1.0 99.0 89.5 98.8
Treatment of pomace of crushed fruits 215.1 93.8 142.1 78.8 152.2 79.1
with the preparation 128.0 99.2 84.7 99.3 99.0

6.25 .25 6.75
L5Dqs 5.72 ) 5.72 i 5.72 i

Note: above dash - natural juice, under dash - juice with sugar

Source: developed by the authors of this study

The high preservation of ascorbic acid in juices
was facilitated by the conditions of the technolog-
ical process — heat treatment of raw materials, their
deaeration, and the lack of oxygen access during fer-
mentation (Marsol-Vall et al., 2021). However, in fresh-
ly pressed juices from Novyna Prykarpattia fruit, the
amount of ascorbic acid was lost by 26-27% of the
amount contained in fresh fruit, and its preservation
in juices decreased to 79%. These results are probably
not natural. They are attributed to the oxidation of the
pomace by air oxygen during prolonged fermentation
and a breach of the hermetic state, while other process
conditions did not change.

In juices with sugar, a 1.7-1.9-fold decrease in
ascorbic acid content was observed (control - 2-fold).
Juices with sugar in the experimental variants con-
tained, as a rule, 11-14% more ascorbic acid. The
preservation of ascorbic acid in juices with sugar in
the control variant is 98%, in the experimental vari-
ant it is about 99%. The characteristics of blackcurrant

varieties had a significant impact (80%) on the ascor-
bic acid content in juices. Its high content in the fruits
of the Belarus sweet variety had a positive effect on
the indicator in juices. The level of the juice index is
1.2-1.4 - 1.5-1.7 times higher than in juices from the
Novyna Prykarpattia and Mynai Shmyrev varieties.
Influence of heat treatment of raw materials and
methods of application of enzyme preparation on the
yield and quality of juices from blackcurrant fruits.
According to I.F. Olawuyi et al. (2021), the accelerated
action of a pectolytic enzyme preparation is provided
by heat treatment of raw materials. This process par-
tially destroys protopectin, coagulates and dehydrates
colloids, as a result of which the cells lose their abil-
ity to retain juice. Such changes promote greater en-
zyme contact, facilitate the enzymatic hydrolysis of
pectin substances, which considerably increases the
effectiveness of the enzyme preparation, even though
heat treatment apparently partially inactivates the
pectolytic enzymes of raw materials. Furthermore, heat
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treatment of raw materials prevents microbiological
and oxidative processes. Therefore, only with the use
of complex thermal and enzymatic treatment of the
pomace can one count on a high result. As already
mentioned, the optimum temperature for the action of
enzyme preparations for blackcurrant fruits is 35-40°C.

The effect of temperature on the efficacy of pecto-
foetidine G20x in the blackcurrant pomace was not
found. However, it is known (Wang et al., 2015) that
enzyme preparations are thermostable and do not
inactivate at 65-70°C for 10-15 min. Complete inacti-
vation is achieved at 70°C in one hour. By raising the
temperature to 45-50°C, the enzymatic hydrolysis of
pectin substances can be significantly enhanced. How-
ever, the optimum temperature for the action of the
pectinase enzyme, which is part of pectofoetidine, is
40°C. Exceeding a temperature of 45°C leads to its in-
activation. The researchers found a variant that com-
bined the most favourable conditions - heating the
pomace to 50-52°C before fermentation. At the same

time, the methods of applying the enzyme preparation
in the form of a suspension and an extract were studied.
The positive result of applying the enzyme preparation
does not depend on the amount of juice applied, but
on its time sustained in the juice. During this time, it is
inactivated by the polyphenolic substances in the juice.
With less juice, the enzyme inactivation is less.

The studies have shown (Table 4) that the meth-
od of application of the preparation and the temper-
ature of processing the pomace of crushed fruit had a
considerable effect on the juice yield. Under the same
conditions, the process of applying the enzyme prepa-
ration in the form of a suspension is more efficient -
the juice yield reached 58-63%, which is 11-15% more
than from the pomace treated with the preparation ex-
tract. The use of the enzyme preparation for blackcur-
rant pomace does not require any preliminary prepa-
ration of the extract. Before adding the preparation to
the pomace, the dry powder should first be dissolved in
a small amount of juice.

Table 4. Juice yield from blackcurrant fruit pulp of different varieties depending
on the method of preparation application (fermentation time - 4-6 h, dose - 0.03%), 2006, %

Minai Shmyrev Belarus sweet Novyna Prykarpattia
Method ?f aPpllcatlon of the Pomace fermentation temperature, °C
preparation into the pomace
37-40* 42-45 37-40* 42-45 37-40* 42-45
Suspension 60.0 60.5 57.0 58.8 62.8 63.4
Extract 51.8 53.6 48.1 50.5 54.3 55.2
LSD 1.38

05

Note: * the pomace was preheated to 50-52°C
Source: developed by the authors of this study

According to the results of juice yield, depending
on the fermentation temperature, the increase in juice
yield from the pomace fermented at 42-45°C was not
always significant. The reasons for this effect lie in the
processing time and the sensitivity of enzymes to tem-
perature.The fermentation of the pomace for 4 h proved
to be long-lasting and had an ambiguous effect on juice
extraction, which is confirmed by Z. Wang et al. (2015).
The temperature probably also changed the effect of
the preparation. Preheating the pomace to 50-52°C had
two effects: it intensified the reactions and did not ir-
reversibly inactivate enzymes (e.g., pectinase). However,
further fermentation at 37-40°Cinhibited the activity of
the enzymes of the added preparation. Fermentation at
37-40°Cwith the integrated use of preheat treatment of
the pomace can be recommended for the extraction of
juice from certain varieties of blackcurrant. However, in-
creasing the temperature of fermentation of the pomace
to 42-45°C is more effective regardless of the variety.
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According to Table 4, the difference in juice yield
when treating the fruit of the studied varieties with the
enzyme preparation ranged from 3-5% to 12-15%. In
terms of chemical composition, freshly pressed juice
from raw materials treated with an enzyme preparation
is close to fresh fruit (Table 5). It is logical to increase
the acidity of juices by 1.4-2.8% due to the accumula-
tion of galacturonic acid due to the breakdown of pec-
tin. Its enzymatic hydrolysis is quite complicated under
the influence of a complex of enzymes, and the specific
effect of various chemical compounds on their activi-
ty. Acid degradation, neutralisation, and complexation
with metals as a result of the long enzymatic process
are possible. This assumption can be confirmed by the
fact that the pH of the juices decreases, which is in line
with analogous statements by S. Wang et al. (2023).
Comparison of freshly pressed juices obtained at differ-
ent fermentation temperatures showed no difference in
physicochemical parameters.
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Table 5. Indicators of the chemical composition of blackcurrant fruits of various varieties and juices from them, 2006

Fermentation temperature 37-40°C Fermentation temperature 42-45°C

N X g ® X g
Method of £ g 3 X 3 %5 8 £ £ g X 3 5 X
Py U O Q bl h=] S e > v O ] o = © RIS 3
application s E &3 £ gX s¥ & £ £T £ gX g3
of fermented ER] S =8 © cE BR 323 8 ] o LE E8
preparation to the ] 5 g ¥ S €8 ¢ 2 8g & gL - 22 ¢ =
pomace -§§ 3 ST 5, 28 88 55 z ST g 28 ©8
3 ® <6 2 S8 2 = <6 a S
2 & % : & %
Minai Shmyrev
Fruits 13.2 7.10 2.1 3.38 169.8 - 13.2 7.10 2.10 3.38 169.8 -
Suspension 13.0 701 2.05 3.45 163.6 96.3 13.2 7.02 2.07 3.39 164.6 96.9
P 19.8 16.20 1.23 13.17 98.7 20.0 16.2 1.24 13.07 97.3 98.5
Extract 126 6.85 2.06 332 1540 907 128 6.90 2.05 337 1557 917
19.6 16.12 1.25 12.90 91.5 99.0 19.8 16.14 1.20 13.45 92.3 98.8
Belarus sweet
Fruits 170 144 6.11 252.6 - 8.80 6.11 252.6 -
Suspension 16.8 8.6 147 5.91 242.3 95.9 16.8 8.72 1.40 6.23 242.0 96.2
P 2.0 0.86 20.02 1436 98.8 22 1 0.84 20.51 1441 98.8
Extract . . . 6.19 224.8 89.0 . . . 5.92 226.1 89.5
21.8 17.16 0.84 2043 1335 99.0 21.8 17.19 0.88 19.53 1340 98.8
Novyna Prykarpattia
Fruits 13.2 7.80 141 226.2 - 13.2 0 1.41 53 226.2 -
Suspension 12.8 7.60 1.45 5.24 219.4 970 13.2 772 1.37 5.64 217.6 96.2
P 19.8 16.54 0.84 19.69  130.5 99.1 20.0 16.63 0.81 20.53 1293 99.0
Extract 12.6 7.50 1.40 5.36 205.8 91.0 12.8 761 . 547 207.0 91.5
19.6 16.50 0.82 20.12 1225 99.2 19.8 16.57 1949 1227 98.9
LSD 0.02 0.28 0.06 0.29 4.76 0.02 . 0.06 0.29 4.76
05 0.04 0.54 0.07 1.67 4.46 0.04 0.54 0.07 1.67 4.46

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

Source: developed by the authors of this study

The characteristics of the variety had a significant
impact on the chemical composition of the juices - the
influence was 95%. The juices of the Belarus sweet va-
riety have high soluble solids and sugars content, and
due to their low acidity, their sugar-acid index is on av-
erage 1.8 times higher than that of the Minay Shmyrev
variety. The quality of the freshly pressed juices was
reflected in the finished product - juices with sugar.
In terms of dry soluble solids (19.6-22.0%), the latter
met the requirements of the standard. However, in
terms of acid content (0.82-0.88%), juices with sugar
from Belarus sweet and Novyna Prykarpattia did not
meet the standard, which is due to the initial acid con-
tent of 1.4% in the fruit. The sugar-acid index of juic-
es from the Minay Shmyrev variety was medium, and
the sugar-acid index of the Belarus sweet and Novyna
Prykarpattia varieties was high - 20. The organolep-
tic evaluation of juices with sugar revealed a natural
appearance, aroma, and colour typical of blackcurrant.
They had a liquid consistency and high extractabil-
ity. The taste of the juices was pleasant but lacked

softnessand lightness due tothe liquefaction of the fruit
mass during fermentation and the transfer of insoluble
substances not specificto juice components to the juice.

The preservation of ascorbic acid in freshly pressed
juices is high - 90-97% and depended more on the
method of application than on the temperature of
pomace fermentation. In the juices from the pomace
treated with the preparation suspension, the retention
of ascorbic acid is 96-97%, and in the preparation ex-
tract - 89-92%. The preheating of the pomace to 50-
52°C before fermentation at 37-40°C played a crucial
role in this. Under these conditions, oxidative enzymes
are inactivated, which increases the preservation of
ascorbic acid. On the other hand, a higher juice yield
results in a better extraction of ascorbic acid, especial-
ly from the peel. In juices with sugar, the content of
ascorbic acid decreased by 1.7-1.9 times, but its pres-
ervation was high - about 99%.

Influence of the duration of enzyme treatment and
pomace temperature on the yield and quality of black-
currant juices.The treatment of pomace with an enzyme
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preparation, along with the hydrolysis of pectin sub-
stances (reducing viscosity), also involves biochemical
and microbiological transformations. These processes
do not affect the quality of the juices during short-term
ageing, but in the case of prolonged fermentation, the
quality of the juices deteriorates and in some cases the
product may spoil. Oxidation processes often cause
undesirable changes in the taste and colour of juices.
Furthermore, the pomace contains the microflora of the
raw material, which multiplies freely at 20-40°C and
can cause undesirable microbiological changes. Heat
treatment of raw materials to some extent prevents
microbiological and oxidative processes. However, the
effects of oxidising enzymes cannot be avoided, even in
the case of heat treatment of raw materials.

The advantage of blackcurrant as a raw material for
juice production is that its fruit has a low activity of ox-
idative enzymes. It contains ascorbic acid, which acts as
a natural antioxidant. Its content of 1 mg/g already has
a positive effect. Ascorbic acid simultaneously increases

the activity of enzymes. In the scientific literature, there
are quite opposite conclusions regarding the duration
of pomace treatment - from 40-60 min to 4-6 h or more.
This is due to different raw materials, different enzyme
preparations and their activity. The influence of the du-
ration of treatment of pomace with a suspension of the
enzyme preparation pectofoetidin G20x at different tem-
peratures on the yield of blackcurrant juice was studied.

A detailed analysis of the data (Table 6) showed
that the duration of pomace processing affected the ef-
ficiency of juice extraction. Regularities in the increase
of juice yield during the process were established. After
only 0.5 h of fermentation, the juice yield was 36-42%,
which was about 60-65% of the total yield. Each subse-
quent 0.5 h of pomace fermentation, up to a total du-
ration of 2 h, significantly increased the juice yield: by
7-11%in 1 h,by 10-15% in 1.5 h,and by 14-16% in 2 h.
If the juice extraction from the fermented pomace for
1 h was 65-72%, then for 1.5 h it was 74-81%, and for
2 h it was 82-93%.

Table 6. Juice yield depending on the temperature and duration
of fermentation of blackcurrant pulp of different varieties, 2006, %

Minai Shmyrev

Belarus sweet Novyna Prykarpattia

Fermentation

Fermentation temperature, °C

duration, h

37-40" 42-45 37-40" 42-45 37-40" 42-45
0.5 374 39.2 35.7 36.2 40.8 423
1.0 40.3 43.6 38.2 40.3 438 46.3
1.5 457 49.5 43.0 46.4 48.3 52.2
2.0 52.5 56.3 47.0 53.7 55.6 60.0
3.0 57.8 60.0 52.6 57.0 59.8 62.3
4.0 60.0 62.1 55.0 58.0 61.8 63.4
5.0 61.0 62.5 56.6 58.5 62.8 63.8
6.0 61.5 62.8 57.0 59.0 63.3 64.0
8.0 61.7 63.4 57.2 59.6 63.5 64.4

LSD 3.8

05

Note: * preheated to 50-52°C
Source: developed by the authors of this study

Fermentation of the pomace for 2 to 4 hours in-
creased the juice yield, but the intensity of the process
was slowed down. If the juice extraction from the pom-
ace fermented for 3 h was 92-97%, and for 4 h - 96-
98%, the increase in juice yield was 4-10% and 2-5%,
respectively. Juice extraction after 4 h was 98-99%, but
the increase was not significant - 0.3-2%. The char-
acteristic changes in the pomace during fermentation
depended on temperature and variety characteristics
(Table 6). Regardless of the process duration, the juice
extraction has always been better from the pomace at a
fermentation temperature of 42-45°C: the juice yield is
1-8% higher. The difference is most pronounced in the
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first hours of fermentation. After 2 h of pomace fermen-
tation, juice extraction at 37-40°C was 82-87%, at 42-
45°C - 89-93%, after 3 h — 94% and 95-97%, and after
4 h -96-97% and 97-98%. Further fermentation of the
pomace is not advisable.

The process of fermenting the pomace depended
on the characteristics of the variety. Juice extraction
from the flesh of the Novyna Prykarpattia variety was
the best. Regardless of the duration of the process,
the juice yield was 3-9% higher than that of the Mi-
nay Shmyrev fruit pulp, and 9-15% higher than that
of the Belarus sweet fruit pulp. When fermenting the
pomace for up to 8 h, the juice yield may increase.




However, this fermentation time is technologically
and economically impractical. Due to the deep hy-
drolysis of pectin substances, the acidity of the juice
increases and ethyl and even methyl alcohols can ac-
cumulate (Ninga et al., 2018).

This is confirmed by the acid content of the juic-
es. Within half an hour of fermentation (Table 7), the
colloidal system was so destabilised that 94 to 99% of
the acids were transferred to the juices. Then a gradual
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increase (by 2.7-5.0%) in the acid content of the juices
was observed by 3 h. The fermentation of the pomace
was 97-103%. However, the difference in the acid con-
tent of the juice between the second and third hour of
fermentation is 1%. After 4 h, the accumulation of acids
in the juices decreased (2.9-5.4%), and their transfer to
the juice remained at 98-103%. Only after 8 h of fer-
mentation, the acidity of the juices increased again by
3.2-5.7%, and the acid content reached 98-104%.

Table 7. Acid content in freshly pressed natural juice from blackcurrant fruits
of different varieties (in terms of citric acid), 2006, %

Minai Shmyrev

Belarus sweet Novyna Prykarpattia

Fermentation

Fermentation temperature, °C

duration, h

37-40* 42-45 37-40" 42-45 37-40" 42-45
0.5 2.064 2.097 1.360 1.380 1.360 1.380
1.0 2.070 2.104 1.367 1.387 1.374 1.394
1.5 2.084 2.124 1.380 1.401 1.394 1.414
2.0 2.104 2.144 1.387 1.420 1.420 1.441
3.0 2.117 2.157 1.401 1.434 1.427 1.447
4.0 2.124 2.164 1.407 1.441 1.427 1.454
5.0 2.124 2.164 1.407 1.441 1.427 1.454
6.0 2.124 2.164 1.407 1.442 1.434 1.454
8.0 2.131 2.171 1.414 1.447 1.434 1.461

LSD 0.02

05

Note: * preheated to 50-52°C
Source: developed by the authors of this study

The process of fermentation of blackcurrant pulp
can be divided into 3 stages: the first (up to 1 h) — dest-
abilisation of the colloidal system, characterised by a
sharp decrease in pomace viscosity, mainly by the tran-
sition of raw material components into juice; the sec-
ond (up to 3 h) - degradation of the pomace structure,
characterised by liquefaction, a significant decrease
in its viscosity and increased transition of raw mate-
rial components into the juice due to the destruction
of polysaccharides; third (after 3 h) — stabilisation of
processes due to the completion of structural changes.

It can be assumed that after destabilisation of the
colloidal system, the breakdown of polygalacturonic
acids begins. Due to the formation of galacturated ac-
ids, the amount of reduced substances increases, but
there is no further reduction in pomace viscosity. The
acidity of freshly pressed juices increased by 0.5-3.6%.
With an increase in the temperature of pomace fermen-
tation to 42-45°C, the accumulation of acids in the juic-
es increased by 1-2%. Furthermore, while 100% of the
acid content in pomace juices at 37-40°C was recorded
after 2 h of fermentation, at 42-45°C it was recorded af-
ter 1.5 h. The characteristics of the variety affected the

juice yield of raw materials. The pomace from the fruits
of the Novyna Prykarpattia and Minai Shmyrev varieties
had the best technological properties. The extraction
of acids from it into the juice was more intensive and
reached 102-103%. Structural changes in the pomace
from the Belarus sweet variety were slower. This affect-
ed the juice yield.

The issue of preserving vitamin C in juices during
pomace fermentation is of scientific and practical im-
portance (Table 8). After fermentation of the pomace
for 0.5 h, the content of ascorbic acid in the juices de-
creased by 6-11%. Its safety was high — 90-94%. Its loss
during pomace production was obviously to some ex-
tent overlapped with its extraction from the pomace,
as already established above (Table 7). After 1-1.5 h of
pomace fermentation, the content of ascorbic acid in
the juices continued to increase by 2-4%, and its preser-
vation was up to 93-97%. Fermentation of the pomace
for up to 3 h caused its loss in juices, but its preser-
vation stayed at 95-96%. With further fermentation of
the pomace, the content of ascorbic acid in the juices
decreased and the level of its preservation decreased
sharply - from 93-94% in 4 h to 80-86% in 8 h.
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Table 8. Ascorbic acid content (mg/100 g) and its preservation
in freshly pressed natural juice from blackcurrant fruits of different varieties, 2006

Minai Shmyrev

Belarus sweet Novyna Prykarpattia

Fermentation

Fermentation temperature, °C

duration, h
37-40% 42-45 37-40* 42-45 37-40* 42-45
05 154.6 156.0 227.0 230.2 208.4 213.0
’ 91.1 91.8 89.9 91.1 921 94.2
10 159.6 163.0 234.8 240.3 214.0 2194
’ 94.0 96.0 93.0 95.1 . 97.0
15 163.1 164.8 240.0 244.8 219.4 218.9
) 96.0 97.1 95.0 96.9 97.0 96.8
20 163.3 164.9 245.0 245.0 2194 219.0
’ 96.2 97.1 97.0 97.0 97.0 .
3.0 162.6 163.0 239.5 240.3 217.4 2149
’ 95.8 96.0 94.8 95.1 96.1 95.0
40 159.0 159.3 2344 234.0 212.5 212.6
’ 93.6 93.8 92.8 939 94.0
50 157.8 157.1 230.0 231.2 210.3 2115
’ 929 92.5 91.0 91.5 93.0 93.5
6.0 153.7 151.7 2253 222.3 206.5 205.9
’ 90.5 89.3 89.2 88.0 91.3 91.0
8.0 145.2 140.8 . 204.2 195.2 .
’ 85.5 82.9 83.3 80.8 86.3 84.3
5.0
LSD,, 10

Note: * preheated to 50-52°C
Source: developed by the authors of this study

Temperature had a significant effect on the ascorbic
acid content of the juices only up to 2 h of fermentation.
Its preservation in juices from pomace fermented at 42-
45°Cis 1-2% higher, which is due to an increase in its
extraction into the juice. Fermentation of the pomace
for up to 6-8 h sharply reduced the content of ascor-
bic acid in the juices. Moreover, its losses in juices at
42-45°C are higher, and its preservation is lower - 81-
84% versus 83-86% at 37-40°C. Apparently, as noted by
M. Siddiq et al. (2018), at higher temperatures during
the long process, the oxidation of ascorbic acid was
more intense. The content of ascorbic acid in the juices
depended on the variety, with a 92% effect. Juices from
the Belarus sweet and Novyna Prykarpattia varieties
contained almost 1.3-1.5 times more ascorbic acid than
juices from the Minay Shmyrev variety. Its preservation
had a comparable trend.

Based on the analysed data, it can be concluded
that, unlike other scientists who have conducted analo-
gous studies, it was found that the enzymatic treatment
of the pomace with pectofoetidin increases the juice
yield from crushed fruit to satisfactory (37-44%) and
very good (57-60%) for ground fruit, which is 2-3 times
higher than without treatment. Rational conditions for
pomace fermentation are ensured by using 0.03% of
the preparation by weight, a temperature of 42-45°C,
a processing time of 2 h with up to 60% of the juice
extracted, with 96-102% of acids transferred to it and
up to 97% of ascorbic acid content.
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Studies confirm the findings of K.A. Ninga et
al. (2018), S. Wang et al. (2023) that the juice in black-
currant fruits is firmly retained by living tissue. Mechan-
ical destruction of the cell membrane by grinding is not
sufficient. It is necessary to use additional methods of
exposure, which is explained by the specific features of
the structure and physiological properties of the cellu-
lar tissue of blackcurrant fruits. Their ability to juice is
less dependent on the resistance of cytoplasmic mem-
branes to mechanical stress,and more on their viscosity
and elasticity, the cytological and anatomical structure
of the cell tissue, and the content of pectin substances.
The presence of the latter, with a high calcium content
in the mineral composition of the juice, increases the
stability of its cytoplasm and makes it difficult to ex-
tract the juice. Juice flow is inhibited by the high con-
tent of soluble pectin substances in blackcurrant, which
increase the viscosity.

It is not enough to mash blackcurrant fruits; they
must be subjected to special processing. Treatment
with enzymatic pectolytic preparations, which pri-
marily destroy soluble pectin, is quite effective. This
is confirmed by I.F. Olawuyi et al. (2021) and A. Mar-
sol-Vall et al. (2021). However, on the other hand, pec-
tolytic enzymes also act on cells with toxic non-en-
zymatic substances that are part of the preparation
and cause coagulation of protein-lipid membranes
and plant cell death. It is as a result of such transfor-
mations that cell permeability increases, protoplasmic




membranes break and juice yield increases. The disad-
vantage of the studies is the lack of safety indicators
for blackcurrant juice.

Furthermore, a classic enzyme preparation, pecto-
foetidine, was used in the studies. However, there are
other enzyme preparations with different composition
and enzyme activity. Their disadvantages and advan-
tages during the extraction of blackcurrant juice with
a high content of ascorbic acid were not established.
Blackcurrant juices are healing products for children
(del Rocio Castro-Lépez et al., 2016). However, a ques-
tion arises regarding their study for use in infant and
dietary nutrition due to the use of enzyme prepara-
tions. No direct evidence of their negative impact on
juice quality has been found. In recent years, the en-
vironment has been increasingly contaminated by
mutagens of physical, chemical, and biological origin.
Hormonal imbalance due to chronic stress is a source
of mutagenic danger. Mutagenesis can pose a threat to
human health. A range of mutagens have carcinogenic
effects. It is important to establish the antimutagenic
properties of blackcurrant juice. This is a priority for
further research.

It should be borne in mind that scientists and
breeders are working on developing blackcurrant va-
rieties with specific consumer properties, improving
technological methods of growing the crop, protecting
it from pests and diseases in different weather condi-
tions, etc. All this requires constant, ongoing research
into the impact of both internal and external factors on
the quality of blackcurrant as a raw material with high
C-vitamin activity. Thus, the use of blackcurrant genetic
resources, both today and in the future, is inexhaustible.
And the study of the formation of the biochemical value
of fruits, ways to increase juice yield is a theoretical and
practical prerequisite for the production of high-quality
juices that solve the problem of providing the popula-
tion with biologically valuable products of natural ori-
gin all year round.

CONCLUSIONS

Based on the study, the high efficiency of blackcurrant
pomace treatment with pectofoetidine G20x for juice
extraction was established. In the absence of concrete
recommendations for the extraction of blackcurrant
juice in the technological instructions for the use of en-
zyme preparations, it was found that the yield of black-
currant juice increases when the pomace is treated with
the enzyme preparation pectofoetidine G20x. Moreover,
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depending on the method of mechanical impact on the
fruit, from a satisfactory level of 37-44% (crushing) to a
very good level of 57-60% (grinding), which is 2-3 times
more than without processing. The effectiveness of the
preparation is increased by 1.5 times by grinding the
fruit before fermentation.

For maceration of blackcurrant pomace from the
preparation, it is not advisable to prepare the extrac-
tor beforehand. Since the juice yield from pomace
treated with a powder suspension (0.03% by weight)
is 11-15% higher. Fermentation of blackcurrant pom-
ace is a lengthy process, which includes three stages:
the first is destabilisation of the colloidal system of
the pomace (up to 1 h); the second is degradation of
the pomace structure (up to 2 h); the third is stabili-
sation of the process (after 3 h). Optimum conditions
for pomace maceration: temperature - 42-45°C, du-
ration - 2 h. Under these conditions, the juice yield
increases to 56-60%. The juice is characterised by al-
most complete conversion of acids, including ascorbic
acid, from the raw material.

The quality and biological value of freshly pressed
blackcurrant juices from fermented raw materials are
close to fresh fruit in terms of physicochemical and or-
ganoleptic characteristics. The preservation of ascorbic
acid in juices with sugar is 90-97% (83-85% without
processing). The strength of the variety’s influence on
the preservation of ascorbic acid in freshly pressed juic-
es is 92%. The production of blackcurrant juices with
sugar does not reduce the C-vitamin value of the prod-
uct. Therewith, the content of ascorbic acid in juices is
reduced by 1.7 times due to the preparation technology,
but its preservation is high - 99%. The characteristics
of the blackcurrant variety substantially affect the juice
yield. An increase in juice yield by 6-15% correlates
with the chemical composition of the fruit. Considering
that scientists are working towards the development of
the latest enzyme preparations, possibly even complex
ones, further research is promising.
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lpuropin IBaHoBuu MopnpsaTos
KaHamaaT CinbCbKorocnoaapCbknx Hayk, mpodecop
HauioHanbHuWI yHiBepcuTeT Biopecypcis Ta NPUPOAOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoHu 13, M. Kuis, YkpaiHa
https://orcid.org/0000-0002-3164-5798
Bonoaumup AHtoHosuu Miaay6Hui
[oKTop TeXHIYHUX HAyK, npodecop
[ep>xaBHWIA TOProBe/IbHO-EKOHOMIYHUI YHiBEpPCUTET
02156, Byn. KioTo, 19, M. Kui, YkpaiHa
https.//orcid.org/0000-0002-1497-7133

AHoTauis. YopHa cMOpoamHa — NoniBiTaMiHHA KyNbTypa 3 BUCOKMMM AIETUYHUMM Ta NiKYBaSbHUMU BNACTUBOCTAMM
€ )KEPENOM BMKJIOYHO LiHHOI CMPOBUHM AN BUPOOHMLTBA COKiB, NPOTE BUTATAHHA MOro YCKAaAHEHe XiMiYHUM
cKnagoM. EHpokapniin onnogHs YOpHOI CMOPOAMHM (BNacHe MAKOTb) GPOPMYETLCA OCU3HEHUMM apuaycamu, ki
OTOYYIOTb HACiHWHK, WO MepelKomKae fobyBaHHIO COKy. MeTa poboTM - HayKoBe OOrpYHTYBaHHSI peXMMIB Ta
CnocobiB epeKTUBHOIO BUTSAraHHS COKY YOPHOCMOPOAMHOBOIO 3 NonepesHbo hepMeHTaTMBHO 0O6poOKO Ma3ru
3a 30epexeHHs Moro NpMpoLHOro XiMiYHOro CKknagy Ta 6ionoriyHo akTUBHUX peyoBuH. [locnigkeHHs NpoBeaeHo
3 Nno4aMu 4opHoi cMopoauHu copTiB MuHan LUMupboB, binopyceka conoaka, HosuHa lNpukapnatta B ymoBax
nabopartopii kadeapu TexHonorii 36epiraHHs i nepepobku NpoayKLii POCIMHHULTBA Ta HaBYaNbHO-BUPOOHMYOTO
BiALINKY YMAHCbKOrO HaLiOHaNbHOrO YHiBEpCUTETY cafiBHMUTBA. MeToam pocnifxeHb (PisuyHi, XiMidHi, disnko-
XiMiYHi) Ta cTaTUCTMYHA 06pOo6Ka pe3ynbTaTiB (AUCnepCiiHMiA aHani3) 3arafbHONPUIHATI. 3 NIOAIB YOPHOTI CMOPOAMHM,
3a3BMYal, OLEPXKYIOTb HE33LOBINbHUIA BUXiL cOKy - 18-24 %, wo no3baBneHuit BRacTMBoro 3abapeneHHs. 3a
OLiHKOK BaxxaHOCTi XappiHrToHa hepMeHTaTMBHA 06pobKa NekTohoeTUAMHOM 30iNbLUyE BUXifA, COKY 3 pO34aBAEHUX
NNoLIB A0 33a40BiNbHOMO (37-44 %) Ta pyxe pobporo (57-60 %) nns nnonis noppibHeHMx (M93ra), Wwo B 2-3 pasu
6inbwe. Mig yac depmeHTaLii M'a3rM BUAINEHO TpM CTagii: nepwa — gectabinisauii konoigHoi cuctemmn Ma3rm (0o
1 ron.); apyra - gerpagauii cTpyktypu Ma3ru (8o 2 rof.); Tpets — ctabinizauii npouecy (nicng 3 rog.). OntuManbHi
ymMoBM depmMeHTauii Ma3rmn 3abe3snedvyoTbcsa 3actocyBaHHaM 0,03 % Big Macu cycneHsii npenapary, TemnepaTypu
42-45°C, TpuBanocTi npouecy 2 rof. Lle cnpuunHioe noBHOTY BUTAraHHS coky Ao 60%, nepexonoM y Hboro 96-102%
KMCNoT Ta 36epexeHicTio 1o 97 % BMicTy ackopbiHOBOi KMcnoTU. MiABULLEHHS BMXOAY COKY Ha 6-15 % kopentoe 3
0C06/IMBOCTAMM COPTY. Y COKaX i3 LLyKpOM BMICT ackopbiHOBOI KMCNOTU B 1,7 pa3u HWXUMIA, NpoTe ii 36epexeHicTb
carae 98-99 %. MakTopamu cTabinizauii ackopbiHOBOi KMCNOTM Y COKax € LyKOp i rapsumii po3nue. 36inblieHHs
BMXOAY COKY Ta MOKPALLEHHS MOro SIKOCTi eKOHOMIYHO Ta TEXHOMONIYHO AoLiNbHE

KniouoBi cnoBa: hbepmMeHTaTMBHa 006pobKa; BUXiA COKY; AKiCTb COKiB; 36epexeHicTb ackop6iHOBOI KUCNOTH
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