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Abstract. In this article was applied a comprehensive research method which made it possible
to quite fully investigate the mechanism of the effect of electrical impulses on the protoplasm
of cells and determine the optimal parameters of such effect on plant raw materials, ensuring
high efficiency of their use to increase the juice yield. The complex research method made it
possible to obtain the necessary data for the implementation of the electrical method for
intensifying the process of extracting juice from plant materials. Due to the fact that the issues
related to the use of electrical impulses for the processing of plant materials have been little
studied and there is no sufficiently clear understanding of the mechanism of such an effect on
living cells, we made an attempt to investigate the mechanism of this process. A technique has
been developed for studying the dynamics of the action of electric current on plant tissue cells.
We expressed the yield of juice from raw materials as a percentage of the weight of the pulp,
which was processed and pressed. Thus, a comparison of the results of individual experiments
showed an absolute increase in juice yield as a percentage.

1. Introduction

Several methods of electrical technology have already found apply in the production of juices. The
original method of using electrolysis - electro flotation allows you to purify and clarify juice. Electro
plasmolysis and electrohydraulic processing of the pulp before pressing lead to an increase in the juice
yield. High-frequency sterilization and electrical contact heating can also be successfully used in juice
production. Thus, now a fundamentally new direction is being born, a direction that undoubtedly has a
great future the electrical technology of juices.

In the technology of press extraction of juice, a significant role is given to the operation of grinding raw
materials. For each type of plant material, there is an optimal degree of grinding before pressing, which
ensures the maximum yield of juice in a short time, and therefore it is very important to be able to
correctly determine the size of the particles obtained after grinding. Equally important for the pressing
process is the uniformity of the pulp particle composition.

The processing of plant materials with electric current allows increasing the yield of juice during
pressing due to the destruction of the protoplasm of the cells. At the same time, a sufficient effect of
increasing the juice yield is obtained only with a certain ratio of the parameters of the electrical effect
and the duration of this effect on the raw material. At once the mechanical characteristics of the raw
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material, the quality of the pulp preparation, the parameters of the pressing process itself, and many
other factors have a significant impact on the overall yield of juice. The use of electrical impulses for
processing the pulp introduces its own, still poorly studied, features and patterns into the juice extraction
process.

Some methods of electrical technology have been shown by many researchers, under electrical
influences on plant tissue, the protoplasm of its cells dies and thereby loses the ability to retain vacuolar
sap. However, only the effect of processing the pulp with an electric current of the 220/380 V mains
voltage has been sufficiently studied, and the question of the effect of electric high-voltage pulses on
the juice yield of the pulp has not yet been raised and is largely unclear. There are fundamental
differences between these two types of electrical influences. For example, the electrical energy stored
in a capacitor at a high potential gradient, when it is discharged to the pulp, affects the cells of plant
tissue within microseconds. At the same time, a significant power develops, many times, by about 3
orders of magnitude, exceeding the power of the action of a current with a voltage of 220 V. This causes
a qualitative difference between such pulse action on plant tissue from the action of currents of low
potential gradients [1-5].

A study by microphotography and direct visual observation of the dynamics of the action of an electric
current on plant tissue cells and a comparison of our results with the data of other authors showed that
the nature of the destruction of cell protoplasm by electric impulses is somewhat different than when
exposed to an electric current with a voltage of 220 V. Treatment of plant tissue with an electric current
low potential gradients leads to cell death, but the protoplasm does not disintegrate, but only loses the
ability to retain juice in vacuoles. When exposed to electrical impulses, the death of protoplasm is
accompanied by its decay. This difference in the nature of these two types of electrical impact required
special research. It was necessary to find out how the processing of the pulp with electrical impulses
affects its juice yield in order to clarify the possibility and effectiveness of using such an electrical effect
to intensify the juice extraction process [6-10].

2. Materials and Methods

Treatment of plant materials with electric current allows one to increase the yield of juice during
pressing due to the destruction of cell protoplasm [11-16]. At the same time, a sufficient effect of
increasing the juice yield is obtained only with a certain ratio of the parameters of the electrical effect
and the duration of this effect on the raw material. At once the mechanical characteristics of the raw
material, the quality of the pulp preparation, the parameters of the pressing process itself, and many
other factors have a significant impact on the overall yield of juice. At the same time, a sufficient effect
of increasing the juice yield is obtained only with a certain ratio of the parameters of the electrical effect
and the duration of this effect on the raw material. At once the mechanical characteristics of the raw
material, the quality of the pulp preparation, the parameters of the pressing process itself, and many
other factors have a significant effect on the overall yield of juice. The use of electrical impulses for
processing the pulp introduces into the process of extracting juice its own, still poorly studied, features
and patterns [1, 2, 4, 7, 25, 26, 27, 28].

3. Results and Discussion

Experiments were carried out on crushed apples and grapes. For this, a weighed amount of crushed raw
material was placed in a cuvette with graphite electrodes (Figure 1), flat weights were applied to the
pulp, and electrical impulses were applied to the compressed pulp from a battery of high-voltage
capacitors with a capacity of 2.2 pF. The juice from the cuvette ran down the trays into two measuring
glasses.

The processing of the pulp with electric pulses was carried out as follows. A cable from a high-voltage
installation was connected to the terminals of the cuvette with the pulp. A high-voltage rectifier unit
was connected to a 220 V network. The voltage across the high-voltage transformer was gradually
raised by an autotransformer. As the voltage supplying the installation increased, the voltage across the
capacitors increased, and when the set value, regulated by the gap of the spark gap, was reached, a
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breakdown occurred. The capacitors were discharged to ground through a cuvette with pulp. The high-
voltage pulse affected the pulp. The duty cycle of the pulses was controlled by the voltage in the primary
circuit of the installation, by changing the strength of the charging current [17, 18, 19, 20].

Figure 1. Bath for processing mash with electrical impulses and flat weights with a pressure board

Table 1. Influence of electrical impulses on the yield of crushed grape juice at different values of
specific pressure (pulp weight - 1000 g; degree of grinding, 1/d. = 0.222; voltage - 4.8 kV;
capacity - 2.2 uF; number of pulses - 25; pulse duty cycle - 1.4 sec.)

Time, Specific pressure 2.5 kgf/cm? Specific pressure 5 kgf/cm?
min without electrical with electrical without electrical with electrical
processing treatment processing treatment
juice juice juice juice juice juice juice juice
volume, vield, %  volume, yield, %  volume, vyield,%  volume, vyield, %
ml ml ml ml
2 44 4.4 70 7.0 61 6.1 91 9.1
4 115 11.5 177 17.7 160 16.0 225 22.5
8 228 22.8 314 314 286 28.6 380 38.0
12 290 29.0 388 38.8 345 34.5 452 45.2
16 316 31.6 434 43.4 360 36.0 504 50.4
20 325 325 456 45.6 371 37.1 536 53.6
24 330 33.0 469 46.9 375 37.5 550 55.0
30 334 33.4 473 47.3 378 37.8 558 55.8
35 335 335 475 475 381 38.1 560 56.0
40 336 33.6 475 475 381 38.1 560 56.0

In the experiments, the pressing cycle time, the total processing time of the pulp with electric pulses,
the number of pulses, and the voltage at which the capacitors were discharged were recorded. The
amount of juice coming out of the pressed pulp was recorded at certain time intervals separately for the
anode and cathode parts of the cuvette. This was done in order to simultaneously detect the presence of
electroosmotic transfer of juice to one of the electrodes under the action of electrical impulses [21, 22,
23, 24].

The experiments were carried out at different values of the specific pressures on the pulp, and the
pressure remained constant throughout the experiment. The pulp of varying degrees of grinding was
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treated with electrical impulses.

For comparison, as a control, similar experiments were carried out without processing the pulp with
electrical impulses.

In the first series of experiments, the results of which for grapes are shown in Table 1, the processing
of the pulp with electric pulses began simultaneously with the start of pressing.

From the graph in Figure 2, built on the basis of these experiments, it can be seen that, as a result of the
effect of electrical impulses on the compressed pulp, the juice yield increases. This occurs due to the
destruction of the protoplasm of cells that survived during grinding. With an increase in the specific
pressing pressure, the effectiveness of such an effect increases. This can be explained by a better
compaction of the pulp, improved contact between tissue particles and thereby an increase in the
efficiency of electrical processing. Apparently, a certain role is played by a certain decrease in the elastic
modulus of plant tissue, as a result of exposure to electrical impulses.

Comparison of curves 1'and 2' in this graph shows that the processing of the mash with electric pulses
affects the juice yield more than a simple increase in the specific pressing pressure from 2.5 kgf/cm? to
5.0 kgf/cm? This conclusion confirms the well-known theses that it is almost impossible to obtain a
high yield of juice from raw materials only by using high specific pressing pressures [4, 24].
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Figure 2. The influence of electrical impulses on the yield of crushed grapes under pressure: 1-2
kgf/cm?; 2-5.0 kgf/cm?; 1' and 2'- treatment with electrical impulses

The results of our experiments to determine the electrical conductivity of the pulp during pressing
showed that, from the moment the juice separates from the pulp, an increase in the electrical resistance
of the pressed pulp is observed. Therefore, it should be expected that the efficiency of processing the
pulp with electric pulses can be somewhat higher if it is carried out after squeezing out the bulk of the
juice contained in the pores and capillaries of the pulp body.

In order to clarify this situation, experiments were carried out in which the pulp was processed with
electrical impulses not immediately after the start of pressing, but after a certain period of time. During
this time, the bulk of the juice came out of the pulp and the pulp was compacted. The electrical impulses
were applied to the compacted pulp, which had good contact between the particles. The results of these
experiments are shown in Table 2, and are graphically shown in Figure 3. The processing of the pulp
with electric impulses was carried out after 20 minutes of squeezing the juice out of it.
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Table 2. Dependence of the juice yield on the processing of the pulp by electric impulses (Pulp
weight - 900 g; specific pressure, p = 2.5 kgf / cm2; voltage, U = 6.5 kV; capacitance of
capacitors, C = 2.2 uF; pulse duty cycle - 1.4 sec; number of pulses - 65)

Time, 1/d. = 0.166 1/d. = 0.222 1/de = 0.333
min volume juice yield, volume juice yield, volume juice yield,
mi % mi % mi %
2 76 8.4 91 10.1 114 12.7
4 143 15.7 175 18.3 197 21.9
8 225 25.0 258 28.7 308 34.2
12 265 29.4 313 34.8 360 40.0
16 274 30.5 338 37.6 383 42.6
20 279 31.0 348 38.7 395 43.9
24 398 44.2 444 49.3 477 53.0
30 463 51.4 488 54.2 515 57.2
35 475 52.8 498 55.4 519 57.7
40 477 53.0 500 55.5 522 58.0
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Figure 3. Influence of the processing of pulp of various degrees of crushing on the juice yield by high
voltage electrical impulses. Grinding degree: 1-0.166; 2-0.222; 3-0.333

The table contains the results of experiments carried out on the pulp of three degrees of grinding. In the
graph (Figure 3), the dotted line shows the extrapolation of the curves of the juice yield in time.
Analysis of the data obtained shows that juice is intensively separated from the pulp at the beginning
of the pressing process, but by 10-12 minutes of the process, the juice release rate noticeably decreases
and then only a slight increase in the juice yield occurs. Almost by the 20th minute, the juice output
stops. An increase in the degree of grinding of raw materials leads to an increase in the yield of juice,
but even in the case of pressing a pulp of a high degree of grinding, the bulk of the juice is separated in
the first 20 minutes of pressing. Further management of the pressing process practically does not
increase the juice yield. From this we can conclude that all the juice came out of the pulp.

However, the impact on such a squeezed pulp of electrical impulses leads to the fact that juice begins
to come out of it again. This is the juice that was contained in cells that were not mechanically
destroyed. Hence it follows that the applied pressure values on the pulp did not squeeze out the juice
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from the whole cells that survived during the grinding of raw materials, but electrical impulses
destroyed these cells.

With an increase in the degree of grinding of raw materials, such whole cells remain less and less. But
even in the pulp with small particles, there are still quite a lot of whole cells, which leads to an additional
yield of juice after processing the squeezed pulp with electric pulses (curve 3 in Fig. 3).

Comparison of the values of the total juice yield from the pulp of three degrees of grinding, exposed to
electric pulses, shows that the parameters of the pulses used in this series of experiments are not
optimal, since the total juice yield from the pulp with large particles remains somewhat lower than from
the pulp with high degree of grinding. But even in this case, the juice yield is much higher than that
obtained with conventional pressing.

Comparison of the results of the experiments given in Tables 1 and 2 and in Figures 2 and 3 shows that
the effect of electrical impulses on the pulp, from which most of the juice is squeezed out, is somewhat
more effective than in the case of processing the pulp saturated with juice. At the same time, it should
be noted that the difference in the efficiency of these two cases of processing with electric pulses is not
as significant as could be expected based on the dependence of the electrical conductivity of the pulp
on pressure.

Perhaps this is due to the fact that at high potential gradients, the destruction of the protoplasm of plant
tissue cells occurs not so much due to the thermal action of the electric current (as is the case in the
case of electro plasmolysis at low voltages), but due to the force interaction of the field with the
electrically charged cell system.

Thus, as a result of the studies carried out on the effect of electrical impulses on the pulp, the possibility
of their use for processing raw materials with the aim of more complete extraction of juice by pressing
was established. The optimal combination of specific pressing pressures, the degree of grinding of the
raw material and its processing with electrical impulses should ensure a high yield of juice.

In the experiments carried out, an attempt was made to reveal the presence of movement of the juice to
one of the electrodes by the forces of electro osmosis under the influence of electrical impulses.
However, we did not receive a clear answer to this question. In some experiments, there was a noticeable
difference in the yield of juice at the anode and cathode parts of the cuvette (the cathode has a greater
yield of juice), but the repeatability of the results was poor. Therefore, for the final judgment on the
presence of such an effect when electric impulses are applied to the compressed pulp, it is necessary to
carry out special extensive studies.

4. Conclusions

The effect of electrical impulses on the pulp is manifested in a significant increase in the yield of juice
from it during pressing. An increase in the degree of grinding of raw materials leads to an increase in
the yield of juice before the processing of the mash with electrical impulses and has a very weak effect
on the overall yield of juice. The high efficiency of the press extraction process can be ensured by an
optimal combination of specific pressing pressures, the degree of grinding of raw materials and
processing of the pulp with high voltage electrical impulses.

References

[1] Botoshan NI, Bologa MK, Berzoy SE 2004 Cellular model of electroplasmolysis Electronic
processing of materials 5 60-64.

[2] Zhilkin VM, Gribkov AN, Muromtsev YuL 2009 Evaluation of the effectiveness of the process of
preparing plant materials for dehydration Bulletin of Tambov State Technical University 15 410-
415.

[3] Kulneva NG, Fedoruk VA 2001 Application of electrophysical methods in sugar production The
jubilee international scientific and practical conference "Food products of the XXI century" 1
219-220.

[4] Flaumenbaum BL 1993 Canning technology for fruits, vegetables, meat and fish, Kolos, Moscow.



ICECAE-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1142 (2023) 012017 doi:10.1088/1755-1315/1142/1/012017

[5] Jemai AB, Vorobiev E 2002 Effect of moderate electric field pulses on the diffusion coefficient of
soluble substances from apple slices International Journal of Food Science and Technology 37
73-86.

[6] Lebovka N, Praporscic I, Vorobiev E 2003 Enhanced expression of juice from soft vegetable
tissues by pulsed electric fields: consolidation stages analysis Journal of Food Engineering 59
309-317.

[7] Corrales M, Toepfi S, Butz P, Knorr D, Tauscher B 2008 Extraction of anthocyanins from grape
by-products assisted by ultrasonics, high hydrostatic pressure or pulsed electric felds: a
comparison Innovative Food Science and Emerging Technologies 9 85-91.

[8] Donsi F, Ferrari G, Pataro G 2010 Applications of pulsed electric field treatments for the
enhancement of mass transfer from vegetable tissue Food Engineering Reviews 2(2) 109-130.

[9] Jaeger H, Schulz M, Lu P, Knorr D 2012 Adjustment of milling, mash electroporation and pressing
for the development of a PEF assisted juice production in industrial scale Innovative Food Science
and Emerging Technologies 14 46-60.

[10] Luengo E, Alvarez I, Raso J 2013 Improving the pressing extraction of polyphenols of orange peel
by pulsed electric fields Innovative Food Science and Emerging Technologies 17 79-84.

[11] Vorobiev E, Lebovka N 2010 Enhanced extraction from solid foods and biosuspensions by pulsed
electrical energy Food Engineering Review 2 95-108.

[12] Praporscic I, Lebovka N, Vorobiev E, Mietton-Peuchot M 2007 Pulsed electric field enhanced
expression and juice quality of white grapes Separation and Purifcation Technology 52 520-526.

[13] Ade-Omowaye BI, Rastogi NK, Angershach A, Knorr D 2003 Combined effects of pulsed electric
field pre-treatment and partial osmotic dehydration on air-drying behaviour of red bell pepper
Journal of Food Engineering 60(1) 89-98.

[14] Bazhal M, Vorobiev E 2000 Electrical treatment of apple cossettes for intensifying juice pressing
Journal of the Science of Food and Agriculture 80 1668-1674.

[15] Bazhal MI, Ngadi MO, Raghavan GSV 2004 Modeling compression of cellular systems exposed
to combined pressure and pulsed electric fields Transactions of the American Society of
Agricultural Engineers 47(1) 165-171.

[16] Barbosa-Canovas GV, Altunakar B 2006 Pulsed electric fields processing of foods: An overview.
In Raso J, Heinz V (Eds.), Pulsed electric field technology for food industry: Fundamentals and
applications, Springer, New York.

[17] Radjabov A, Ibragimov M, Salomov M 2019 Electro impulse treatment - energy efficiency factor
during drying of agricultural products International Journal of Electrical and Electronics
Engineering Research 9 1-14.

[18] Radjabov A, lbragimov M, Eshpulatov N M, Matchonov O 2019 Improving the energy
performance of ozone generators used in agricultural ecology Journal of Physics: Conference
Series 1399 055060.

[19] lbragimov M, Eshpulatov N, Matchanov O 2020 Electrical technology of moisture content
reduction of industrial-grade cotton seeds IOP Conference Series: Materials Science and
Engineering 883(1) 012135.

[20] Sayfutdinov RS, Mukhitdinov UD, Eshpulatov NM 2020 Increasing reactivity of cotton celluloses
for chemical processing IOP Conference Series: Materials Science and Engineering 883(1)
012133.

[21] Yusubaliev A 2019 Electric sorting in cotton growing, Akademizdat, Novosibirsk.

[22] Bayzakova JS, Abdildin NK, Shynybay ZhS, Chingenzhinova ZhS, Berdyshev AS, Eshpulatov
NM, Matchonov OQ, Yusupov ShB 2020 Methodology for conducting an optimization
experiment for harvesting dry short-stalked grain crops IOP Conf. Series: Earth and
Environmental Science 614 012118.

[23] Ibragimov M, Eshpulatov N, Matchanov O 2020 Substantiation of the optimal parameters by
processing with electric contact methods to decrease the moisture content of technical seeds IOP
Conf. Series: Earth and Environmental Science 614 012018.


https://www.scopus.com/authid/detail.uri?authorId=57211272046&amp;eid=2-s2.0-85077514113
https://www.scopus.com/authid/detail.uri?authorId=57213065505&amp;eid=2-s2.0-85077514113
https://www.scopus.com/authid/detail.uri?authorId=57213067833&amp;eid=2-s2.0-85077514113
https://www.scopus.com/authid/detail.uri?authorId=57213065148&amp;eid=2-s2.0-85077514113
https://www.scopus.com/sourceid/130053?origin=recordpage
https://www.scopus.com/sourceid/130053?origin=recordpage
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist

ICECAE-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1142 (2023) 012017 doi:10.1088/1755-1315/1142/1/012017

[24] Radjabov A, Ibragimov M, Eshpulatov N 2021 The study of the electrical conductivity of Apples
and Grapes as an object of electrical processing E3S Web of Conferences 226 00002.

[25] Taslimov A D, Berdishev A S, Melikuziev M V, Rakhimov F M 2019 Method of selecting
parameters of cable lines distributive networks 10 kv in uncertainty conditions E3S Web of
Conferences 139 01082.

[26] Taslimov A D, Berdishev A'S, Rakhimov F M, Yuldashev A A 2020 Optimal tendency of selecting
cable cross-sections for agricultural electrical networks. Journal of Physics: Conference Series
1515(2) 022056.

[27] Eshpulatov N, Khalmuradov T, Khalilov R, Obidov A, Nurmanov S, Omonov D 2021 Theoretical
substantiation of the influence of electric pulse processing on the process of obtaining juice from
grapes and fruits E3S Web of Conferences 264 04086.

[28] Eshpulatov N, Khalmuradov T, Khalilov R, Obidov A, Allanazarov M 2021 Electrical
conductivity of whole and shredded plant tissue E3S Web of Conferences 264 04072.


https://www.scopus.com/authid/detail.uri?authorId=57211272046
https://www.scopus.com/authid/detail.uri?authorId=57213065505
https://www.scopus.com/authid/detail.uri?authorId=57213067833
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099292722&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099292722&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57212577072
https://www.scopus.com/authid/detail.uri?authorId=57211273606
https://www.scopus.com/authid/detail.uri?authorId=57212573132
https://www.scopus.com/authid/detail.uri?authorId=57212572782
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077136104&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077136104&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57212577072
https://www.scopus.com/authid/detail.uri?authorId=57211273606
https://www.scopus.com/authid/detail.uri?authorId=57212572782
https://www.scopus.com/authid/detail.uri?authorId=57216807973
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084749683&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084749683&origin=resultslist
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57213067833
https://www.scopus.com/authid/detail.uri?authorId=57224224008
https://www.scopus.com/authid/detail.uri?authorId=57222615080
https://www.scopus.com/authid/detail.uri?authorId=57224726750
https://www.scopus.com/authid/detail.uri?authorId=57224723896
https://www.scopus.com/authid/detail.uri?authorId=57222616902
https://www.scopus.com/authid/detail.uri?authorId=57213067833
https://www.scopus.com/authid/detail.uri?authorId=57224224008
https://www.scopus.com/authid/detail.uri?authorId=57222615080
https://www.scopus.com/authid/detail.uri?authorId=57224726750
https://www.scopus.com/authid/detail.uri?authorId=57224743748

	[21] Yusubaliev A 2019 Electric sorting in cotton growing, Akademizdat, Novosibirsk.
	[25] Taslimov A D, Berdishev A S, Melikuziev M V, Rakhimov F M 2019 Method of selecting parameters of cable lines distributive networks 10 kv in uncertainty conditions E3S Web of Conferences 139 01082.
	[26] Taslimov A D, Berdishev A S, Rakhimov F M, Yuldashev A A 2020 Optimal tendency of selecting cable cross-sections for agricultural electrical networks. Journal of Physics: Conference Series 1515(2) 022056.


