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The article analyzes the existing technologies and equipment that are used to
clarify juice from fruit raw materials. The disadvantages of existing technological
processes are revealed. The necessity of improving the apple juice clarification
process and equipment for its implementation has been proved. The application of
membrane technologies for apple juice processing is proposed. The main
advantages of introducing membrane technologies into the process are indicated.
The disadvantages that complicate the use of membrane technologies in the process
of processing liquid food media have been identified. The use of ultrafiltration
membranes for the apple juice clarification process has been substantiated.

Keywords: apple juice, fruit raw materials, membrane processing,
ultrafiltration, clarification.

BUKOPUCTAHHS MEMBPAHHUX TEXHOJIOI'TIA
Y CYYACHHUX YMOBAX BUPOBHUIITBA COKIB

O.1. Yepesko, I'.B. leiinnyenko, /I.B. iImutpeBcskuii, B.B. I'yzenko,
I'.B. Ieiiep, JI.O. LiBipkyH

Oonicto 3 ocHOGHUX cmaditl 8UPOOHUYMEA AOIYUHO2O COKY € OCGIMJIeHH.
Leti npoyec nposooumvcsi 3 Memow KoI0iOHOI cmabinizayii npodykmy nio uac
30epieanns, a mMakoxc O NOJNINUWEHHS CHNONCUEH020 8U2IA0Y NPOOYKMY 1 11020
opeaHonrenmuunux — enacmueocmei. g mozo wob npodykm  8i0nogioas
MIHCHAPOOHUM CIAHOApPMam, He0OXIOHO 3aCMOCO8Y8AMU CYUACHe 0ONAOHANHS, SIKe
bazyemvcs Ha nepedosux mexwonoeiax. /o maxozco 001a0HAHHA GIOHOCAMbCA
Membpanni mexnonocii, siki 3abesneuyiomv Oinbwull GUXIO, NONINUIEHHS CMAKY,
Mo8apHoco u2iAdy i Xapyoeoi yinHocmi nao0060-A2ionux coxis. Ilpu yvomy y
npooykyii 30epicatomvcsi 8iMAMIHU, AMIHOKUCIOMU MA THUW 0I0I02IYHO AKMUBHI
Komnonenmu. Lle Modcaugo 3a80aKu 8i0M08i 8i0 KoHcepeanmis i cmaodii menniogoi
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cmepunizayii. Kombinysanns pisnux 6udie MemMOpannux npoyecié 0036011€
cmeopiogamu enepeoehekmusHi mexHono2ii KOHYeHmpYB8anHs cOKI8 i ompumysamu
HO8I 6uou npodykmie. OOHUM 3 OCHOBHUX HANPAMIE 3ACMOCYBAHHA MeMOpaH y
8uUpobHUYmMEI cokig € ix ocgimnenua. OcgimieHHs COKi6 30ICHIOEMbCA 3 Memor
PYUHYBANHA  KONOIOHOT cucmemu NPOOYKmYy, GUOANEHHS BUCOKOMONEKYIAPHUX
OIIKOBUX, NEKMUHOBUX | NONIEHONbHUX peyosur i Mikpoopeanizmis. Ilpu yvomy
HEeOOXIOHOK YMOBOK € 30epediceHHss OI0NI02IYHO AKMUGHUX | YIHHUX KOMNOHEHMIs,
MaKux K 8iMaminu, YyKpu, MiHepanioHi ti apoMamuyHti pevyouHU, KUCIOMU.

OcmanHiM vacom NOWUPEHHs HAOYIu MeMOpaHHi Memoou po30LNeHHs
cymiwen. Lli mexnonozii xapaxmepusyiomvca NPOCMOMOI, eKOHOMIYHicmio U
egpexmueHnicmio.

Ilpoananizoéano  mpaouyitini  mexuonoeii ma  001AOHAMHA, WO
3acmocogyemoves 0aA 00poOKU Xapuosux piouH. Busnaueno wmedoniku icmyrouux
mexuonociunux — npoyecie. [losedeno  O0oyinbHicmb  YOOCKOHANEHHA — Npoyecy
OCGIMNIeHHSL COKIG [3 NI00080I CUPOBGUHU [ CMBOPEHHSI YCMAMKYS8AHHS 015 U020
peanizayii. 3anponoHosano 3acmMocy8anHs MeMOPAHHUX MEXHON02i 011 06pobKu
coKié 13 nn0008oi cuposunu. Haeedeno o0CHOGHI nepesazu 6nNPOBAVINCEHHS
MeMOpaHHUX MexHoI02il y npoyec 00podKu. Busaeieno HeOoNiKu, wo YCKIAOHIOIMb
3acmocy8ants MemMOpanHux MexHonoeill y npoyeci nepepodKu pioKux Xapuosux
cepedosuwy. OOTPYHMOBAHO OOYINLHICMbG 3ACMOCY8AHHA  YAbMPADinempayitiHux
MeMOpaH 015 0C8imMaeHHA AOTYUHO20 COKY.

Knrwuosi cnosa: sbnyunuii cix, niodosa cuposuna, memoparua o6pobka,
yabmpaginempayis, 0CeimieHHs.

Statement of the problem. Processing of fruits and vegetables is
one of the main directions of the food industry. The fruit and vegetable
industry performs one of the main tasks of supplying the population with
food products that have a high biological and nutritional value, and also
contain a number of vitamins and biologically active substances that are
indispensable for humans. Juices are one of the products of the fruit and
vegetable industry. Juices are an important food product, because together
with fresh fruits and vegetables they provide the human body with a set of
all physiologically active substances — vitamins, macro- and microelements,
polyphenols and many others, necessary for normal human life [1-3].

One of the main stages in the apple juice production process is the
clarification stage. This process is carried out with the aim of colloidal
stabilization of the product during storage, as well as to improve the
consumer appearance of the product and its organoleptic properties. In order
for the product to comply with international standards, it is necessary to use
modern technologies and equipment, which is based on advanced
developments. This type of equipment includes membrane technologies that
provide a higher yield, improve the taste, presentation and nutritional value
of fruit and berry juices. At the same time, vitamins, amino acids and other
biologically active components are preserved. This is possible due to the
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elimination of preservatives and the stage of heat sterilization. The
combination of various types of membrane processes makes it possible to
create energy efficient technologies for concentrating juices and obtain new
types of products. By using microfiltration and reverse osmosis processes it
is possible to obtain products with a controlled mineral and carbohydrate
composition [4-6].

One of the main areas of application of membranes in juice
production is their clarification. Clarification of juices is carried out with the
aim of destroying the colloidal system of the product, removing high
molecular weight protein, pectin and polyphenolic substances and
microorganisms. In this case, a necessary condition is the preservation of
biologically active and valuable components — vitamins, sugars, mineral and
aromatic substances, acids.

Review of the latest research and publications. Traditional juice
production technologies provide for the filtration of freshly squeezed juice
through porous partitions with the loss of some valuable substances, as well
as the introduction of preservatives and the use of heat sterilization to
ensure the required shelf life. The use of these technologies does not
guarantee the complete removal of fruit pulp particles and the production of
a final product with a high level of organoleptic characteristics and
nutritional value [7-10].

Some methods of clarifying and stabilizing fruit juices are based on the
introduction of foreign additives into the product, namely, clarifying materials.
Excess minerals and other substances are often transferred from the clarifying
materials to the juice. The processing time of juices according to traditional
technology is from 24 to 30 hours. Due to such a long contact of the product
with atmospheric oxygen, a part of the biological value of the juice components
is lost. This phenomenon negatively affects the quality of the finished product.

Recently, membrane methods for the separation of mixtures have
become widespread. These technologies are simple, economical and efficient.

Membrane filtration separates the various components in the stream
based on the size and shape of the microparticles. With improved filtration,
the quality improves and the yield of the finished product increases [11].

In addition to improving the quality of products, the use of
membrane units as part of technological lines for the production of juices
makes it possible to improve the economic performance of enterprises by
simplifying the composition of the lines and reducing the energy intensity
of the processes [12-14].

As the analysis of literature sources has shown, the main problems
hindering the widespread use of membrane technologies in the production
of fruits and vegetables and, in particular, apple juices, is the very high cost
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of membrane plants, due to the large filtration area, which compensates for
the decrease in productivity due to sediment deposition on the membrane
surface. The choice of effective parameters for the functioning of
continuous flow microfiltration plants is complicated by the lack of
scientifically grounded calculation methods that would take into account the
non-stationarity of the process, the nonlinearity of the rheological behavior
of the processed media and allow the optimal arrangement of membrane
modules in concentration stages.

The objective of the research. The purpose of the article is to
substantiate the use of ultrafiltration membrane units in the production of
juices from fruit raw materials for clarification and improvement of
consumer qualities of the product.

Presentation of the research material. For clarification, stabilization
and concentration of juices, various soft drinks and wines, the processes of
reverse osmosis, ultrafiltration, microfiltration and electrodialysis are used.

It is advisable to use membrane processes in situations where the
mixture to be separated contains labile substances that are easily destroyed.
These mixtures most often include liquid food media, such as juices,
extracts, protein solutions, and others. The development of membrane
processes for the separation of such liquid media makes it possible to create
fundamentally new technological schemes and equipment for the complex
processing of plant raw materials. In addition, the use of membrane
separation processes makes it possible to reduce environmental pollution
through the use of waste-free technologies, as well as to obtain food
products with new functional properties and high nutritional value.

At present, membrane processes and technologies in the production
of fruit and vegetable juices are used for their clarification and
concentration. Freshly squeezed fruit juice is a complex colloidal system
formed by plant tissue particles that do not dissolve in water. In addition to
pulp and fruit tissue particles, juices contain yeast cells, various ballast
impurities, which cause the formation of turbidity and sediments. Such
particles during storage of juices aggregate and precipitate.

With the advent of modern high-performance membranes, it has
become possible to effectively clarify juice, while maximizing the
preservation of all valuable juice components [15].

To clarify juices, both microfiltration and ultrafiltration membranes
are used. The prepared juice on the filtration unit is separated into clarified
permeate and retentate with colloidal substances and microorganisms. The
retentate is a concentrate that forms during filtration. The retentate consists
mainly of retained sediment particles and a suspension of microorganisms.
An increase in the concentration of solids in the retentate leads to a decrease
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in its total volume. Depending on the technology used for processing, the
yield of clarified juice can reach up to 98%.

Depending on the capacity of the equipment, the retentate flow rate
during circulation in the filter circuit of the equipment is 5 to 25 times
higher than the value of the main flow. During filtration, the retentate is
saturated with suspended solids. At a certain concentration, the retentate
requires further processing in a batch mode to obtain the target juice. The
unit washing cycles are determined by the formation of a surface layer on
the membrane surface and the concentration of suspended solids in the
retentate. In cases where a separator is used to treat the secondary stream in
the retentate loop, the time between wash cycles and the permeate output
can be significantly increased. At the exit of the secondary stream, which is
10-20% of the flow rate in the retentate circulation loop, suspended solids
will be continuously separated. This, in turn, will eliminate too high a
concentration in the primary circuit of the retentate [16].

A similar effect can be obtained by installing a separator on the
supply line to the working tank of an ultrafiltration plant. In this case, the
entire batch of juice undergoes preliminary clarification. In this case, the
throughput of the separator must be adjusted in accordance with the flow
rate of the permeate. When separating the secondary stream in the retentate
loop, the centrifuge can be smaller. In order not to create a separate waste
stream, the removal of the sludge from the centrifuge is possible together
with the squeezing.

From the point of view of organizing the process of membrane
clarification of juice, several options for its implementation can be realized.
The most common are the following scheme (Fig. 1).

The performance of the membrane will significantly depend on the
method of processing fruit and berry raw materials, as well as on the
processing of primary juice with enzymes [17].

In order to obtain the necessary data for the development of an
industrial system, the basic technology is assessed and tested to select
rational filtration conditions.

Today, the ultrafiltration process is widely used during the production of
clarified concentrated apple juices. In this case, ultrafiltration can replace the
separator, kieselguhr and plate filter press. In addition, ultrafiltration replaces
the processing of raw materials with clarifying agents [18].

The use of ultrafiltration treatment removes suspended solids, as well
as high molecular weight components, which are starch and proteins.
Ultrafiltration has become a replacement for the traditional clarification
process, while providing higher process profitability and product quality. To
reduce the pectin content before ultrafiltration, the juice must be purified
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with enzymes. These technological processes guarantee high product yields,
optimum productivity and superior quality [19].

Juice
semi-finished

v
Pumping
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Separation

Water v
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e Cooling
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Ultrafiltration

v

Concentration

Fig. 1. Technological scheme for the production of juice
from fruit raw materials using ultrafiltration

In contrast to microfiltration treatment, ultrafiltration of juices and
wines eliminates not only insoluble, but also soluble substances such as
pectin, starch, proteins, various condensed forms of polyphenols.
Clarification of juices using ultrafiltration is widely used in industry to
clarify and stabilize the quality of apple, grape, cherry, lemon, orange and
other juices. For example, during ultrafiltration, 19-32% of pectin,
9.5-18.4% of protein compounds, 38.5-45.0% of colloids are removed from
apple juice. Removal of high molecular weight substances from apple juice
in the specified volume makes it possible to obtain clarified juice with high
nutritional quality and organoleptic characteristics.
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Among the advantages of using ultrafiltration for clarifying fruit and
berry juices, one can single out the high quality of the purified juice, in
terms of color, transparency and taste. Another advantage is the high juice
extraction, which is approximately 98-99%. The processing of enzymes in
ultrafiltration can be automated and costs are reduced by up to 25% of the
usual. In addition, additional treatments with gelatin, bentonite and
diatomaceous earth can be excluded. In addition to the listed advantages,
ultrafiltration has low production costs and a hygienic design.

After ultrafiltration of juices, a certain amount of precipitation
remains, containing pomace and part of the juice, but their percentage is
very insignificant compared to the amounts obtained in the classical
processing process. For example, for 1 ton of juice, with the classical
method, 0.468 m® of sediment is formed, and with ultrafiltration
clarification, this amount is only 0.025 m®. Comparing the quality indicators
of finished products obtained by ultrafiltration and traditional processing, it
can be argued that during ultrafiltration, the content of useful substances in
the clarified juice increases by an average of 10%. The clarity of the
clarified juice is increased by more than 10 times. The mineral composition
of the clarified juice becomes richer in comparison with that made using
traditional technology.

An important positive factor of ultrafiltration clarification is the fact
that membranes, retaining colloids, allow all valuable components of juices
to pass through. These components include sugars, organic acids, minerals,
soluble vitamins and amino acids. As a result, the nutritional and biological
value of the juice does not decrease.

During the clarification process, it was found that membrane
ultrafiltration practically does not change the quantitative content of
alcohol, sugar, volatile acids, minerals, as well as the acidity of the medium.
At the same time, the content of phenolic and nitrogenous substances
decreases, which leads to the stability of the product to proteinaceous,
reversible and irreversible colloidal turbidity.

To date, the dependence of the degree of clarification of apple juice
in ultrafiltration membrane installations on the pore diameter of the
membranes has been studied. Experimental data indicate that membranes
with a pore diameter of 0.025-0.045 microns provide a high degree of
removal of colloidal substances while preserving the original amounts of
sugars, vitamins and other valuable soluble substances in the juice.
Membranes with large pore diameters do not allow obtaining the required
degree of clarification. Membranes with smaller pores have low flow rates.

Studies have shown that ultrafiltration is a cost-effective clarification
method with significant advantages over traditional clarification methods. It
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should be noted, however, that juices must be well prepared. Studies to
determine the effect of preliminary preparation of juice on the speed and
filtering capacity of ultrafiltration plants when processing apple juice have
shown that the most effective treatment with enzymes followed by
separation. The use of additional clarification of apple juice with gelatin and
silica sol before ultrafiltration showed low efficiency.

Depending on the type of ultrafiltration unit used, the apple juice is
often treated with enzymes prior to ultrafiltration and separated or filtered.

Conclusion. It has been found that ultrafiltration membranes retain
colloids, while allowing all valuable juice components such as sugars,
organic acids, minerals, soluble vitamins and amino acids to pass through.
As a result of the use of ultrafiltration units, the food and biological value of
clarified juices does not decrease.
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CHHOCOBH NMIABUINEHHA EHEPTOE®EKTUBHOCTI
MMPOLECY CYHITHHA HACIHHEBOI'O 3EPHA

B.M. Ila3iok

YV cyuacnomy ceimi wupoxo euxopucmosyiomvcs i0HO81I06AHI Odcepend
eHepeii K eHepeoepekmusHUll CnoCiO OMPUMAHHA eneKmpuyHoi ma menniogoi
enepeii. [10€OHaHHA CYWUNbHUX MEXHONO2I | BIOHOBNIOBAHUX OJicepell eHepeii
DeanizyemupCs uepes YnpoeaodCeHHs Meniosux HAcocie, wo Haubinbul 0oYinbHo 3a
HU3bKOMEMNepamypHo20 CYWIHHA HACIHHA 3ePHOBUX KYIbIYp.

Posensanymo pisui eapianmu pobomu mennogozo HAcoca OAA CYWiHHA
HaciHHesux — mamepianie. 3a  0OHi€l0 3  HABeOeHUX  cxem  po3poOneHo
excnepumMeHmanbHull 3pa3ox CYWunbHOi YCMaHo6Ky 3 Menio8UM HaAcoOCOM i3 NOBHOIO
peyupkynayicio mennonocia. Tennogi Hacocu O0aiomsb MOXCIUGICMb eDEeKMUBHO
BUKOPUCTOBY8AMU MENIOMY 006K Ol NiOISPIBAHH CYWUTLHO20 aA2eHma |
HANpasnents 6 Waxmy CyWUuibHoi YCmanosKu.

Excnepumenmanvhi 00CHiONCeHHA HA CYWUNbHILL YCMAHO8YI 3 MeNaI08uUM
HACOCOM NOKA3ANU 6UCOKI PE3yIbMamu CXOHCOCMI HACIHHA 3ePHOSUX KYIbmyp ma
3MeHulenHs  eHepeocnodicusanns Ha 36% nopienano 3 eumpamamu 6 IHUUX
3EepHOCYULapPKAX.

Kniouogi cnosa: enepeoegpexmugnicmo, menioguti HACOC, CYWIHHA HACIHHA,
AKICMb, 3epHOCYULAPKAL.
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