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DIRECTIONS OF IMPROVEMENT OF PROCESSES
OF MEMBRANE SEPARATION OF JUICES FROM FRUIT
AND BERRY RAW MATERIALS
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The article presents an analysis of modern methods of membrane processing
of liquid food products. The main methods of juice processing are considered. The
expediency of using membrane technologies for the processing of fruit and berry
juices has been substantiated. The features of the use of microfiltration and
ultrafiltration membrane treatment for the processes of concentration and
clarification of juices from fruit and berry raw materials have been determined. The
analysis of membrane processing in dead-end and tangential modes is carried out.
The main advantages and disadvantages of their use in the processing of liquid food
media are revealed. A solution is proposed that allows one to minimize the
polarization layer on the working surface of the membranes.
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HAIIPAMMU BAOCKOHAJIEHHS MTPOLECIB MEMBPAHHOI'O
PO3JIJIEHHA COKIB I3 IVIOOBO-ATIITHOI CHPOBUHHU
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Oceimnennsi COKy € 0OHUM I3 HAUOLIbWL CKIAOHUX MEXHONOSIHHUX NPOYECis.
IIpu yvomy oceimnenns € 8adiCIUBOI CMAOIEI0 NPOYeCy UPOOHUYMEA NI00060-
s2ion020 coky. Ocgimnenns npoBoOUmMbCa 3 Memoio KoaoioHoi cmabinizayii
npodykmy nio uac 30epicanHsA, a makoxc O NOMNUIEHHS OpP2AHOIEeNMUYHUX
sracmugocmetl npoOyKmy i 1020 Cnodicuguo2o eueasidy. s mozo wjob npooykm
8I0N06I0A8 MINCHAPOOHUM CMAHOAPMAM, HEOOXIOHO 3ACmOCO8Y8amu  CyYacHi
mexuonoeii ma ob1a0Hanna, AKe 6A3YEMbCs HA NepedOosUx HAyKOBO-MEXHIYHUX
po3pobkax. 3acmocysannsi MeMOPanHUX MexHono2il 3abe3neuye Oilbl SUCOKUILL
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6UXIO, NONINWEHHS CMAKY, MOBAPHO20 GU2ISA0Y 1 Xapyoeoi YIiHHOCMI NA00060-
A2iOHux cokie. Takooc y paszi membOpannozo cnocoby o00podku 30epiearomuvcs
gimaminu, aminokuciomu ma iHwi 6i0102i4HO aKmMueHi Komnowenmu. Jlocsiemu
Yb020 MOJMCHA 3A60AKU 6IOMO8I 610 Menn060i cmepunizayii i KoHcepeammis.
Membpanni anapamu 0038071510Mb CMEOPIOGAMU CYHACHI eeKmueHi MexHon02il
KOHYEHMPYBAHHs ~ COKI6  ma  pO3WUPIOGAmMU  ACOPMUMEHM  NPOOYKYIL.
Buxopucmosyrouu ynempaginempayiiini i Mikpogitempayiini anapamu, MOICHA
ompumamu npooOyKmu 3 pecylbO8AHUM MIHEPANbHUM [ 8V2Ie800OHUM CKIAOOM.
Cb0200HT OCHOBHUM HANPSAMOM 3ACMOCY8AHHA MeMOPAH Y UPOOHUYMEI COKi6 € iX
oceimnenus ma KowyeHmpygauua. OCGimieHHA COKI8 NposoOUMbCa 3 MEmo
PVUHYBAHHA KONOIOHOI cucmemu NPOOYKMY, GUOANEHHS BUCOKOMONEKYIAPHUX
OINKOBUX, NEKMUHOBUX | NONIEHONbHUX peyosuH i Mikpoopeawnizmie. Ilpu yvomy
HEe0OXIOHOI YMOB0I0 € 30epedcenHs Oi0N02IYHO AKMUBHUX T YIHHUX KOMNOHEHMIE —
8IMAMIHIB, YYKPIB, KUCIONM, MIHEPATbHUX | APOMAMUYHUX PEUOSUH.

Y emammi nooano pesynomamu amanizy cyuacHux memooig MemOpanHoi
00poOKU PIOKUX Xapuosux npodykmie. Posensinymo ocHoeHi cnocobu 06pobKu coKis.
OOIpyHMOBAHO OOYINLHICIb 3ACMOCYBAHHS MEMOPAHHUX MEXHON02i Ol 00pOOKU
N100080-A2I0HUX COKi8. Busnaueno ocobnusocmi 3acmocy8anms
Mikpoginempayiiinoi i ynempaginempayiinoi memopannoi 00pobKu 011 npoyecis
KOHYeHmpayii ma oceimienHs coKig i3 Nnio0080-a2ionoi cuposunu. I[Ipoedero
amaniz mMemoOpaumHoi 06poOKU 6 MYNUKOBOMY 1 MAHSEHYIANbHOMY PeHCUMAX.
Bussneno ocnosni nepesacu ma nedonixu ix 3acmocygamms 6 npoyecax o6podKu
PIOKUX Xapuosux cepedosuiy. 3anponoH08aHO PIEHHS, ke 00380JI1€ MIHIMIZysamu
NOAAPU3AYTUHUL wap HA poOOYIll NOGEPXHI MEMOPAH.

Knrwuosi cnosa: nnoooeo-seiona cupoeuna, cix, membpanna obpoobka,
yasmpaghinempayis, MiIKpo@itbmpayis, oceimieHHs:, KOHYEeHMpPayis.

Statement of the problem. The fruit and vegetable industry meets
the needs of the population in food products of high nutritional and
biological value. One of the main products of the fruit and vegetable
industry is juices. Juices are an important food product because they provide
the human body with a set of all necessary physiologically active substances
such as vitamins, macro- and microelements and many other useful
substances [1].

To date, the consumption of fruit and vegetable juices is constantly
increasing. The main reasons for this are the nutritional value of juices, as
well as the profitability of their production. The use of modern equipment,
which is based on advanced scientific developments, allows to intensify the
production process and provide rapid processing of large quantities of fruits
and vegetables for the production of concentrated and natural juices [2].

Juices contain such important components as vitamins, minerals,
phenolic compounds and other substances that have antioxidant properties.
For example, freshly squeezed juice contains a large amount of pectin,
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insoluble biopolymers, lipids, polysaccharides and other substances. These
substances can be sources of turbidity.

The presence of colloidal particles of dispersion in the juice is the
main cause of turbidity of the juice during storage. As a result, there is a
fusion of particles and their subsequent aggregation. At the beginning there
is a slight turbidity, then gradually there is a precipitation. During the
production of clarified juices, colloidal substances are removed. In the
manufacture of unclarified juices, only purification is used, and colloidal
substances are not subject to removal [3].

Juice clarification is the process of separating fruit juice into
sediment and clear liquid. During clarification of the juice of its colloidal
system is destroyed in full. The amount of colloids should be reduced by
20-30%. Juices after clarification are a liquid phase of the fruit with
substances dissolved in it, squeezed from the fruit tissue.

Juice clarification is one of the most complex technological
processes. The stage of clarification is one of the main stages of the process
of apple juice production [4].

Review of the latest research and publications. Clarification
process is carried out in order to colloid stabilize the product during storage,
as well as to improve the organoleptic properties of the product and its
consumer appearance. In order for the product to meet international
standards, it is necessary to use modern technologies and equipment based
on advanced scientific and technical developments. The use of membrane
technologies provides a higher yield, improving the taste, appearance and
nutritional value of fruit juices. Vitamins, amino acids and other
biologically active components are also preserved during the membrane
processing method. This can be achieved by avoiding heat sterilization and
preservatives [5].

Membrane devices allow to create modern effective technologies of
concentration of juices, and also to expand the range of production. Using
ultrafiltration and microfiltration devices, you can get products with
adjustable mineral and carbohydrate composition. Today, the main use of
membranes in the production of juices is their clarification and
concentration. The process of clarification of juices is carried out in order to
destroy the colloidal system of the product, removal of high molecular
weight protein, pectin and polyphenolic substances and microorganisms.
The necessary condition is the preservation of biologically active and
valuable components — vitamins, sugars, acids, minerals and aromatic
substances [6].

The process of ultrafiltration is a type of membrane technology used
in food production. Membrane technologies vary depending on the pore size
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of the membranes used. Ultrafiltration is the process of separating,
fractionating and concentrating solutions using semipermeable membranes.
The average pore diameter of the membranes is from 0.01 to 0.20 um. The
working pressure is in the range from 0.1 to 1.0 MPa. Using ultrafiltration
devices from the source solution separate small bacteria and spherical
viruses, as well as large protein molecules. During ultrafiltration, the initial
solution is divided into two fundamentally new products: low molecular
weight (filtrate) and high molecular weight. The filtrate passes through the
membrane and is removed, and the macromolecular product is concentrated.

In contrast to microfiltration, the ultrafiltration process may be
accompanied by the adsorption of solutes on the surface of the membrane
pores and even intermolecular interaction. Ultrafiltration devices are used to
separate systems in which the molecular weight of dissolved components is
much greater than the molecular weight of the solvent [7].

The membrane used in ultrafiltration and microfiltration is a
semipermeable barrier. This partition passes certain components of liquid
mixtures.

Membranes must have a high resolution (selectivity); high specific
productivity (permeability); chemical resistance to the environment of the
separated system; mechanical strength [8].

The duration of the membranes, as well as their service life is
significantly affected by the process of sediment formation. The sediment
layer is usually salt-tight, clogs the surface pores of the membrane, creates
additional resistance to flow and mass transfer in the boundary layer. As a
result, the concentration polarization on the membranes increases and their
productivity decreases. The phenomenon of concentration polarization is
inherent in almost all baromembrane processes. This phenomenon is an
increase in the concentration of solute near the surface of the membrane [9].

The objective of the research. The aim of the article is to study new
areas of improvement of modern membrane devices for clarification and
concentration of fruit juices.

Presentation of the research material. Concentration polarization
has a negative effect on the performance of membranes. Due to the increase
in the osmotic pressure of the solution, the driving force of the separation
process decreases. It is also possible precipitation and deposition of
insoluble salts on the membrane, gelation of macromolecular compounds.
As a result, the permeability and selectivity of the membranes decreases,
and the service life is significantly reduced.

Depending on the design of the membrane apparatus, the properties
of the membrane, the cost of the finished product, the performance of the
machine, it is possible to use different methods to reduce the concentration
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polarization. One such method is turbulence of the separated solution. There
is an increase in the permeability and selectivity of the membrane due to the
decrease in the concentration of solutes in the boundary layer. There is also
a decrease in osmotic pressure and an increase in the driving force of the
process. Creating a pulsating flow can, in turn, increase the speed of the
near-wall fluid layers. This will reduce the likelihood of a layer of sediment
on the surface of the membranes.

The phenomenon of concentration polarization is inherent in all
membrane processes, including microfiltration and ultrafiltration.
Polarization is that the concentration of solute on the surface of the
membrane increases. The permeability and selectivity of the membranes are
reduced, and the service life of the membranes is reduced. One solution to
reduce the effect of concentration polarization is to create turbulence of the
surface layer of the fluid adjacent to the membrane surface. This accelerates
the transfer of solute to the center of the solution, which is separated. For
this purpose, various magnetic stirrers and vibrating devices are added to
the structure. It is also possible to increase the flow rate of the fluid along
the membrane and the use of turbulizers.

One of the design solutions when creating equipment is the use of
devices with narrow channels. This solution is aimed at creating a laminar
mode of movement of the product, which allows to increase the productivity
of the units while maintaining the small dimensions of the device [10].

Increasing the temperature of the liquid can reduce the viscosity of
the solution to be separated, while increasing the diffusion coefficient of the
solute. However, this method may not be acceptable for clarifying juices.

It is also possible to apply the effect of ultrasonic vibrations on the
boundary layer of the membrane.

The main technological parameters of baromembrane processes are
filtration rate, selectivity and permeability of membrane components.

The main factors influencing the processes of membrane separation
are temperature, pressure, hydrodynamic conditions and the formation of
sediment on the membranes. However, the main factor influencing the
processes of microfiltration and ultrafiltration is the working pressure. The
driving force of the process increases with increasing pressure and,
therefore, increases the permeability of the membrane [11].

The operating pressure is set depending on the filtration process, the
solution to be divided, the type of membrane, the design of the apparatus,
the hydraulic resistance of the intermembrane channel and drainage.

The effect of solution temperature on the filtration process is
complex. As the temperature increases, the viscosity and density of the
solution decrease. At the same time there is an increase in osmotic pressure.
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Decreased viscosity and density increase permeability. Increasing the
osmotic pressure reduces the driving force of the process and reduces the
permeability of the membranes.

During the increase of temperature in the processes of microfiltration
and ultrafiltration there is an increase in the permeability and selectivity of the
membrane. This is due to a decrease in the viscosity of the permeate, as well as
a decrease in the effect of concentration polarization on the characteristics of the
membranes. As the concentration of the solution increases, the driving force of
the process decreases, the viscosity and density of the solution increase, and the
permeability of the membranes decreases.

The concentration also affects the selectivity of the membranes. In
solutions of low concentration, the selectivity of the membranes does not
change significantly with changing concentration. Increasing the
concentration of solutes in the solution degrades the performance of the
membranes. The specific productivity and selectivity of the device
decreases. Increasing the concentration increases the osmotic pressure of the
solution. This reduces the effective driving force of the separation process.
The viscosity also increases, resulting in a reduction in mass transfer. The
consequence of this is a decrease in the specific productivity of the
membranes to a minimum. In this case, the practical use of baromembrane
processes becomes impractical [12].

Dead-end and tangential filtration is used in modern food industry
enterprises.

Dead-end filtration is a highly efficient and economical way to
clarify food environments. The equipment for its implementation is compact

and easy to operate (Fig. 1).
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Fig. 1. Dead-end membrane filtration scheme
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Tangential filtration is characterized by the passage of the product
flow along the surface of the membrane (Fig. 2).
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Fig. 2. Tangential membrane filtration scheme

Dead-end and tangential filtering are significantly different. In dead-
end filtration, the fluid flow is directed perpendicular to the filter surface,
and in tangential filtration, the flow moves in a direction parallel to the
membrane surface.

Typically, in tangential filtration machines, the circulating pump creates
a flow that moves along the surface of the membrane. Thus, this flow prevents
the formation of sediment on the surface of the membrane. Unlike dead-end
filtration, tangential filtration allows the process to be carried out in a
continuous mode, while the pores of the membrane are not blocked.

In the process of tangential filtration, the liquid flows on the
membrane not directly, but along it. This method creates a pressure
difference across the membrane. As a result, a certain volume of liquid
passes through the membrane in the form of a filtrate, and the rest continues
to move along the membrane together with impurities, which in the stream
clean the walls of the membrane.

Tangential flow filtration is characterized by the process of
recirculation of the concentrate through the membrane surface. Weak cross-
flow of fluid minimizes membrane contamination. This maintains a high
filtration rate and provides a high product yield.

Conclusion. Tangential flow filtration can be used for both
microfiltration and ultrafiltration of fruit and berry juices. The use of
tangential filters provides transparency and microbiological stability of food
liquids. Such performance of membranes can be obtained without the use of
excipients and additives. This eliminates various problematic situations
related to the disposal of these products. Membranes, provided proper use
and timely maintenance of the filter, have a longer service life compared to
the traditional dead-end method of filtration. The use of tangential filters
also helps to preserve the structural and organoleptic properties of the
product. The tangential filters are self-cleaning and do not require expensive
consumables.
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VJIOCKOHAJIEHHSI ABTOMATH30BAHOI CHCTEMH
BUPOBHUIITBA IIET-TAPH

M.B. CamnboBa, A.M. 3aropy.Jibko

Ha ocnosi  inghopmayitinoi  cmpykmypu agmomamuzoeanoi  cucmemu
MOHImMOpuHey sKocmi po3pobieHo cucmemy awanizy imgopmayii npo Axicme
@opmoymeopenns IIET-mapu 3 Mmodcaugicmio cmamucmuyHo20 YHpaeiiHHA
MEexXHON02THHUM NPOYecoM. YOocKkoHanreno mooensb agmomamu3o8anoi cucmemu
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