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PROSPECTS OF USING EQUIPMENT FOR MEMBRANE
SEPARATION OF FOOD LIQUIDS

Summary. The article analyzes modern equipment used for juice
clarification and concentration. The sequence of obtaining clarified juice
using existing technologies and equipment is considered. The shortcomings
of traditional technological processes are determined. The directions for
improving the processes of concentrating and clarifying juice from fruit and
vegetable raw materials, as well as the need to develop equipment for their
implementation, are substantiated. The use of microfiltration and
ultrafiltration membrane devices for juice processing is proposed. The
reasons that impede the widespread use of membrane technologies in juice
processing processes have been identified. The introduction of membrane
technologies into the processing process will increase the yield of the
product, preserve the nutritional and biological value of clarified juice, and
improve the quality of the final product.

Key words: ultrafiltration, membrane processing, baromembrane
processes, clarification of fruit juices, concentration of food liquids,
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Formulation of the problem. Processing of fruits and fruit and berry raw
materials is a fairly promising area of the food industry. The fruit and
vegetable industry performs one of the main tasks of providing the
population with food products that have high biological and nutritional
value, and also contain vitamins and biologically active substances that are
indispensable for humans. Juices are one of the main products of the fruit
and vegetable industry. Juices are an important food product because,
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together with fresh fruits and vegetables, they provide the human body with
a set of all the necessary physiologically active substances - vitamins, macro-
and microelements, and many other useful substances necessary for normal
human activity. One of the main stages of apple juice production is
illumination. This process is carried out for the purpose of colloidal
stabilization of the product during storage, as well as to improve the
consumer appearance of the product and its organoleptic properties.
Traditional juice production technologies involve 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 necessary shelf life. The use of these technologies
does not guarantee complete removal of fruit pulp particles and obtaining a
final product with a high level of organoleptic indicators and nutritional
value. Some methods of brightening and stabilizing fruit juices are based on
the addition of third-party additives to the product, namely brightening
materials. Together with these materials, an excessive amount of mineral and
other substances often enters the composition of the juice [1]. The duration
of juice processing according to traditional technology is from 24 to 30
hours. As a result of such long-term contact of the product with air oxygen,
part of the biological value of the juice components is lost. It is obvious that
such a phenomenon negatively affects the quality of finished products. In
order for the product to meet international standards, it is necessary to use
modern equipment based on advanced technologies. Such equipment
includes membrane technologies that provide greater yield, improvement in
taste, appearance and nutritional value of fruit and berry juices. At the same
time, the products retain vitamins, amino acids and other biologically active
components. This is possible thanks to the rejection of preservatives and the
thermal sterilization stage [2]. Combining different types of membrane
processes allows you to create energy-efficient juice concentration
technologies and obtain new types of products. One of the main areas of
application of membranes in the production of juices is their clarification [3].
Clarification of juices is carried out with the aim of destroying the colloidal
system of the product, removing high-molecular protein, pectin and
polyphenolic substances and microorganisms. At the same time, a necessary
condition is the preservation of biologically active and valuable components,
such as vitamins, sugars, mineral and aromatic substances, acids [4].
Membrane operations such as ultrafiltration and microfiltration have been
extensively researched and widely used over the past few decades in the
industrial processing of fruit juices. The latter include illumination,
stabilization, concentration and recovery of aromatic compounds [5].
Concentrated juice is obtained during the processing of direct-pressed juice.
For this purpose, the direct-pressed juice can be concentrated in various
ways. Among these methods, the membrane method of concentration has
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become widespread. As a rule, neither sugar nor other substances for
sweetening are added to the composition of concentrated juices [6].

Membrane processes make it possible to create energy-efficient juice
concentration technologies and expand the range of products. Using
microfiltration and ultrafiltration processes, you can get products with
adjustable mineral and carbohydrate composition. One of the main areas of
application of membranes in the production of juices is their clarification and
concentration. The use of membrane processes allows obtaining products
with improved indicators of safety, quality and nutritional value. These
processes are characterized by low energy consumption and little impact on
the environment.

Analysis of recent research and publications. The consumption of fruit
juices has grown significantly in recent years as consumers are interested in
quality products that are convenient and ready to consume. Fruit juices act
as nutritional beverages and have an important role in a healthy diet because
they have a chemical composition that is naturally found in fruit. In addition
to this, fruit juices are rich in nutrients with a wide range of vitamins,
minerals, proteins and various sources of protective antioxidants. This,
combined with a refreshing taste and a long shelf life, makes fruit juices one
of the most popular drinks. During juice processing, the main aspects have
always been safety and quality improvement, nutritional value, minimization
of product manufacturing costs and process implementation [7].

Traditional methods of juice production involve several serial
operations that require a lot of work and time. The technological scheme of
traditional production involves mechanical pressing of juice from the pulp
of the fruit, squeezing of the juice, clarification of the juice by centrifugation
or filtration, and the subsequent stage of concentration by means of multi-
stage vacuum evaporation [8].

Membrane processes are one approach to juice concentration and
clarification that offer a number of advantages over traditional separation
processes. These advantages include high selectivity, lack of thermal stress
of the fluids processed due to moderate operating temperatures, lack of use
of chemical additives, compact and modular design, low energy
consumption. Currently, membrane processes carried out under pressure,
such as microfiltration, ultrafiltration, represent the most modern technology
for juice clarification, fractionation, and concentration. Recently, other
membrane processes such as osmotic distillation, membrane distillation, and
pervaporation have been used to concentrate juice and recover aromatic
compounds [9]. Both microfiltration and ultrafiltration membranes are used
to clarify juices. The prepared juice on the filtration unit is divided into
clarified permeate and retentate with colloidal substances and
microorganisms. Retentate is a concentrate formed during filtration. The
retentate consists mainly of retained sediment particles and a suspension of
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microorganisms. An increase in the concentration of solids in the retentate
leads to a decrease in its total volume. Depending on the technology used for
processing, the yield of clarified juice can reach up to 98%. From the point
of view of the organization of the process of membrane clarification of juice,
several variants of its implementation can be implemented [10]. The
membrane used in ultrafiltration and microfiltration is a semipermeable
barrier. This barrier allows certain components of liquid mixtures to pass
through. Membranes must have high resolution (selectivity); high specific
productivity (permeability); chemical resistance to the environment of the
isolated system; mechanical strength [11].

The duration of action of the membranes, as well as their service life, 1s
significantly affected by the sediment formation process. The sediment layer
1s usually impermeable to salt, clogs the surface pores of the membrane,
creates additional flow resistance 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
1s inherent in almost all baromembrane processes. This phenomenon is an
increase in the concentration of a dissolved substance near the surface of the
membrane [12]. The productivity of the membrane apparatus depends
significantly on the method of processing fruit and berry raw materials, as
well as on the processing of primary juice with enzymes. In order to obtain
the necessary data for the development of an industrial system, an assessment
of the main technology and tests are carried out to select rational filtration
conditions [ 13]. Nowadays the ultrafiltration process has become widespread
during the production of clarified concentrated apple juices. In this case,
ultrafiltration can replace a separator, kieselguhr and plate filter press. In
addition, ultrafiltration replaces the treatment of raw materials with
brightening substances. The use of ultrafiltration treatment allows you to
remove solid particles, as well as high-molecular components, which are
starch and proteins. In modern production conditions, ultrafiltration has
become an alternative, and in some cases, a replacement for the traditional
lighting process, while ensuring higher profitability of the process and
product quality. In order to reduce the pectin content, the juice must be
purified by enzymes before ultrafiltration. This technology guarantees a high
product yield, optimal productivity and quality of the final product. Unlike
microfiltration treatment, ultrafiltration of juices removes not only insoluble
but also soluble substances. These substances include pectin, starch,
proteins, as well as various condensed forms of polyphenols.

Formulation of the purpose of the article. The purpose of the article is
to conduct an analysis of membrane processes used for clarification and
concentration of liquid food media, as well as to identify the most effective
and energy-saving methods and equipment for clarification of fruit juices.

Presentation of the main research material. At present, clarification of
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juices by ultrafiltration is widely used in industry for clarification and
stabilization of the quality of cherry, apple, grape, lemon, orange and other
juices. It is known that during ultrafiltration, approximately 19...32% of
pectin compounds, 9.5...18.4% of protein compounds, and 38.5...45% of
colloids are removed from apple juice. Removal of high molecular weight
substances from apple juice in the specified amount allows to obtain clarified
juice with high nutritional qualities and organoleptic indicators. The
advantages of using ultrafiltration during clarification of fruit and berry
juices include the high quality of purified juice, especially in terms of color,
transparency and taste. In addition, the advantage is a high extraction of
juice, which is approximately 98...99%. Enzyme processing during
ultrafiltration can be automated, and costs are reduced by up to 25%
compared to traditional methods. It should also be noted that additional
treatments with gelatin, bentonite and kieselguhr can be excluded. In
addition to the above-mentioned advantages, ultrafiltration has low
production costs and is also characterized by a hygienic design. After
ultrafiltration of the juice, a certain amount of sediment remains, containing
the pomace and part of the juice, but their content is very small compared to
the amount obtained during the classical processing process [14].

An important indicator of ultrafiltration lighting is that the membranes,
retaining colloids, pass many valuable components of the juice. These
components include sugars, soluble vitamins, amino acids, organic acids,
and minerals. As a result, the nutritional and biological value of the juice
does not decrease [15]. Today the studies of the dependence of the degree of
clarification of apple juice on ultrafiltration membrane installations on the
diameter of the membrane pores have been carried out. According to
experimental data, membranes with a pore diameter of 0.025-0.045 um
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 a large pore diameter do not allow
obtaining the required degree of illumination. Membranes with smaller pores
have a low permeability. Conducted research proves that ultrafiltration is a
cost-effective way of lighting, which has significant advantages over
traditional lighting processes. However, it should be noted that the juices
must be pre-treated. Studies on determining the effect of preliminary
preparation of juice on the speed and filtering capacity of ultrafiltration units
during apple juice processing have shown that the most effective treatment
with enzymes followed by separation. The use of additional clarification of
apple juice with gelatin and kieselsol before ultrafiltration showed low
efficiency. Depending on the type of ultrafiltration unit, apple juice is often
treated with enzymes before ultrafiltration and separated or filtered.

If we consider the materials from which membranes are made, polymer
membranes dominate the industrial market of membrane technologies. They
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are relatively cheap, easy to manufacture, and available in a wide range of
pore sizes. The most common polymer membranes are made from cellulose
acetate, polysulfone, polyethersulfone, polytetrafluoroethylene,
polypropylene, polyethylene, polyvinylidene fluoride, polyacrylonitrile, and
polyamide. Ceramic membranes are made from inorganic materials (for
example, aluminum oxide, zirconium, titanium, and silica). They exhibit
high resistance to aggressive environments (acids, alkalis, strong solvents),
as well as high mechanical and thermal resistance. Despite the fact that the
cost of their production is higher than that of polymer membranes, they are
environmentally friendly, durable and have a longer service life. The most
effective and cost-effective membrane separation method is tangential
filtration. This is due to the fact that along with traditional separation
methods, which include centrifugation, filtration, settling, tangential
filtration in flow membrane elements has significant advantages, namely: the
absence of stagnation zones, high selectivity in relation to the component
passing through membrane, the possibility of washing the filter without
disassembling the device, as well as low energy consumption, compactness
and simplicity of the hardware design. However, their performance is not
always satisfactory. One of the ways to increase it is the artificial turbulence
of the flow with the help of built-in devices. The implementation of this
approach requires the development of methods of calculation and design of
tubular membrane devices with turbulating devices, as well as the search for
optimal design solutions and the determination of conducting conditions.

Dead-end and tangential filtration is used in modern enterprises of the
food industry. Dead-end filtration is a highly effective and economical way
of cleaning food products, and the equipment for its implementation is
compact and easy to use (Fig. 1).
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Figure 1. Scheme of dead-end membrane filtration

Tangential filtration is characterized by the product flow passing over
the membrane surface (Fig. 2).
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Figure 2. Scheme of tangential membrane filtration

Dead-end and tangential filtering differ significantly. During dead-end
filtration, the liquid flow is directed perpendicular to the filter surface, and
during tangential filtration, the flow moves in a direction parallel to the
membrane surface. As a rule, in tangential filtration machines, the circulation
pump creates a flow that moves along the surface of the membrane (Fig. 3).
Thus, this flow prevents the formation of sediment on the surface of the
membrane.

p-al— Tiltrate
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feed pump circulation pump

Figure 3. Technical equipment of the tangential filtration process

Tangential filtration is a technology that uses porous membranes
capable of trapping particles from 0,2 to 0,4 microns (microns). The
membrane used is narrow, so this type of filtration removes spoilage
microorganisms such as yeast. The peculiarity of tangential filtration is that
the product is supplied tangentially, and not frontally to the membrane. In
addition, the advantage of tangential filtration is that the filter medium is
clogged only on the surface, which facilitates cleaning, which is carried out
after each cycle of use. There are two types of membranes used for tangential
filtration. These include organic membranes and ceramic membranes.

The use of membrane methods in the food industry allows cleaning and
concentration of solutions without heating and evaporation. They are also
used for technological preparation of water, stabilization of soft drinks and
grape wines, concentration of natural juices, pasteurization, extraction of
valuable components from technological effluents of various industries,
clarification of fruit and vegetable juices, syrups. Compared to the processes
of evaporation or freezing, membrane methods allow to improve the quality
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and increase the yield of the obtained products.

Conclusions. Modern technological processes used for membrane
separation of food liquids and the corresponding equipment for their
implementation are analyzed. It has been determined which technologies are
used for clarification and concentration of juices. The main methods of juice
processing are considered, in particular, the sequence of obtaining clarified
juice with the use of existing technologies and equipment. On the basis of
the conducted analysis, the necessity of using membrane technologies for the
clarification and concentration of fruit juices is substantiated. The main areas
of improvement of the processes of concentration and clarification of juice
from fruit raw materials, as well as the need for the development of
equipment for their implementation, are given. The process of membrane
processing in dead-end and tangential modes is analyzed. The main
advantages and disadvantages of their use in fruit juice processing processes
have been revealed. The conducted analytical studies prove that the
introduction of membrane technologies into the production process will
increase product yield, preserve the nutritional and biological value of
clarified juice, and improve the quality of the final product. Ultrafiltration
membrane units have been found to retain colloids while allowing all
valuable juice components such as sugars, minerals, organic acids, soluble
vitamins and amino acids to pass through. As a result of the use of
ultrafiltration devices, the yield of the product increases, the nutritional and
biological value of clarified juices does not decrease, the quality of the final
product improves, which makes it possible to obtain food products with new
functional properties and high nutritional value.
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INEPCIIEKTUBHU BUKOPUCTAHHA OBJIATHAHHSA JIA MEMBPAHHOI'O
PO3AIVIEHHA XAPYOBHUX PI/IMH

Anomauisn

[IpoananizoBaHo oOnajHaHHS, IO 3aCTOCOBYIOTBCS U  OCBITJIGHHS 1
KOHIIGHTPYBaHHs IUIOJOBO-ATIJHOIO Ta OBOYEBOrO COKY. Po3risHyTo TexHOjOrii
OTPUMAaHHSI OCBITJIEHOTO COKYy. BH3HaYeHO XapakTepHi HEAONIKM ICHYIOUHX
TEXHOJIOTIYHMX  TIporeciB. Bu3Ha4eHO  HampsMU  YAOCKOHAJIICHHS  IPOIIECIB
KOHIICHTPYBaHHS 1 OCBITJICHHS COKYy Ta OOIPYHTOBaHO HEOOXIAHICTh pPO3POOKH
obnagHaHHA s iX pearizaiii. 3anpornoHOBaHO BUKOPUCTAHHS MIKpOQIIbTpaIliiHuX 1
yInbTpadiabTpaifiHuX MeMOpaHHUX anapatiB A 0OpoOKku coKy. BusiBieHO mpu4HHH,
SK1 YCKJIQTHIOIOTh BHKOPUCTAHHS MEMOpaHHUX TEXHOJIOTIH B Tpoliecax MepepoOKH
xapuoBux piauH. [IpoananizoBaHo icHy04i cnocoOu MeMOpaHHOT 00pOOKH, @ TAKOK HOB1
MEePCIEKTUBHI HAMpsSMH, IO PO3pPOOJIAIOTHCA OCTaHHIM dYacoM. B sikocTi 00’ekTa
JOCIIJKeHHsT 00paHHI MeMOpaHHI TexHoJorii (inpTparii, ki Ha CbOTOIHIIIHIA JE€Hb
IIUPOKO BHU3HAHI SIK HAWOLIBII TEPCIIEKTHBHI METOIW OYMINCHHS PIIKHUX Xap4OBHX
cepenoBull. J[aHi TEXHOJIOTIT € JOCTaTHRO €(DEKTUBHUMH IiJ Yac MPOBEACHHS MPOIIECIB
KOHIICHTPYBaHHS Ta OCBITJICHHS (PPYKTOBUX COKiB. MeMOpaHU CIIPUSIOTh €PEKTUBHOMY
BUJAJICHHIO TBEPAUX pEUYOBUH Ta OakTepiii. MemOpaHHi (inbTpu 3a0e3meuyroTh
HamaiiHuN (i3uuHui Oap’ep MPOXOKEHHS YaCTHHOK. BHKOpHUCTaHHS MeMOpaHHHUX
YCTAaHOBOK 13 TaHTEHI[IaIbHUMH (IIbTpaMH CHpus€e 30€peKEHHIO CTPYKTYpPHUX Ta
OpPTaHOJICTITHYHUX BJIACTUBOCTEH MpoaykTy. KpiM 1bOro, TaHreHmiagbHi (GLIBTpH
CaMOOYMILAIOTHCS 1 HE BUMAraroTh JAOPOTMX BUTPATHUX MartepiaiiB. IIpoananizoBaHO
TpaAMIliHI TEXHOJOTIi Ta OOJagHaHHS, MO0 3aCTOCOBYETHCS IJII OOPOOKH Xap4OBHX
piavH. Bu3HaueHO HEMONIKM ICHYIOUHMX TEXHOJIOTIYHHMX IPOIECiB. 3alpoOrnOHOBAHO
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3aCTOCYBaHHA MEMOpPaHHUX TEXHOJOTIH It 0OpOOKH COKIB 13 IUIOJOBOi CHPOBHHHU.
HaBeneHo OCHOBHI mepeBaru BHIPOBAKEHHS MEMOpaHHUX TEXHOJOTIH y MpoIec
00poOku. BusiBieHO HEOMIKH, M0 YCKJIATHIOIOTh 3aCTOCYBaHHS MEMOpaHHHUX
TEXHOJIOT1 y BUPOOHWYOMY TIPOIIECI NEPEPOOKH PIAKHX XapuyoOBUX CEPEIOBHII.
OOrpyHTOBaHO JOULTBHICT 3aCTOCYBAaHHS yIbTpadiabTpaiiftHuX Ta
MIKpO(DUIBTpalifHIX MEMOpPaHHUX YCTAaHOBOK I OCBITJICHHS (PYKTOBUX COKiB. B
pe3yabTaTi BHUKOPUCTAHHS YyIbTpadiabTpalifHUX MEMOpaHHUX YCTaHOBOK CYTTEBO
3pOCTa€ BUX1J MPOAYKTY, IIPH IbOMY XapuoBa Ta 010JIOT1YHA IIIHHICTh OCBITJICHUX COKIB
HE 3MEHIIIY€ThCS, TOKPAIY€ThCS SIKICTh KIHI[EBOTO MTPOAYKTY, L0 JA€ 3MOT'Y OTPHUMYBATH
XapyoBi MPOIYKTH 3 HOBUMHU (DYHKIIIOHATTBHUMH BJIACTUBOCTSMH 1 BUCOKOIO XapUOBOIO
LIHHICTIO.

Knrwowuoei cnoea: ynvprpadinbTpamis, MeMmOpaHHa o0poOka, OapomeMOpaHHI
IPOIIECH, OCBITICHHA (PPYKTOBUX COKIB, KOHIICHTpAllisl Xap4dOBUX PIIHH, MeMOpaHHI
arapard.
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