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REVIEW AND ANALYSIS OF MEMBRANE JUICE PROCESSING
IN FOOD INDUSTRY ENTERPRISES

Summary. The equipment used for clarification and concentration of fruit and berry and vegetable juice is analyzed.
The technologies for obtaining clarified juice are considered. The characteristic shortcomings of existing technological
processes are identified. The directions for improving the processes of concentration and clarification of juice are
identified and the need to develop equipment for their implementation is justified. The existing methods of membrane
processing are analyzed, as well as new promising directions that have been developed recently. The application of
membrane technologies for the processing of juices from fruit raw materials is proposed. The main advantages of
introducing membrane technologies into the processing process are given. The shortcomings that complicate the use
of membrane technologies in the production process of processing liquid food media are identified. The feasibility of
using ultrafiltration and microfiltration membrane plants for clarifying fruit juices is substantiated.
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Formulation of the problem. The modern fruit and vegetable industry must provide the population
with products of high nutritional and biological value. One of such products is fruit and vegetable
juices, which play an important role in the human diet, as they contain a complex of essential nutri-
ents, including vitamins, macro- and microelements, and other useful components.

Today, the consumption of juices is constantly growing, which is due to their high nutritional value
and economic feasibility of production. The use of modern technologies and equipment developed on
the basis of the latest scientific achievements helps to optimize production processes and allows for
the effective processing of significant volumes of fruits and vegetables for the production of both con-
centrated and natural juices. Juices contain valuable biologically active substances, such as vitamins,
minerals, phenolic compounds, and antioxidants [1].

For example, freshly squeezed juices contain a significant amount of pectin, insoluble biopoly-
mers, lipids, polysaccharides, and other compounds. It is these substances that can cause turbidity.
The main reason for this phenomenon is the presence of colloidal particles, which over time coalesce
to form a precipitate. Initially, a slight turbidity appears, and then the particles gradually settle [2].

In the process of producing clarified juices, colloidal substances are removed, while in the man-
ufacture of unclarified juices, only partial clarification is used without removing these compounds.
Juice clarification is a technological process of separating fruit juice into sediment and a clear liquid.
In this case, the colloidal structure of the juice is destroyed, and the concentration of colloidal parti-
cles is reduced by 20-30%. As a result of clarification, a liquid phase of the product is obtained, which
contains dissolved substances isolated from the fruit tissue [3].
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The process of clarification and concentration of juices is a key stage in the production of quality
beverages, but it is accompanied by a number of problems that affect the final characteristics of the
product and the overall efficiency of the production process. One of the main production problems is
the turbidity of the juice and the presence of sediment. This occurs due to the fact that natural colloi-
dal particles, such as pectin, proteins, tannins, form suspensions that are difficult to remove. In this
case, clarification using traditional methods such as settling, centrifugation, and the use of enzymes is
time-consuming and requires a significant number of auxiliary substances [4].

You should also pay attention to the loss of useful components. Filtration and thermal methods
can reduce the concentration of vitamins, phenolic compounds and aromatic substances. Thermal
treatment during concentration leads to partial caramelization of sugars and changes in organoleptic
properties. During clarification and concentration, equipment becomes contaminated. In this case, the
use of traditional filters causes their rapid clogging. At the same time, the equipment for implement-
ing clarification processes has a high energy consumption, since thermal concentration requires large
energy costs [5].

In addition, the issue of preserving the natural taste and color of the finished product arises. It is
known that during traditional concentration, some volatile aromatic compounds are lost. Some pig-
ments, for example, anthocyanins in berries, are destroyed under the influence of temperature [6].
Membrane technologies, such as microfiltration, ultrafiltration, nanofiltration and reverse osmosis,
allow you to improve the clarification and concentration of juices, minimizing the loss of quality
characteristics of the product.

Analysis of recent research and publications. Juice purification is carried out to ensure colloidal
stability of the product during storage, as well as to improve its organoleptic properties and attractive
appearance. To comply with international production standards, it is necessary to introduce modern
technologies and equipment based on the latest scientific and technical developments [7]. The use of
membrane technologies allows to improve the taste characteristics, appearance and nutritional value
of fruit juices. An important task of membrane processing is to preserve vitamins, amino acids and
other biologically active compounds, which can be achieved by avoiding thermal sterilization and the
use of preservatives. Membrane systems contribute to the creation of effective juice concentration
technologies and the expansion of the product range [8].

The use of ultrafiltration and microfiltration makes it possible to regulate the mineral and carbo-
hydrate composition of the final product. Today, the main areas of use of membrane technologies in
juice production are clarification and concentration processes. Clarification is carried out to destroy
the colloidal structure of the juice, remove high-molecular proteins, pectin and polyphenolic sub-
stances, as well as microorganisms. It is important to preserve valuable biologically active compo-
nents, in particular vitamins, sugars, acids, minerals and aromatic compounds [9].

Ultrafiltration is one of the types of membrane technologies widely used in the food industry. It
differs in the size of the pores of the membranes, which are used for the distribution, fractionation
and concentration of liquids. The diameter of the pores of the membranes varies from 0.01 to 0.20
microns, and the operating pressure is in the range of 0.1-1.0 MPa. Thanks to ultrafiltration, small
bacteria, viruses and large protein molecules are removed from the initial solution. As a result, the
initial liquid is separated into two products: low-molecular (filtrate), which passes through the mem-
brane and is removed, and high-molecular concentrate [ 10]. Unlike microfiltration, ultrafiltration can
be accompanied by adsorption of dissolved substances on the membrane surface and their intermo-
lecular interaction [11].

In the process of ultrafiltration and microfiltration, semipermeable membranes are used that act
as a barrier, passing only certain components of the liquid mixture. They must have high selectivity,
significant specific productivity, chemical resistance to the components of the solution and sufficient
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mechanical strength. The service life of the membranes largely depends on the process of sediment
formation, which can clog the pores, creating additional resistance to fluid flow and mass transfer.
This phenomenon, known as concentration polarization, leads to a decrease in membrane perfor-
mance and is characteristic of most baromembrane processes [12].

Microfiltration effectively removes suspended particles and microorganisms without the use of
chemical reagents. Ultrafiltration allows the removal of colloidal substances, pectin compounds and
proteins, making the juice transparent. The reverse osmosis method is used to remove water using
dense membranes, which allows the juice to be concentrated without heat treatment. Nanofiltration
allows partial removal of water and minerals, while preserving sugars and aromatic compounds [13].
The main advantages of membrane technologies include the ability to preserve biologically active
substances, such as vitamins, phenolic compounds and antioxidants [14].

The membrane treatment process is characterized by high energy efficiency, since it does not
require evaporation of water. Membrane technologies ensure the production of a high-quality final
product: the juice becomes clean, transparent and rich in aroma. In addition, the shelf life of the
product increases due to the effective removal of bacteria and fungi [15]. Membrane technologies are
becoming a promising solution for the production of fruit and berry juices with high organoleptic and
nutritional indicators, replacing traditional methods of clarification and evaporation.

Formulation of the purpose of the article. The purpose of the article is to review and analyze mem-
brane processes used for processing fruit and berry juices at food industry enterprises, to determine
their advantages, disadvantages, and prospects for use in comparison with traditional technologies for
clarification and concentration of juices.

Presentation of the main research material. Baromembrane processes, in particular reverse osmo-
sis, ultrafiltration and microfiltration, are based on the pressure difference across the thickness of
membranes, which are usually made of polymeric materials. They are used to separate solutions and
colloidal systems at temperatures of 5...30 °C. The difference between reverse osmosis and ultrafiltra-
tion from traditional filtration is that instead of the product settling on the filter surface, as in conven-
tional filtration, two solutions are formed in these processes: one of them contains a concentrated sol-
ute. It is important to avoid the accumulation of this substance near the membrane, as this can lead to
a decrease in its selectivity and permeability. One of the negative factors of baromembrane processes
1s concentration polarization. It occurs due to the different rates of passage of the mixture components
through the membrane, which leads to the accumulation of a substance with a low penetration rate in
the membrane boundary layer [16]. This reduces the efficiency of the separation of liquid mixtures, as
the driving force of the process decreases, the selectivity and productivity of the membranes deterio-
rate, and their service life is also shortened. In addition, precipitation of poorly soluble salts and the
formation of gel-like high-molecular compounds is possible, which requires periodic cleaning of the
membranes. To minimize the effect of concentration polarization and improve the efficiency of mem-
brane systems, mixing is used in the technological process. This helps to equalize the concentration
of components in the membrane boundary layer and the main liquid flow. Mixing can be carried out
by increasing the flow velocity (up to 3-5 m/s), using turbulizers (for example, meshes, perforated or
corrugated sheets, spirals, balls), using ultrasound and other methods [17.

Concentration polarization leads to a decrease in membrane performance due to an increase in the
osmotic pressure of the solution, which reduces the driving force of the process. At the same time,
precipitation of insoluble salts and gelation of high-molecular compounds are possible, which reduces
the permeability and selectivity of the membranes, as well as shortens their service life. To reduce this
effect, various technological approaches are used, depending on the design of the membrane appara-
tus, the type of membrane, the cost of the final product and the performance of the equipment. One
of the most effective methods for minimizing concentration polarization is to create turbulence in the
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solution. This allows you to reduce the concentration of dissolved substances in the boundary layer,
which contributes to an increase in the permeability and selectivity of the membranes, a decrease in
osmotic pressure and, accordingly, an increase in the efficiency of the separation process. Addition-
ally, the use of a pulsating flow helps to increase the velocity of the near-wall liquid layers, which
reduces the likelihood of sediment formation on the membrane [18].

Concentration polarization is a typical phenomenon for all membrane processes, including
microfiltration and ultrafiltration. It consists in increasing the concentration of the dissolved sub-
stance on the membrane surface, which reduces its permeability and selectivity, and also shortens
its service life. To minimize this effect, various engineering solutions are used, such as creating
a turbulent flow in the surface layer of the liquid, which allows accelerating the transfer of the
dissolved substance to the center of the flow. Such technologies include the use of magnetic stir-
rers, vibration devices, increasing the speed of the liquid flow along the membrane and installing
turbulators [19].

Another design solution to improve the efficiency of membrane systems is the use of devices with
narrow channels. This contributes to the creation of a laminar mode of fluid movement, which allows
maintaining high equipment productivity with reduced device dimensions [20].

Increasing the temperature of the liquid can reduce the viscosity of the solution being sepa-
rated, while increasing the diffusion coefficient of the solute. However, this method may not be
suitable for juice purification. It is also possible to apply the effect of ultrasonic vibrations on the
membrane boundary layer. The main technological parameters of baromembrane processes are
the filtration rate, selectivity and permeability of the membrane components. The main factors
affecting the membrane separation processes are temperature, pressure, hydrodynamic conditions
and the formation of sediment on the membranes. However, the main factor affecting the micro-
filtration and ultrafiltration processes is the operating pressure. The driving force of the process
increases with increasing pressure and, consequently, the permeability of the membrane increases.
The operating pressure is set depending on the filtration process, the solution being separated,
the type of membrane, the design of the apparatus, the hydraulic resistance of the intermembrane
channel and drainage. The effect of the temperature of the solution on the filtration process is
complex. With increasing temperature, the viscosity and density of the solution decrease. At the
same time, the osmotic pressure increases [21]. Reduced viscosity and density increase perme-
ability. An increase in osmotic pressure reduces the driving force of the process and reduces the
permeability of membranes. When the temperature increases in the processes of microfiltration
and ultrafiltration, the permeability and selectivity of the membrane increase. This is due to a
decrease in the viscosity of the permeate, as well as a decrease in the influence of concentration
polarization on the characteristics of the membranes [22]. With an increase in the concentration of
the solution, the driving force of the process decreases, the viscosity and density of the solution
increase, and the permeability of the membranes decreases [23]. Concentration also affects the
selectivity of the membranes. In solutions of low concentration, the selectivity of the membranes
does not change significantly with a change in concentration. An increase in the concentration
of solutes in the solution worsens the operation of the membranes, and the specific productivity
and selectivity of the apparatus decrease [24]. An increase in concentration increases the osmotic
pressure of the solution, which, in turn, reduces the effective driving force of the separation pro-
cess. Viscosity also increases, which leads to a decrease in mass transfer [25]. 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.

Figure 1 shows a diagram illustrating the complete membrane juice processing process, showing
the flow from the raw material to the final concentrated product.
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Fig. 1. Scheme of membrane processing of fruit and berry juice

The system receives raw materials, such as fruit juice. In the pre-treatment stage, enzymatic
treatment is carried out to break down pectins and other complex molecules. Centrifugation ensures
the removal of large particles and pulp. The purification process consists of microfiltration and
ultrafiltration. Microfiltration is used mainly for initial clarification. The ultrafiltration process is
necessary for fine clarification of the raw materials and the removal of high-molecular compounds,
colloids and microorganisms. The next stage is the concentration process. Nanofiltration is the first
stage of concentration. At this stage, solids are concentrated to 25-30%. Reverse osmosis is used for
final concentration. At this stage, solids are concentrated to 45-50%. During this stage, the permeate
water is collected. Auxiliary processes include a water recovery process for stable operation and
a membrane cleaning cycle to maintain efficiency. The use of membrane juice treatment solves
many traditional problems that arise during juice processing. First of all, it provides operation at low
temperatures to preserve nutrients and taste. The need for product clarifiers is eliminated. Energy
consumption is also significantly reduced compared to thermal evaporation, microbiological stability
of the product and the possibility of its continuous processing are ensured. Dead-end and tangential
filtration are widely used in modern food industry enterprises. Dead-end filtration is an effective and
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economical method of food purification, and the equipment for its implementation is compact and
easy to use. (Fig. 2).
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Fig. 2. Dead-end membrane filtration scheme

Tangential filtration is characterized by the passage of the product flow over the surface of the
membrane (Fig. 3).
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Fig. 3. Tangential membrane filtration scheme

Dead-end and tangential filtration have significant differences. In the process of dead-end filtration,
the liquid moves perpendicular to the filter surface, while in tangential filtration the flow is directed
parallel to the membrane. Typically, in tangential filtration systems, a circulation pump creates a
liquid flow along the membrane, which prevents the accumulation of sediment on its surface. Unlike
dead-end filtration, tangential filtration provides a continuous working process, since the pores of the
membrane do not clog. In this method, the liquid does not pass through the membrane completely,
but moves along it, creating a pressure difference. Part of the liquid penetrates the membrane in the
form of filtrate, and the rest of the flow with impurities continues to circulate, cleaning the membrane
surface. A characteristic feature of tangential filtration is the recirculation of the concentrate, which
helps to reduce membrane fouling, maintains a high filtration rate and ensures maximum product
yield. The use of membrane units with tangential filters helps to preserve the structural and organo-
leptic characteristics of the product. In addition, such filters have the ability to self-clean and do not
require significant operating costs.

Conclusions. Membrane technologies are an effective tool for solving key problems during clarifi-
cation and concentration of fruit and berry juices. They ensure high product quality, energy efficiency
and environmental friendliness of production. The complex application of various types of membrane
processes (microfiltration, ultrafiltration, nanofiltration, reverse osmosis) allows to achieve optimal
results and solve most of the problems characteristic of traditional technologies Studies have shown
that the use of ultrafiltration units allows to preserve colloidal substances, while passing all valuable
components of the juice, in particular sugars, organic acids, minerals, soluble vitamins and amino
acids. Due to this, the nutritional and biological value of clarified juices remains unchanged. The
prospect of using microfiltration and ultrafiltration membrane treatment for clarification and concen-
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tration of juices from fruit and berry raw materials has been established. The most common in the
design of membrane systems are hollow fibers and roll membrane elements, since they provide high
productivity and are economically viable.
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Ulepoicasnuti 6iomexnonoiunutl ynieepcumem (m. Xapkie)
*Taspiticoxuil depacasnuil azpomexnonoiunuil ynisepcumem imeni Jmumpa Momoprozo

I Xapriecokuil nayionanvhutl ynieepcumem imeni B. H. Kapasina

OTJISAJ] TA AHAJII3 MPOIIECIB MEMBPAHHOI OBPOBEKH COKIB
HA NIANPUEMCTBAX XAPUYOBOI MIPOMUCJIOBOCTI

Anomauis
[IpencraBneno pe3yIbTaTH aHATI3y CydacHIX METOIIB MEMOpaHHOT 00pOOKH PIIKAX XapdOBHUX MPOAYKTiB. IIpo-
BEJICHO OIVIsi/T OOJIaJTHAHHS, 0 BUKOPHCTOBYETHCS JIIsl OCBITIICHHS Ta KOHIICHTPYBAHHSI COKIB. PO3IIISIHYTO OCHOBHI
TEXHOJIOT11 00pOOKH, 30KpeMa eTaIi OTPUMAHHS OCBITIICHOTO COKY i3 3aCTOCYBaHHSM HAsSBHUX METOJIB 1 TEXHITHUX
pillICHb.
OOTpyHTOBAHO JOITFHICTE BUKOPUCTAHHS MEMOPAHHHUX TEXHOJIOTIH IS MepepoOKH TIIOMOBO-ATITHUX COKIB.
BusHaueHO mepCcrekTHBHI HANIPSIMHU BIOCKOHAJICHHS TPOIECiB KOHIICHTPYBAHHS M OCBITICHHS, a TaKOK HEOOXim-
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HICTb PO3pOOJICHHS CIIeITiali30BaHOTO O0NMaHAHHS IS iX peamizamii. JocmimkeHo 0coOMMBOCTI MIKpO(UTBTpaITiii-
HOI Ta yapTpadineTpaniitiol MeMOpaHHOT 0OpOOKH COKIB, BKIFOYAI0UN aHAJi3 poOOTH MEMOpaH y TyMHKOBOMY Ta
TaHTCHINIATFHOMY PEXKUMAX.

BusBiieHo 0cHOBHI mepeBaru i 0OMeKEHHS ITMX METOMIB Y KOHTEKCTI TEPEepOOKH PiIKUX XapUOBUX CEPEIOBHIIL,
a TaKOXX YNHHUKH, 10 YCKJIAJHIOIOTH NTMPOKE 3aCTOCYBAHHI MEMOPAHHUX TEXHOJOTIH ¥ COKOBIH MPOMHUCIOBOCTI.
3amporoHOBaHO BUKOPUCTAHHS MIKPODITBTpaAiiHAX 1 yIETpadiIbTpaIliitHnX MeMOpaHHAX YCTAaHOBOK ISt 00p00-
KH COKY.

TanrenmiansHa QITBTpAITST MOXKE 3aCTOCOBYBATHCS SIK I MiKpo(hLIbTpartii, Tak i s yasrpadineTpanii Gpyk-
TOBO-SITITHAX COKiB. BoHa 3a0e3meuye BUCOKY TPO30PICTh 1 MIKPOOiOIOTiuHY CTaOLTBHICTD POAYKTY 0€3 BUKOPHC-
TaHHS JOTIOMDKHHUX PEUOBHH Ta MO00OABOK, IO yCyBae MPOOIeMH 3 iX yTHii3amiero. MeMOpaHH 3a MPaBHIIbHOI €KC-
TUTyaTarlii Ta peTyIapHOTo 00CITyTOBYBAHHS MAfOTh OB TEPMiH CITY)KOH TIOPIBHIHO 3 TPATUITIHHOIO TYITHKOBOIO
¢urpTpariero.

3acToCcyBaHHS TaHTEHINIATBHUX (UIBTPIB CIipuse 30epEKESHHI0 CTPYKTYPH W OPTaHONENTUIHUX BIACTUBOCTEH
COKY, a TAKOX 3a0e31euye CaMOOUHIICHHS MeMOpaH 0e3 MoTpedr y JOPOTUX BUTPATHAX MaTepianax. YIpoBaKeH-
HST MEMOpaHHUX TEXHOJIOTIH y Mpo1iec 00pOOKH a€ 3MOTY 30UTBITUTH BUXiT MPOAYKTY, 30€pEerTH HOTO XapuoBy Ta
010JIOT1YHY IIHHICTB, & TAKOK TIOKPAIIUTH SKICTh KiHIIEBOTO TIPOAYKTY.

Kniwouosi cnosa: membpanaa o0poOKa, COKH, TUTOIOBO-STiTHA CHPOBHHA, YIETPaUIBTPAILis, MIKPOPUIBTpAITis.
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