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INCREASING THE EFFICIENCY OF THE MEMBRANE FILTRATION
PROCESS IN THE PRODUCTION OF FRUIT AND BERRY JUICES

Summary. The article considers the issue of increasing the efficiency of the membrane filtration process in the
production of fruit and berry juices, which is a relevant direction in the development of modern technologies in the food
industry. Membrane filtration, as a reagent-free and energy-saving method of processing liquid food products, allows
you to obtain high-quality juices with minimal losses of biologically active substances and without deterioration of
organoleptic indicators. The paper presents a generalized scheme of the membrane filtration technological process,
characterizes the main stages — raw material preparation, enzymatic treatment, preliminary filtration, the main stage
of membrane separation, membrane washing and stabilization of the finished product.

The influence of the main technological parameters — operating pressure, temperature, cross-flow velocity and
membrane type — on the efficiency of the process and the quality of the filtrate is analyzed. It was established that
the optimal conditions for ultrafiltration of fruit and berry juices are a pressure of 0.3...0.6 MPa, a temperature of
25...35°Cand a flow rate of 1.5...2.5 m/s, under which the highest productivity is achieved with minimal membrane
contamination. It was shown that enzymatic preparation of raw materials provides a decrease in viscosity and an
increase in filtration speed, and the use of membranes with antifouling properties and a modified surface contributes
to stable system operation.

The results obtained confirm the feasibility of an integrated approach to optimizing the membrane filtration
process, which involves simultaneous improvement of technological parameters, the design of membrane devices
and membrane cleaning systems. The use of such solutions allows to ensure high quality of the final product, reduce
energy and operating costs, and also increase the environmental efficiency of production. The results of the study
are of practical importance for juice industry enterprises that implement modern technologies of membrane cleaning
and product concentration.

Keywords: membrane filtration, fruit and berry juices, ultrafiltration, purification, membrane selectivity, product
quality, technological parameters.

Formulation of the problem. Modern production of fruit and berry juices is characterized by
increased requirements for product quality, its nutritional and biological value, as well as for the
efficiency of technological processes. One of the key stages in the technological cycle is the process
of clarification and concentration of juices, which is traditionally carried out by methods of heat
treatment, settling or filtration through porous materials. However, such methods have a number
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of significant disadvantages, in particular high energy consumption, process duration, possible
degradation of thermolabile compounds (vitamins, enzymes, aromatic components) and deterioration
of organoleptic characteristics of the finished product.

In this context, membrane technologies are becoming increasingly widespread, which allow for
the separation, concentration and purification of juices without significantly affecting their natural
structure and composition. Membrane filtration allows for the effective removal of mechanical
impurities, colloidal particles, pectins and microorganisms, while preserving biologically active
substances. At the same time, despite significant advantages, the widespread introduction of membrane
technologies in the production of fruit and berry juices is hampered by a number of technological
and operational problems associated with the instability of membrane operation, a decrease in their
productivity due to contamination (fouling), increased costs for the regeneration of membrane
elements, and the need to optimize the technological parameters of the process [1].

Membrane fouling is one of the main problems that significantly affects the filtration efficiency.
The sediment formed on the surface or in the pores of the membrane reduces the permeability,
increases the hydraulic resistance and requires additional washing or replacement of the membranes.
These phenomena cause not only technological difficulties, but also economic losses associated with
equipment downtime and increased production costs. In addition, the composition of the raw material
(the content of pectin substances, polyphenols, proteins) significantly affects the rate of membrane
fouling, which requires an individual approach to choosing the type of membrane and filtration modes
for different types of fruit and berry juices [2].

Modern research is aimed at increasing the efficiency of membrane filtration by optimizing the
process parameters (pressure, temperature, flow rate, concentration of the initial product), improving
the design of membrane devices, using combined methods of raw material pretreatment, as well as
developing new membrane materials with increased resistance to fouling. However, there is a need for
a systematic approach to studying the impact of these factors on the efficiency of the filtration process,
which will allow formulating scientifically sound recommendations for industrial application [3].

Thus, the current scientific and technical problem is to find ways to increase the efficiency of the
membrane filtration process in the production of fruit and berry juices by optimizing technological
parameters and improving the design and operational characteristics of membrane systems. Its
solution will contribute not only to improving the quality of finished products and reducing energy
costs, but also to ensuring the sustainable development of juice production in accordance with the
principles of energy and resource conservation.

Analysis of recent research and publications. The last decades are characterized by the rapid
development of membrane technologies, which have become widespread in the food industry, in
particular in the production of fruit and berry juices. Membrane filtration is considered one of the
most effective methods of cleaning, clarifying and concentrating juices, as it allows processes to
be carried out at relatively low temperatures, which allows preserving the natural organoleptic
properties of the product, aromatic substances, vitamins and biologically active compounds [4].
The results of numerous scientific studies show that the use of microfiltration (MF), ultrafiltration
(UF), nanofiltration (NF) and reverse osmosis (RO) makes it possible to significantly improve
the quality of the final product, ensure the stability of color, transparency and biological value of
juices. At the same time, compared to traditional clarification methods (settlement, centrifugation,
use of auxiliary reagents), membrane processes are characterized by lower energy consumption
and environmental friendliness, as they do not require the use of chemical reagents and allow for
the reuse of some of the by-products [5]. Despite numerous advantages, the widespread industrial
use of membrane processes in juice technology is limited by the problem of reducing membrane
productivity due to their contamination, or the so-called fouling. Membrane contamination is

Scientific Bulletin of TSATU. 2025. 15. 2 11



‘5 Hayxoswuii Bicauk TIIATY Bumnyck 15. Tom 2
caused by the accumulation of pectin substances, proteins, polyphenols, colloidal particles and
microorganisms on their surface, which form a gel-like layer, which significantly reduces the filtrate
flow and increases the hydraulic resistance. Studies conducted by various scientific groups confirm
that the fouling rate significantly depends on the type of raw material, solids concentration, juice
viscosity, temperature, flow rate, pressure and membrane properties. It was found that even a slight
change in these parameters can lead to a noticeable decrease in filtration efficiency [6]. Thus, the issue
of optimizing technological modes and choosing the type of membrane remains a relevant area of
research. Numerous works of recent years consider various approaches to reducing the intensity of
fouling. One of the effective methods is the preliminary enzymatic treatment of raw materials using
pectinolytic enzymes, which promotes the hydrolysis of pectin substances and reduces the viscosity
of the juice. Such studies have shown that preliminary enzymatic preparation makes it possible to
increase the stability of the flow through the membrane and reduce the frequency of washing the
filtration modules. At the same time, the authors note that excessive fermentation can negatively
affect the organoleptic characteristics of the juice and its colloidal stability [7]. Therefore, the issue
of choosing the optimal dose of enzymes and the duration of their action remains the subject of
further research. Significant attention in modern scientific works is paid to the improvement of
membrane materials and designs. Researchers are actively studying the possibilities of modifying
the membrane surface by applying special hydrophilic or anti-fouling coatings, as well as creating
hybrid polymer-ceramic structures that are characterized by higher chemical and thermal stability. A
promising direction is the use of nanostructured materials, in particular metal-organic frameworks
(MOF), silicon and titanium oxides, which reduce the adsorption of proteins and polyphenols,
thereby increasing the antifouling properties of membranes. However, most of such solutions are
still at the stage of laboratory tests, and their industrial implementation is limited by the high
cost of manufacturing and the need for additional food safety tests [8]. A separate direction in the
development of membrane technologies is the improvement of hydrodynamic conditions of the
process. It has been shown that increasing the transverse flow velocity, using turbulators, pulsating
flows or scraped surfaces allows reducing the thickness of the boundary layer and preventing
excessive deposition of particles on the membrane. Such design solutions increase the stability of
the filtration process, but require additional energy costs, so for their practical implementation it is
necessary to conduct a detailed feasibility study. Researchers also draw attention to the importance
of choosing the right type of membrane module (tubular, spiral-fold, plate or fiber), since not only
the filtration efficiency but also the convenience of cleaning the membrane after the end of the
operating cycle depends on this [9].

An important aspect of increasing the efficiency of membrane processes is the improvement of
membrane cleaning systems, the so-called CIP procedures (clean-in-place). According to recent
studies, the combination of mechanical cleaning with the use of acid, alkali or enzyme solutions
allows you to effectively remove residual organic contaminants and restore up to 90...95 % of the
initial membrane performance. However, prolonged use of chemical reagents can lead to degradation
of the membrane material, which reduces its service life, so the search for environmentally friendly
cleaning methods remains relevant — for example, using ultrasound, pulsed flows or biodegradable
detergents. In addition to traditional membrane processes, promising methods such as reverse osmosis
with reduced pressure, membrane distillation and forward osmosis are actively discussed in modern
scientific publications [10]. These approaches allow you to concentrate juices at low temperatures,
which ensures maximum preservation of volatile aromatic substances and color pigments. Although
such technologies have not yet gained widespread industrial implementation due to the high cost of
equipment, the results of experimental studies confirm their effectiveness and prospects for the future
development of the industry. In conclusion, it should be noted that the conducted studies confirm
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the high potential of membrane filtration in the production of fruit and berry juices as an innovative,
environmentally friendly and energy-efficient technology [11].

However, a number of unsolved scientific and technical problems remain, including the stability
of membranes during long-term use, optimization of process parameters for different types of raw
materials, the economic feasibility of using modified membranes and the development of methods
for monitoring and controlling the filtration process in real time. Further research should be aimed
at developing comprehensive solutions that combine optimization of technological parameters,
structural improvement of membrane devices and the use of new materials with increased antifouling
properties [12]. It is the integration of these approaches that will make it possible to increase the
efficiency of the membrane filtration process, ensure stable juice quality and reduce production costs,
which is extremely important for the competitiveness of food industry enterprises.

Formulation of the purpose of the article. The aim of the article is to increase the efficiency of the
membrane filtration process in the production of fruit and berry juices by optimizing technological
parameters and improving the operating conditions of membrane systems to reduce the intensity of
their contamination and ensure stable product quality. To achieve this goal, it is planned to study the
influence of the main technological factors on the productivity of membrane filtration and determine
the directions for improving the design and operational characteristics of membrane devices.

Presentation of the main research material. Membrane filtration is a modern, highly efficient
technology for the purification and processing of fruit and berry juices, which ensures high-quality
removal of suspended particles, colloids and microorganisms without the need for heat treatment or
chemical reagents. This allows you to maximally preserve the natural aroma, taste, color and biological
value of the product [13]. Unlike traditional methods of clarifying juices — such as settling, separation
or the use of auxiliary substances (bentonite, gelatin, diatomaceous earth) — membrane filtration is a
more environmentally friendly and energy-saving technology that provides consistently high quality
indicators. The basis of the process is the use of semi-permeable membranes that pass low-molecular
compounds (water, sugars, organic acids) and retain high-molecular components — proteins, pectins,
polyphenols, microorganisms [14]. Depending on the size of the membrane pores and the applied
pressure, the main types of processes are distinguished: microfiltration (MF), ultrafiltration (UF),
nanofiltration (NF) and reverse osmosis (RO). Ultrafiltration is most often used to purify and clarify
juices, and nanofiltration or reverse osmosis is used to concentrate them [15].

The technological scheme of the membrane filtration process in the production of fruit and berry
juices involves several main stages. At the beginning, raw materials are received and prepared, which
includes washing, sorting, grinding fruits to a puree state and preliminary removal of impurities.
This is necessary to prevent mechanical damage to the membranes. Next, enzymatic treatment is
carried out, during which pectinolytic enzymes are added, which destroy pectin substances, reducing
the viscosity of the juice and facilitating further filtration. This is followed by preliminary filtration
or centrifugation to remove large particles and suspended solids [16]. The key stage is membrane
filtration, during which the liquid product is fed under pressure into the membrane module. The
liquid is separated into two streams: the filtrate — the clarified juice that passes through the membrane,
and the concentrate — the residue in which colloids, cell particles and high-molecular components
are concentrated. After the filtration cycle is completed, the membranes are subjected to the CIP
(Cleaning-In-Place) procedure — washing with special alkaline, enzymatic or acidic solutions to
remove sediment and restore their filtration properties. The final stage is stabilization, pasteurization
and packaging of the finished product. Table 1 shows the main technological parameters of the
membrane filtration process and their impact on the efficiency of the process.

Experimental studies show thatincreasing the pressure to 0.6 MPa increases the filtration rate of apple
juice by almost 40 %, however, further increase does not give a proportional increase in productivity
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Table 1
Main technological parameters of the membrane filtration process and their impact on process efficiency
Process parameter Value range Impact on filtration efficiency
Increasing pressure increases the filtration rate, however, after reaching

Working pressure,

MPa 0.2...0.8 a critical value, the efficiency stabilizes due to the formation of a gel

layer on the membrane surface
Optimal temperature (25...35 °C) reduces juice viscosity and improves
Temperature, °C 20...40 membrane permeability. Higher temperatures can cause protein
denaturation and loss of aromatic substances

Increasing the cross-flow velocity prevents sediment formation and

Flow velocity, m/s 1.0...3.0 reduces fouling, but excessive turbulence increases energy consumption
The choice of membrane type determines the degree of purification,
transparency and chemical composition of the filtrate. For juice
Membrane type UF/NF/RO clarification, ultrafiltration with a porosity of 0.1...0.2 microns is the
most effective
Determines resistance to temperature, chemical agents and degree of
Membrane Polysulfone, cellulose . ! . .
. . fouling. Polysulfone membranes are characterized by high mechanical
material acetate, polyamides

stability and durability

due to the formation of sediment on the membrane surface. The optimal process temperature is 30 °C,
at which the minimum viscosity and high transparency of the filtrate are achieved. In addition, it was
found that enzymatic treatment before filtration increases productivity by 20...25 %, and the use of
turbulators in the membrane module reduces the fouling rate by 15...18 %.

Particular attention is paid to the process of membrane fouling (fouling), which is the main
factor in reducing filtration efficiency. The sediment is formed due to the adsorption of colloidal
particles, proteins and pectins on the membrane surface. Various approaches are used to combat
this phenomenon: backwashing, pulsed pressure supply, periodic mechanical cleaning or the use
of membranes with a hydrophilic coating. It is also advisable to implement systems for continuous
pressure and flow rate control to maintain optimal operating conditions.

When comparing different types of membranes, it was found that ultrafiltration membranes
with a porosity of 0.1...0.2 microns provide the best ratio between productivity and filtrate quality.
Membranes with a smaller pore size (nanofiltration) provide deeper purification, but require higher
pressure, which increases energy consumption. On the other hand, microfiltration membranes have a
higher throughput, but produce a less transparent product.

High efficiency of membrane filtration is also achieved through the correct selection of hydrodynamic
parameters of the apparatus. It is important to ensure laminar, but sufficiently turbulent flow near the
membrane surface to prevent the formation of stagnant zones. For this purpose, spiral-coiled, tubular or
plate modules with distribution elements are used, which contribute to the uniform movement of the liquid.

Summarizing the results of the research, it can be noted that increasing the efficiency of the
membrane filtration process of fruit and berry juices is possible due to: optimization of technological
parameters (pressure, temperature, flow rate); preliminary enzymatic treatment of raw materials;
use of membranes with antifouling properties; improvement of the design of membrane modules;
implementation of monitoring systems and automatic process control; rational membrane cleaning
system (CIP) using safe reagents.

Thanks to such a comprehensive approach, it is possible to achieve stable productivity of
membrane installations, improve the quality of the final product, minimize losses of biologically
active substances and reduce the cost of production. Membrane technologies not only provide a high
level of purification, but also contribute to energy saving and environmental safety of the process,
which makes them indispensable in the modern production of fruit and berry juices.

Conclusions. As a result of the study, it was found that membrane filtration is one of the most
effective and environmentally friendly technologies for processing fruit and berry juices, which
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provides a high level of purification without losing the natural organoleptic properties of the product.
The use of membrane processes allows for the production of clarified and stable juices, preserving
biologically active components, aromatic substances and natural color.

The analysis of technological parameters showed that the efficiency of the process largely depends
on the optimal combination of operating pressure, temperature and flow rate. The optimal conditions
for most fruit and berry juices are a pressure of 0.3...0.6 MPa, a temperature of 25...35 °C and
a cross-flow speed of 1.5...2.5 m/s, which ensures maximum filtration performance with minimal
membrane fouling. It was found that preliminary enzymatic treatment of raw materials helps reduce
juice viscosity and increases the filtration rate by 20...25 %. In addition, the use of membranes with
a hydrophilic coating or a modified surface allows to reduce the intensity of membrane fouling and
increase the duration of their operation. Improving the design of membrane modules, in particular
the use of turbulators and optimization of hydrodynamic conditions, contributes to increasing the
stability of the process and uniformity of flow distribution. An important aspect is the implementation
of effective membrane cleaning systems (CIP) using alkaline and enzyme solutions, which ensure
the full restoration of their filtration properties without damaging the material. This allows reducing
operating costs and extending the service life of the equipment.

In general, the improvement of the membrane filtration process in the production of fruit and berry
juices should be based on an integrated approach that combines the optimization of technological
parameters, rational selection of the type and material of the membrane, effective preparation of raw
materials and the implementation of automated control systems. Such an approach will ensure stable
quality of the final product, increase production efficiency, reduce energy consumption and contribute
to the environmental safety of the technological process. Thus, the results of the study confirm that
the use of membrane technologies in the production of fruit and berry juices is a promising direction
of development of the food industry, which meets modern requirements for energy efficiency,
environmental friendliness and quality of food products.
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NIABUIIEHHA EGEKTUBHOCTI IPOLIECY MEMBPAHHOI ®LJIHTPAILII
Y BUPOBHHULTBI IIJIOAOBOAT'TAHUX COKIB

Anomauin

VY crarTi AOCTIKEHO NUIAXU TiABUIIEHHS e(DeKTUBHOCTI MpoIecy MeMOpaHHOI (inpTpamnii y BHPOOHHIITBI
IUIOZIOBOSITITHUX COKiB. PO3MIsSIHYTO mepeBard 3acToCyBaHHS MEMOpPAaHHHUX TEXHOJIOTIH SIK EHEprooilajHOro
{1 eKOJIOTIUHO 0E3MeYHOT0 METOAY OUMILIEHHS, 10 AA€ 3MOTY OTPUMATH BUCOKOSIKICHI COKHM 0€3 BTpaTH MPUPOJHUX
BJIacTHBOCTEH. ONUCAaHO OCHOBHI €Tany TEXHOJIOTIYHOI CXEMHU: MiArOTOBKY CHPOBHUHH, ()epMEHTATHBHY 0OpOOKY,
nonepenHe (iNbTPyBaHHA, OCHOBHY MeMOpaHHY (inbTpalliro, MpoMHBaHHS MeMOpaH i crabinmi3aiilo TOTOBOTO
npoxykry. IIpoBeneHo aHami3 BIUIMBY KIIOUOBHX TEXHOJIOTTYHHUX MAPAMETPiB — THCKY, TEMIIEPATypH, WBUAKOCTI
MOTOKY Ta TUIy MEMOpaHW — Ha IBHJKICTh 1 CTaOLIBHICTh Mporecy. BcTaHOBIEHO, 1110 ONTUMATbHI YMOBHU JUIS
ynerpadinsrpanii cranosusats Trck 0,3...0,6 MIlaitemmneparypy 25...35 °C, mo 3abe3neqye BUCOKY TPOAYKTUBHICTH
Ta MiHIManbHE 3a0pyaHEHHS MeMOpaH. 3a3HavyeHo, IO TonepenHs GpepMeHTaTHBHA 00p0o0Ka CHPOBHUHU Mi[BHILYE
e(eKTHBHICTh TIPOIIECY, & BUKOPUCTAHHSA aHTHU(OIIHTOBUX MEMOpaH CIIpUs€ MPOJOBKEHHIO IX TEPMIHY CITYXKOH.
Pesynbraty JOCTIDKEHHS MIATBEPIIKYIOTh €DEeKTUBHICTh KOMILUIEKCHOTO MiJXOAY 10 BAOCKOHAJIECHHS MeMOpaHHOI
Ginbrpamii, SKUH Ja€ MOXJIMBICTh TOKPAIIUTH SKICTh COKIB, 3MEHIIUTH EHEPrOCIIOKMBAHHA Ta ITiIBUIIUTH
€KOJIOTIUHY CTIMKiCTh BUPOOHHIITBA.

Knrouoei cnosa: memOpanna Qinbrparlis, TIOMOBOATIAHI COKH, YABTPA(LIBTPaIlisl, OYUIICHHS, CEIEKTHBHICTD
MeMOpaH, SKICTh MMPOIAYKTY, TEXHOJOTI4HI TapaMeTpH.
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