TlporpecuBHi TeXHiKa Ta TEXHOJOTi Xap4OBHX BUPOOHHITB PECTOPAHHOTO TOCIOAAPCTBA
i Toprieii, 2025. Bum. 1(37) ISSN: 2312-3990X (Print), 2519-2922 (Online)

IHKEHEPHO-TEXHIYHE 3ABE3INEYEHHA TEXHOJIOT'TH
XAPYOBOI IHYCTPII

UDC 664.857.081.6:663.81.05:347.77
DOI: https://doi.org/10.31359/2312-3990X-2025-37-1-166

TECHNICAL REVIEW AND INTELLECTUAL PROPERTY
ASPECTS OF INNOVATIVE MEMBRANE TECHNOLOGIES
IN JUICE PRODUCTION

G. Deinychenko, D. Dmytrevskyi, D. Honchar,
O. Piddubnyi, V. Lavreniuk

This article presents an analytical and review study of membrane processes
and equipment used for juice purification and concentration in the food industry.
Special attention is given to technological innovations and the role of intellectual
property in protecting membrane solutions. The paper highlights current trends,
practical applications, and patent landscape relevant to membrane technologies in
juice processing.
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TEXHIYHUM OTJISAJ] TA ACHEKTH IHTEJIEKTYAJIBHOI
BJACHOCTI IHHOBAIIMHUX MEMBPAHHUX TEXHOJIOT'TA
Y BUPOBHHIITBI COKIB

I'.B. leiinuuenko, 1.B. ImurpeBcokuii, 1.0. l'onuap,
O.A. Ilinnyonuii, B.B. JlaBpeHniok

Y cmammi nposedeno ananimuune ma 0211008e OOCHIONCEHHS CYHACHUX
MeMOpanHUX npoyecie i 6ionosioH020 00NAOHAHHI, WO SUKOPUCHIOBYIOMbCA OISl
OUUUjeHHsT MA KOHYEHMPYSAHH COKI@ y Xapuosili npomuciosocmi. Mem6parni
mexHonozil, ceped SKUX OCHOGHUMU € MIKpoginempayis, yiempagirempayis,
HaHoginbmpayis ma 360pomMHULl OCMOC, 6idicparoms 0e0ani 6AMNCIUBIULY POTb Y
nidsuwyenni egekmusnocmi mexnonoziunux npoyecie. Ix sacmocysanus dae 3mozy
3HAYUHO NOKPAWUMU SAKICMb KiHYe8020 NPoOyKmy 6e3 HeoOXIOHOCHI GUKOPUCIAHHS
sUCOKOMeMNePamypHUx Memooie 00poOKU, WO CHPUAE 30EPeHCcentio KOPUCHUX
PEUOBUH, CMAKOBUX XAPAKMEPUCMUK | HAMYPAibHO20 KOAbOpy cokie. YV pobomi
sucsimieno npunyunu Oii 3a3navenux npoyecis, ocobaugocmi ix peanizayii y
BUPOOGHUYUX YMOBAX, A MAKOJMC KIACUDIKAYII0 Ma 61ACMUocmi MeMOpaH, uo
BUKOPUCMOBYIOMbCS. Y XAPH08Ux mexHonozisx. OKpemo pO32IAHYMO MexXHIUHI
Xapakmepucmuxy MemMopanHo2o oOIaOHANHA, 30KpeMa Mamepian 8UeOmo61eHHs,
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KOHCMPYKMUBHI PilUenHs, MOOYIbHICIb CUCMEM, napamempu npooyKmueHocmi ma
EHeP20CNONCUBAHHS.

IIposedeno nopieHsaIbHULL AHANI3 MEMOPAHHUX Memodig i3 mpaouyiinumu
MEXHON02IAMU OUUWEeHHSI Ma KOHYeHmpayii, niOKkpecieHo nepesaz makux piuleHs y
KOHmMeKCmi eHepeoe@ekmusHoCmi, eKoN02i4HOT be3neKu, npoCcmomu agmomMamu3ayii
ma macuwimabosanocmi 6upooHUYymMea. 3HAuHy yeazy NpudiieHo AaHali3y CMAauy
inmenexmyanvHoi  eénacHocmi y  cepi  MemOpamHux — mexHonoeil,  wo
suUKOpUCMO8ylomvcsi 015t 00pobxu  coxie. Ha ocnogi namenmnozo nowtyky
Nnpoananizo8ano NOMOYHUN CIMAH NAMEHMY8AHHS IHHOBAYIUHUX pilleHb Y Yili 2any3i,
BUBHAYEHO NPOBIOHI Kpainu ma KOMNAHil, WO AKMUGHO 3aUMAlOMbCsi po3POOKOIO
MeMOpanHo20 0bnaoHanHs. Bemarnoeneno, wo namenmna akmueHicmy 3p0CMAE, wjo
C8I0UUMb NPO THMEHCUBHULU PO3GUIMOK MEXHONO2IU Ma BUCOKY KOHKYPEHMHICMb
PDUHKY.

Posensinymo 3HaueHHs npasosoi 0xXopoHu iHmenekmyanbHoi enacnocmi 0ns
3a6e3neyeniss KOMepyitiHo20 YCnixy niONpUEMcms ma CmuMyio8anHs IHHOBAYIUHOT
OisitbHOCMI. 3po6NeHo 8UCHOBKU U000 OOYINbHOCMI 6NPOBAOICEHHA MEMOPAHHUX
npoyecie y sUpoOHUYmME0 COKig ma HeobXiOHOCMI 8paXy6anHs NaAmenmuoi cumyayii
npu po3pooyi HOBUX MEXHOLOIUHUX PillleHb.

Knwwuosi  cnosa:  membpanni  mexmonocii,  6UpoOHUYMBO  COKI8,
iHmenexmyanoHa 61ACHICMb, OYUUEHHS COKI8, KOHYEHmMpayis

Statement of the problem. In the current context of the food
industry’s development, one of the key challenges is to ensure high product
quality while simultaneously reducing energy consumption, optimizing
production processes, and complying with environmental standards. This is
particularly relevant in juice production, where it is essential to preserve the
natural composition, taste, and aroma of raw materials during processing [1].
Traditional methods such as thermal treatment, pasteurization, sedimentation,
or mechanical filtration often lead to the degradation of vitamins, loss of
biologically active compounds, increased energy use, and the generation of
significant by-products [2].

In this regard, innovative membrane technologies are gaining
widespread adoption, enabling the physicochemical treatment of juices at the
molecular level without the use of high temperatures. Among these,
ultrafiltration, microfiltration, nanofiltration, and reverse osmosis are
considered the most promising processes [3]. They provide high-quality end
products, preserve organoleptic properties, and significantly reduce
operational costs. Membrane processes effectively remove suspended solids,
microorganisms, and undesirable impurities from juice, while concentrating
valuable components [4]. This opens up extensive possibilities for their
application in the production of natural juices, nectars, concentrates, and
functional beverages [5].
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Despite  numerous technical advantages, the large-scale
implementation of such technologies in industrial production faces several
challenges. One of the critical issues is the need to protect intellectual
property, encompassing the patenting of membrane designs, modules,
process schemes, and methods of integration into production lines. Given the
increasing number of patent applications in the field of membrane
technologies globally, it is crucial to timely identify emerging technical
solutions, analyze patent data, and ensure legal protection of innovations in
both national and international jurisdictions [6].

Thus, at the intersection of technical efficiency and legal protection
mechanisms lies an urgent problem: identifying the potential of innovative
membrane technologies in juice production while simultaneously addressing
intellectual property considerations. Solving this issue will not only improve
production processes but also enhance the competitiveness of enterprises by
safeguarding technological innovations.

Review of the latest research and publications. Over the past few
decades, membrane technologies have become a key component in juice
processing, increasingly replacing traditional methods such as thermal
treatment and evaporation. These innovative approaches allow for the
preservation of organoleptic properties and bioactive compounds while
reducing energy consumption, aligning with modern demands for product
quality and sustainable production [7].

Ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO) are
widely used for the clarification, concentration, and stabilization of fruit
juices. A study conducted at Lund University demonstrated that combining
RO and evaporation in apple juice processing can reduce energy consumption
by 25-40% compared to conventional evaporation methods, while achieving
concentrations up to 75 °Brix and retaining 98-99% of sugars and acids [8].

Integrated membrane systems that combine UF, NF, RO, membrane
distillation (MD), and osmotic distillation (OD) have enabled the
development of compact and energy-efficient production lines. These
systems allow for simultaneous filtration, concentration, and aroma recovery,
reducing losses of bioactive components [9].

Recent advancements such as electrodialysis with filtration
membranes (EDFM) show potential in enriching juices with anthocyanins. A
study demonstrated that treatment time significantly influences juice
composition, process efficiency, and membrane fouling, with minimal
anthocyanin accumulation on cation-exchange membranes and structural
changes observed in anion-exchange membranes [10].

Membrane surface modifications, including the application of
graphene oxide layers or TiO. nanoparticles, have been shown to improve
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hydrophilicity, reduce fouling, and enhance selectivity. For example, the use
of modified membranes in apple juice treatment resulted in improved anti-
scaling properties, color retention, and increased antioxidant activity [11].

In terms of intellectual property, there has been a notable increase in
patent activity related to membrane technologies for juice processing. U.S.
Patent US4959237A, describes a multi-stage RO system using high-rejection
polyamide membranes for juice concentration, improving the flavor profile
of the final product. Another patent, WO2021167970A1, presents a juice
filtration system that effectively reduces calories and sugar content while
enhancing taste by removing bitter compounds [12].

These studies and patent developments emphasize the importance of
integrating technological innovation with legal protection mechanisms to
enhance the competitiveness and resilience of juice production systems in the
global market.

The objective of the research. The purpose of this article is to
conduct a comprehensive technical review of modern innovative membrane
technologies used in juice production, alongside an analysis of intellectual
property aspects related to their development, implementation, and legal
protection.

Presentation of the research material. In modern juice production,
various membrane filtration methods play a crucial role in ensuring efficient
purification, stabilization, and preservation of the product's quality
characteristics. Among the most common approaches are dead-end and cross-
flow filtration, each with its own features, advantages, and drawbacks. The
choice of filtration method directly affects the efficiency of the technological
process, the level of equipment contamination, the duration of production
cycles, and the final quality of the juice [13]. At the same time, an important
aspect of applying innovative membrane technologies is their patent
protection and the regulation of intellectual property rights. In juice
production practice, intellectual property not only serves the function of legal
protection of technical solutions but also acts as a strategic tool for
monetizing innovations, establishing partnerships, and commercializing
research achievements. This is especially relevant for new types of
membranes, purification methods, automated filtration control systems, and
combined technological schemes [14].

Dead-end filtration involves the flow of liquid perpendicular to the
membrane surface. In this process, all particles larger than the membrane pore
size accumulate on the surface, forming a filtration layer. This layer becomes
denser over time, reducing membrane productivity. The main advantage of
dead-end filtration is the simplicity of equipment design and relatively low
initial implementation costs. It works effectively for filtering liquids with a
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low content of solid impurities, ensuring a high degree of purification. This
approach is suitable for small-scale production or laboratory conditions.
However, the use of specific membrane designs in dead-end filtration is the
subject of numerous patents, which may limit the use of certain technologies
without appropriate licensing or permission from rights holders [15].

Nevertheless, dead-end filtration also has significant disadvantages.
Firstly, membranes become contaminated quickly, requiring frequent
cleaning or replacement. This reduces the duration of continuous system
operation and increases operational costs. Secondly, the formation of the
filtration layer decreases system productivity, potentially affecting overall
process efficiency. As a result, dead-end filtration is rarely used on an
industrial scale without additional membrane cleaning solutions, such as
backflushing or chemical agents. These engineering solutions are often
patented, providing competitive advantages to their owners and income
opportunities through licensing [16].

In contrast, cross-flow filtration involves the flow moving parallel to
the membrane surface, which minimizes particle accumulation and reduces
the risk of fouling. In this case, part of the liquid passes through the membrane
to form the permeate, while the rest continues to flow parallel to the
membrane, carrying retained substances to the waste stream [17]. This
approach ensures higher system productivity, allows effective operation with
liquids containing a large number of suspended solids, and extends membrane
lifespan. Patents for cross-flow modules cover new materials, structural
solutions, and flow regimes, forming a legal basis for commercial
exploitation and intellectual property protection of innovative solutions.

The advantages of cross-flow filtration include stable operation under
high loads, reduced need for frequent membrane replacement, and the
possibility of prolonged continuous use. This method provides more uniform
pressure distribution across the membrane surface, reducing mechanical
stress and promoting equipment durability. However, cross-flow filtration
requires a more complex system design, greater investment in equipment, and
higher energy consumption to maintain the necessary pressure and flow
velocity. Nevertheless, these costs are offset by stable operation, reduced
production downtime, and improved final product quality. Intellectual
property in this field is a key to monetizing innovations through licensing,
technology sales, or partnership agreements [18].

Special attention in the context of juice production is given to methods
such as microfiltration and ultrafiltration. Microfiltration uses membranes
with pore sizes ranging from 0.1 to 10 microns, effectively removing bacteria,
suspended particles, and some colloids. This method is widely used at the
juice pre-treatment stage, ensuring the removal of unwanted solids without
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altering the product’s organoleptic properties. Due to operation at low
pressure, microfiltration is an energy-efficient technology that reduces
operational costs and the risk of thermal damage to sensitive juice
components. Recent developments in microfiltration include membranes
made from nanostructured polymers, which are the subject of numerous
international patents, reflecting high innovation activity in this field [19].

The advantages of microfiltration include the preservation of taste,
aroma, and color of the beverage, ease of membrane maintenance, and the
ability to integrate into existing processing lines. However, the effectiveness
of this method is limited. Microfiltration cannot remove dissolved
substances, viruses, and small molecules, which reduces the degree of
product stabilization. Additionally, membranes may become quickly fouled
when processing liquids with a high colloid content, requiring additional
regeneration measures. Legal protection of such solutions enables developers
to ensure exclusivity, strengthen market positions, and receive royalties from
the commercial use of technologies [20].

Ultrafiltration, in turn, uses membranes with smaller pores 0.01to 0.1
microns allowing the removal of even fine-dispersed particles, viruses, and
protein compounds. This ensures high purification efficiency and biological
stability of the final product. Ultrafiltration allows the preservation of
vitamins and biologically active substances while reducing microbiological
load. The use of ultrafiltration contributes to extending the shelf life of
beverages without preservatives, meeting modern requirements for
naturalness and environmental friendliness of food products. Companies
developing new types of ultrafiltration membranes actively patent their
innovations to protect the market, attract investors, and build a high-tech
image on the international stage.

Figure 1 shows the technical equipment of the tangential filtration process.
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Fig. 1. Technical equipment of the tangential filtration process
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The advantages of ultrafiltration include a high degree of purification,
the ability to control product composition, and consistent quality over an
extended period. However, this method also has certain drawbacks. High
equipment and maintenance costs, the need for juice pre-treatment to prevent
rapid membrane fouling, and the complexity of process control can limit its
application in enterprises with small-scale production. However, obtaining
patents for pre-treatment and automatic membrane cleaning processes is a
way to ensure technological advantage and legal protection of intellectual
property, which is critically important for commercializing research results.

In industrial practice, combined approaches to membrane filtration are
increasingly used, combining the benefits of microfiltration and ultrafiltration
and optimizing filtration modes (e.g., switching from dead-end to cross-flow
depending on working conditions). Such an integrated approach allows not
only to ensure high final product quality but also to increase production
profitability by reducing losses, energy consumption, and membrane
replacement frequency. Furthermore, the use of automated filtration process
monitoring and control systems, often developed as part of patented
technologies, helps reduce human error and ensures the stability of
technological parameters. These technical solutions highlight the importance
of legal protection of innovations and the need for strategic management of
intellectual property in the agro-industrial sector.

Thus, the choice between dead-end and cross-flow filtration, as well
as between microfiltration and ultrafiltration, should be based on an analysis
of final product quality requirements, the enterprise’s technological
capabilities, economic feasibility, and legal aspects of intellectual property.
In modern juice production, combinations of these methods are increasingly
used to optimize purification processes and preserve the natural properties of
beverages. Future development prospects lie in improving membrane
materials, increasing their chemical and mechanical resistance, and applying
advanced approaches to intelligent filtration process management based on
big data analysis and machine learning, with appropriate patent protection to
stimulate innovation activity.

Conclusion. In conclusion, membrane filtration technologies
represent not only a technical foundation for high-quality juice production
but also a dynamic sphere of intellectual property development. Their use
ensures high product quality and meets consumer demands for natural,
preservative-free beverages. Innovations in filtration methods, supported by
patents, contribute to increased production efficiency and competitiveness.
The rapidly growing patent landscape encompassing membrane materials,
designs, and automated control systems underscores the importance of
protecting technological advances. Enterprises that strategically manage their
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intellectual property portfolios can capitalize on licensing opportunities,
attract investment, and ensure long-term market presence. Therefore,
integrating filtration innovations with legal safeguards is essential for
sustainable development in the juice processing industry.
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