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Abstract. Active packaging is one of the key areas of development in modern food storage and
logistics technologies, as it allows for targeted control of the gas environment, moisture,
microbiological processes, and oxidation inside the packaging space. The article discusses the
concept of active packaging, the classification of functional components, modern materials, and
technological solutions used in the food industry. Key implementation issues are identified, including
regulatory requirements, food compatibility, and restrictions on the migration of active substances.
The results of studies on the impact of different types of active systems on the shelf life and safety of
food products are analyzed. It is shown that the use of oxygen absorbers, moisture controllers,
antimicrobial elements, and sensory indicators can significantly improve product quality and reduce
losses in the supply chain.

Key words: active packaging; antimicrobial materials; oxygen absorbers, moisture control;
indicator systems, modified gas environment; shelf life extension; food safety;, packaging
technologies.

Anomauia. AxmusHa YNakoeka € OOHUM I3 KIIOYOBUX HANPAMIE PO3GUMK)Y CYUACHUX
MexHON02il 30epicanHss ma JN02ICMUKU XAPYo8UX NPOOYKMIB, OCKIIbKU B0HA OAE 3MO2Y
YINeCnpAMOBAHO Kepy8amu 2a308UmM cepedosulyem, 80102010, MIKpOOIONo2iuHUMU npoyecamu ma
OKUCHEHHAM YCcepeOuHi NAaKy8albHO20 Npocmopy. Y cmammi po3ensnymo KOHYenyito akmuHoi
VIAKOBKU, KIACUPDIKAYI0 DYHKYIOHANbHUX KOMNOHEHMIB, CYYACHI Mamepiaiu ma MmexXHON02IYHI
PIWeHHs, WO 3ACMOCO8YIOMbCS Y XAPYOBill NpOMUCIO80CmI. Busnaueno kuouosi npobremu
BNPOBAOIHCEHHSA, 30KpeMa pecyNamopHi UMO2U, CYMICHICMb 3 XAp4Oo8UMU NPOOYKMAMU mda
00MedCceH s W00 Miepayii akmunux pevosun. Ilpoananizoeano pezyrbmamu 00CAI0NHCEHb BNAUBY
PIBHUX MUNi8 AKMUSHUX Cucmem HA mMepMin 30epicanHs ma Oe3neuHicmv Xapyosux NPoOyKmis.
Tlokazano, wo 6UKOPUCANHHS NOTUHAYIE KUCHIO, KOHMPOLEPI8 801102U, AHMUMIKDOOHUX eleMeHmi8
Ma CeHCOPHUX THOUKAMOPIB 30amue CYymmeo NiOGUWUMU AKICMb NPOOYKYIl ma 3HU3UMU mpamu 6
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JIAHYI03] NOCMAYAHHAL.

Knwouoei cnosa: akmusna ynakoeka, anmumikpoOHi mamepianu, no2IuHa4i KUCHIO; KOHMPOIb
8011020cmi;, THOUKAMOPHI cucmemu, Mooughikosame 2asoge cepeoosuuje; NPOOO0BIHCEHHA MEPMIHY
30epieanus; xapuosa be3neunicms, NAKy8albHI MeXHOI02i1.

Introduction.

The rapid development of the food industry, globalization of markets, and
growing consumer demands for product quality necessitate the search for innovative
packaging solutions. Traditional packaging materials mainly perform barrier and
logistical functions, but modern conditions require functional systems capable of
actively interacting with the product or its gas environment. Active packaging is
considered a technology that improves safety, extends shelf life, and reduces food
waste. The purpose of this article is to analyze modern solutions in the field of active
packaging, their capabilities, advantages, limitations, and prospects for integration into
the production processes of the food industry [1-4].

The modern packaging materials market is showing steady growth in the share of
active systems, driven by increased demand for food products with extended shelf life
and high safety standards. According to international analytical agencies, the share of
active and intelligent packaging is growing by 69 percent annually. The main drivers
of the market are the meat processing, fish, dairy, fruit and vegetable industries, as well
as the ready-made meals sector.

The growth of global trade in fresh and perishable products necessitates the use
of materials that can adapt to fluctuations in temperature, humidity, and gas
environment during transportation. Long logistics chains involving sea and air
transport require special attention. Active packaging compensates for environmental
changes through the use of absorbers, regulators, and antimicrobial components.

Main text.

In the European Union, the use of active materials is regulated by a number of
documents, in particular Regulation (EC) No 1935/2004 and Commission Regulation
(EC) No 450/2009. These standards define the requirements for the composition of
materials, permissible levels of migration of active components, and the need to

confirm their safety for human health [5-8].
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In the US, regulatory functions are performed by the FDA, which requires
toxicological assessments of active substances, their stability, and the absence of
dangerous migration during product storage. In the Asian region, local standards based
on European approaches are being actively implemented.

Current research focuses on developing multifunctional systems that combine
several active properties: oxygen absorption, moisture control, antimicrobial action,
and indicative function. Particular attention is paid to nanomaterials that provide high
efficiency even at low concentrations of active substances.

Among the most promising areas are:

v’ polymer nanocomposites with silver or copper ions;

v active packages based on natural sorbents (zeolites, bentonites);

v’ smart labels controlled via RFID;

v’ freshness indicators with pH-sensitive dyes;

v’ enzyme systems for gas composition control.

The work uses methods of comparative analysis, systematization, generalization,
critical assessment, and expert forecasting. Various active packaging technologies
were compared in terms of efficiency, cost, compatibility with products, and level of
implementation in industry.

The following indicators were used to analyze efficiency:

» residual oxygen content in the packaging environment;

» changes in water activity;

» number of microorganisms (CFU/g);

» organoleptic characteristics of products;

» storage duration under controlled conditions;

» indicators of migration of active substances in accordance with EFSA and FDA
requirements.

Studies have shown that the use of oxygen absorbers in meat products reduces the
intensity of fat oxidation by 2-3 times and extends the shelf life by 30—60 percent. In
fish products, the amount of peroxide compounds decreased, which slowed down the

development of foreign odors.
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Packaging with absorbents showed a significant reduction in free moisture in
poultry and fish products. A decrease in the growth rate of psychrophilic
microorganisms was found, which extended the freshness of products by 2—4 days.

Polymers with antimicrobial properties (in particular, those containing silver
nanoparticles) reduced microbial contamination by 1.5-3 logarithmic units in meat and
dairy products. The use of natural antimicrobial agents (essential oils, organic acids)
showed lower but stable effectiveness [9-11].

Freshness indicators clearly responded to changes in pH, which made it possible
to detect spoilage of meat and fish at an early stage. Gas indicators clearly registered

an increase in CO: concentration in products subject to fermentation or bacterial

growth.

Impact of Active Systems on Shelf-life Extension
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The results obtained indicate that active packaging is an effective tool for
preserving food products. Oxygen absorbers proved to be most effective for fatty
products, where oxidation is a critical factor in spoilage. Moisture control ensured
increased microbiological stability, although its effectiveness depended largely on the
characteristics of the product [12-14].

Antimicrobial materials showed high effectiveness, but their use is limited due to
regulatory requirements for the migration of active components. Biopolymers with
natural antimicrobial substances that do not cause unwanted migration proved to be

particularly promising Sensory indicators significantly improve product safety control,
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but they do not directly affect shelf life. Their role is to increase the transparency of
food chains and prevent the sale of unsafe products.

In summary, active packaging reduces food waste, improves product quality, and
increases safety. At the same time, it requires careful selection of technology depending
on the type of product and logistics conditions [15-16].

Conclusions.

The study confirms that active packaging is one of the most promising areas of
development in the modern food industry. Its use makes it possible to combine the
protective, functional, and intelligent properties of packaging materials with the real
needs of production, logistics, and consumers. The results obtained showed that the use
of oxygen absorbers, humidity regulators, antimicrobial systems, and indicator
components can significantly improve the microbiological safety, stability, and
organoleptic characteristics of products.

The effectiveness of active systems depends on the type of product, the
composition of the packaging environment, temperature conditions, and logistics
conditions. In summary, active packaging is a key element of sustainable development
in food production. It contributes to the optimization of storage times, reduction of food
waste, improvement of product quality and safety, and harmonization of regulatory

requirements with growing market needs.
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