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Abstract. The article discusses modern packaging technologies in the food industry that 

determine the competitiveness of products and their compliance with sustainable development 
requirements. The main trends in the development of packaging materials and technical means are 
analyzed, in particular the introduction of biopolymers, nanocomposites, active and «smart» 
packaging systems. It provides a description of technological solutions for the automation of 
packaging processes, digital marking, and the integration of intelligent quality control systems. It 
highlights the role of environmental aspects and regulatory requirements in shaping the modern 
strategy for food packaging. It justifies the need to transition to circular production models and 
implement the principles of a «green» economy. 

The main result of the study is the systematization of directions for technological improvement 
of packaging processes with the aim of increasing the efficiency, safety, and environmental 
friendliness of production. A conclusion is made about the prospects of a comprehensive approach 
to the selection of materials, technologies, and equipment, taking into account the life cycle of 
packaging and digital management technologies. 

Key words: packaging, food industry, biopolymers, automation, digitalization, sustainable 
development, innovative materials. 

 

Introduction. 

Packaging is an integral part of the food industry, which not only performs 

protective and informational functions, but also determines the consumer appeal of a 

product, the economic feasibility of its manufacture, and its compliance with 

environmental standards. In the current context of food technology development, the 

introduction of the latest packaging solutions focused on product safety, logistics 
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optimization, resource reduction, and minimization of environmental impact is 

becoming particularly important. 

According to analytical data from the European Packaging Manufacturers 

Association (EPBP, 2024), packaging accounts for 10 to 30% of the cost of food 

products, which requires its technical and economic improvement. Modern 

technologies are aimed at combining functionality, environmental friendliness, and 

digital data management capabilities throughout the product life cycle [1,2]. 

The purpose of this article is to summarize current technological solutions in the 

field of food packaging, outline the main trends in the development of the industry, and 

argue for the prospects of introducing innovative and sustainable technologies. 

Research methodology.  

The global packaging market is showing steady growth of 3–5% annually. Key 

trends include reducing packaging weight, increasing the use of recycled materials and 

biopolymers, and incorporating functional characteristics into materials. 

The following technological vectors are common in the food industry: 

 active packaging that comes into contact with the product or the external 

environment to extend shelf life (e.g., the use of oxygen or moisture absorbers); 

 «smart» packaging equipped with sensors or indicators that monitor the condition 

of the product and notify of changes in temperature, humidity, or microbiological 

safety; 

 multilayer composite structures that combine barrier, mechanical, and thermal 

properties. 

At the same time, an important trend is the digitization of packaging processes, in 

particular the introduction of tracking systems based on QR codes, RFID tags, and 

blockchain platforms to ensure product traceability [3-7]. 

Research results.  

The development of polymer chemistry and nanotechnology has opened up new 

opportunities for creating materials with specific properties. Biodegradable polymers 

based on polylactide, polyhydroxyalkanoates, and starch are becoming viable 

alternatives to traditional polyethylene and polypropylene. Their use reduces the 
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carbon footprint and facilitates the disposal of packaging waste. 

Nanocomposite materials with admixtures of nanoclay, titanium dioxide, or silver 

improve the barrier properties of packaging and increase its antimicrobial potential. 

In the field of paper and cardboard packaging, water-based bio-lacquers and 

barrier coatings are being introduced, which guarantee moisture and grease resistance 

without the use of a polyethylene layer [8-11]. 

Among the packaging methods, vacuum packaging, modified atmosphere 

packaging, and aseptic packaging have become particularly widespread, as they ensure 

the microbiological stability of products without heat treatment. 

Automation of packaging lines is a key factor in increasing the productivity of 

food production. Modern systems provide not only high speed and accuracy of dosing, 

but also flexibility of settings for different product formats. 

The development of Industry 4.0 promotes the integration of robotics, sensors, 

and intelligent control systems into packaging complexes. The use of vision systems 

allows for automatic monitoring of seam tightness, label integrity, and marking 

presence [12-15]. 

Digital twins of packaging lines are used to model processes, optimize energy 

consumption, and predict maintenance. 

The application of Lean manufacturing principles in packaging processes 

minimizes the loss of time, materials, and energy, which directly affects the economic 

efficiency of enterprises. 

The environmental safety of packaging materials is one of the key criteria for their 

modern assessment. Within the concept of a circular economy, manufacturers are 

moving from a «take–make–dispose» model to a «reuse–recycle–recover» model, 

which involves the reuse, recycling, and recovery of packaging [16-18]. 

The European strategy «Circular Packaging 2030» stipulates that by 2030, all 

packaging entering the EU market must be suitable for reuse or recycling. These 

requirements are also relevant for Ukraine in the process of harmonizing technical 

legislation with EU standards. 

Sustainable development in the field of packaging involves: 
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− reducing the weight and thickness of packaging materials; 

− transitioning to environmentally friendly dyes and adhesives; 

− creating systems for the collection and recycling of secondary raw materials; 

− using renewable resources and energy sources in production. 

The use of eco-design in packaging allows for a combination of aesthetics, 

functionality, and reduced environmental impact. An important component is eco-

information labeling, which contributes to raising environmental awareness among 

consumers. 

An analysis of current trends in packaging technologies has shown that the 

effectiveness of innovation in the food industry is determined by a combination of three 

interrelated aspects: functional efficiency of packaging, energy efficiency of the 

technological process, and environmental safety of materials [19-22]. 

Calculations based on data from the international agencies Packaging Europe and 

European Bioplastics show that the use of biopolymers in food packaging reduces the 

consumption of primary polymers by 18–25% and reduces CO₂ emissions by an 

average of 30–35% compared to traditional polyethylene. At the same time, the cost of 

recycling biopackaging is reduced by 12–15% thanks to simplified disposal logistics. 

A comparative analysis of three types of packaging lines – traditional mechanical, 

automated modular, and robotic digital – showed that: 

 productivity increases by 1.8–2.5 times when switching to fully automated 

systems; 

 the defect rate decreases by 30–40% thanks to the use of visual control systems; 

 energy consumption decreases by an average of 10–15% due to the use of 

frequency control of drives and optimization of operating cycles. 

Additional results of modeling packaging processes using digital twins show that 

the introduction of Predictive Maintenance technologies reduces unplanned downtime 

by 25–30%, which directly affects the cost of finished products [23-26]. 

Discussion of the results shows that the greatest effect is achieved with a 

comprehensive approach – a combination of automation, digital control, and the use of 

sustainable packaging materials. At the same time, the economic feasibility of 
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innovations depends on the scale of production: for small enterprises, it is 

recommended to implement phased modernization, starting with quality control and 

energy management systems. 

An environmental analysis of the packaging life cycle (LCA methodology – Life 

Cycle Assessment) shows that the largest contribution to the overall carbon footprint 

comes from the production of packaging materials (up to 70%), while transportation 

and disposal account for about 20% and 10%, respectively. This confirms the 

feasibility of developing lighter, biodegradable, and energy – efficient packaging. 

The expansion of digitalization allows packaging to be integrated into the 

enterprise management system through ERP and IoT platforms, which creates 

opportunities for operational quality control, tracking of product batches, and 

implementation of traceability principles. This approach has already been implemented 

in EU companies and has resulted in a reduction in complaints to 0,2–0,4% of total 

deliveries. 

Thus, research results show that the introduction of modern packaging 

technologies in the food industry is an economically, technologically, and 

environmentally sound direction for development. The synergy of innovative 

materials, automation, and sustainable development principles ensures increased 

production efficiency and competitiveness of enterprises in the global market [27-31]. 

Conclusions. 

An analysis of modern packaging technologies in the food industry shows that the 

development of the industry is focused on the integration of innovative materials, 

digital technologies, and sustainable production approaches. 

The main areas for further improvement are: the introduction of biopolymers and 

nanocomposites with high barrier properties; automation and robotization of packaging 

lines using machine vision systems; digitization of packaging life cycle management; 

implementation of the principles of circular economy and eco-design. 

A comprehensive combination of technical, economic, and environmental 

approaches will ensure the formation of an innovative packaging production model 

focused on energy efficiency, safety, and sustainable development of the food industry. 
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Анотація. У статті розглянуто сучасні технології пакування у харчовій промисловості, 

які визначають конкурентоспроможність продукції та її відповідність вимогам сталого 
розвитку. Проаналізовано головні тенденції розвитку пакувальних матеріалів і технічних 
засобів, зокрема впровадження біополімерів, нанокомпозитів, активних та «розумних» 
пакувальних систем. Наведено характеристику технологічних рішень щодо автоматизації 
пакувальних процесів, цифрового маркування та інтеграції інтелектуальних систем 
контролю якості. Висвітлено роль екологічних аспектів та нормативних приписів у 
формуванні сучасної стратегії пакування харчових продуктів. Обґрунтовано необхідність 
переходу до циклічних моделей виробництва та впровадження принципів «зеленої» економіки. 

Основним результатом дослідження є систематизація напрямів технологічного 
вдосконалення пакувальних процесів із метою підвищення ефективності, безпечності та 
екологічності виробництва. Зроблено висновок про перспективність комплексного підходу до 
вибору матеріалів, технологій та обладнання з урахуванням життєвого циклу пакування та 
цифрових технологій управління. 

Ключові слова: пакування, харчова промисловість, біополімери, автоматизація, 
цифровізація, сталий розвиток, інноваційні матеріали. 
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