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Subject. Packaging materials made from biodegradable plastics used for packaging dairy 

products, as well as the technological properties of these materials that allow their use. Purpose. 

To justification of the feasibility of using biodegradable packaging materials, in particular bioplastics, 

for packaging milk and dairy products. Methods. During the research, a systematic approach was used to 
research factual materials, in particular scientific and scientific-practical literature, regulatory legal 

acts, regulatory documents and the like; abstract-logical approach to the synthesis of research results 

and the formulation of conclusions. Results. The dairy industry uses biodegradable plastics; bio-based 
materials derived from renewable resources that can be used for dairy products with a limited shelf life. 

Biodegradable materials must protect the dairy product from environmental influences and ensure that 

quality is maintained during transportation and storage. In this sense, mechanical and barrier properties 
regarding oxygen, carbon dioxide, water, light and odors are important. You should also consider 

technological aspects of safety (migration, microbial growth), sustainability (heat and chemical 

resistance), process requirements (weldability and formability), convenience and compliance with 

marketing principles (communication, printing options). Acceptable mechanical properties are important, 
which ensure the quality and food safety of the dairy product even during long-term storage and 

transportation. The mechanical properties of polylactide (PLA) in semi-crystalline form are suitable, the 

mechanical properties of starch-polycaprolactone (PCL) are somewhat worse. Since hot fill and 
sterilization can be used for liquid dairy products with a long shelf life, it should be kept in mind that PLA 

containers are only stable up to a temperature of 55°C, while materials based on starch-PCL mixtures 

were stable between 60 and 90°C. Good water vapor barrier properties are critical when packaging 

dairy products such as butter and cheese, where preventing moisture loss and surface drying is key. 
Dairy products are often sour, salty or high in fat, it is important to evaluate the chemical resistance as 
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acceptable for PLA. Some microorganisms can use bio-based packaging materials as energy sources. 
PLA biofilms prevent the growth of molds, and packaging materials based on starch-PCL promote the 

growth of molds that can affect food products – therefore, it is advisable to include antimicrobial 

compounds in the material. Migration, the transfer of substances from packaging to food products, 

according to standards should not exceed 10 mg/dm2. The analysis of scientific and technical information 
proves the possibility and feasibility of using biodegradable materials, in particular bioplastics, as 

innovative packaging materials for use in the dairy industry. These materials do not differ significantly in 

mechanical and other technological properties from traditional plastics made from hydrocarbon raw 
materials. For the practical research was used Soft cheese Kleo (produced in Latvia). It was packaged by 

the Ceramis®-PLA-SiOx coating film known as the first new biodegradable PLA film with improved 

barrier properties.  However the tests on soft cheese packaging using Ceramis®-PLA-SiOx film gave 
a negative result, since this packaging material ensured the storage of a perishable product only for 

10 days. Therefore, it is expedient to include other PLA films and other polymeric biodegradable 

materials. Scope of results. The results obtained will be used to improve production technologies for 

various types of dairy products, improve their food safety and quality, and also to preserve 
the environment by ensuring the biodegradability of packaging materials. 

Key words: milk, dairy products, packaging, biodegradable plastics, starch, polylactide, 

polycaprolactone. 
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Предмет. Пакувальні матеріали з біорозкладних пластиків, використовувані для пакування 

продукції молочної промисловості, а також технологічні властивості зазначених матеріалів, що 
уможливлюють їхнє використання. Мета. Обґрунтування доцільності використання біо-

розкладних пакувальних матеріалів, зокрема біопластиків, для пакування молока та молочних 

продуктів. Методи. Під час досліджень використовували системний підхід до досліджень 
фактологічних матеріалів, зокрема наукової та науково-практичної літератури, нормативно-

правових актів, нормативних документів тощо; абстрактно-логічний підхід щодо узагальнення 

результатів дослідження та формулювання висновків. Результати. У молочній промисловості 
використовують біорозкладні пластики; матеріали на біологічній основі, отримані з 
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поновлюваних ресурсів, які можуть використовуватися для молочних продуктів з обмеженим 
терміном придатності тощо. Біорозкладні матеріали повинні захищати молочний продукт від 

впливу навколишнього середовища і забезпечувати збереження якості під час транспортування 

та зберігання. У цьому сенсі важливими є механічні та бар’єрні властивості щодо кисню, 

вуглекислого газу, води, світла та запахів. Також слід враховувати технологічні аспекти безпеки 
(міграція, ріст мікробів), стійкість (термостійкість і хімічна), технологічні вимоги 

(придатність до зварювання і формування), зручність і відповідність засадам маркетингу 

(комунікація, варіанти друку). Важливими є прийнятні механічні властивості, що 
уможливлюють якість та харчову безпечність молочного продукту навіть при тривалому 

зберіганні і транспортуванні. Відповідними є механічні властивості полілактиду (ПЛА) у 

напівкристалічній формі, дещо гіршими – механічні властивості крохмалю-полікапролактону 
(ПКЛ). Оскільки гаряче наповнення і стерилізація можуть використовуватися для рідких 

молочних продуктів з тривалим терміном зберігання, слід мати на увазі, що тара з ПЛА 

залишається стабільною тільки до температури 55°C, натомість матеріали на основі сумішей 

крохмаль-ПКЛ не втрачають стабільності у діапазоні від 60 до 90°C. Добрі бар’єрні властивості 
щодо водяної пари мають вирішальне значення при пакуванні молочних продуктів, таких як масло 

і сир, де ключовим параметром є запобігання втрати вологи і висихання поверхні. Молочні 

продукт часто є кислими, солоними  або з високим вмістом жиру, важливо оцінити хімічну 
стійкість, як для ПЛА є прийнятною. Деякі мікроорганізми можуть використовувати пакувальні 

матеріали на основі біологічних джерел в якості джерел енергії. Біоплівки з ПЛА 

перешкоджають появі пліснявих грибів, натомість пакувальні матеріали на основі крохмалю-

ПКЛ сприяють росту пліснявих грибів, якими можуть бути вражені харчові продукти – отже, 
доцільно включати до складу матеріалу антимікробні сполуки. Міграція, перенос речовин з 

пакування до харчових продуктів, за нормами не повинна перевищувати 10 мг/дм2. Виконаний 

аналіз науково-технічної інформації доводить можливість та доцільність використання 
біорозкладних матеріалів, зокрема біопластиків як інноваційних пакувальних матеріалів для 

використання у молочній промисловості. Ці матеріали суттєво не відрізняються, за механічними 

та іншими технологічними властивостями, від традиційних пластиків з вуглеводневої сировини. 
Для практичних досліджень використовувався м'який сир Клео (виробництво Латвія). Він був 

упакований плівкою Ceramis®-PLA-SiOx, що покриває, відомою як перша нова біорозкладна плівка 

PLA з поліпшеними бар'єрними властивостями. Сфера застосування результатів. Отримані 

результати використовуватимуться для вдосконалення технологій виробництва різних видів 
молочної продукції, підвищення її харчової безпечності та якості, а також для збереження 

довкілля завдяки забезпеченню біорозкладності пакувальних матеріалів. 

Ключові слова: молоко, молочні продукти, пакування, біорозкладні пластики, крохмаль, 
полілактид, полікапролактон. 

 

Formulation of the problem. Since milk and dairy products are an important source of 

nutrients needed by the human body, it is necessary to organize and technically/technologically 

ensure their production process in such a way that these products retain their beneficial 

properties as much as possible – incl. the use of packaging that guarantees safety and quality of 

dairy products within the shelf life determined by scientific research and implemented by 

standards and specifications. 

The modern food market is characterized by an increase in the share of milk processing 

products produced in consumer packaging. At the same time, the market requires an increase in 

the supply of light-weight and small-sized packaging, which, at the same time, entails 

a significant increase in the burden on the environment, since the overwhelming majority of 

packaging materials (polymer films, polymer containers for liquid products, glass containers, 

etc.) actually do not biodegrade in natural environment. Despite the existence of research on 

modern environmental packaging materials, it has not yet been possible to develop packaging 

methods using environmental materials that have found application in domestic food enterprises 

– mainly due to inadequate sustainability and the high cost of implementing appropriate 

technologies [1]. 
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The use of biodegradable packaging materials which is obtained from renewable sources is 

among the essential factors to increase food sustainability. Scientific studies have proven that 

recycled plastics can be used for packaging materials, thus not causing pollution by 

accumulating a large amount of waste that adversely affects the existence of our planet’s 

ecosystem. Therefore, companies are willing to invest in the use of more eco-friendly plastics 

that can be used as bio-based packaging material that may store packaged products and take 

advantage of residues that would be discarded otherwise as well as increase the storage time of 

foods products [2–5]. 

Today there are many opportunities for the industrial production of various 

biodegradable materials. It is proposed [6–8] to distinguish three groups of biodegradable 

materials: 

- plant polymers used alone or in mixture with biodegradable synthetic polymers (Fig. 1); 

- microbial polymers obtained by fermentation of agricultural raw materials used as 

a substrate. Among these polymers, polyhydroxyalkanoates or PHAs are also distinguished [6], 

the most famous representative of which is PHBV (polyhydroxybutyrate covaleriat); 

- monomers or oligomers polymerized by conventional chemical processes and obtained 

by fermentation of agricultural raw materials used as a substrate. Among the materials in this 

category, the most famous is polylactide (PLA), shown in Figure 2. 
 

  
Fig. 1. Bioplastic of starch [9] Fig. 2. Polylactide (PLA) [10] 

 

In the classification proposed by the author [11], a fourth class was also added to 

the three classes listed above: 

- products obtained by synthesis from petrochemical raw materials. These are several 

polymers or subgroups: polycaprolactones (PCL); polyetheramides (PEA); an aliphatic  

copolyester such as polybutylene succinate adipate (PBSA); an aromatic copolyester such as 

polybutylene adipate coterephthalate (PBAT). 

Biodegradable polymers PCL and PLA are the most common on the market, second only 

to starch derivatives [12]. The hierarchy of biodegradable polymers, as well as the raw 

materials used for their production, is presented in Fig. 3. 

Biodegradable materials used for food packaging are made from proteins – both plant 

(soybean, corn, wheat, peas, etc.) and animal (casein, collagen, whey, keratin, gelatin, etc.) 

[13, 14]. 
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Fig. 3. Hierarchy of biodegradable polymers – modified from sources [6, 11, 12]. 

 

Coatings act as barriers to water loss and gas exchange while controlling the transfer of 

moisture, oxygen, lipids and aroma components (Fig. 4) with an effect similar to that of 

maintaining these properties under controlled conditions or in a modified atmosphere [15, 16]. 

It is important to properly ensure that 

the packaging methods used in practice for 

dairy products and the packaging materials 

used for this purpose comply with modern 

environmental requirements and to develop 

technologically efficient, resource-saving and 

environmentally friendly packaging methods 

for typical dairy products. This is not possible 

without an effective combination of the 

criteria of manufacturability and 

environmental friendliness of packaging milk 

and dairy products with the innovative nature 

of the development of the dairy industry at 

the present stage, which is characterized by 

the intensive use of new food production 

technologies, new packaging materials and relevant technologies, as well as the growing 

demands of consumers for these products, including their packaging. Methods and materials 

used for packaging the main types of dairy products, ways to improve the environmental 

friendliness of the packaging used, their convenience for consumers, etc. should be assessed 

based on such criteria as resource efficiency (including energy efficiency of the technologies 

used) and the impact on the economic performance of production in general. The listed 

requirements are fully met by biodegradable packaging, light-weight and small-sized packaging, 

coating packaging of biological origin, as well as other modern methods of packaging dairy 

products. The use of environmental coatings will improve the overall technical level of the dairy 

industry by reducing the energy and material consumption of packaging methods used, and using 

new materials for this purpose, including biodegradable ones, which will help reduce the burden 

on the environment. Eliminating environmental risks caused by the unrestricted use of synthetic 

packaging films and other packaging materials and/or containers, reducing the overall burden on 

 
Fig. 4. Factors for which biodegradable 

films used for food packaging  

must have barrier properties  
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the environment is an urgent technical and economic task, the implementation of which will 

contribute to the progress of the dairy industry. 

Experts are aware of the dualistic contradiction inherent in the problem of modern mass 

packaging of food products, including dairy products, which consists in the fact that both 

the fundamentals of food safety and modern resource-saving requirements for extending 

the permitted shelf life of food products require packaging that is resistant in the chemical and 

biochemical sense, as well as mechanically strong materials. However, materials with these 

characteristics are extremely difficult to decompose under natural conditions, which can take 

from several years to many centuries. Understanding the relevance of solving this issue 

encourages the search for materials that effectively decompose in the natural environment after 

use, and proper regulatory registration of the use of packaging of dairy products that are made 

from these materials [1]. 

Enhancing the scientific knowledge on the biodegradable polymer materials which are of 

practical significance for the milk processing industry is the principal goal of the Ukrainian-

Latvian Joint Scientific and Technological Cooperation Project “Enhanced use of environment 

friendly biodegradable packages for dairy products (BIOPACK Dairy)” which is to start in 2023 

and to be fulfilled by the researchers of the Institute of Food Resources of NAAS (Kyiv, 

Ukraine) and Latvia University of Live Sciences and Technologies (Jelgava, Latvia). 

Materials and methods. The subject of this material is to assess the environmental, 

technical and technological feasibility of using bioplastics for packaging milk and dairy 

products. During the research, we used a systematic approach to the study of factual materials, 

in particular, scientific and scientific-practical literature, regulations, normative documents, 

etc.; an abstract-logical approach to summarizing research results and formulating conclusions. 

For the practical research was used Soft cheese Kleo (produced in Latvia). It was packaged 

by the Ceramis®-PLA-SiOx coating film known as the first new biodegradable PLA film with 

improved barrier properties [18]. The thickness of the film was 50±2 μm [19]. 

Results and discussion. Milk products are packaged using: 

- cellulose-based paper materials for liquid and dry dairy products, parchment wrappers for 

butter, curd products, etc.; 

- polymer materials (bags, boxes, cups, etc.) for milk, liquid dairy products, yogurt, sour 

cream, sterilized products, etc.; 

- glass containers (bottles, jars, etc.) for milk, liquid dairy products, canned milk, etc.; 

- aluminum laminated or laminated foil for butter, curd products, processed cheeses, etc.; 

- metal cans for condensed milk, milk powder, canned cheeses, etc.; 

- plastics, including biodegradable plastics, used to package almost every category of dairy 

products; 

- bio-based materials derived from renewable resources that can be used for dairy products 

with a limited shelf life. 

Biological materials are materials primarily obtained from annually renewable sources. 

These materials may be composted, which in itself is not a key point since overall waste 

management of composted materials is not perfect [1]. 

Biologically based materials must protect the dairy product from environmental influences 

and ensure quality preservation during transportation and storage. Critical aspects are 

the mechanical and barrier properties of oxygen, carbon dioxide, water, light and odors. In 

addition, safety (migration, microbial growth), sustainability (heat and chemical resistance), 

process requirements (weldability and formability), convenience, and marketing requirements 

(communication, printing options) should be considered when selecting packaging materials for 

dairy products [20–23]. 

Mechanical properties are critical and must be adapted so that the dairy product is 

protected even during long-term storage and transport. Polymers can be tailored to some extent 

to match certain mechanical properties, for example by selecting raw materials or blending with 
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other polymers or fillers, or by adding fibers, cross-linking, plasticization. A positive correlation 

can be obtained between the amount of plasticizer in the polymer and the tensile strength. In 

addition, polymer orientation during processing can improve the mechanical strength and 

thermal stability of PLA polymer [20, 24–27]. The corresponding mechanical properties are 

characteristic of PLA in semi-crystalline form, rather than in amorphous form. Since crystallinity 

can be determined by the enantiomeric forms of PLA, their mechanical properties are controlled 

by the ratio between poly-L-lactic acid (PLLA) and poly-D-lactic acid. There are various 

processing parameters that can be varied to produce specific mechanical properties of 

biopolymers that mimic those of conventional oil-based polymers, both rigid (polyethylene 

terephthalate, PET) and flexible materials (e.g., polyethylene, PE) [20, 24, 25]. Mechanical 

properties of polyhydroxybutyrate (PHB) resemble the properties of isotactic polypropylene (PP) 

[24], and PLA has mechanical properties similar to conventional packaging materials such as PE, 

PP and PET [28, 29]. 

Comparative tests showed that the tensile strength, elongation and tensile strength of PLA 

and starch-PCL films were lower than those of low-density polyethylene (LDPE) and high-

density polyethylene (HDPE) [30, 31] starch-based, PLA and PHB was in the same range as for 

containers made of PP, polystyrene (PS) and polyethylene [31, 32]. 

Natural starch does not meet the requirements of food packaging because its mechanical 

strength and stability are too low [33]. Such results have also been reported for LDPE-starch 

blends, where the negative effect on mechanical properties varied with increasing starch content 

[34, 35]. Studies have shown that PLA polymers are sensitive to moisture and heat, resulting in 

loss of mechanical properties. PLA films lose mechanical properties more often when stored at 

high temperatures and humidity than when stored under the opposite conditions [36, 37]. 

However, another study showed that PLA was mechanically stable when packaging food 

products with moisture content ranging from dry to wet and at storage temperatures from cooled 

(5°C) to ambient temperature (25°C) [38]. Comparative characteristics of traditional and 

biodegradable packaging materials are presented in Table 1.  

Table 1 

Comparative characteristics of traditional and biodegradable packaging materials. 

(Adapted from [39–42]) 

Polymer Density, 

g/cm3 

Tensile 

strength, 

MPa 

Tensile 

modulus, MPa 

Fracture 

elongation, % 

Melting point, 

ºC 

PHB 1.18–1.26 25–40 3500 5-8 168–182 

PLA 1.21–1.25 48–60 3500 30–240 150–162 

PP 0.9–1.16 30–40 1100–1600 20–400 161–170 

PS 1.05 34–50 2300–3300 1.2–2.5 70–115 

 

The consumption temperature for most dairy products is between 0 and 40°C. However, 

hot filling and sterilization can be used for liquid dairy products with a long shelf life. In 

addition, when processing packaging materials (molding, sealing), they are exposed to high 

temperatures. Therefore, packaging materials must resist deformation at high temperatures for 

a certain period of time depending on the products being packaged. 

Thermal applications of bio-based packaging materials are expected to be relatively limited 

as stability decreases with increasing temperature, as has been observed for PLA [20, 25], 

especially when exposed to high humidity [43]. First generation PLA containers are only stable 

up to 55°C. however, information on oriented PLA film (OPLA) with use temperatures up to 

150°C is [44–46]. 

The barrier properties of water vapor depend on the type of product. For example, superior 

water vapor barrier properties are critical in packaging dairy products such as butter and cheese, 

where preventing moisture loss and surface drying is then key issue. In addition, packaging of 
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products with a short shelf life is less critical since the temperature is low and the shelf life is less 

than 10 days. Thus, a thin layer of polyethylene is a sufficient barrier to moisture in milk cartons. 

The barrier properties of gases also depend on the nature of the product. For example, high 

barrier properties are required for packaging products in modified environments (sliced cheeses 

and milk powder), a less dense gas barrier is sufficient for packaging products with a short shelf 

life (drinking milk and yoghurts) [20]. 

There are numerous reports on the barrier properties of bio-based materials [14, 27, 31, 34, 

44-60]. However, comparisons between different materials are difficult or even impossible due 

to the use of different processing equipment, variations in raw material parameters, and different 

measurement conditions. The decision depends on the results of research into the shelf life of 

the product and the packaging material used. It is important to consider the dimensions of 

the package and avoid large surface areas over the total volume of the package. The reason for 

this is that bio-based polymers are often hydrophilic and therefore may not function well if 

distinct water vapor barrier properties are required. However, when comparing the water vapor 

transmission rates (WVTR) of various bio-based packaging materials with those based on 

mineral oils, it becomes apparent that it is indeed possible to produce biomaterials from 

acceptable WVTR, especially for short-term storage of dairy products. Research and 

development efforts are currently focused on improving the vapor barrier for bio-based 

materials, and future materials may have water vapor barrier properties similar to conventional 

[20] materials. 

Water vapor barrier properties for bio-based materials (starch, protein and chitosan) are 

worse than for conventional food packaging materials [24, 51–53]. WVTR of films and 

containers based on starch and oil were compared with this indicator for LDPE and HDPE films, 

as well as PP. Containers made from PP and PS had the same thickness. The results showed that 

the WVTR of starch-based films was 4-6 times greater than that of conventional films. In 

addition, starch-based containers had 100-300 times more ballast than those made from PP and 

PS, and 5–9 times more than containers made from PS [31]. However, technological 

developments, in particular the combination of various biopolymers, may lead to the production 

of starch-based materials suitable for short-term storage of dairy products. In [54] there was 

a noticeable improvement in the water vapor barrier of starch films by adding chitosan. It should 

be noted that the criteria for assessing the effectiveness of water vapor barrier properties should 

be the shelf life and quality of individual products, rather than comparison with properties, in 

some cases, more acceptable than those of conventional materials. 

PLA provides better protection against water vapor than starch-based materials. The source 

[31] notes that the WVTR of PLA films was only 4 times greater than that of conventional films 

(PVC and LDPE), 2 times greater than for PS containers, and 40–60 times greater than for PP 

and PS containers. PLA is moderately polar and therefore moisture is expected to affect its water 

vapor barrier properties. However, there was no effect on the permeability of PLA by different 

relative humidity inside and outside [14]. PHAs have low WVTR values similar to those 

characteristic of LDPE 23; this makes the material promising, for example as a moisture barrier 

in milk cartons or butter wrappers. 

The oxygen transmission rates (OTRs) of most biomaterials demonstrate significant 

performance in a wide range of traditional materials based on mineral oils. High is the OTR 

indicator for PLA [32]. In [49] it is reported that the SPC for PLA is 10 times lower than that of 

oriented polystyrene (OPS), and approximately 6 times higher than that of PET. 20-micron thick 

plastic melts based on PLA, a mixture of wheat starch and PCL, as well as a mixture of corn 

starch and PCL, have a small SPC, which is significantly lower than that of the LDPE and HDPE 

[31] melts. OTR of durable containers based on PLA and PHB was also lower than that of PP, 

PS and PE [29]. We can add PLA and PHB, combining them with a ball of chitosan, protein or 

spilt with modified starch, which is mixed with high barrier power until sour [24, 46]. These 
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materials may become an affordable alternative to volatile gas barrier materials, ethylene vinyl 

alcohol (EVA) and polyamide. 

The selectivity (level of permeability) of bio-based materials towards other gases is in 

the range that is typical for conventional packaging materials used in the food industry. 

Typically, mineral oil-based polymers have a carbon dioxide : oxygen ratio of 4:1 to 6:1 

[23]. The permeability ratios of the two specific PLA films were 7:1 [31], which is in the range 

of conventional plastics. A ratio of 15:1 has been reported in the literature for wheat gluten films 

[47]. Increasing the ratio at higher relative humidity means that the films gradually become more 

permeable to carbon dioxide compared to oxygen [44]. This may be a preferred property for 

products that generate large amounts of carbon dioxide during storage, such as Emmental 

cheeses. 

A significant increase in the OTR with increasing moisture content is observed for 

materials such as EVA and chitosan [55, 56]. The barrier properties of PLA and PHA do not 

depend significantly on humidity [23, 49]. The OTR is reported to decrease slightly with 

increasing relative humidity. However, this phenomenon was observed only at 40°C, while at 

5°C and 23°C no significant effect was observed [57]. Accordingly, humidity does not affect 

the OTR during refrigerated storage of dairy products. Therefore, PLA and PCL can protect 

the moisture-sensitive gas barrier provided by chitosan, polysaccharide or protein [58, 59]. In 

addition, developments have improved the waterproof and gas barrier properties of bio-based 

materials, mainly through plasma deposition of glassy silica or by applying nanocomposites from 

natural polymers and modified clays [60–62]. 

Odor barrier properties are an important characteristic, especially for products such as 

butter and milk, which can take on flavors such as citrus fruits. In addition, poor odor barrier 

properties can lead to loss of odor in mature cheeses, which leads to deterioration in quality. 

Unfortunately, there is virtually no data on aroma permeability. PLA has been found to be an 

effective barrier to ethyl acetate and D-limonene and is thus expected to be a good odor barrier. 

Based on the literature, odor barrier properties are not a specific problem for biobased materials. 

Light-protective properties are important to prevent photo-oxidation of proteins, lipids and 

nutrients. However, these properties can be modified to suit the requirements of dairy products 

by using biodegradable dyes. 

Exposure of packaging materials to oils as well as acids can reduce the effectiveness of the 

polymer. Because many dairy products are sour, salty and/or high in fat, it is important to 

evaluate the chemical resistance of the materials. A comparison of [49] OPLA with PET and 

OPS showed that exposure to acids (pH 6 to 2) and vegetable oils resulted in only minimal 

degradation in strength, instead OPLA with 40% recycled content actually showed an 

improvement. In the second study of OTR of PLA containers, nothing changed after 4 months of 

exposure to rapeseed oil – this also applies to the mechanical properties of [64]. 

Microorganisms can use bio-based packaging materials as energy sources. Thus, there is 

a potential risk of unwanted mold and bacteria growing on packaging, and if the packaging 

degrades during food storage, external microbial migration may occur, resulting in food 

contamination. There are only a few reports of increased microbial populations on bio-based 

packaging materials. Research shows that PLA and PHB inhibit the growth of molds [50, 65], 

and starch-PCL packaging materials promote the growth of molds that can affect food products. 

Therefore, the authors proposed a modification, that is, the inclusion of antimicrobial compounds 

in starch-based packaging materials. 

In food packaging terminology, the term migration is used to describe the transfer of 

substances from packaging to food, which is an important aspect to consider when using food 

packaging materials. According to European Union standards, total migration should not exceed 

a limit of 10 mg/dm2. Migrants from biopackaging materials may include, for example, lactic 

acid, linear and cyclic lactide dimer, various small oligomers of PLA [66], food grade and 
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hydrolyzed starch. These migrants may be naturally present in foods and therefore may be 

considered safe for food packaging purposes [67]. 

Additional studies have shown that migration from various PLA polymers to water, octic 

acid, isooctane, olive oil and solid stimulant – modified phenylene oxide – is significantly lower 

than 10 mg/dm2 [50, 66, 68]. Therefore, PLA is clearly recognized for its direct role as a polymer 

for the preparation of vegetables, which is used for curing, and as a packaging material for grub 

products [66]. 

Brazilian designers have found a solution that can replace the negative effects of most 

common bioplastics with starch – its irreplaceable value. Significant authors have recommended 

placing a container for milk prepared with starch-based bioplastics in a rigid box made of 

cardboard (Fig. 5). Safe bioplastic comes into contact with milk, and the rigidity is ensured by 

the outer cardboard structure [69]. 

The research of a soft cheese belonging to 

perishable food was conducted [19]. 

Commercially available Ceramis®-PLA-SiOx 

and plain polylactide PLA films were used for 

packaging of the soft cheese Kleo. Considering 

all experimentally obtained results, it was 

recognized that the shelf life of cheese Kleo 

could be acceptable when packaged in 

the biodegradable Ceramis®-PLA-SiOx-coated 

film and stored till 30 days, which is similar to 

conventional packaging materials PE/OPA and 

Multibarrier 60. Whereas the PLA film, which 

is without barrier properties, provided the shelf 

life of only 10 days for the soft cheese Kleo, 

therefore it can be concluded that the PLA material is not useful for packaging of perishable 

products [70]. Experiments were also carried out to use the Ceramis®-PLA-SiOx for Sous vide 

packaging of soft cheese Kleo under conditions of mild thermal treatment (60–62°C), and it was 

found that the shelf life of cheese Kleo exceeded 30 days. 

As a direction of the future research a study of determination and / or predicting the shelf 

life of milk products in biodegradable packaging can be recommended. Based on 

the methodology described in [17, 71], the problem of predicting the shelf life of a food product 

in a biodegradable package can be solved, having previously substantiated the nomenclature of 

factors X1 ... X4, the most significant in terms of finding the parameters that determine 

the quality of these products and the technological suitability of the package after a specific shelf 

life. In this case, it is advisable to use the following factors when performing the shelf life 

capacity calculation (Fig. 6): 

X1 is a complex factor of dairy product quality; 

X2 is the factor of the barrier properties of the packaging material; 

X3 is the mechanical strength factor of the packaging material; 

X4 is the biodegradation resistance factor of the packaging material. 
 

When the values of these variables are determined in the course of practical studies, it is 

possible to obtain interpolation formulas that can be used to reliably predict the duration of 

storage of dairy products in ecological biodegradable packaging. 

Also the research and development concerning biodegradable packaging materials for the 

food, including milk, products can be focused on modifications of regulatory documents of 

various levels on specifications for food products, in the sense of adding provisions governing 

the procedure and rules for their ecological packaging. This can allow in a sufficient and 

expedient way updating domestic and international regulatory documents in force [72]. So this is 

 
Fig. 5. Innovative biodegradable packaging 

for milk and liquid-like milk products 69 
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a confirmation of the opinion containing in [65] that packaging materials and techniques for 

dairy products and liquid milk kept evolving with the advancements in materials engineering and 

technologies along with the user aspirations and behavior. Biodegradable packaging answers 

the ecological viewpoint while the durability of low waste materials has a correlation with 

product shelf life which needs to be addressed [17]. 

 
 

Fig. 6. Factors to be taken into account in the calculation scheme for determining  

the storage capacity of milk products in biodegradable packaging [17] 

 

Conclusion. Scientific and technical information collected and analyzed confirms 

the possibility and feasibility of using biodegradable materials, in particular bioplastics, as 

innovative packaging materials for use in the dairy industry. These materials, primarily PLA, do 

not differ significantly in mechanical and other technological properties from traditional plastics 

made from hydrocarbon raw materials. 

Experiments carried out on packaging soft cheese using Ceramis®-PLA-SiOx film gave 

a negative result, since this packaging material ensured the storage of a perishable product only 

for 10 days. Therefore, within the framework of the Ukrainian-Latvian project, it is advisable to 

introduce other PLA films and other polymer biodegradable materials. 
 

References 

1. Verbytskyi, S. B., Kopylova, K. V., Kozachnko, O. B., Verbova, O. V., Kos, T. S. (2019). 

Ekolohichna upakovka kharchovykh produktiv (vid teorii do praktyky) – Ecological packaging of food 

products (from theory to practice). Upakovka – Packaging, 4 (131), 30–34. In Ukrainian. 

2. Vieira, T. M., Alves, V. D., Moldao, M. M. (2022). Application of an eco-friendly antifungal 
active package to extend the shelf life of fresh red raspberry (Rubus idaeus L., cv ‘Kweli’). Foods, 

11(1805), 1–16. https://doi.org/10.3390/foods11121805. 

3. Dutta, D., Sit, N. (2022). Application of natural extracts as active ingredient in biopolymer based 
packaging systems. Journal of Food Science and Technology, 1501, 1–15. 

https://doi.org/10.1007/s13197– 022–05474–5. 

4. Kirse-Ozolina, A., Muizniece-Brasava, S., Veipa, J. (2019). Effect of various packaging 
solutions on the quality of hazelnuts in nut-dried fruit mixes. FoodBalt 2019: 13th Baltic conference on 

food science and technology “Food. Nutrition. Well-Being”: conference proceedings, 216–221. 

https://doi.org/10.22616/FoodBalt.2019.007. 

5. Augšpole, I., Sivicka, I., Muižniece-Brasava, S. (2023). Physicochemical Quality Evaluation of 
Fresh-Cut Rosemary (L.) Packed and Stored in Biodеgradаblе Film. Rural Sustainability 

Research, 49(344), 66–72. https://doi.org/10.2478/plua-2023-0009. 

6. Kopylova, K., Verbytskyi, S., Kos, T., Verbova, О., Kozachenko, O., Patsera, N. (2020). 
Scientific bases of standardization of requirements for ecological packaging of food products. Food 

Resources, 15, 114–123. https://doi.org/10.31073/foodresources2020-15-12. 

7. Vilpoux O., Averous L. (2004). Starch-based plastics In: Technology, use and potentialities of 
Latin American starchy tubers, 521–553. 



ПРОДОВОЛЬЧІ РЕСУРСИ   Т. 11 (2023),  № 21 

 

FOOD  RESOURCES  Vol. 11 (2023)  № 21 Сторінка 20 

8. Guilbert, S. (2000). Potential of the protein based biomaterials for the food industry. The Food 
Biopack Conference, Copenhagen (Denmark), 27–29 Aug, KVL. 

9. Cornejo Reyes, G. V., Marinero Orantes, E. A., Funes Guadrón, C. R., Toruño, P. J., Zúniga-

González, C. A. (2020). Biopolímeros para uso agro industrial: Alternativa sostenible para la 

elaboración de una película de almidón termo plástico biodegradable. Revista Iberoamericana de 
Bioeconomía y Cambio Climático, 11 (6), https://doi.org/10.5377/ ribcc.v6i11.9824. 

10. Ramírez, A., Hernández, J., & Villanueva, S. (2019). Nota Técnica: Tecnologías para la 

obtención de bioplásticos a partir de diferentes materias primas: Recibido:/octubre 2019; 
Aceptado:/diciembre 2019. Ciencia en Revolución, 5(16), 140–149. 

11. Averous, L. (2002). Etude de système polymers multiphasés: approche des relations matériaux-

procédés-propriétés. Dans: Habilitation à diriger des recherches, Université de Reims Champagne-
Ardenne, 46. 

12. Weber, C. J. (2000). Biobased packaging materials for the food industry: status and 

perspectives, a European concerted action, KVL. 

13. Bunea, M. (2017). Studiul materialelor plastice biodegrsdabile pentru ambalarea produselor 
alimentare. Conferința științifică internațională „Perspectivele și Problemele Integrării în Spațiul 

European al Cercetării și Educației”, Universitatea de Stat „B.P. Hasdeu” din Cahul, 7 iunie, I, 317–321. 

14. De Moraes Crizel, T, Haas Costa, T. M., de Oliveira Rios, A., Hickmann Flores, S. (2016). 
Valorization of food-grade industrial waste in the obtaining active biodegradable films for packaging, 

Industrial Crops and Products, 87, 218–228. https://doi.org/10.1016/j.indcrop. 2016.04.039. 

15. Santiago Santiago, M. (2015). Elaboración y caracterización de películas biodegradables 

obtenidas con almidón nanoestructurado. Universidad Veracruzana. Xalapa de Enríquez, Veracruz, 
México, 119.  

16. Debeaufort, F. Voilley, A. (1995). Effect of surfactants and drying rate on barrier properties of 

emulsified edible films. International Journal of Food Science & Technology, 30(2), 183–190. 
17. Verbytskyi, S., Kuts, O., Kozachenko, O., Patsera, N. (2022). Proceedings of the International 

scientific-practical conference “State and prospects of the industrial-innovative development of 

the Republic of Kazakhstan” dedicated to the 70th anniversary of the Semey Zootechnical and Veterinary 
Institute and 80th anniversary of Doctor of Veterinary Sciences, Professor Tokaev Zeynolla 

Kalymbekovich. Semey University Named After Shekerim, 21 October 2022, Semey, 240–243. 

18. Glaw T. Transparent inorganic barrier properties. 2007. Retrieved from http://www.tappi.org/ 

content/events/07europlace/presentation/07europl46.pdf. 
19. Dukalska L., Ungure E., Augspole I., Muizniece-Brasava S., Levkane V., Rakcejeva T., 

Krasnova I. (2013). Evaluation of the Influence of Various Biodegradable Packaging Materials on 

the Quality and Shelf Life of Different Food Products. Rural Sustainability Research. Vol. 30, № 1, 3914. 
P. 20–34. https://doi.org/10.2478/plua-2013-0011. 

20. Jakobsen, M., Holm, V., & Mortensen, G. (2008). Biobased packaging of dairy products. 

Environmentally Compatible Food Packaging, 478–495. https://doi.org/10.1533/ 9781845694784.3.478. 
21. Marca Alderete, N. Y. (2015). Envases y embalajes para la industria láctea. 

22. Haugaard, V. K., Udsen, A.-M., Mortensen, G., Høgh, L., Petersen, K., Monahan, F. (2001). 

Potential food applications of biobased materials. An EU-Concerted Action Project. Starch/Starke, 

53, 189-200. https://doi.org/10.1002/1521-379X(200105)53:5<189::AID-STAR189>3.0.CO;2-3. 
23. Robertson, G. L. (2006). Edible and biobased food packaging materials. In Food Packaging: 

Principles and Practice. Taylor & Francis. New York. Chapter 3. 

24. Van Tuil, R., Fowler, P., Lawther, M., Weber, C. J. (2000). Properties of biobased materials. 
In: Weber C J (Ed.). Biobased Packaging Materials for the Food Industry. Status and Perspectives. KVL 

Department of Dairy and Food Science, Frederiksberg, 13–41. 

25. Södergård, A., Stolt M. (2002). Properties of lactic acid based polymers and their correlation 

with composition. Prog Polym Sci,. 27, 1123–1163. https://doi.org/10.1016/S0079-6700(02)00012-6. 
26. Parris, N., Coffin, D. R., Joubran, R. F., Pessen, H. (1995). Composition factors affecting 

the water vapour permeability and tensile properties of hydrophilic films. J Agric Food Chem, 

43,1432–1435. 
27. Sinclair, R. G. (1996). The case for polylactic acid as a commodity packaging plastic. JMS – 

Pure Appl Client, A33 (5). 585–597. https://doi.org/10.1080/10601329608010880. 

https://doi.org/10.5377/ribcc.v6i11.9824
https://doi.org/10.2478/plua-2013-0011
https://doi.org/10.1002/1521-379X(200105)53:5%3C189::AID-STAR189%3E3.0.CO;2-3


ПРОДОВОЛЬЧІ РЕСУРСИ   Т. 11 (2023),  № 21 

 

FOOD  RESOURCES  Vol. 11 (2023)  № 21 Сторінка 21 

28. Kharas, H., Sanchez-Riera, F., Severson, D. K. (1994). Polymers of lactic acid. In Mobley D 
P (Ed.). Plastics from Microbes. Microbial Synthesis of Polymers and Polymer Precursors. Carl Hanser 

Verlag. Munich. Chapter 4, 93–137. 

29. Auras, R., Harte, B., Selke, S., Hernanbez, R. (2003). Mechanical, physical, and barrier 

properties of poly(lactide) films, J Plastic Film Sheeting, 19, 123–135. 
https://doi.org/10.1177/8756087903039702. 

30. Ikada, Y., Tsuji, H. (2000). Biodegradable polyesters for medical and ecological applications, 

Macromol Rapid Commun. 21, 117–132. https://doi.org/10.1002/(SICI)1521-
3927(20000201)21:3%3C117::AID-MARC117%3E3.0.CO;2-X. 

31. Petersen, K., Nielsen, P. V., Olsen, M. B. (2001). Physical and mechanical properties of 

biobased materials. Starch/Starke, 53, 356–361. https://doi.org/10.1002/1521-
379X(200108)53:8%3C356::AID-STAR356%3E3.0.CO;2-7. 

32. Krochta, J M., De Mulder-Johnston, C. (1996). Biodegradable polymers from agricultural 

products. In Fuller G, McKeonT A and Bills D D (Eds), Agricultural Materials as Renewable 

Resources. ACS Symposium Series. American Chemical Society. Washington DC, 121–140. 
https://doi.org/10.1021/bk-1996-0647.ch009. 

33. Ahvenainen, R., Myllarinen, P., Poutanen, K. (1997). Prospects of using edible and 

biodegradable protective films for foods. The European Food and Drink Review, Summer, 73–80. 
34. Psomiadou, E., Arvanitoyannis, I., Billaderis, C. G., Ogawa, H., Kawasaki, N. (1997), 

Biodegradable films made from low density polyethylene (LDPE). wheat starch and soluble starch for 

food packaging applications: Part 2, Carbohydr Polym, 33, 227–242. 

35. Arvanitoyannis, I., Billaderis, C. G., Ogawa, H., Kawasaki, N. (1998). Biodegradable films 
made from low-density polyethylene (LDPE). Rice starch and potato starch for food packaging 

applications: Part 1, Carbohydr Polym, 36, 89–104. 

36. Ho, K.-L. G., Pometto III, A. L., Hinz, P. N. (1999), Effects of temperature and relative 
humidity on polylactic acid plastic degradation, J Environ Polym Degrad. 7 (2), 83–92. 

https://doi.org/10.1023/A:1021808317416. 

37. Ho, K.-L. G., Pometto III, A. L., Hinz P. N., Gadea-Rivas A., Briceno, J. A., Rojas A. 
(1999). Field exposure study of polylactic acid (PLA) plastic films in the banana fields of Costa Rica. 

J Environ Polym Degrad. 7 (4), 167–172. 

38. Holm, V. K., Ndoni, S., Risbo, J. (2006). The stability of poly(lactic acid) packaging films as 

influenced by humidity and temperature. J Food Sci, 71 (2), E40–E44. https://doi.org/10.1111/j.1365-
2621.2006.tb08895.x. 

39. Chico, M. F., Sampedro, T. (2022). Production of Bioplastic and their Applications as Food 

Packaging: PLA AND PHB. Alimentos Ciencia E Ingeniería, 29(2), 31–56. 
https://doi.org/10.31243/aci.v29i2.1858. 

40. Cherpinski, A., Torres-Giner, S., Cabedo, L., Lagaron, J. M. (2017). Post-processing 

optimization of electrospun submicron poly (3-hydroxybutyrate) fibers to obtain continuous films of 
interest in food packaging applications. Food Additives & Contaminants: Part A, 34(10). Retrieved 

from https://doi.org/10.1080/19440049.2017.1355115. 

41. Misra, M., Pandey, J., Mohanty, A. (2015). Biocomposites: design and mechanical 

performance. Retrieved February 20, 2022. https://books.google.com.ec/books?hl=es&lr=&id= 
zlSdBAAAQBAJ&oi=fnd&pg=PP1&dq=Misra,+M.,+Pandey,+J.,+%26+Mohanty,+A.+(2015).+&ots=

5XSw48LCNe&sig=1qJSt8O_YB-SzPKUZBiEuG3uHJA. 

42. Muižniece-Brasava, S, Verbytskyi, S., Kuts, O., Patsera, N. (2023). Bioplastics for packaging 
milk products: the issue of mechanical properties. Food industry as the basic for food security and 

development of state: collection of scientific works of the 10th Scientific and practical conference, 27 

November 2023, Institute of Food Resources of NAAS, 14–16. 

43. Visakh, P. M. (2014). Polyhydroxyalkanoates (PHAs), their Blends, Composites and 
Nanocomposites: State of the Art, New Challenges and Opputunities, Polyhydroxyalkanoates (PHAs) 

based Blends, Composites and Nanocomposites. https://doi.org/10.1039/ 9781782622314-00001. 

44. Gontard, N., Thibault, R., Cuq, B., Guilbert, S. (1996). Influence of relative humidity and 
film composition on oxygen and carbon dioxide permeabilities of edible films. J Agric Food Chem, 44, 

1064–1069. https://doi.org/10.1021/jf9504327. 

45. Arvanitoyannis, I., Psomiadou, E., Billaderis, C. G., Ogawa H., Kawasaki, N., Nakayama, 
A. O. (1997). Biodegradable films made from low density polyethylene (LDPE). ethylene acrylic acid 



ПРОДОВОЛЬЧІ РЕСУРСИ   Т. 11 (2023),  № 21 

 

FOOD  RESOURCES  Vol. 11 (2023)  № 21 Сторінка 22 

(EAA), polycaprolactone (PCL) and wheat starch for food packaging applications: Part 3’. 
Starch/Starke, 49 (7/8), 306–322. 

46. Kittur, F., Kumar, K. R., Tharanthan, N. (1998). Functional packaging properties of chitosan 

films. Z Lebensm Unters Forsch, A. 206., 4–47. https://doi.org/10.1007/ s002170050211. 

47. Barron, C., Varoquaux, P., Guilbert, S., Gontard, N., Gouble, B. (2001). Modified 
atmosphere packaging of cultivated mushroom (Agaricus bisporus L.) with hydrophilic films. J Food 

Sci, 66 (8), 251–255. https://doi.org/10.1111/j.1365-2621.2002.tb11393.x. 

48. Lehermeier, H. J., Dorgan, J. R., Way, J. D. (2001), Gas permeation properties of poly(lactic 
acid). J Membr Sci, 190 (2), 243–251. https://doi.org/10.1016/S0376-7388(01)00446-X. 

49. Auras, R. A., Singh, S. P., Singh, J. J. (2005). Evaluation of oriented poly(lactide) polymers 

vs. existing PET and oriented PS for fresh food service containers. Pack Technol Sci, 18, 207–216. 
https://doi.org/10.1002/pts.692. 

50. Plackett, D. V., Holm, V. K., Johansen, P., Ndoni, S., Nielsen, P. V., Sipilainen-Malm, T., 

Södergård, A., Vertichel, S. (2006). Characterization of i.-polylactide and l- polylactide-

polycaprolactone co-polymer films for use in cheese-packaging applications, Pack Technol Sci, 19, 1–
24. https://doi.org/10.1002/pts.704. 

51. Petersen, K., Nielsen, P. V., Bertelsen, G., Lawther, M., Olsen, M. B. Mortensen, G. (1999). 

Potential of biobased materials for food packaging. Trends Food Sci Technol, 10, 52–68. 
https://doi.org/10.1016/S0924-2244(99)00019-9. 

52. Guilbert, S. (2000). Edible films and coatings and biodegradable packaging. Bull Int Dairy 

Fed. 346,10–16. 

53. Kantola, M, Helen, H. (2001). Quality changes in organic tomatoes packaged in 
biodegradable plastic films. J Food Qual., 24, 167–176. https://doi.org/10.1111/j.1745-

4557.2001.tb00599.x. 

54. Garcia, M. A., Pinotti, A., Zaritzky, N. E. (2006), Physicochemical, water vapour barrier and 
mechanical properties of corn starch and chitosan composite films. Starch/Starke, 58, 453–463. 

https://doi.org/10.1002/star.200500484. 

55. Despond, S., Espuche, E, Domard, A. (2001), Water sorption and permeation in chitosan 
films: relation between gas permeability and relative humidity. J Polym Sci, 39, 3114–3127. 

https://doi.org/10.1002/polb.10064. 

56. Muramatsu, M., Okura, M., Kuboyama, K., Ougizava, T., Yamamoto, T., Nishihara, Y., 

Saito, Y., Ito, K., Hirata, K., Kobayashi, Y. (2003). Oxygen permeability and free volume hole size in 
ethylene-vinyl alcohol copolymer films: temperature and humidity dependence. Radial Phys Chem, 68, 

561–564. https://doi.org/10.1016/S0969-806X(03)00231-7. 

57. Auras, R., Harte, B., Selke, S. (2004). Effect of water on the oxygen barrier properties of 
poly (ethylene terephthalate) and polylactide films. Journal of Applied Polymer Science, 92(3), 1790–

1803. https://doi.org/10.1002/app.20148. 

58. Martin, O., Schwach, E., Averous, L., Couturier, Y. (2001). Properties of biodegradable 
multilayer films based on plasticized wheat starch. Starch/Starke, 53, 372–380. 

https://doi.org/10.1002/1521-379X(200108)53:8<372::AID-STAR372>3.0.CO;2-F. 

59. Fang, J. M., Fowler, P.A., Escrig, C., Gonzalez, R. Costa, J. A., Chamudis, I. (2005). 

Development of biodegradable laminate films derived from naturally occurring carbohydrate polymers. 
Carbohydr Polym., 60, 39-42. https://doi.org/10.1016/j.carbpol.2004.11.018. 

60. Fischer, S., Vlieger, de J., Kock, T., Gilbertis, J., Fischer, H., Batenburg, L. (2000). Green 

composites – the materials of the future – a combination of natural polymers and inorganic particles. 
In: Weber C J (Ed.), Conference Proceedings, The Food Biopack Conference. Copenhagen, 27–29 

August, p. 109. 

61. Johannson, K. S. (2000). Improved barrier properties of renewable and biodegradable 

polymers by means of plasma deposition of glass-like SiOx coatings. In: Weber C J (Ed.). Conference 
Proceedings, The Food Biopack Conference. Copenhagen. 27-29 August. 110. 

62. Ray, S., Quek, S. Y., Easteal, A., Chen, X. D. (2006). The potential use of polymer-clay 

nanocomposites in food packaging. Int J Food Eng, 2 (4). article 5.1-11. https://doi.org/10.2202/1556-
3758.1149. 

63. Auras, R., Harte, B., Selke, S. (2006). Sorption of ethyl acetate and D-limonene in 

poly(lactide) polymers. J Sci Food Agric., 86, 648–656. https://doi.org/10.1002/jsfa.2391. 

https://doi.org/10.1007/s002170050211
https://doi.org/10.1002/1521-379X(200108)53:8%3C372::AID-STAR372%3E3.0.CO;2-F


ПРОДОВОЛЬЧІ РЕСУРСИ   Т. 11 (2023),  № 21 

 

FOOD  RESOURCES  Vol. 11 (2023)  № 21 Сторінка 23 

64. Marboe, T. (2006). Evaluation of polylactide vs. polyethylene terephthalate bottles for 
packaging of canola oil. Master Thesis. Department of Food Science. The Royal Veterinary and 

Agricultural University, Denmark. 

65. Bergenholtz, K. P., Nielsen, P. V. (2002). New improved method for evaluation of growth by 

food related fungi on biologically derived materials. J Food Sci., 67 (7), 2745–2749. 
https://doi.org/10.1111/j.1365-2621.2002.tb08808.x. 

66. Conn, R. E., Kolstad, J. J., Borzelleca, J. F., Dixler, D. S., Filler Jr., R. J, Ladu, B. N., Pariza, 

M. W. (1995). Safety assessment of polylactide (PLA) for use as a food-contact polymer. Food Chem 
Toxic., 33 (4), 273–283. https://doi.org/10.1016/0278-6915(94)00145-e. 

67. Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and 

articles intended to come into contact with food Text with EEA relevance. 
68. Selin, J. F. (1997). Polylactides and their applications. In: Technology Programme Report 

13/97. Technology Development Centre Tekes. Helsinki, pp. 111–127. 

69. Consonni, E. (2016). Milk in cardboard packaging: is it possible? Paper Industry World, 

12 October. 
70. Dukalska, L., Ungure, E., Krasnova, I., Augspole, I., Muizniece Brasava, S., Levkane V., 

Rakcejeva T. (2012). Evaluation of various biodegradable packaging material influences on the shelf 

life and quality of different foods during storage [Poster presentation]. In The 5th International 
Symposium on Food Packaging Scientific Developments Supporting Safety and Innovation, 14–16 

November 2012, Berlin, Germany. Retrieved from http://www.ilsi.org/ 

Europe/Documents/DUKALSKA.pdf. 

71. Bocharova-Leskina, A., Verbytskyi, S. (2019). Theoretic approaches to substantiate shelf life 
capacity of butter and spreads. Journal of Engineering Sciences, (3), 78–88. 

https://doi.org/10.5281/zenodo.3444117. 

72. Rejeesh, C. R., Anto, T. (2022). Packaging of milk and dairy products: Approaches to 
sustainable packaging. Materials Today: Proceedings.  

 

  


