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Introduction
The problem of the impact of active packaging 
and nanocoatings on the safety and shelf life 
of dairy products is relevant, as dairy products 
are among the most susceptible to spoilage due 
to high sensitivity to microbiological, chemical 
and physical changes. In particular, the devel-
opment of new packaging technologies, such as 
active packaging and the use of nanocoatings, 
can significantly improve the freshness of dairy 
products, reduce spoilage losses and extend 
shelf life. Such innovative packaging meth-
ods can also help reduce food waste, which is 
an important part of global initiatives to con-
serve resources and sustainability, and improve 
product safety through the ability to actively 
interact with the environment by regulating  

humidity, oxygen levels or the release of anti-
microbial agents.

This problem has been studied by scien-
tists, in particular, S. Verbytskyi et al. (2024) ex-
plored innovative solutions to extend the safe 
shelf life of dairy products, including the use of 
advanced packaging technologies such as active 
packaging and nanocoatings to improve prod-
uct safety and reduce spoilage. The authors em-
phasised the importance of innovative packag-
ing approaches to improve the quality and shelf 
life of dairy products in a competitive market. 
In the research of Y.  Verkhivker et  al.  (2023) 
and M.  Klein  et al.  (2024) examined the use 
of C-PET consumer polymer containers in 
food production, highlighting effectiveness in  

Abstract. The aim of the study was to identify effective methods for maintaining the quality and 
safety of dairy products through the use of active packaging and nanotechnology. The methodology 
included an analysis of regulatory documents and current trends in packaging technologies, as 
well as experimental studies using control and experimental groups. The study found that milk 
and cottage cheese packaged in standard cardboard packaging with an inner layer of aluminium 
foil showed an average moisture content of 88.2 ± 0.5% and a redox potential of 185 ± 2  mV. In 
the group with active packaging containing antioxidant components, the moisture content was 
87.5 ± 0.4%, and the oxidation reduction potential (ORP) was reduced to 175 ± 1 mV. Packaging with 
silver nanoparticles showed the highest efficiency, where the moisture content of milk and cheese 
was 86.7 ± 0.3%, and the ORP reached 170 ± 1.5 mV, indicating a reduction in the level of oxidative 
processes and improved product preservation. In addition, the study found that milk and cheese 
stored in active packaging and packaging with nanofilm showed significantly better organoleptic 
characteristics compared to control samples. In particular, the taste, smell, texture, and colour 
received higher scores on a scale from 1 to 5. For the control group, the average taste score was 
3.2 ± 0.3, for active packaging – 4.0 ± 0.2, and for nanofilm – 4.7 ± 0.1. Similar results were recorded 
for odour (3.2 ± 0.3, 4.1 ± 0.2 and 4.8 ± 0.1, respectively), texture (3.1 ± 0.4, 4.0 ± 0.3 and 4.6 ± 0.2), 
and colour (3.0 ± 0.2, 4.2 ± 0.1 and 4.7 ± 0.1). These data indicated a significant improvement in 
the organoleptic characteristics of dairy products stored in active packaging and packaging with 
nanofilm compared to control samples. The practical significance of the study was to develop 
recommendations for dairy producers on the choice of packaging materials depending on the shelf 
life and conditions of sale. The results obtained could be used in the food industry to introduce 
innovative packaging technologies, as well as serve as a basis for further research in the field of 
food safety and the development of environmentally friendly packaging material

Keywords: innovative technologies; industrial quality; nanomaterials; antioxidants; antimicrobial 
properties
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maintaining food quality and safety. The re-
searchers discussed the benefits of poly-
mer-based containers for extending the shelf 
life of dairy and other products, providing a 
more efficient packaging solution for the food 
industry. O.  Rechun & O.  Peredriy  (2021) ex-
plored active and smart packaging for food, in 
particular its impact on food quality and safety, 
as well as the informative function of packag-
ing. The scientists analysed the main technolo-
gies used in active and smart packaging systems 
and evaluated the advantages and disadvan-
tages of such approaches, including the abili-
ty to reduce food loss and improve freshness. 
Researchers L. Kucher et al. (2021) studied the 
state and prospects of implementing the Haz-
ard Analysis and Critical Control Point (HAC-
CP) system in Ukraine to comply with EU food 
safety directives. The authors analysed the cur-
rent challenges and opportunities for adapting 
Ukrainian standards to European food safety 
requirements, focusing on the need to improve 
safety legislation and practices. The peculiari-
ties of the functioning of the food market in the 
context of the war in Ukraine were studied by 
L. Kvasnii et al. (2024). The authors analysed the 
negative impact of hostilities on food supply and 
production, as well as on the safety and stabil-
ity of food systems in Ukraine during the crisis.

In addition, Y. Gadaieva et al. (2024) stud-
ied the environmental safety of food packaging, 
focusing on the importance of environmentally 
friendly materials and technologies in the pack-
aging process to reduce environmental impact. 
The researchers discussed the prospects of using 
such materials in food production, in particular 
dairy products, to ensure safety and maintain 
ecological balance. L.  Hortseva  et al.  (2020) 
identified the risks associated with the migra-
tion of toxic substances from packaging mate-
rials to food, which can lead to contamination 
and hazards to human health, and proposed 
strategies to control and minimise such risks. 
The authors focused on analysing the potential 
human health hazards arising from the use of 

hazardous packaging materials and proposed 
strategies to minimise such risks. P.  Kapitala 
& G.  Khimicheva  (2021) assessed the quality 
and safety of dairy products in accordance with 
HACCP principles and ISO  22000:2019  (2019). 
The author investigated how the application of 
these standards can help ensure an appropri-
ate level of food safety and meet the require-
ments of international certification for quality 
control at all stages of production. In the study, 
M. Bazhal & T. Koutchma (2022) identified the 
risks associated with non-compliance with food 
safety standards, in particular due to outdated 
technologies and insufficient infrastructure de-
velopment in Ukraine, and discussed ways to 
overcome risks with the help of scientific and 
technological progress to improve global food 
security, namely the modernisation of infra-
structure to ensure effective inspection and 
quality control of products.

Despite the above studies, these authors 
did not sufficiently investigate the impact of 
the combination of different types of active 
packaging (antimicrobial, antioxidant, absor-
bent) on dairy products, as well as the inter-
action with nanocoatings. In addition, insuffi-
cient attention has been paid to the impact of 
these technologies on the long-term preser-
vation of organoleptic characteristics, such as 
taste, smell, and texture of dairy products. The 
aim of this study was to determine the effec-
tiveness of active packaging and nanocoatings 
in improving the shelf life and safety of dairy 
products. The objectives of the study were to 
analyse the types of active packaging and the 
mechanism of action on dairy products, assess 
the impact of nanocoatings on the shelf life and 
safety of dairy products, and investigate the im-
pact of active packaging and nanocoatings on 
the organoleptic characteristics of dairy prod-
ucts, including taste, smell, and texture.

Materials and Methods
The types of packaging used for the study were 
active packaging with antioxidants, packaging 
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with silver nanoparticles, and cardboard pack-
aging with barrier materials, which met the re-
quirements of Regulation (EC) No. 1935/2004 
of the European Parliament and of the Council 
“On Materials and Articles Intended to Come 
into Contact with Food”  (2004). In addition, 
the packaging was compliant with Regulation 
(EU) No.  1169/2011 of the European Parlia-
ment and of the Council “On the Provision 
of Food Information to Consumers”  (2011), 
providing a clear indication of the presence 
of nanomaterials in food through the appro-
priate “nano” labelling in the list of ingredi-
ents. The first step was to analyse the use of 
active packaging and nanotechnology in the 
food industry. The types of active packaging 
and mechanisms of action were reviewed, in-
cluding antimicrobial, antioxidant and absor-
bent packaging, as well as nanomaterials used 
in dairy packaging, such as silver and copper 
nanoparticles, metal oxides (zinc oxide (ZnO) 
and titanium dioxide (TiO₂)), and cardboard 
packaging with barrier materials.

A survey was conducted to assess the at-
titudes of food industry experts towards the 
introduction of active packaging and nanocoat-
ings in dairy production. The study involved 
50 food industry experts aged 25 to 60, 60% of 
whom were men and 40% women. The group 
of food industry experts included individuals 
with experience in the food industry, particu-
larly in dairy production, and knowledge of 
the implementation of active packaging and 
nanocoatings. The survey was conducted over 
a two-week period in the format of an online 
questionnaire via the Google Forms platform. 
The survey was conducted in accordance with 
the Code of Ethics of the American Sociologi-
cal Association (2018). The questionnaire con-
tained 15 questions. The results allowed deter-
mining the general attitude of respondents to 
the use of active packaging and nanocoatings 
in the dairy industry, as well as identifying the 
main factors that affect trust and willingness to 
consume such products.

The study was conducted at Dnipro Dairy 
Plant LLC, a company specialising in the 
production of pasteurised milk and cottage 
cheese. The study was conducted between 
June and August 2024. The following spe-
cific samples were selected for the experi-
ment: pasteurised milk with a fat content of 
3.2% and cottage cheese with a fat content 
of 5%. The milk was obtained directly from 
the production line of Dnipro Dairy Plant 
LLC, and the cottage cheese was obtained 
from a series of products produced at the 
enterprise for testing for organoleptic and 
physicochemical parameters. The number of 
samples for the study was 60 units, name-
ly 30 units of pasteurised milk and 30 units 
of cottage cheese, which were divided into 
three groups for further storage and testing. 
The calorie content of milk was 60 kcal per 
100 ml; 3.2  g – fat, 3.3  g – protein, 4.7  g – 
carbohydrates. For cottage cheese, the calo-
rie content was 120 kcal per 100 g; 5 g – fat, 
15 g – protein, 1 g – carbohydrates. Milk and 
cottage cheese were stored in different types 
of packaging. The temperature was main-
tained at 4°C by a Model X-200 refrigerator 
with automatic temperature control, and the 
humidity was regulated at 70-80% by a Hy-
groMaster 3000 hygrometer. The shelf life of 
the products was 15 days. During this period, 
the organoleptic characteristics were regu-
larly monitored and possible changes in the 
composition of the products were identified. 
The number of samples of each type of prod-
uct tested was 60 units (20 units per group). 
The first group (control) was stored in stand-
ard packaging without additional protective 
properties. The standard packaging for milk 
and cheese consisted of cardboard packages 
with an inner layer of 6.5 µm thick alumini-
um foil produced by Dnipro Dairy Plant LLC, 
which provided protection against light, ox-
ygen, and moisture. The second group was 
placed in active packaging, which contained 
antimicrobial and antioxidant components 
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that can slow down bacterial growth and 
oxidative processes. The active packaging 
contained antimicrobial components, such 
as silver nanoparticles (10 ppm) and zinc ox-
ide (0.05%), as well as antioxidants, such as 
vitamin E (0.02%) and polyphenols (0.1%), 
which slowed bacterial growth by disrupting 
microbial cell membranes and prevented the 
oxidation of fats by absorbing free radicals. 
The third group included samples coated 
with a nanofilm containing silver nanopar-
ticles (up to 0.5%) and metal oxides (ZnO 
and TiO₂ in concentrations up to 1%), which 
provided antimicrobial effects and barrier 
properties against the penetration of oxygen 
and microorganisms, creating a barrier to 
the penetration of microorganisms and ox-
ygen. The packaging used silver nanoparti-
cles with a size of 10-50 nm and metal oxides 
(ZnO, TiO₂) with a particle size of 20-100 nm, 
which were applied by plasma spraying tech-
nology to the polymer base, providing a uni-
form coating, the materials were produced by 
NanoPack Solutions Ltd.

To evaluate the impact of different types 
of packaging during the experimental period, 
measurements of physicochemical, microbi-
ological and organoleptic parameters were 
carried out. Specialised equipment was used 
to measure the physicochemical and micro-
biological characteristics of dairy products. 
The pH level was measured using an Orion pH 
meter, model 3 STAR, which provided an ac-
curacy of up to 0.01  pH units. The acidity of 
dairy products was determined by acid-base ti-
tration with 0.1 n NaOH solution until a stable 
pink colour appeared, using phenolphthalein 
as an indicator. The moisture content was de-
termined by drying in an oven at 105°C for 6-8 
hours until a stable weight value was reached. 
The oxidation reduction potential (ORP) was 
measured using a Hanna redox meter model HI 
9147. All measurements were carried out un-
der standard laboratory conditions with a tem-
perature of 20-22°C and humidity of 60-65%.

The organoleptic characteristics were as-
sessed by a tasting panel of three experts with 
experience in the food industry who evaluat-
ed the organoleptic characteristics of dairy 
products. The evaluation criteria included 
taste, smell, texture and colour, each of which 
was assessed separately on a 5-point scale, 
with 1 being the worst and 5 being the best. 
The obtained indicators were compared with 
the standards and requirements specified in 
DSTU  3662:2019  (2019) for milk and cottage 
cheese. For milk pH, the standard was 6.5-6.8, 
for acidity – no more than 18°T, the moisture 
content of cheese – no more than 80%, and the 
redox potential should not exceed 200 mV to 
maintain product safety and quality.

The microbiological analysis was carried 
out using the serial dilution method, which 
included counting the total number of bacte-
ria and checking for pathogens. Organolep-
tic tests included the assessment of changes 
in colour, smell, texture, and taste based on 
compliance with ISO  4833-1:2013  (2013) for 
total bacteria and ISO  21528-2:2017  (2017) 
for enterobacteria. Microbiological studies 
were carried out using standard methods in 
accordance with DSTU 4587:2006  (2007). The 
number of microorganisms in dairy products 
was determined by incubating samples on agar 
media, Sabouraud agar for total bacteria and 
Endo agar for enterobacteria. The incubation 
conditions consisted of a temperature of 37°C 
for 24-48 hours for total bacterial colonisation 
and specific temperatures for specific microor-
ganisms. The number of colonies was counted 
by counting colony forming units (CFU) per 
unit volume of the sample.

After completion of the experiment, a 
comparative analysis of the results was carried 
out using the statistical method of ANOVA. 
The variables of pH, acidity, moisture content, 
redox potential and microbiological parame-
ters were analysed, and statistical analysis was 
performed by ANOVA with a significance level 
of p < 0.05 using SPSS software.
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Results
Current trends in the use of active packaging 
and nanotechnology for the storage 
of dairy products
The most common types of packaging for dairy 
products are plastic bottles, carton bags and 
glass jars. According to market research con-
ducted by Global Market Insight  (2025), the 
breakdown of packaging materials used for 
dairy products is as follows: plastic bottles 
45%, carton bags 35%, glass jars 15%, and oth-
er packaging 5% (Tetra Pak,  n.d.). These data 
show that plastic bottles and carton bags are 
the most popular packaging options for dairy 
products, accounting for 80% of the market to-
gether. Glass jars and other types of packaging 
are used much less frequently.

Other types of packaging, such as active an-
tioxidant packaging, silver nanoparticle pack-
aging and cartons with barrier materials, are se-
lected for the study because such packages are 
effective in helping to preserve the freshness of 
dairy products. Active packaging with antioxi-
dants works by preventing oxidation, which is 
the main cause of taste loss in milk and dairy 
products. The antioxidants in the packaging 
materials absorb oxygen, thereby reducing the 
risk of rancidity and keeping the product fresh 
for a long time (Volpe et al.,  2022). Packaging 
with silver nanoparticles provides products 
with additional protection against microbio-
logical contamination due to its antimicrobial 
properties, which ensures the preservation of 
products and prevents spoilage. In addition, 
cardboard packaging with barrier materials 
protects products from the negative effects of 
oxygen, moisture and light, which contributes 
to the long-term preservation of organoleptic 
properties. These types of packaging not only 
provide dairy products with a longer shelf life, 
but also preserve taste and nutritional quali-
ties, which is important to meet consumer de-
mands for dairy products.

Active antioxidant packaging, silver nano-
particle packaging and carton packaging with 

barrier materials used for dairy products comply 
with European regulations such as Regulation 
(EC) No. 1935/2004 (2004) and Regulation (EU) 
No. 1169/2011 (2011), ensuring food safety, and 
the fact that the materials do not emit harmful 
substances in quantities hazardous to human 
health and do not cause unacceptable changes 
in the composition of the products. In addi-
tion, these types of packaging are labelled to 
indicate the presence of nanomaterials, which 
meets the requirements for clear information 
on the use of nanomaterials in packaging. For 
example, active antioxidant packaging used to 
preserve dairy products contains vitamin E or 
polyphenols that absorb oxygen and prevent 
oxidation, which helps to preserve the taste and 
extend the shelf life of milk and yoghurt. Some 
European countries use packaging materials for 
milk and yoghurt that include antioxidants to 
prevent rancid odours and keep products fresh 
for a longer time (Bińkowska et al., 2024).

Packaging with silver nanoparticles is used 
for dairy products such as milk and cheeses due 
to pronounced antimicrobial properties. Silver 
nanoparticles are able to kill bacteria that can 
cause dairy products to spoil, which signifi-
cantly extends shelf life. One of the well-known 
companies, Nestlé, uses packaging with silver 
nanoparticles to ensure the freshness and safe-
ty of dairy products, reducing the need for addi-
tional preservatives (Nestlé, n.d.). Carton packs 
with barrier materials, such as those used by 
Tetra Pak (n.d.), effectively protect dairy prod-
ucts from the negative effects of oxygen, water 
vapour and light. This packaging is optimal 
for storing milk, yoghurts, and dairy desserts 
without the need for refrigeration at all stages 
of distribution. This type of packaging ensures 
that products remain fresh for a long time and 
meets the safety and quality standards required 
by European regulations. Table 1 provides a 
comparative analysis of the main character-
istics of different types of packaging for dairy 
products, including the impact on freshness, 
taste and antimicrobial properties.
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Other promising nanomaterials used in 
dairy packaging include metal oxides, such as 
ZnO and TiO₂. These compounds are known 
for photocatalytic properties, which allow ef-
fectively destroying bacteria under the influ-
ence of light. In addition, the mentioned com-
pounds provide protection against ultraviolet 
radiation, which helps to preserve vitamins and 
biologically active substances in foods. Metal 
oxides can also improve the mechanical and 
barrier properties of packaging materials by 
reducing gas permeability, which extends the 
shelf life of products. A separate category of 
nanomaterials in packaging is polymer nano-
films, which create an effective barrier to gases 
and moisture, reducing product oxidation and 

loss of quality (Li et al., 2023). Due to the use 
of nanoparticles in polymers, such films can 
have additional functional properties, such as 
antimicrobial activity or the ability to control 
the release of beneficial compounds. The use 
of such nanofilms in the dairy industry helps 
to preserve the organoleptic characteristics 
of products and prevents changes in texture, 
taste, and smell throughout the shelf life. The 
food industry traditionally uses glass, polyeth-
ylene and laminated packaging for dairy prod-
ucts. Each of these types of packaging has its 
own advantages and disadvantages that affect 
shelf life, product quality and environmental 
aspects. Table 2 shows the three types of pack-
aging used for dairy products.

Table 1. Comparative analysis of dairy product packaging types and main characteristics

Table 2. Comparative analysis of packaging types for dairy products,  
including chemical and physical properties

Source: compiled by the authors

Packaging type Main characteristics Types of dairy 
products

Active packaging with 
antioxidants

Packaging with antioxidants helps preserve the freshness of 
products by preventing oxidation and loss of flavour

Milk, yoghurts, 
cheeses, sour cream

Packaging with silver 
nanoparticles

Packaging with silver nanoparticles has antimicrobial 
properties, which reduces the number of bacteria and extends 

the shelf life of products

Milk, yoghurts, 
creams, cheeses

Cardboard packaging 
with barrier materials

Cardboard packaging with an internal barrier layer is used 
to prevent exposure to oxygen and preserve the taste 

characteristics of the product

Milk, liquid 
yoghurts, milk-
based desserts

Characteristic Active packaging with 
antioxidants

Packaging with silver 
nanoparticles

Cardboard packaging 
with barrier materials

Type of antioxidants Vitamin E, polyphenols Silver nanoparticles None

Mechanism of action Absorbing oxygen, 
preventing oxidation

Antimicrobial effect, 
destruction of bacteria and 

microorganisms

Barrier to oxygen, water 
vapour and light

Reducing oxygen 
levels in packaging

Up to 90% (depending 
on antioxidants and 
packaging material)

Up to 85% (reduces bacterial 
contamination due to 

reduced oxygen)

Up to 70% (limitation 
of oxygen penetration 
through barrier layers)

Shelf life
Extends by 30-

50% compared to 
conventional packaging

Extends by 20-40%, reduces 
the risk of developing 

pathogenic microorganisms

Lengthens by 20-30%, 
protects from light and 

oxygen

Packaging materials Polymers containing 
antioxidants

Polymers with 
silver nanoparticles, 

nanocomposites

Cardboard, combined 
barrier polymer materials
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Table  2 compares the main physical and 
chemical characteristics of the three types of 
packaging for dairy products, focusing on prop-
erties, effectiveness, use, and compliance with 
European regulations. Glass packaging is con-
sidered one of the best options for storing dairy 
products, as it does not chemically interact with 
the product, provides a good barrier against ex-
ternal influences and preserves the taste char-
acteristics (Gadaieva et al., 2024). However, its 
main disadvantage is its high weight, fragility, 
and difficulty of transportation. In addition, 
although glass can be recycled many times, its 
production process is energy-intensive. Plastic 
packaging is the most common type of packag-
ing due to its low cost, lightness and conveni-
ence, providing an adequate level of protection 
for products, but are not completely impermea-
ble to oxygen, which can contribute to oxidation 
processes and shorten the shelf life. In addition, 
polyethylene is poorly biodegradable, which 
puts a significant strain on the environment. 
Laminated packaging, such as cardboard boxes 
with an inner layer of aluminium or polyethyl-
ene (e.g., Tetra Pak), combine the advantages of 
different materials to provide airtightness, pro-
tection from light and oxygen, and a relatively 
long shelf life. However, the complexity of the 
structure makes materials difficult to recycle, 

as different layers of materials need to be sep-
arated. However, despite its many advantages, 
active packaging also has some disadvantages. 
It is more expensive to produce compared to 
standard packaging materials, which can affect 
the final cost of the product for consumers. The 
use of nanomaterials in packaging requires fur-
ther research into long-term impact on human 
health, as some aspects of the interaction with 
food remain poorly understood. In addition, 
due to complex chemical composition, nano-
materials may pose additional challenges in 
terms of environmental disposal. From an envi-
ronmental point of view, active packaging, de-
spite its effectiveness, raises certain questions 
(Rechun & Peredriy,  2021). On the one hand, 
reducing food spoilage and extending its shelf 
life helps reduce food waste. On the other hand, 
especially if containing nanomaterials or mul-
tilayer components.

Research on the effectiveness of different 
types of packaging for preserving 
the quality of dairy products
To assess the attitude of food industry experts 
to the introduction of active packaging and na-
nocoatings in dairy production, a survey was 
conducted, the results of which are presented 
in Table 3.

Table 2. Continued

Source: compiled by the authors

Characteristic Active packaging with 
antioxidants

Packaging with silver 
nanoparticles

Cardboard packaging 
with barrier materials

Application Milk, yoghurt, cheese
Milk, cheese, yoghurts, 

cheeses with added bacterial 
cultures

Milk, yoghurts, dairy 
desserts, liquid yogurts

Compliance with 
European regulations

Regulations (EC) 
No. 1935/2004 and 

No. 1169/2011, clear 
labelling of antioxidants 
and impact on product 

composition

Regulations (EC) 
No. 1935/2004 and 

No. 1169/2011, “nano” 
labelling when using 

nanomaterials

Regulation (EC) 
No. 1935/2004 on the 
safety of materials in 

contact with food

Main advantage Prolonging freshness, 
preventing rancid odour

Reducing bacterial 
contamination, extending 

shelf life

Protection from oxygen, 
water and light, long-term 

storage



Animal Science and Food Technology. 2025. Vol. 16, No. 2

118 The impact of active packaging...

In the study, the control group (standard 
packaging) showed the fastest negative chang-
es in organoleptic and microbiological charac-
teristics. On the 10th day of storage, an increase 
in titratable acidity to 20°T was observed in 
milk, and the pH decreased to 6.2, indicating 
the development of lactic acid bacteria. On the 
12th day, the cottage cheese showed a deterio-
ration in consistency and the appearance of a 
foreign odour, indicating the onset of spoilage. 
The second group (active packaging) signifi-
cantly slowed down oxidative processes and the 
growth of microorganisms. The acidity of the 
milk on the 15th day of storage did not exceed 
18°T, and the pH remained within 6.4-6.6.

The results of organoleptic tests showed 
that dairy products stored in nanocoatings  

retained freshness longer and had stable sen-
sory characteristics. In particular, after two 
weeks of storage, 80% of the samples with ac-
tive packaging met high organoleptic stand-
ards, while in traditional packaging this figure 
was only 50%. The organoleptic characteristics 
remained satisfactory, and changes in the con-
sistency of the cottage cheese began to appear 
only after 14 days. During the first two weeks 
of storage, milk, and cottage cheese retained 
original characteristics without significant 
changes. The colour remained uniform, with 
no signs of yellowing or darkening, which 
could indicate oxidative processes. The smell 
remained fresh, without any off-flavours, indi-
cating the absence of active microbial devel-
opment or fat oxidation.

Table 3. Results of an expert survey on the use of active packaging and nanocoatings

Source: compiled by the authors

Question Number of people

Are you familiar with active packaging and 
nanocoating technologies? Yes – 34, No – 16

Do you think these technologies can improve the 
safety of dairy products? Yes – 38, No – 5, Hard to answer – 7

How do you assess the potential impact of 
nanocoatings on the quality of dairy products? Positive – 33, Neutral – 13, Negative – 5

Do you think that using active packaging can reduce 
product loss due to spoilage? Yes – 40, No – 4, Hard to answer – 6

What factors are most important to you when 
choosing dairy products?

Shelf life – 23, Composition – 15,  
 Price – 10, Brand – 2

Are you willing to pay more for dairy products with 
an extended shelf life? Yes – 28, No – 15, Hard to answer – 7

What is the acceptable price difference you consider 
acceptable for such products?

Up to 5% – 20, 5-10% – 18, More than 10% – 5, Not 
willing to pay more – 7

Do you have any reservations about the use of 
nanotechnology in the food industry? Yes – 25, No – 18, Hard to answer – 7

What are the main risks you see in the use of 
nanomaterials in food products?

Insufficient research – 20,  
Possible health effects – 18, Lack of regulation – 12

Do you trust scientific studies that confirm the safety 
of nanocoatings? Yes – 30, No – 10, Hard to answer – 10

What benefits of active packaging are most 
significant to you?

Shelf-life extension – 25, Protection against 
microorganisms – 18, Improving product quality – 7

Can these technologies help reduce food waste? Yes – 35, No – 8, Hard to answer – 7
Do you support government regulation of the use of 

nanotechnology in the food industry? Yes – 43, No – 2, Hard to answer – 5

Are you interested in learning more about these 
technologies? Yes – 33, No – 10, Hard to answer – 7

How, in your opinion, can consumer confidence in 
products with nanocoatings be increased?

Conducting additional research – 23, Informing 
consumers – 20, Product certification – 7
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The consistency of the milk remained sta-
ble, without sedimentation or stratification. In 
the case of cottage cheese, the structure of the 
product remained uniform until the 14th day of 
storage, with no signs of excessive moisture or 
lumps. Only after this period did the experts be-
gin to notice slight changes in the texture, in-
cluding the appearance of a more pronounced 
whey release, which is typical of the natural 
ageing process of fermented dairy products. 
The taste characteristics remained satisfacto-
ry throughout the entire period: in the control 
group, the products began to lose freshness on 
day 10-12, while the active packaging and na-
nocoated samples showed longer taste stability.  

In the active packaging group, there was no 
rancid taste, which confirmed the effectiveness 
of antioxidants in preventing fat oxidation. The 
nanofilm samples inhibited the development of 
undesirable microflora, which contributed to 
the preservation of a pure fermented milk taste.

The third group (nanofilm with silver or 
metal oxide nanoparticles) provided the best 
level of product quality preservation. The con-
tent of microorganisms in the milk was the low-
est among all groups, the acidity did not exceed 
17°T, and the pH remained stable (6.5-6.7). 
Sour milk curd retained its characteristics un-
til the end of the experimental period, without 
significant changes in consistency and smell.

Source: compiled by the authors based on ANOVA analysis

Indicator Control group Active packaging Nanofilm

Milk acidity (°T) 20±0.5 18±0.4 17±0.3
pH of milk 6.2±0.1 6.4±0.1 6.6±0.1

Microorganism content (CFU), Salmonella, Listeria 
monocytogenes, Escherichia coli, Staphylococcus 
aureus, Bacillus cereus and Campylobacter jejuni

2.5×106 1.2×106 5.0×105

Cheese consistency retention (days) 12 14 15
Taste rating (1-5) 3.5 4.0 4.5
Odour rating (1-5) 3.0 4.0 4.5

Consistency rating (1-5) 3.0 4.0 4.5
Colour rating (1-5) 3.5 4.5 5.0

Overall organoleptic assessment 3.2±0.3 4.0±0.2 4.7±0.1

Table 4. Characteristics of the effectiveness of different types of packaging for dairy products

The statistical analysis showed significant 
differences between the groups (p < 0.05), which 
confirms the effectiveness of active packaging 
and nanofilm in extending the shelf life of dairy 
products.

One of the key indicators that determines 
the quality of dairy products is the pH level. 
During storage, it changes due to the devel-
opment of microorganisms and enzymatic 
reactions. In control samples stored in con-
ventional packaging, the pH decreased faster, 
indicating active acid accumulation processes, 
especially in fermented dairy products. The 
active packaging with antimicrobial and anti-
oxidant properties helped to maintain a more 

stable pH level throughout the storage period. 
Acidity is another important parameter. It in-
creases due to the metabolic activity of bacte-
ria. In products packaged in standard materials, 
this process was faster, while active packaging 
and nanocoatings significantly slowed down 
the formation of excess acidity, while main-
taining optimal conditions for consumption. 
The moisture content of a product affects its 
texture and microbiological stability. In dairy 
products with a high moisture content, such 
as cheese or yoghurt, improper packaging can 
lead to excessive drying or, conversely, con-
densation, which promotes microbial growth. 
Polymeric nanofilms with barrier properties 
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helped control the moisture level, preventing 
its loss or oversaturation. Another important 
indicator is the ORP. High values of the ORP 
promote the oxidation of fats, which can lead 
to the development of a rancid taste and dete-
rioration of product quality. Antioxidant active 

packaging slowed down these processes, which 
had a positive impact on the preservation of 
the taste and smell of dairy products. The re-
sults of moisture and redox potential meas-
urements for dairy products stored in different 
types of packaging are shown in Table 5.

Source: compiled by the authors

Table 5. Results of moisture and ORP measurements  
for dairy products with different types of packaging

Packaging type Humidity, % Oxidation reduction potential (ORP), mV

Standard packaging 87 ± 0.5 200 ± 5

Active packaging 85 ± 0.4 180 ± 4

Packaging with silver nanoparticles 84 ± 0.3 170 ± 3

The results of the moisture and ORP meas-
urements showed that the active packaging 
and silver nanoparticle packaging contributed 
to a reduction in moisture and an improvement 
in redox potential compared to the standard 
packaging.

One of the main functions of active pack-
aging and nanocoatings is to prevent bacterial 
growth. The study found that in control sam-
ples of dairy products, the number of bacteria, 
in particular the gram-negative bacteria Es-
cherichia coli and Pseudomonas spp. increased 
sharply on the 3-5th day of storage. This is due 
to the lack of additional barriers in standard 
packaging, which contributed to the active re-
production of microorganisms due to the lack 
of antimicrobial properties. The use of nano-
coatings with silver particles or metal oxides, 
such as ZnO and TiO₂, has led to a significant 
reduction in the number of microorganisms in 
dairy products, including a 50-60% reduction 
in bacterial contamination. This resulted in an 
extended shelf life and improved organolep-
tic properties of the products. As a result, the 
products in this packaging remained safe for 
consumption for 5-7 days longer compared to 
the control samples. In addition to the overall 
reduction in bacterial contamination, active 
packaging also reduced the risk of pathogenic  

microorganisms such as Salmonella, Listeria 
monocytogenes and Escherichia coli. The lev-
el of reduction of bacterial contamination for 
pathogens such as Salmonella, Listeria monocy-
togenes and Escherichia coli was 40-60%, which 
indicates the effectiveness of such packaging in 
ensuring product safety.

The results demonstrated that the dairy 
samples packaged with nanocoatings con-
tained significantly fewer bacteria compared 
to traditional packaging materials. Changes 
in the organoleptic characteristics of samples 
stored in conventional packaging were faster, 
and already on the 5th-6th day of storage, signs 
of a rancid smell were observed, and the texture 
changed (dryness or excessive moisture). The 
active packaging containing antioxidant com-
ponents helped to preserve the natural taste 
and smell of the products, as it prevented the 
oxidation of fats, as determined by experts.

Discussion
The results confirmed the effectiveness of ac-
tive packaging and nanocoatings in preserving 
the quality of dairy products, reducing micro-
bial contamination and extending shelf life. 
Similar conclusions are contained in the works 
of A. Mirza Alizadeh et al. (2022), who reviewed 
trends in the use of smart packaging for dairy 
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products. The study showed that such mate-
rials can prevent product spoilage by actively 
controlling the environment. L. Bandera (2025) 
studied the impact of various packaging mate-
rials on food safety and confirmed that active 
packaging helps to reduce the level of contami-
nation with pathogens, which is consistent with 
the results obtained. Similar conclusions were 
made by I. Barukčić et al. (2021), who found that 
the use of packaging technologies reduces the ef-
fects of oxygen and moisture on dairy products, 
helping to preserve organoleptic properties.

The use of nanostructured antimicrobi-
al agents in packaging was analysed in study 
A. Brandelli et al. (2023). In the work, the au-
thors investigated the effectiveness of various 
types of nanomaterials, in particular silver and 
zinc nanoparticles, in the fight against patho-
gens commonly found in dairy products. It has 
been found that the use of such nanocompo-
nents in active packaging contributes to a sig-
nificant reduction in the number of Escherichia 
coli, Listeria monocytogenes and Staphylococcus 
aureus bacteria, which, in turn, extends the 
shelf life of products and improves the micro-
biological stability. In addition, the authors 
emphasise the importance of controlling the 
safety of nanomaterials, as the migration into 
food remains a pressing issue. Similar results 
were obtained by Y. Li et al. (2023), who studied 
the effect of bactericidal components, includ-
ing chitosan, metal nanoxides, and bioactive 
polymers, on milk quality. The study confirmed 
that active packaging with built-in antimicro-
bial agents significantly slows down the growth 
of microorganisms in raw and pasteurised milk, 
reducing the rate of fat oxidation and pre-
venting the formation of undesirable metabo-
lites. An important aspect of the work was the 
comparison of the effectiveness of traditional 
preservatives and the latest nanostructured 
agents: the results showed that nanomaterials 
provide longer protection without affecting the 
taste and texture of dairy products. A separate 
area of research concerns edible coatings as an 

alternative approach to active packaging. S. El-
Sayed & A. Youssef (2024) studied the use of ed-
ible biopolymer coatings for cheese packaging, 
in particular coatings based on alginate, car-
boxymethyl cellulose, and gelatin. It was found 
that such coatings effectively reduce moisture 
loss, prevent fat oxidation and slow down the 
growth of spoilage microorganisms, which 
helps to preserve the texture and taste of the 
product. The results confirm that nanocoatings 
have a significant potential for maintaining the 
stability of the chemical composition of dairy 
products and can become an environmentally 
friendly alternative to traditional packaging. 
The use of a modified gas environment (MGE) 
in combination with active packaging is one 
of the most effective methods of extending 
the shelf life of dairy products (Shebanina  et 
al., 2024). The study by R. Chawla et al. (2021) 
confirmed that the use of gas mixtures with 
controlled oxygen, carbon dioxide and nitro-
gen content together with antimicrobial coat-
ings helps to reduce the growth of pathogens, 
which has a positive impact on the quality and 
safety of dairy products. The effect of packaging 
materials on the structure and consistency of 
dairy products was studied by S. Harmankaya et 
al. (2022), who investigated the stability of yo-
ghurt. It was found that active packaging com-
ponents prevent product stratification while 
maintaining its texture and sensory character-
istics. In addition to these studies, D.  Francis 
et  al.  (2024) proved that biodegradable active 
materials not only extend the shelf life of fer-
mented dairy products, but also preserve the 
nutritional properties. This opens up prospects 
for the widespread adoption of eco-friendly 
packaging technologies in the dairy industry.

The study by M.  Vasuki  et al.  (2023) con-
firmed the effectiveness of smart packaging, 
which ensures continuous monitoring of the 
condition of dairy products during storage 
and transportation. The authors analysed the 
use of freshness indicators that change col-
our depending on the pH, temperature or gas 
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concentration in the packaging. This allows 
for timely detection of product spoilage and  
significantly reduces the amount of food waste, 
as the consumer receives accurate information 
about its suitability for consumption. The study 
also showed that the integration of nanosen-
sors into packaging materials can significantly 
improve food safety, as it is possible to detect 
microbial contamination at an early stage. The 
findings are in line with a study that confirmed 
the effectiveness of active packaging technolo-
gies in maintaining consistent quality of dairy 
products. The combination of smart indicators 
with nanocoatings helps to extend shelf life and 
minimise the risks associated with bacterial 
contamination. In addition to classic packaging 
materials, edible coatings are a promising area. 
A study by M. Mikus & S. Galus (2025) focused 
on the use of biopolymer films for fruit, but the 
authors noted that similar technologies could 
be adapted for dairy products. In particular, ed-
ible coatings based on gelatin, starch, alginate, 
and chitosan can create a barrier to oxygen 
and moisture, which prevents dairy products 
from spoiling (Remizova et al., 2024). In addi-
tion, such coatings can be enriched with anti-
oxidants and antimicrobial agents, which will 
further protect the products. The results of this 
study correlate with the data obtained on the 
positive impact of nanocoatings on the stability 
of the chemical composition of dairy products. 
The use of such technologies can become an 
environmentally friendly alternative to tradi-
tional plastic packaging and contribute to the 
development of sustainable food production.

Despite the numerous advantages of nano-
packaging, its widespread use requires compli-
ance with international food safety standards. 
A study by Y.  Burylo  et al.  (2023) focused on 
the regulatory framework for packaging mate-
rials in the EU and Ukraine. The authors found 
that the use of nanoparticles in the food indus-
try does not yet have a clear legal framework, 
and some countries require additional research 
on the safety of such materials for consumers.  

In particular, the EU has Regulation (EC) 
No.  1935/2004 regulating materials in contact 
with food, but certain aspects of nanotechnology 
in packaging need to be clarified (Semenenko et 
al.,  2021; Dankevych  et al.,  2024). In Ukraine, 
the legal framework is still evolving, which cre-
ates additional challenges for manufacturers 
seeking to use innovative packaging solutions. 
Thus, the introduction of nanopackaging in the 
food industry should be accompanied by the 
development of appropriate standards and re-
search to confirm its safety for human health. 
In the work, D. Nath et al. (2022) considered the 
possibilities of using nanocomposite materials 
in food packaging and found that such mate-
rials can significantly improve the mechanical 
and barrier properties of packaging materials. 
Similar results were obtained in the works of 
M. Gogliettino et al. (2020), T. Niaz et al. (2022), 
and C.  Figueroa-Enríquez  et al.  (2024), where 
the effectiveness of nanoparticles for preserv-
ing the freshness of dairy products was demon-
strated. A.  Karnwal  et al.  (2025) emphasised 
the importance of using natural biopolymers 
in food packaging, stressing that such materi-
als can provide additional protection of dairy 
products from the negative effects of the envi-
ronment. Vandana & K. Sinha (2019) conducted 
a general analysis of the impact of packaging on 
the shelf life of milk and dairy products, noting 
that the effectiveness of packaging technolo-
gies largely depends on storage conditions and 
the interaction of the packaging material with 
the product. The results confirmed the effec-
tiveness of active packaging and nanocoatings 
in maintaining the safety, quality, and shelf life 
of dairy products.

In the US, the use of nanomaterials in food 
and packaging is regulated by the Food and Drug 
Administration (FDA) (Kudrenko & Hall, 2024). 
The FDA requires manufacturers to conduct 
a safety assessment of nanomaterials before 
being introduced to the market. In particular, 
if a nanomaterial is used as a food additive 
or food contact material, it must meet safety  
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requirements and be approved for use (Export 
to the USA…, 2025). The World Health Organi-
sation (WHO), together with the Food and Agri-
culture Organisation (FAO), develops standards 
and recommendations for food safety, including 
the use of nanotechnology. The Codex Alimen-
tarius standards are aimed at guaranteeing the 
consumer a safe food product that is free from 
falsification, properly labelled and meets estab-
lished quality standards (Uzenbaev et al., 2019).

The main restrictions and requirements for 
the use of nanomaterials in the food industry 
include the fact that before introducing nano-
materials into food or packaging, a thorough 
assessment of the safety for human health must 
be carried out. This includes toxicity studies, 
the potential for nanoparticles to migrate from 
the packaging into the product, and an assess-
ment of the effects on the body upon consump-
tion. In the EU, the presence of nanomaterials 
in food products must be clearly indicated in 
the ingredient list with the “nano” mark next 
to the name of the respective ingredient. This 
provides transparency for consumers and en-
ables consumers to make informed choices. 
Governments and international organisations 
are constantly monitoring the use of nanotech-
nology in the food industry. This includes mon-
itoring new research on the safety of nanoma-
terials, updating regulations and introducing 
new standards where necessary. Thus, the use 
of nanotechnology in the food industry is regu-
lated by a number of international and national 
regulations aimed at ensuring consumer safety. 
Manufacturers planning to introduce nanoma-
terials into products or packaging must strictly 
comply with the established requirements, con-
duct the necessary research and ensure trans-
parent information to consumers about the 
presence of nanomaterials in the products.

Conclusions
It has been found that the use of antimicrobial 
and antioxidant components in active packag-
ing can effectively inhibit the development of 

microorganisms and oxidative processes, which 
has a positive effect on the physicochemical 
and organoleptic characteristics of products. 
The study assessed the impact of different 
types of packaging on the quality and safety of 
dairy products. The experts confirmed that all 
types of packaging met the established safe-
ty standards, which ensured that the quality 
of the products was maintained during the 
storage period. The study found that the use 
of nanocoated packaging contributed to bet-
ter preservation of dairy products. Milk and 
cheese stored in nanocoated packaging had 
significantly lower bacterial counts than con-
trol samples. During the organoleptic test, it 
was found that the products in the nanocoat-
ed packaging retained freshness, colour and 
smell better than the other samples. In ad-
dition, a reduction in oxidation and spoilage 
processes was recorded in these samples. Sta-
tistical analyses showed a significant differ-
ence between the samples in the control and 
experimental groups in terms of quality and 
microbiological characteristics. In particular, 
the average number of bacteria in the control 
milk samples was 8.5×104 CFU/ml, while in the 
samples with nanocoated packaging it was 
3.2×104 CFU/ml. Similar results were obtained 
for cottage cheese. Instead, active packaging, 
especially those with antimicrobial proper-
ties, can reduce the rate of product spoilage, 
extending shelf life by an average of 3-5 days 
compared to traditional packaging materials. 
Nanocoatings, in particular those containing 
silver and metal oxide nanoparticles, demon-
strated the highest efficiency. Such nano-
coatings helped to maintain a stable level of 
acidity and moisture in dairy products, as well 
as reduce bacterial contamination, which al-
lowed for a 5-7-day shelf-life extension. It has 
been confirmed that active packaging and na-
nocoatings do not have a negative impact on 
the taste, smell, and texture of dairy products, 
provided that the dosage of active ingredients 
is correct. However, excessive concentration 
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of nanoparticles can change the sensory char-
acteristics of products, which requires fur-
ther research to optimise composition. Future  
research may also focus on the development of 
biodegradable nanocoatings, as well as on im-
proving methods for monitoring the safety of 
packaging materials in real-world production 
and storage conditions.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

References
[1]	 Bandera, L. (2025). Impact of packaging materials on food safety and shelf life. Retrieved from 

https://surl.lu/iksxia.
[2]	 Barukčić, I., Ščetar, M., Lisak Jakopović, K., Kurek, M., Božanić, R., & Galić, K. (2021). Overview 

of packaging materials for dairy packaging. Croatian Journal of Food Technology, Biotechnology 
and Nutrition, 16(3-4), 85-93. doi: 10.31895/hcptbn.16.3-4.5.

[3]	 Bazhal, M., & Koutchma, T. (2022). Ukraine as a food and grain hub: Impact of science and 
technology development on food security in the world. Frontiers in Food Science and Technology, 
2, article number 1040396. doi: 10.3389/frfst.2022.1040396.

[4]	 Bińkowska, W., Szpicer, A., Stelmasiak, A., Wojtasik-Kalinowska, I., & Półtorak, A. (2024). 
Microencapsulation of polyphenols and their application in food technology. Applied Sciences, 
14(24), article number 11954. doi: 10.3390/app142411954.

[5]	 Brandelli, A., Lopes, N.A., & Pinilla, C.M.B. (2023). Nanostructured antimicrobials for quality 
and safety improvement in dairy products. Foods, 12(13), article number 2549. doi: 10.3390/
foods12132549.

[6]	 Burylo, Y., Malyshev, O., Seleznova, O., Lepish, N., & Samchenko, M. (2023). Legal regulation 
of materials and articles, intended for contact with food in the legislation of Ukraine and the 
EU. Management and Secretarial Journal, 14(10), 16402-16415. doi: 10.7769/gesec.v14i10.2777.

[7]	 Chawla, R., Sivakumar, S., Mishra, S.K., Kaur, H., & Anurag, R.K. (2021). Modified atmosphere 
packaging for milk cake: Assessment of ideal gas composition for extending shelf life. British 
Food Journal, 123(8), 2893-2906. doi: 10.1108/bfj-09-2020-0785.

[8]	 Code of Ethics of the American Sociological Association. (2018, June). Retrieved from https://
www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf.

[9]	 Dankevych, A., Stoyanova-Koval, S., Polova, O., Los, Z., Burdeina, N., & Kazak, O. (2024). State 
of economic security and directions of restoration socioeconomic development and food 
security in the conditions of war. Financial and Credit Activity: Problems of Theory and Practice, 
2(55), 441-460. doi: 10.55643/fcaptp.2.55.2024.4170.

[10]	 DSTU 3662:2019. (2019). Milk and dairy products. Technical conditions. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350.

[11]	 DSTU 4587:2006. (2007). Bakery products. General technical conditions. Retrieved from https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241.

[12]	 El-Sayed, S.M., & Youssef, A.M. (2024). Emergence of cheese packaging by edible coatings for 
enhancing its shelf-life. Journal of Food Measurement & Characterization, 18(7), 5265-5280. 
doi: 10.1007/s11694-024-02564-0.

[13]	 Export to the USA: Basic FDA Requirements for Ukrainian Entrepreneurs in the Food and 
Cosmetics Industries. (2025). Retrieved from https://surl.lu/devwmq.

https://www.researchgate.net/publication/388886502_Impact_of_Packaging_Materials_on_Food_Safety_and_Shelf_Life
https://doi.org/10.31895/hcptbn.16.3-4.5
https://doi.org/10.3389/frfst.2022.1040396
https://doi.org/10.3390/app142411954
https://doi.org/10.3390/foods12132549
https://doi.org/10.3390/foods12132549
https://doi.org/10.7769/gesec.v14i10.2777
https://doi.org/10.1108/bfj-09-2020-0785
https://www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf
https://www.asanet.org/wp-content/uploads/asa_code_of_ethics-june2018.pdf
https://doi.org/10.55643/fcaptp.2.55.2024.4170
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=77350
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=71241
https://doi.org/10.1007/s11694-024-02564-0
https://e-export.ukrposhta.ua/eksport-v-ssha-osnovni-vymogy-fda-dlya-ukrayinskyh-pidpryyemcziv-u-harchovij-ta-kosmetychnij-galuzyah/


Animal Science and Food Technology. 2025. Vol. 16, No. 2

125Sattarov et al.

[14]	 Figueroa-Enríquez, C.E., Rodríguez-Félix, F., Ruiz-Cruz, S., Castro-Enriquez, D.D., Gonzalez-
Rios, H., Perez-Alvarez, J.Á., Tapia-Hernández, J.A., Madera-Santana, T.J., Montaño-Grijalva, 
E.A., & López-Peña, I.Y. (2024). Application of active packaging films for extending the shelf 
life of red meats: A review. Processes, 12(10), article number 2115. doi: 10.3390/pr12102115.

[15]	 Francis, D.V., Dahiya, D., Gokhale, T., & Nigam, P.S. (2024). Sustainable packaging materials 
for fermented probiotic dairy or non-dairy food and beverage products: Challenges and 
innovations. AIMS Microbiology, 10(2), 320-339. doi: 10.3934/microbiol.2024017.

[16]	 Gadaieva, Y.S., Pylypenko, R.H., & Samoilenko, N.M. (2024). Ecological safety of food 
packaging. In Proceedings of the 3rd All-Ukrainian scientific conference of students and young 
scientists “Scientific achievements and discoveries of modern youth” (pp. 108-109). Lutsk: Donetsk 
National Technical University.

[17]	 Global Market Insight. (2025). Dairy packaging market size – by product type, by material, by 
application analysis, share, growth forecast, 2025-2034. Retrieved from https://surl.li/tvzyqi.

[18]	 Gogliettino, M., et al. (2020). Extending the shelf-life of meat and dairy products via PET-
modified packaging activated with the antimicrobial peptide MTP1. Frontiers in Microbiology, 
10, article number 2963. doi: 10.3389/fmicb.2019.02963.

[19]	 Harmankaya, S., Akalin, E.B., & İşbarali, K. (2022). The effect of packaging material on some 
quality properties and shelf life of yogurt. Harran Journal of Agricultural and Food Science, 
26(2), 228-236. doi: 10.29050/harranziraat.1011541.

[20]	 Hortseva, L.V., Shutova, T.V., Martynova, O.S., Zavalna, V.V., & Kostiuchenko, T.P. (2020). Risk 
assessment of food packaging materials and ways to prevent these risks. Ukrainian Journal of 
Modern Problems of Toxicology, 84(4), 59-62. doi: 10.33273/2663-4570-2018-84-4-59-62.

[21]	 ISO 21528-2:2017. (2017). Microbiology of the food chain – horizontal method for the detection 
and enumeration of Enterobacteriaceae. Part 2: Colony-count technique. Retrieved from https://
www.iso.org/standard/63504.html.

[22]	 ISO 22000:2019. (2019). Food safety management systems. Requirements for any organisation in 
the food chain. Retrieved from https://surl.li/jmurvr.

[23]	 ISO 4833-1:2013. (2013). Microbiology of the food chain – horizontal method for the enumeration 
of microorganisms. Part 1: Colony count at 30 °C by the pour plate technique. Retrieved from 
https://www.iso.org/standard/53728.html.

[24]	 Kapitala, P.A., & Khimicheva, G.I. (2020). Evaluation of the quality and safety of dairy products 
according to the requirements of HACCP principles and DSTU ISO 22000 standards. Logos. 
Online, 15. doi: 10.11232/2663-4139.15.04.

[25]	 Karnwal, A., Kumar, G., Singh, R., Selvaraj, M., Malik, T., & Tawaha, A.R.M.A. (2025). Natural 
biopolymers in edible coatings: Applications in food preservation. Food Chemistry X, 25, article 
number 102171. doi: 10.1016/j.fochx.2025.102171.

[26]	 Klein, M., Werner, C., Tacker, M., & Apprich, S. (2024). Influence of packaging design on 
technical emptiability of dairy products and implications on sustainability through food waste 
reduction. Sustainability, 16(15), article number 6335. doi: 10.3390/su16156335.

[27]	 Kucher, L., Kniaz, S., Pavlenko, O., Yavorska, N., Dzvonyk, V., Rozmaryna, A., & Yuzva, I. (2021). 
State and prospects of Ukraine’s implementation of HACCP to implement EU directives on 
food safety. European Journal of Sustainable Development, 10(3), 316-331. 

[28]	 Kudrenko, I., & Hall, L. (2024). Adoption of reusable transit packaging in US industries: A 
framework for enhanced sustainability. Review of Managerial Science. doi:  10.1007/s11846-
024-00826-1.

https://doi.org/10.3390/pr12102115
https://doi.org/10.3934/microbiol.2024017
https://repository.kpi.kharkov.ua/items/ff3c240a-daad-4d98-8004-250a85fbe04b
https://repository.kpi.kharkov.ua/items/ff3c240a-daad-4d98-8004-250a85fbe04b
https://www.gminsights.com/industry-analysis/dairy-packaging-market
https://doi.org/10.3389/fmicb.2019.02963
https://doi.org/10.29050/harranziraat.1011541
https://doi.org/10.33273/2663-4570-2018-84-4-59-62
https://doi.org/10.33273/2663-4570-2018-84-4-59-62
https://www.iso.org/standard/63504.html
https://www.iso.org/standard/63504.html
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86029
https://www.iso.org/standard/53728.html
http://eoi.citefactor.org/10.11232/2663-4139.15.04
https://doi.org/10.1016/j.fochx.2025.102171
https://doi.org/10.3390/su16156335
https://ecsdev.org/ojs/index.php/ejsd/article/view/1284
https://ecsdev.org/ojs/index.php/ejsd/article/view/1284
https://doi.org/10.14207/ejsd.2021.v10n3p316
https://doi.org/10.1007/s11846-024-00826-1
https://doi.org/10.1007/s11846-024-00826-1


Animal Science and Food Technology. 2025. Vol. 16, No. 2

126 The impact of active packaging...

[29]	 Kvasnii, L., Paslavska, V., Condra, O., & Sysyn, H. (2024). Features of the food market in the 
conditions of war in Ukraine. Scientific Bulletin of International Association of Scientists. Series: 
Economy, Management, Security, Technologies, 3(1). doi: 10.56197/2786-5827/2024-3-1-3.

[30]	 Li, Y., Weng, P., Wu, Z., & Liu, Y. (2023). Extending the shelf life of raw milk and pasteurized 
milk with plantaricin FB-2. Foods, 12(3), article number 608. doi: 10.3390/foods12030608.

[31]	 Mikus, M., & Galus, S. (2025). Extending the shelf life of apples after harvest using edible 
coatings as active packaging – a review. Applied Sciences, 15(2), article number 767. doi: 10.3390/
app15020767.

[32]	 Mirza Alizadeh, A., Masoomian, M., Shakooie, M., Zabihzadeh Khajavi, M., &  
Farhoodi,  M.  (2022). Trends and applications of intelligent packaging in dairy 
products: A review. Critical Reviews in Food Science and Nutrition, 62(2), 383-397. 
doi: 10.1080/10408398.2020.1817847.

[33]	 Nath, D., R, S., Pal, K., & Sarkar, P. (2021). Nanoclay-based active food packaging systems: 
A review. Food Packaging and Shelf Life, 31, article number 100803. doi:  10.1016/j.
fpsl.2021.100803.

[34]	 Nestlé. (n.d.). Nestlé packaging. Retrieved from https://surl.li/zubroi.
[35]	 Niaz, T., Shabbir, S., Noor, T., & Imran, M. (2022). Active composite packaging reinforced with 

nisin-loaded nano-vesicles for extended shelf life of chicken breast filets and cheese slices. 
Food and Bioprocess Technology, 15(6), 1284-1298. doi: 10.1007/s11947-022-02815-2.

[36]	 Rechun, O., & Peredriy, О. (2021). Active and reasonable food packaging. Commodity Bulletin, 
14(1), 65-77. doi: 10.36910/6775-2310-5283-2021-14-7.

[37]	 Regulation (EC) No. 1935/2004 of the European Parliament and of the Council “On Materials 
and Articles Intended to Come into Contact with Food”. (2004, October). Retrieved from 
https://eur-lex.europa.eu/eli/reg/2004/1935/oj/eng.

[38]	 Regulation (EU) No. 1169/2011 of the European Parliament and of the Council “On the 
Provision of Food Information to Consumers”. (2011, October). Retrieved from https://eur-
lex.europa.eu/eli/reg/2011/1169/oj/eng.

[39]	 Remizova, N., Korsun, А., Kalashnyk, О., & Moroz, S. (2024). Comprehensive assessment of the 
quality of Ukrainian-made sour-milk cheese. Commodity Bulletin, 17(1), 44-54. doi: 10.62763/
ef/1.2024.44.

[40]	 Semenenko, O., Marko, I., Chernyshova, I., Koverga, V., & Pekuliak, R. (2021). Methodological 
aspects of the military-economic significance of agriculture and modern problems 
of military food resources in Ukraine. Scientific Horizons, 24(8), 81-97. doi:  10.48077/
scihor.24(8).2021.81-97.

[41]	 Shebanina, O., Poltorak, A., & Chorniy, D. (2024). Global food security: Challenges in achieving 
the sustainable development goals. Ukrainian Black Sea Region Agrarian Science, 28(4), 9-20. 
doi: 10.56407/bs.agrarian/4.2024.09.

[42]	 TetraPak. (n.d.). Packaging design and ordering in My Tetra Pak. Retrieved from https://www.
tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering.

[43]	 Uzenbaev, R.A., Mardalieva, L.A., Abdiev, M.Z., Umarov, S.T., & Ergeshov, K.A. (2019). Prospects 
for development of Kyrgyzstan’s food market in the conditions of integration in the EAEU. 
Studies in Computational Intelligence, 826, 859-869. doi: 10.1007/978-3-030-13397-9_88.

[44]	 Vandana, & Sinha, K. (2019). The influence of packaging and technology on shelf-life of milk 
and milk products: An overview. Think India Journal, 22(10), 2462-2475. 

https://doi.org/10.56197/2786-5827/2024-3-1-3
https://doi.org/10.56197/2786-5827/2024-3-1-3
https://doi.org/10.3390/foods12030608
https://doi.org/10.3390/app15020767
https://doi.org/10.3390/app15020767
https://doi.org/10.1080/10408398.2020.1817847
https://www.sciencedirect.com/science/article/abs/pii/S221428942100171X
https://www.sciencedirect.com/science/article/abs/pii/S221428942100171X
https://www.nestle.co.nz/creating-shared-value/nestle-packaging
https://doi.org/10.1007/s11947-022-02815-2
https://doi.org/10.36910/6775-2310-5283-2021-14-7
https://eur-lex.europa.eu/eli/reg/2004/1935/oj/eng
https://eur-lex.europa.eu/eli/reg/2011/1169/oj/eng
https://eur-lex.europa.eu/eli/reg/2011/1169/oj/eng
https://doi.org/10.62763/ef/1.2024.44
https://doi.org/10.62763/ef/1.2024.44
https://doi.org/10.48077/scihor.24(8).2021.81-97
https://doi.org/10.48077/scihor.24(8).2021.81-97
https://doi.org/10.56407/bs.agrarian/4.2024.09
https://www.tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering
https://www.tetrapak.com/en-ua/my-tetra-pak/packaging-design-ordering
https://doi.org/10.1007/978-3-030-13397-9_88
https://thinkindiaquarterly.org/index.php/think-india/article/view/11149
https://thinkindiaquarterly.org/index.php/think-india/article/view/11149


Animal Science and Food Technology. 2025. Vol. 16, No. 2

127Sattarov et al.

[45]	 Vasuki, M.T., Kadirvel, V., & Narayana, G.P. (2023). Smart packaging – an overview of concepts 
and applications in various food industries. Food Bioengineering, 2(1), 25-41. doi:  10.1002/
fbe2.12038.

[46]	 Verbytskyi, S., Patsera, N., & Kozachenko, O. (2024). Safe shelf life of dairy products and 
innovative solutions to ensure it. In Proceedings of the 5th All-Ukrainian scientific and practical 
correspondence conference “Innovative technologies and increasing the efficiency of food 
production” (pp. 45-48). Uman: Uman National University of Horticulture. 

[47]	 Verkhivker, Y., Okulicz-Kozaryn, W., & Myroshnichenko, O. (2023). Use of consumer polymer 
C-PET containers in food production technologies. Technology Audit and Production Reserves, 
1(3(69)), 27-30. doi: 10.15587/2706-5448.2023.275074.

[48]	 Volpe, S., Valentino, M., Khan, M.R., & Torrieri, E. (2022). Application of releasing systems 
in active packaging for dairy products. In S.M. Jafari & A. Sanches Silva (Eds.), Releasing 
systems in active food packaging: Preparation and applications (pp. 353-372). Cham: Springer. 
doi: 10.1007/978-3-030-90299-5_12.

Вплив активної упаковки та нанопокриттів  
на безпеку та термін придатності молочних продуктів

Карім Саттаров
Доктор технічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0000-0002-3847-0660
Дільмурод Ешмуродов
Доктор технічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0005-3104-4609
Мохіра Маматкулова
Доктор хімічних наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0006-2805-3333
Іброхім Джулбеков
Доктор сільськогосподарських наук, доцент
Гулістанський державний університет
120100, 4-й міський район, м. Гулістан, Узбекистан
https://orcid.org/0009-0003-5254-8801
Ірина Харсіка
Асистент
Національний університет біоресурсів і природокористування України
03040, вул. Героїв Оборони, 15, м. Київ, Україна
https://orcid.org/0000-0002-2789-7757

https://doi.org/10.1002/fbe2.12038
https://doi.org/10.1002/fbe2.12038
https://www.researchgate.net/publication/385379636_Safe_shelf_life_of_dairy_products_and_innovative_solutions_to_ensure_it
https://www.researchgate.net/publication/385379636_Safe_shelf_life_of_dairy_products_and_innovative_solutions_to_ensure_it
https://doi.org/10.15587/2706-5448.2023.275074
https://doi.org/10.1007/978-3-030-90299-5_12
https://orcid.org/0000-0002-3847-0660
https://orcid.org/0009-0005-3104-4609
https://orcid.org/0009-0006-2805-3333
https://orcid.org/0009-0003-5254-8801
https://orcid.org/0000-0002-2789-7757


Animal Science and Food Technology. 2025. Vol. 16, No. 2

128 The impact of active packaging...

Анотація. Метою дослідження було визначення ефективних методів підтримки якості та 
безпеки молочної продукції шляхом використання активної упаковки та нанотехнологій. 
Методологія включала аналіз нормативних документів та сучасних тенденцій у технологіях 
упаковки, а також експериментальні дослідження з використанням контрольної та 
експериментальної груп. Дослідження показало, що молоко та сир, упаковані у стандартну 
картонну упаковку з внутрішнім шаром алюмінієвої фольги, показали середній вміст вологи 
88,2 ± 0,5 % та окисно-відновний потенціал 185 ± 2 мВ. У групі з активною упаковкою, що 
містила антиоксидантні компоненти, вміст вологи становив 87,5 ± 0,4 %, а окислювально-
відновний потенціал (ОВП) знизився до 175 ± 1 мВ. Найвищу ефективність показала упаковка 
з наночастинками срібла, де вміст вологи в молоці та сирі становив 86,7  ±  0,3  %, а ОВП 
досяг 170 ± 1,5 мВ, що свідчило про зниження рівня окислювальних процесів та покращене 
збереження продукту. Крім того, дослідження показало, що молоко та сир, що зберігалися в 
активній упаковці та упаковці з наноплівкою, демонстрували значно кращі органолептичні 
характеристики порівняно з контрольними зразками. Зокрема, смак, запах, текстура та 
колір отримали вищі бали за шкалою від 1 до 5. Для контрольної групи середня оцінка смаку 
становила 3,2 ± 0,3, для активної упаковки – 4,0 ± 0,2, а для наноплівки – 4,7 ± 0,1. Подібні 
результати були зафіксовані для запаху (3,2 ± 0,3, 4,1 ± 0,2 та 4,8 ± 0,1 відповідно), текстури 
(3,1 ± 0,4, 4,0 ± 0,3 та 4,6 ± 0,2) та кольору (3,0 ± 0,2, 4,2 ± 0,1 та 4,7 ± 0,1). Ці дані свідчили про 
значне покращення органолептичних характеристик молочних продуктів, що зберігалися 
в активній упаковці та упаковці з наноплівкою, порівняно з контрольними зразками. 
Практичне значення дослідження полягало в розробці рекомендацій для виробників 
молочної продукції щодо вибору пакувальних матеріалів залежно від строку придатності 
та умов продажу. Отримані результати можуть бути використані в харчовій промисловості 
для впровадження інноваційних технологій упаковки, а також слугувати основою для 
подальших досліджень у галузі безпеки харчових продуктів та розробки екологічно чистих 
пакувальних матеріалів

Ключові слова: інноваційні технології; промислова якість; наноматеріали; антиоксиданти; 
антимікробні властивості


