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Abstract. Modern trends in processing, storage and packaging of food products are aimed at preserving the native properties of raw 

materials, ensuring hygienic safety, modern design and properties of the packaging material intended for the consumer. Pasteurized 

milk production includes following stages - normalization, heat treatment, packing and packaging, at which it is important to preserve 

the quality of the finished dairy product, that is why polymeric containers are used for most dairy products. The research was aimed to 

develop polymeric packaging for milk, characterized by additional material functions and capable of biological degradation after use. 

Polylactide with the introduction of an inert filler was chosen as a promising packaging material. The authors have produced electret 

films based on polylactide with the introduction of 2, 4 and 6% talc. Polarization of the samples was carried out by means of corona 

discharge on a unit with a square needle electrode with an area of 49 cm2. Increasing the talc content in the composition of samples 

contributed to the reduction of mechanical characteristics of materials. It was found that the introduction of talc into polylactide 

increases the electret properties of the material, which is based on the occurrence of additional traps of injected charge carriers. The 

developed polymeric material was tested using cow's milk industrially pasteurized at 74-76°C. Studies were conducted to evaluate the 

effect of electret polylactide film on acidity and microflora composition of pasteurized milk during storage at 37°C for 48 hours. In the 

presence of active packaging material, the formation of a dense milk clot and an increase in the acidity of the product were observed 

during the milk fermentation. 
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Introduction 

Nowadays polymer packaging is very popular 

and its production grows rapidly. Demand for polymer 

packaging is caused by its attractive appearance, easy 

handling, high performances, relatively low price, 

good physical and mechanical properties, broad 

choice of components and additives that impart  

required properties to a polymer. 

However, polymer packaging has some dis-

advantages. Recycling and polymer waste disposal 

is challenging for the industry. Some plastics, es-

pecially in laminated packages cannot be recycled 

and end up as landfill or get burned by incinerator 

that has a negative effect on the environment [1].  

Solution to the problem is production of 

packaging materials based on biodegradable poly-

mers. One of these polymers is polylactic acid or 

polylactide (PLA). 

Polylactide is universal commercial biode-

gradable thermoplastic made from lactic acid. 

Monomeric lactic acid is derived from renewable 

sources such as corn or sugar beet. Polylactide has 

good set of properties and can act as an alternative 

to traditional petroleum-based thermoplastics. This 

material is one of the most attractive biodegradable 

polymers that are used in the industry. Polylactic acid 

is applied in different spheres such as medicine, 

packaging, auto parts, etc. [2-5].  

Polylactides decompose into non-toxic prod-

ucts. Due to its biodegradation and biocompatibility 

less plastic wastes are formed if it is used. 

Another trend in packaging industry is the 

development of packaging with extra functions e.g., 

active packaging that elongates storage life of a 

product by direct effect of packaging on it. Polymer 

electrets are one of this type of materials. They can 

elongate shelf life of food without adding chemical 

agents due to negative effect of electret electric 

field on activity of microorganisms that cause food 

spoilage [6]. If we know microbiological composition 

of different food products we can predict efficiency 

of electret material application as a packaging for 

preserving food quality for a longer time. 

The objective of the paper was studying set 

of properties of packaging material based on bio-

degradable polymer. 

Materials and Methods 

The subject of research was D-polylactide 

(ρ = 1.24 g/сm3, Тg = 60 °C, Тm = 165 °C) and fine 

filler – tаlс of grade PMK-27 (ρ = 2.75 g/сm3), 

drinking pasteurized regular milk with fat content 

of 2.5%, energy value 223 kJ/53 kКаl per 100 g. 

Nutrition value of milk (per 100 g) proteins 3.0 g, 

total fat 2.5 g, carbohydrates 4.7 g. Required stor-

age condition for milk is temperature in the range 

of +2 to +6 °C. 
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Polylactide and tаlс were mixed with Brabender 
Mixer W 50 EHT. Mixing was done at a temperature 
of 180 °С during 300 s at 150 rpm blades rotation. 

Sample films with thickness of 0.5 mm were 
formed with Gotech GT-7014-Н10С according  
to GOST 12019–66 (Russian Standart). 

The films were charged with two-electrode 
negative corona discharge system. Upper charging 
electrode consisted of 196 sharp needles uniformly 
distributed in the shape of a square with a side of 7 cm. 
Distance between a sample and the electrode was 
20 mm. Polarization time was 30 s, polarization 
voltage was 30 kV. 

Surface potential Vs, electric field strength Е 
and effective surface charge density σeff were meas-
ured with IPEP-1 fieldmeter. 

Stress-strain behavior of the material was 
studied according to GOST 11262–80 with universal 
testing machine Test Р 108. 

Samples of packaging materials in the shape 
of a square with a side of 6 cm pretreated with 3% 
hydrogen dioxide solution were placed into pasteur-
ized milk complying sterility conditions. To assess  
biofilm formation polymer samples were kept in milk 
at a temperature of 37 ºС for 48 hours. After holding 
in a thermostat milk samples were examined and milk 
visual appearance was registered (presence of curd, 
whey formation, presence of milk flakes). Refer-
ence sample group was milk in sterile Petri dishes 
without packaging material. The results given below 
were an average of three replications. 

To determine lactic acid bacteria activity 
during milk souring titrable acidity was measured 
that was expressed in Turner degrees (ºТ). Micro-
biological study of biofilm of the milk microflora 
on the surface of the packaging materials was carried 
out after condition samples at 37 °C for 48 hours 
followed by washing with sterile physiological  
solution of 0.9% NаСl. Inoculation was done on 
beef-extract agar nutritive medium by the method 
of replica plating. Before microscopic analysis 
plates were incubated at 37 °C for 72 hours. 

Results 

Surface potential Vs, electric field strength Е 
and effective surface charge density σeff of PLA-talc 
compositions showed similar behavior pattern (Table 1). 
Talc content growth gradually increased electret 
properties, which reached maximum at 4% talc 
loading, followed by slight fall at higher filler content. 
So, composition of polylactide and 4 vol.% talc had 
the highest and the most stable electret properties. 

Table 1.  
Electret properties of PLA-talc compositions  

on 60th day after charging  
Sample Vs, kV Е, kV/m σeff, µC/m2 

PLA 100% 0.3 19.97 0.15 
PLA + 2% talc 0.43 27.93 0.25 
PLA + 4% talc 0.52 39.07 0.35 
PLA + 6% talc 0.39 26.67 0.20 

Stress-strain behavior is important parameter 

for polymer packaging. Table 2 illustrates that talc ad-

dition slightly reduced performance of the material. 

Table 2.  

Stress-strain behavior of PLA-talc compositions  
Sample σUTC, MPa ε,% 

PLA 100% 47.60 7.50 
PLA + 2% talc 42.98 5.13 
PLA + 4% talc 41.49 4.53 
PLA + 6% talc 50.51 6.13 

 

Titrable acidity is an indicator of milk qual-

ity and bacterial counts (table 3). 

Table 3.  

Milk acidity (ºТ) during conditioning  

at a temperature of 37 ºС in the presence  

of polymer packaging materials  

Sample 
Cultivation duration, h 
0 24 48 

Reference (pasteurized milk) 16 ± 2 67 ± 4 125 ± 4 
Polyethylene 16 ± 2 29 ± 4 101 ± 5 
PLA 16 ± 2 36 ± 3 109 ± 2 
PLA + 4% talc (electret) 16 ± 2 78 108 ± 3 

 
When active polylactide packaging was in-

serted in milk, dense milk curd was formed during 
the process of milk souring at a temperature of 37 ºС 
(figure 1). When polyethylene and uncharged  
polylactide films were used, small curds and milk 
protein flakes were formed (figure 2). 

  

Figure 1. Milk curd in 
the presence of electret 
polylactide + 4% talc 

packaging 

Figure 2. Milk curd in 
the presence of untreated 

polylactide packaging 

Discussion 

Electrets are dielectric materials that keep 
polarization state (ordered reorientation of mole-
cules in the substance or material) even without ex-
ternal electric field. Electret properties of polymers 
depend on multiple factors – type of a polymer,  
polarization parameters, storage conditions, etc. 
Polylactide charges badly by the method of the  
corona discharge. However, electret properties  
of a polymer can be enhanced by filler loading and 
production of polymer composite materials. 

To improve polylactide electret properties 
fine talc was added. It was chosen due to its availabil-
ity and suitability for food industry. Talc loading into 
the polymer resulted in higher and more stable 
electret properties (Table 1) that is consistent with 
the previous research [7, 8]. 
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Slight reduction of stress-strain properties 
when talc was loaded into the polylactide can be 
caused by the fact that talc particles do not deform 
together with polymer matrix due to great difference 
in their elasticity moduli. It resulted in appearance of 
new cracks and overstresses at polymer-filler inter-
face boundary and loosened composite material. 

The best electret properties were shown by 
composition of PLA and 4% talc. That’s why this 
composition was chosen for the study of the material 
as the milk packaging. 

Dairy product quality, economic efficiency 
of production and food industry sustainability depend 
largely on bacterial contamination of a feedstock 
and contact surfaces throughout all production stages. 
Bacterial biofilms emerge in all stages of milk  
production during 12 hours. Bacillus cereus and 
Enterococcus faecalis are the most common micro-
organisms contaminating surfaces of the equipment 
and form dense biofilms [9--12]. 

Presence of the biofilms in milk medium  
affects storage life of the final products and, there-
fore, we were interested in the aspects of bacterial 
colony development on the surface of packaging 
materials in the context of food hygiene. 

Ability of microorganisms to attach and 
grow on food and food-contacting surfaces under 
favorable conditions gains special interest. Biofilm 
formation is a dynamic process; attachment and 
growth require different mechanisms. If microor-
ganisms are not completely removed from food-
contacting surfaces, it may give rise to biofilm  
formation and increases boitransfer potential [13-17]. 

The right choice of packaging material  
and its cleaning and disinfection method positively 
affects biocontrol and biofilm formation, that  
provides quality and safety of food. 

Microbial diversity of biofilms was esti-
mated by culture-dependent method. Microscopic 
examination of inoculated biofilm samples from 
the surface of packaging materials revealed differ-
ences in morphological structure of the film. Sam-
ples from the surfaces of standard commonly-used 
polyethylene and untreated polylactide had prevail-
ing sporogenic rod-shaped bacteria that formed on 
the nutritive medium white colonies with folded 
center and undulate margin. These are representa-
tives of putrefactive aerobic bacteria Bacillus that 
cause food spoilage when stored under aerobic 
conditions. Sporogenic rod-shaped bacteria have 
proteolytic power and peptonize milk. 

Bacteria associated with milk fermentation 

were dominating on the surface of active polylactide 

packaging material. Typical representatives of milk 

microflora were revealed – gram-positive cocci  

arranged in pairs or chains, asporous non-motile 

gram-positive rods arranged in pairs or chains. Lac-

tic acid bacteria colonies dominated in microbiota 

of the biofilms, with minor presence of sporogenic 

bacteria and gram-negative rod-shaped bacteria. 

Well-known microorganisms that cause milk spoil-

age at production site include such bacteria as Ba-

cillus (predominantly B.cereus) and Pseudomonas. 

Pseudomonas strains can form biofilm in dairy 

products at 30 °С in 48 hours of incubation [18-22]. 

The obtained microscopic results are compliant 

with high acidity of milk in the presence of electret 

polylactide packaging. It wаs78ºТ at 24th hour and 

at the end of the experiment this value was 109ºТ 

(Table 3). It is due to lactic acid bacteria growth is 

accompanied by lactose fermentation and lactic acid 

formation. Titrable acidity reduction by 14% com-

pared to reference milk samples was registered. 

Milk acidity growth of biofilms on polyeth-

ylene packaging was slow (29 ºТ at 24th hour of 

conditioning) that is related to prevailing of putre-

factive sporogenic bacteria in the community and 

replacement of typical lactic acid bacteria. Initial 

pasteurized milk acidity was 16ºТ that corresponds 

to regulatory requirements. 
Dense milk curd formed during the process 

of milk souring in the presence of electret polylac-
tide + 4% talc packaging (figure 1) was the product 
of lactic acid bacteria activity, while small curds 
and milk protein flakes (figure 2) indicated growth 
of microorganisms that cause food spoilage. 

Therefore, electric field of the electret pack-
aging material inhibited growth of bacteria contam-
inating dairy production. 

Conclusion 

Thus, electret material prevented activity of 
saprogenic bacteria on its surface, while biofilm 
with prevailing lactic acid bacteria was formed. 
Dense milk curd formation was registered at con-
ditioned milk souring that corresponded to high 
milk acidity. 

Active electret packaging based on compo-
sition of polylactic acid and talc preserves natural 
flora of pasteurized milk and prevents growth  
of microorganisms that spoil food. 
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Активный упаковочный материал на основе биоразлагаемого 

полимера 
Аннотация. Современные тренды переработки, хранения и упаковки пищевых продуктов направлены на сохранение нативных 

свойств сырья, обеспечить гигиеническую безопасность, современный дизайн и свойства упаковочного материала, 

предназначенного для потребителя. В технологическом процессе производства пастеризованного молока выделяют стадии 

нормализации, термической обработки, расфасовки и упаковки, на которых важно сохранить качество готового молочного 

продукта, поэтому для большинства молочных продуктов используют полимерную тару. Целью исследования является 

разработка полимерной упаковки для молока, отличающейся дополнительными функциями материала и способной к 

биологической деструкции после эксплуатации. В качестве перспективного упаковочного материала выбран полилактид с 

введением инертного наполнителя. Авторами были изготовлены электретные пленки на основе полилактида с введением 2, 4 и 

6% талька. Электретирование образцов проводили при помощи коронного разряда на установке с квадратным игольчатым 

электродом площадью 49 см2. Увеличение дозировки талька в составе образцов способствовало снижению механических и 

прочностных характеристик материалов. Установлено, что введение талька в полилактид повышает электретные свойства 

материала, что основано на возникновении дополнительных ловушек инжектированных носителей зарядов. Объектом 

тестирования свойств разработанного полимерного материала выбрано коровье молоко, промышленно пастеризованное при 74-

76°С. Проведены исследования по оценке влияния электретной полилактидной пленки на кислотность и состав микрофлоры 

пастеризованного молока в процессе хранения при температуре 37°С в течение 48 часов. В присутствии активного упаковочного 

материала отмечено образование плотного молочного сгустка и увеличение кислотности продукта при сквашивании молока. 

Ключевые слова: полилактид, короноэлектреты, активная упаковка, молоко. 
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