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Introduction. Titanium dioxide (TiO2) has antibacterial 
properties, but It has not been used for antibacterial films. It 
becomes necessary to study the direction of its antibacterial 
properties in packing as well as the influence of its packaging 
on the quality of food.

Materials and methods. Films based on polyvinyl alcohol 
(PVA) with various concentration of TiO2 were studied. 
Elongation, tensile strength, glass transition and melting 
temperature of the films from polymer materials were defined. 
Microbiological studies to establish inhibitory action of 
nanodispersed TiO2 powder on some pathogens were carried 
out. Antibacterial properties of TiO2 films were studied by agar 
diffusion test.

Results and discussion. Addition of TiO2 nanodispersed 
powder to the film decreases its flexibility by 20-45%, 
depending on the added amount, however improves its tensile 
strength. Moreover, adding of TiO2 powder by more than 1% 
increases the tensile strength of plastic film (46,7 MPa). The 
melting point (transition temperature to the viscous flow state) 
(175 °C) and a glass transition temperature (78 °C) were the 
best for the sample of 1% filler. The least deformation was 
observed for the same sample, indicating that most interacted 
system is associated with the maximum number of hydrogen 
bonds. The best approach was to handle TiO2 with a UV 
radiation, since this way the minimum concentration (2,5 %) of 
TiO2 suspension was used. While not conducting UV treatment, 
it was necessary to use 10 - 20% of TiO2 mixture. TiO2 
solutions do not suppress the action of fungi and yeast. TiO2 
deposited on the film inhibits the growth of bacteria (E. coli 
IEM-1, B. subtilis BT-2), growth retardation was observed.

Conclusions. Introduction of biodegradable packaging with 
antibacterial properties is necessary and requires designing or 
revising the existing regulatory documents. Low prices of 
proposed nanoparticle additives do not significantly affect the 
cost of packaging, which is extremely important in the difficult 
economic conditions.
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Introduction

Active nanocomposites are polymer composites containing nanoparticles with 
antimicrobial and antioxidant properties [1]. The priority types of nanomaterials to improve 
the barrier properties are nanoscale titanium dioxide (titanium oxide IV), zinc oxide, 
colloidal silver, nanoclay, wax and paraffin [2-4].

Titanium dioxide (TiO2) -  the white dye is widely used as an additive in foods, 
personal care products, cosmetics, and pharmaceutical shells. Other uses of TiO2 include 
antimicrobial coatings, photocatalysts for air purification and water-resistant coating of 
welding electrodes and molds, paints and others. Office for Global Operations as part of the 
Food and Drug Administration (FDA) has approved TiO2 as a food additive (dye), provided 
that the consumption does not exceed 1% of the weight of the product. Also, approved by 
the FDA shell component food products E 171 -  refer to the EU Food Additives (TiO2) as 
white color [5].

As of today, Ukraine has an official permission to use some nanostructured food 
additives in food production, synthetic amorphous silica (silicon dioxide) and titanium 
dioxide [6, 7].

TiO2 is used as a material for not only photocatalytic sterilization in pharmaceutical 
and food industries, but addressing environmental problems through photocatalytic 
decomposition of harmful organic contaminants in water and air as well as destroying a 
wide range of harmful bacteria and viruses [8]. The combination of titanium oxide 
treatment with ultraviolet (UV) radiation was proposed as one of the best technology 
disinfectants because, unlike the others, it does not form dangerous compounds [9].

Films with TiO2 are used as a self-sterilization surface due to their property to form 
reactive oxygen species (ROS) when irradiated with ultraviolet light. These ROS attack 
bacteria and kill them. It is a new way to enhance the bactericidal activity of TiO2-films
[10]. Bionanocomposites were developed by casting/evaporation of wheat gluten, cellulose 
nanocrystals and TiO2 nanoparticles. The antimicrobial activity of the coated papers, 
against Saccharomyces cervisiae, Gram-negative bacteria Escherichia coli and Gram- 
positive bacteria Staphylococcus aureus, was investigated and expressed in terms of 
reduction % of surviving number (CFU) of the tested organisms. More than 98,5% 
reduction in CFU was observed against the organisms compared to TiO2-free coated paper
[11]. A total of six different coating suspensions were prepared by mixing TiO2 
nanoparticles with three different types of binders (shellac, polyuretahne, and polycrylic) at 
a 1:4 to 1:16 to binder weight ratio. Bactericidal activity of these TiO2 coatings against 
Escherichia coli was determined at three different UV-A light intensities (0,25, 0,5 and
0,75 mW/cm2) for 3 h. The results of this study showed promise in developing durable TiO2 
coatings with strong photocatalytic bactericidal property on food contact surfaces using 
appropriate binding agents to help ensure safe food processing environment [12].

Analytical analysis of the literature showed that TiO2 has antibacterial properties, 
however studies using food and packing have not been conducted. Promising direction is to 
study the antimicrobial properties of TiO2 as a food packaging component and its impact on 
their quality.

-------Food technologies-------

Materials and methods

Packaging was made from polyvinyl alcohol (PVA) with molar mass of 10350 g / 
mol, apple pectin produced by «Cargill» with a degree of etherification of 66,9 % glycerol,

Ukrainian Food Journal. 2016. Volume 5. Issue 1 ----- 89



Food technologies

and nanodispersed powder of TiO2 (20-50 nm particle size, surface area -  50 ± 5 m2/g, 
patent PCT/US2007/025504, 06.09.2011). PVA was dissolved in hot distilled water. While 
stirring on a magnetic stirrer pectin sample was added, followed by glycerol and the full 
volume of TiO2 suspension. To prevent the formation of air bubbles in the ready-mades 
samples solutions were degassed using a vacuum. Films were then poured onto Teflon 
surface and dried at 25 °C.

The physical, mechanical and thermo-mechanical properties, namely elongation (є, 
%), tensile strength (g, MPa), glass transition temperature (Tg, °C) and transition 
temperature to the viscous flow state (Tf, °C) were studied. Determination of elongation 
and strength of the film on the break were carried on the tensile machine F-1000 without 
previous conditioning of the samples. Thermo-mechanical studies were performed by 
penetration in the uniaxial constant stress mode (g = 0,5 MPa) on the UYP-70 M machine. 
Gradual heating of the samples was carried out at a speed of 2,5 °C / min. in the 
temperature range of 0 to 350 °C. Thermo-physical characteristics established by 
differential scanning calorimetry (DSC) on the TA Instruments DSC Q 2000 instrument 
with a heating rate of 20 °C / min. in the temperature range of 20 to 250 °C. DSC data 
determined the glass transition temperature (Tg) and the glass transition interval (AT), the 
heat capacity jump (AC), as well as the melting temperature (Tf) and the melting enthalpy 
of fusion (AH). To obtain leveling background designs and achieve equilibrium state, 
samples were subjects to heating twice. Glass transition temperature (Tg) was defined as a 
midrange temperature of glass transition interval.

Inhibitory effect of nanodispersed TiO2 powder on some bacteria (E. coli IEM-1, B. 
subtilis BT-2, C. albicans D-6, A. niger P-3) was defined at the surface. In a sterile 
conditions, 1 ml suspension of the specific species of microorganisms, selected and mixed 
by pipette 0,1 ml and made the center of the frozen environment (for determining bacteria -  
MPA, fungi and yeast -  Saburo) was placed in a test tube with a solution of a certain 
concentration of TiO2. Sterile spatula was rubbed across the surface of the medium in a cup, 
placed in the thermostat at 30 °C (bacteria -  72 h., fungi -  5-7 days). Number of 
microorganisms in 1 ml was determined by multiplying the number of colonies on the 
sample dilution and dividing by the number of introduced seeds. In the absence of the cell 
growth inhibition concluded on the growth of certain microorganisms [13, 14]. Definition 
of antagonistic properties of TiO2 film was performed by agar diffusion test. In sterile 
conditions discs cut from films were imposed in the culture medium (for determining 
bacteria -  MPA, fungi and yeast -  Saburo) and put in the thermostat at 30 °C for 24 hours 
to measure the diameter of the delayed the growth of the microorganisms [14].

Results and discussion

The composition of the films, their physical, mechanical and thermal characteristics 
are shown in Fig. 1-4 and Table 1.

Results in Table 1 indicate that the introduction of additional particulate filler has led 
to a deterioration of elasticity, but for samples 1 and 2 % of TiO2 values of elongation and 
tensile strength were quite acceptable. Thus for these samples the tensile strength exceed 
the strength of plastic film (46,7 MPa), Fig. 1.
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The composition and quality of nanoparticle ТІО2 films

-------Food technologies-------

Table 1

№ Ingredients, % £, % c, MPa T °С ig, ^ О ОPVA Pectin Glycerol ТІО2
1 60,0 10 30 0,0 492 68,8 54 171
2 59,5 10 30 0,5 268 31,4 62 182
3 59,0 10 30 1,0 384 48,3 78 175
4 58,0 10 30 2,0 380 52,7 57 179
5 56,0 10 30 4,0 292 38,8 54 175

тас
a
ІЛ

'сос(U

TiO2 Content, %

a

ГЗ5Я

TiO2 Content, %

Fig. 1.
a -  tensile strength (a, MPa) 

b -  elongation (s, %) of films with different content of TiO2

Defining characteristics of polymeric materials such as Tg and Tf is important 
considering the conditions of exploitation and processing. The variation of Tg of polymer 
systems with the addition of fillers describes the interaction between the components. The 
increase in Tg is usually associated with the decreased mobility of the polymer chains and 
the flexibility of the system.

Fig. 2 shows thermo-mechanical curves of samples with different contents of TiO2. 
For the samples with 0,5 and 1 % TiO2 (curves 2, 3) observed a decrease in strain and Tg 
increase, indicating the increase in the number of hydrogen bonds between the PVA, pectin 
and TiO2, as well as the even distribution of filler without the formation of agglomerates. 
Instead, with the content of the filler 2 and 4 % increase in distortion and Tg reduction was 
likely caused by aggregation of the inorganic component.

The discrepancy between the values of Tg established by the methods of thermo
mechanical analysis and DSC (Table 2), can be explained by the peculiarities of obtaining 
samples and experimental procedure. Films formed from aqueous solutions, physically hold 
a certain amount of solvent, which has a plasticizing effect. DSC method involves cyclic 
tests, where the same sample is heated twice in the cell with its thermal characteristics 
being recorded. Accordingly, the sample loses moisture during the first cycle of heating.
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Therefore, thermal characteristics recorded from the second cycles tend to be shifted 
towards the higher temperatures. Tg temperature in the first heating cycle was identified for 
outgoing compounds only -  PVA and pectin, and the results support each other: Tg is 48 
and 47 °C for pectin and 43 and 42 °C for the plant, according to the thermo-mechanical 
analysis and DSC, respectively. The value of the melting temperature (Tm) according to 
DSC and the transition temperature (Tf) to the viscous state according to thermo
mechanical analysis are also close.

Results of the study of the physical and chemical properties of the obtained films of 
various compositions are shown in Fig. 3 (the first heating run), 4 (the second heating run) 
and in Table 2. An analysis of the Table 2 shows that the enthalpy of fusion (AH) of all 
composites is lower than the original PVA, indicating a decrease in the degree of 
crystallinity of the system.

T, ‘C
Fig. 2. Thermo-mechanical curves of films:

1 -  PVA - Pectin - Glycerol -60:10:30 (control); (2 - 5) -  with the additing of TiO2: 2 -  0,5 %; 3
-  1 %; 4 -  2 %; 5 -  4 %

25 75 125 175

T, °C

Fig. 3. DSC thermogram of the first heating run of films:
1 -  PVA; 2 -  PVA- Glycerol 70:30; 3 -  PVA - Pectin - Glycerol -  60:10:30 (control); 4, 5 -  with 

the addition of TiO2: 4 -  1 %; 5 -  2 %

92 Ukrainian Food Journal. 2016. Volume 5. Issue 1 -----



Food technologies-

25 50 75 100 125 150 175 200 225 250 

T, °C

25 50 75 100 125 150

T, °C

Fig. 4. DSC thermogram of the second heating run of films:
1 -  PVA; 2 -  PVA- Glycerol 70:30; 3 -  PVA- Pectin - Glycerol -  60:10:30 (control); 4, 5 -  with

the adding of TiO2: 4 -  1 %; 5 -  2 %

Results of the research of influence of films on glass transition temperature (Tg) and
melting temperature (Tm) are shown in Table 2.

Table 2
The value of Tg and Tm of films with various compositions

Composite
TAg- TA m
start mid. end start max. end AH,

J/g
PVA 69,1 74,8 80,4 221,3 225,5 237,5 49,5
PVA - Glycerol 70:30 41,9 46,5 51,0 199,6 216,8 236,3 30,0
PVA - Pectin - Glycerol 60:10:30

without additives 
with 1 % TiO2 
with 2 % TiO2

66,0 72,0 78,0 168,5 188,9 219,3 18,1
72,5 80,7 88,9 182,7 201,0 225,7 16,4
75,0 83,0 91,1 180,3 197,0 226,0 10,5

Determination of the inhibitory effects of nanodispersed TiO2 powder to test bacterial 
cultures was determined at the surface. As objects of study used: E. coli IEM-1, B. subtilis 
BT-2, C. albicans D-6, A. niger P-3. In sterile conditions, 1 cm3 suspension of the specific 
species of microorganisms, thoroughly mixed and selected with a 0,1 cm3 (drop) pipette 
and made the center of frozen environment was placed in a test tube with a solution of an 
appropriate concentration of TiO2 (2,5 %; 5 %; 10 %; 20 %). Sterile spatula was gently 
rubbed across the surface of the medium in a cup. Cups were then placed in the thermostat 
at 37° C for bacteria and 28 °C for the fungi and incubated for 72 hours for bacteria and 5-7 
days for fungi [13, 14]. Research of inhibitory effect of TiO2 solution to culture bacteria 
and fungi are also conducted in daylight and in the thermostat with UV radiation.

The research results appear on Table 3-5.
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Inhibitory effect of different concentrations of TiO2 solution in daylight
Table 3

Concentration of 
TiO2, %

Total bacterial count, CFU/g
E. coli ІЕМ-1 B. subtilis БТ-2 C. albicans Д-6 А. niger Р-3

2,5 8,9x104 9,8x104 7,4x 106 7,2x 106
5 6,7x104 6,9x 104 8,5x105 3,8x 104
10 + + 4,2x 106 2,2x 104
20 + + 5,3x106 3,4x 104

Table 4
Inhibitory effect of different concentrations of TiO2 solution in UV radiation

Concentration of 
TiO2, %

Total bacterial count, CFU/g
E. coli ІЕМ-1 B. subtilis БТ-2 C. albicans Д-6 А. niger Р-3

2,5 + + 4,4x 106 1,2x 105
5 + + 5x106 1x105
10 + + 4,2x 106 5,2x 104
20 + + 5,3x106 1,2x 105

Table 5
Inhibitory effect of different concentrations of TiO2 solution in the thermostat

Concentration 
of TiO2, %

Total bacterial count, CFU/g
СE. coli 

ІЕМ-1
B. subtilis 
БТ-2

C. albicans
Д-6

1n 
-3 

А. 
Р-

2,5 8,7x104 9,7x104 7,4x 106 2x 105 1,6x106
5 4,9x 104 5,5x104 3,2x 106 1,6x105 5,7x106
10 + + 2,5x106 1,6x105 1,8x10'
20 + + 2,7x106 1,1x104 2,3x105

Note. «+» -  completely overwhelming; «С» -  the initial concentration of microorganisms without 
TiO2.

Solutions of different concentrations of TiO2 in different conditions (daylight, 
thermostat 30°C, UV radiation) did not exhibit inhibitory effect on C. albicans D-6 and A. 
niger P-3, since as compared to their initial concentrations (1,8x107, 2,3x105) significant 
differences in values were not observed (Table 3-5). A small difference in values may be 
due to possible sampling of TiO2, where the content differed.

Best option is handling of TiO2 with UV radiation, because the minimum 
concentration (2,5%) of TiO2 suspension can be used this way. When UV treatment is not 
possible, it is necessary to use either 10 or 20 % of TiO2 mixture.

In addition, a study to determine the antimicrobial properties of TiO2 films by agar 
diffusion test was conducted [14]. The research results are presented in Table 6.

Table 6
Antimicrobial properties of films with TiO2

Test culture
Zone delays, mm

Control
sample!

Control
sample2 Samplej Sample2

E. coli ІЕМ-1 0,00 0,00 9 15
B. subtilis БТ-2 0,00 4 6 7
C. albicans Д-6 0,00 0,00 0,00 0,00
А. niger Р-3 0,00 0,00 0,00 0,00

Note. Control sample!, Control sample2 -  PVA-Glycerol - Pectin -  60:10:30 
Sample!, Sample2 -  with the addition to a control sample of 1 and 2 % TiO2
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Evaluating the results (Table 6), it can be concluded that the TiO2 caused in the film, 
actually inhibits the growth of bacteria (E. coli IEM-1, B. subtilis BT-2), because there are 
areas of stunted growth. The livelihood of fungi and yeast TiO2 was not affected.

Conclusions

It is appropriate to introduce packaging with antibacterial properties that would require 
designing or revising the existing regulatory documents. Proposed nanoparticle additives 
are inexpensive and do not significantly affect the cost of production, which is extremely 
important in difficult economic conditions.
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