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INTRODUCTION

Research problem and relevance of the work. Nowadays, the textile and
clothing industry is increasingly confronted with terms of sustainable
development, sustainable consumption, or alternative materials. Over the past
decade, scientists and designers have focused on environmentally friendly
products, developing new materials that have exceptional functional properties
and are applicable beyond traditional fields. These studies are closely linked to
depleting energy resources, ecological problems, over-consumption, large
amounts of waste, air pollution, etc. The textile and clothing industry is vital to
the global economy; thus, it is important to use and research cleaner, renewable,
and environmentally friendly materials. One of them is cellulose, which is
known as the most abundant polymer on earth with the total annual biomass of
about 1.5 x 1012 tons; the cellulose fibers have excellent mechanical and
physical properties, but require soil, sunlight, carbon dioxide to grow, and water.
Bacterial cellulose, meanwhile, is a unique material that does not require soil,
sunlight, pesticides, or large amounts of water to grow. Bacterial cellulose can be
extracted all year round by fermentation in a special medium that can be
produced using waste from the food and beverage industry. Based on the
research, it can be observed that due to its unique structure and unique
properties, this material is perfectly integrated into biomedicine, paper, food, and
others. Industries, projects are being developed, and this research has been
carried out in order to apply bacterial cellulose film to the clothing industry.

The bacterial cellulose film could be a great alternative to address the
challenges facing the textile and fashion industries. The potential of bacterial
cellulose is increased by the fact that this material is not new in other fields, and
based on the already known research, it can be stated that the technology of
bacterial cellulose production complies with the principles of ecology and
sustainability, has no negative impact on the environment, and is not harmful to
human health. Bacterial cellulose is biodegradable, which is closely related to
responsible and conscious consumption. The use of bacterial cellulose for the
production of organic clothing would allow "as much" material to be "grown" as
needed, and at the end of its useful life, such clothing would break down easily
or could be used as compost, thus avoiding waste and reducing environmental
pollution.

Despite the advantages of bacterial cellulose film, its application in
garment manufacturing has not been extensively investigated yet. Bacterial
cellulose is studied by modification or used as a raw material, but untreated
bacterial cellulose has been insufficiently studied: its longevity, technological,
some physical, or morphological properties, etc. are not known. In most cases, in
research and ongoing projects, bacterial cellulose film is grown in standardized
media, but the properties of bacterial cellulose film grown in Kombucha drink
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have not been extensively studied. In the last decade, Kombucha drink has
become a popular commercial product, in the production of which the film
formed on the surface of the drink is discarded as a by-product. In order to avoid
it, this waste can be used purposefully; thus, it is important to study the
characteristics of bacterial cellulose film grown in Kombucha beverage medium,
the influence of chemical treatment processes on its properties, the physical
properties of the film and evaluate its applicability.

The aim of the dissertation is to evaluate the possibilities of application of
untreated bacterial cellulose obtained during Kombucha fermentation in the
clothing industry and determine the influence of washing and chemical
treatment processes on the properties of the film.

The objectives of the research:

1. To evaluate the influence of fermentation conditions, drying temperature,
storage time and temperature on the properties of untreated bacterial
cellulose film;

2. To determine the influence of washing methods and duration on the
morphological and physical properties of bacterial cellulose film;

3. To determine the influence of 1,3-dimethylol-4,5-dihydroxyethylene urea
concentration on the morphological and physical properties of bacterial
cellulose film.

Scientific novelty and practical importance. Recently, the demand for
organic materials has increased significantly due to the environmental reasons.
Companies, designers and scientists are intensively looking for alternative
sources of materials and their application in daily lives. One of the most
important industries for the economy is the textile and clothing industry, where a
growing interest in sustainable and environmentally friendly materials is
developing; thus, it is vital to find and research materials that are less pollutant
and can replace the traditional textiles used nowadays. Based on these important
facts, it can be stated that the dissertation presents relevant tricks that contribute
to the projects presented to the public and continue this idea. The dissertation
provides a broader and more detailed analysis of the bacterial cellulose film,
performed experiments that have not been performed yet, compared to the works
of other scientists. The bacterial cellulose film extracted during the natural
fermentation of the widely known Kombucha drink is unique in its production
process. Bacterial cellulose is known to have excellent physical properties and
could contribute to the list of sustainable materials in the textile and clothing
industry. However, it is the bacterial cellulose film grown in Kombucha beverage
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medium that has not been sufficiently studied yet, and there is a lack of research
and information on the characteristics of this material for its application in the
clothing industry. The dissertation research provided an assessment and
recommendations for the application of unprocessed bacterial cellulose to the
clothing industry: the physical properties of the bacterial cellulose film were
determined, in which different ingredients were added to the culture medium to
expand the color gamut of the film. The whole washing process of the bacterial
cellulose film was investigated as well, and the effective washing time of 8 hours
using 0.5% NaOH solution was determined. It was found that after washing the
bacterial cellulose film, its crystalline phase increases, as a result of which the
tensile strength of the film increases 3 times, but the deformation decreases 6.5
times. Water vapor permeability is as well reduced by 82.0%. After evaluating
the results of the experiments, the most efficient storage conditions of untreated
bacterial cellulose film in a cool (+4.0 °C) environment and the most suitable
drying temperature, taking into account the physical properties of the bacterial
cellulose film (25.0 °C), the proposals for further experiments were made. The
studies analyzing bacterial cellulose film treatment processes using the
traditional textile chemical reagent 1,3-dimethylol-4,5-dihydroxyethylene urea,
and it was found that the use of the chemical reagent restores the amorphous
areas of the bacterial cellulose film, resulting in improved deformation
characteristics (90.0%) and water conductivity vapor rates (80.0%).

Approbation of the research results. 5 scientific publications were
published on the topic of the dissertation, of which 3 publications were published
in the Clarivate Analytics Web of Science database with citation index, 1
publication in the Clarivate Analytics Web of Science database without citation
index, 1 publication conference proceedings. The results of the research were
published in 10 international conferences.

Structure of the dissertation. The dissertation consists of an introduction, 3
chapters, conclusions, a list of references (279 positions), a list of published
scientific works, appendices. The volume of the dissertation is 110 pages; they
contain 41 figures, 32 tables, 13 formulas.

CONTENT OF THE DISSERTATION

The introduction of the dissertation introduces the advantages of bacterial
cellulose film as an alternative material and the issue of lack of research. The
research problem and the relevance of the work are discussed; the aim of the
work is formulated; the tasks of the work are set; the scientific novelty of the
work, practical value and the author's contribution are discussed.



1. LITERATURE REVIEW

The first chapter of the literature review presents the challenges and solutions
for sustainable development and sustainable use in the fashion industry,
properties of alternative materials, areas of application, advantages and
disadvantages, methods, properties, areas of application and limitations of
bacterial cellulose production and processing.

2. RESEARCH METHODOLOGY

The second chapter, methodological part, provides information about the
research object, cultivation culture, cultivation medium and conditions,
technological treatment conditions and regimes.

Experimental materials

A bacterial cellulose film formed during the fermentation of the beverage by a
symbiosis of acetic acid bacteria and yeasts is shown in Figure 1.

BC film growth medium is prepared from 1 | of boiled water, 4 g of green tea
(100.0% Ceylon green tea “Impra royal elxir green”, Sri Lanka), 100 g of
sucrose (Dansukker, “Panevézys plus sugar”, Lithuania) and 100 ml 6.0% apple
cider vinegar (apple cider vinegar “Extra line”, Lithuania). Kombucha tea
mushroom (MB Arbatologija, Lithuania) is placed in a culture medium at a
temperature of 20.0 °C. The fermentation is carried out in a standard
environment (temperature 20.0 = 2.0 °C and relative humidity 65.0 + 5.0%).
After 7 days, a floating, gel-like film of material (Fig. 1 a) forms on the surface
of the growth medium, the thickness of which increases with increasing growth
time.

a

Fig. 1. Bacterial cellulose membrane: a) during growing process, b) in wet state, ¢) in dry
state

In order to investigate the color change possibilities of BC film, the film
was grown by the same method, but the composition of the growth medium was
changed by introducing a color-giving component (Table 1).



Table 1. BC film growth medium

Code of samples
Ingredients Amount
BC_T, BC_T, BC_T,

Boiled water 1000 ml X X X
White sugar 100 g X X X
6.0% apple cider vinegar 100 ml X X X
Green tea 4¢g X X
Kombucha tea mushroom 1 piece X X X

Rosehip tea* 4¢g X
Beetroot juice®* 600 ml X
Lemon juice*** 40 ml X

* Rosehip Petal Tea, Sudan.
** Beetroots, Lithuania.

**%* Lemons, Argentina. The juice was pressed by the author with professional
multifunctional citrus fruit juicer "ZYLE ZY503CJ".

In order to evaluate the efficiency of the sucrose source, BC film was
grown by the same method, but the sucrose source was changed in the growth
medium as shown in Table 2.

Table 2. Sucrose sources used in BC film growth medium

Code of samples Sucrose source
BC_Ssc White sugar
BC_Src Brown sugar*
BC_Srr Fructose**
BC_SaL Glucose***

* Brown cane sugar "Alvo", Mauritius.
** Crystallized fructose "Alvo", Turkey.
**% Glucose "Skangja", Lithuania.




For testing, the BC film is prepared by washing it to remove organic
impurities. Initially, the samples were washed under running tap water and
treated with two different methods, i.e., deionized water and a weak alkaline
solution (Table 3). Deionized water and alkaline solution were changed after 1,
2, 4, and 8 hours. After the washing procedure, the samples are removed from
the solutions, washed with deionized water, and blotted dry with a paper towel to
remove excess moisture.

Table 3. BC film washing methods

Code of samples Washing method
BC PDm20o BC washed with deionized water in a water bath with shaker
for up to 24 hours at 30 = 0.2 °C at 120 rpm
BC_PDnuon BC washed with 0.5% NaOH in a water bath with shaker for
up to 24 hours at 30 + 0.2 °C at 120 rpm

Following the washing procedure, the samples were treated with 1,3-
dimethylol-4,5-dihydroxyethylene urea (DMDHEU), commercially known as
Arkofix (ARKOFIX NZK LIQ M1000, Switzerland), which is used to finish
traditional textiles. The BC washed samples were soaked for 8 hours (10 minutes
in the case of BC film shredding) in the prepared solution: 100 g / | DMDHEU
and 15% magnesium chloride (MgCl2) (Sigma-Aldrich) from DMDHEU
concentration, which was used as a catalyst. DMDHEU concentrations varied by

5.0%, 10.0%, and 20.0% (Table 4).
Table 4. BC film treatment methods

Code of Washing Treatment Drying
samples
BC _PDAs BC washed with 0.5% | 5.0% DMDHEU and Laboratory oven,
NaOH in a water bath 15.0% MgCl, from 25.0£1.0°C+4
with shaker for up to DMDHEU minutes at 150.0 °C
24 hours at 30 £ 0.2 °C concentration, for 8
at 120 rpm hours
BC_PDA1o BC washed with 0.5% | 10.0% DMDHEU and Laboratory oven,
NaOH in a water bath 15.0% MgClz, from 25.0£1.0°C+4
with shaker for up to DMDHEU minutes at 150.0 °C
24 hours at 30 £ 0.2 °C concentration, for 8
at 120 rpm hours
BC_PDAx BC washed with 0.5% | 20.0% DMDHEU and Laboratory oven,
NaOH in a water bath 15.0% MgClz, from 25.0£1.0°C +4
with shaker for up to DMDHEU minutes at 150.0 °C
24 hours at 30 £ 0.2 °C concentration, for 8
at 120 rpm hours

10




Table 5. Method for drying BC samples

Code of samples Drying method
BC NN -

BC ND2s Laboratory oven, 25.0+£1.0 °C, up to 30
hours

BC NDso Laboratory oven, 50.0+£1.0 °C, up to 10
hours

BC ND7s Laboratory oven, 75.0+1.0 °C,up to 5
hours

After washing and treatment procedures, BC samples were dried by
convection drying (Table 5).

Experimental methodology

Prior to the BC film determination experiments, all samples were stored
for 24 hours under standard climatic conditions according to the standard LST
EN ISO 139: 2005 [1].

The thickness 4 of each bacterial cellulose sample was measured with a
digital indicator DPT 60, with an accuracy of 0.01 mm.

The mass m of the wet and dry BC samples is measured on a Kern EG-N
laboratory balance, to the nearest of 0.001 g.

The thickness of the BC film fibers was measured using SEM images with
CorelDraw X7 software.

The values of diameter d (mm) of the samples in 4 places were measured
using a ruler accurate to 0.5 mm, and their average was determined.

In order to determine the color of the BC film specimens, the specimens
were scanned with an EPSON Perfection V370 Photo scanner at a color image
resolution of 600 dpi. After calculating the RGB values of each sample, the
colors that corresponded to the calculated RGB values of each sample were
described using Color Schemer Online V2.

For the BC film sample bonding experiments, the samples were prepared
by the following methods.

For thread splicing experiments, the specimens were sewn on a Juki DDL-
888 industrial sewing machine with black polyester thread Amann Saba C80, no.
0348, class 1 overlay seam with parameters: needle number - 90 Nm, stitch
density - 4 cm’, seam width - 10 mm. The tensile characteristics of these
specimens were determined in accordance with LST EN ISO 13935-1: 2001 [2].

The samples were bonded using adhesive (Table 6). BC specimens
prepared according to the conditions described above were joined by an
interlocking joint with an overlap size of 10 mm. An adhesive made of potato
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starch (Aloja-Starkelsen, Latvia) was used to join the samples. When the samples
were bonded without adhesive, the wet BC samples were stacked on top of each
other that the edges overlap by 10 mm. Pressures of 0.02 MPa and 0.06 MPa
were used to join the samples.

Table 6. BC film sample bonding parameters

Code of Drying Drying Group 1 Group II | Group III
samples | temperature, T time, ¢ Pressure, | Pressure, | Pressure,
MPa MPa MPa
BC_JS2s | Laboratory oven, 24 h. 0.00 0.02 0.06
25.0£1.0 °C
BC JSso | Laboratory oven, 8 h. 0.00 0.02 0.06
50.0+1.0 °C
BC JS75 | Laboratory oven, 6 h. 0.00 0.02 0.06
75.0+1.0 °C

The hardness of BC samples was determined according to the LST EN
ISO 868: 2003 standard [3] with a Mitutoyo 811-332-10 hardness tester (KTU,
MIDF) according to Shore, measuring scale A.

Water vapor transmittance rate (WVTR) and water vapor permeability
(WVP) were tested in a desiccator according to ASTM E96 / E96M-10 [4].

The water absorption capacity (WAC) was tested according to ISO 20158:
2018 [5].

The wettability of BC film samples was evaluated by measuring the
contact angle (CA) using a PG-3 pocket goniometer according to ISO 15989:
2004 [6].

When testing the moisture content of BC samples according to ISO 585:
1990 [7], the mass of wet samples was measured at different time intervals of the
wash cycle (0, 0.5, 1, 4, 8, and 24 hours).

The tensile characteristics of BC film were determined using a TINIUS
OLSEN H10 KT tensile testing machine according to LST EN ISO 527-3: 2018

[8].

[9].

A scanning electron microscope (SEM) was used for morphological
studies of BC film and performed with FEI Quanta 200 FEG (KTU, Institute of
Materials).

The qualitative analysis of the chemical structure of BC film was
performed using Fourier transform infrared spectroscopy (FTIR).

The thermal characteristics of the BC film were investigated by
differential scanning calorimetry (DSC) using a Universal V4.1D heat analyzer
(TA Instruments, USA).

Shear strength characteristics were determined according to LST EN 1465
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An X-ray diffractometer (XRD) Bruker SMART X2S analysis was used to
describe the crystalline and amorphous regions of the BC film as well as the
degree of crystallinity.

3. RESULTS OF INVESTIGATIONS
3.1. Analysis of the properties of untreated bacterial cellulose film

Figure 2 shows the results of the density and the yield of the BC film
grown using a different source of sucrose in the growth medium.

B -
= = 9 9
: ﬂ ﬂ 1P
a
N v ) < Q-

ST 5 S &F 7
Q Q ¥R Q Q Q Q

a b

Fig. 2. BC film density (a) and yield (b) using different sucrose sources in the culture
medium

The highest values of density and yield of the BC film obtained during the
fermentation were obtained in the growth medium using white sugar (BC_SBC)

and glucose (BC SGL), and the lowest using brown sugar (BC _SRC) and
fructose (BC_SFR).

3.1.1. Bacterial cellulose fermentation medium and color

As shown in Figure 3, the density of green tea (BC Tza) in the medium
and the amount of BC material grown were the highest at 9.2 g/m? and 0.42 g/1,
respectively. For the preparation of the medium using rosehip tea (BC Tka), the
density index was 4.1 g/m?; the amount of grown material (yield) was lower 0.29
g/l. When trying to grow BC film using beetroot juice (BC_Tgs), the density of
BC film was the lowest 3.5 g/m?, and the yield was 0.15 g/l. The results showed
that in this experiment, lower values of BC content were obtained after the
introduction of rosehip tea and beetroot juice into the growth medium comparing
with the usual medium with green tea.
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Fig. 3. BC film density (a) and yield (b) indicators when grown in different media

The thermograms of the DSC experiment show (Fig. 4) that different BC film
growth media influence the structure of the grown material. The change in
endothermic reaction peaks from 114.59 °C (BC Tgs) to 164.11 °C (BC _Tza)
can be attributed to the higher crystalline areas discussed later, obtained by

growing BC film in the conventional medium with green tea without colourful
additives.

Heat Flow, (W/G)
0.0
-0.5-
164.11°C

BC_TZA

-1.0 — BC_TKA

—BC_TBS

114.59T
-1.5 - - - -
0 50 100 150 200 250
ExoUp Temperature, °C Universal V4.5A TA Instruments

Fig. 4. DSC thermograms for samples BC_Tza, BC_Tka, and BC_Tss
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Table 7. Mechanical characteristics of BC film

Parameter BC_Tss BC Tka BC Tza
Tensile strength o, MPa 9.08+4.68 11.86+3.79 19.14+2.98

Strain &, % 9.90+£3.27 23.80+2.86 34.80+5.34
Tensile modulus £, MPa 1.21 1.09 1.78

From the tested specimens, the lowest tensile strength was determined for
BC_Tgs specimens (9.08 MPa) and the highest for BC_Tza specimens (19.14
MPa), for which the elongation values were the highest as well 34.80% (Table
7). The comparison of results with other studies confirmed that BC film is a
sufficiently strong and elastic material, but the introduction of color additives to
the culture medium may impair both its strength and the deformation properties.

3.1.2 Influence of storage conditions and duration on the properties of
bacterial cellulose film

It has been investigated that the change in tensile strength, depending on
the storage conditions of the BC film (Table 8), decreases uniformly when the
samples are stored at 23 + 1 °C. The initial tensile strength of the specimens was
79.23 MPa, which decreased to 24.37 MPa in 10 days, to 21.79 MPa in 20 days,
and decreased to 15.62 MPa in 30 days. Thus, the strength of the samples
decreased by around 80.0% within 30 days. Meanwhile, BC film samples were
stored in a cool environment at +4 °C; the tensile strength decreased as well, but
not that significantly, i.e., to 58.63 MPa in 10 days, to 63.10 MPa in 20 days, and
to 30.92 MPa in 30 days. When the specimens were stored in a cool environment
for 30 days, their tensile strength was reduced by 61.0%.

Table 8. Tensile characteristics of tested specimens

Code of samples Tensile strength 6, MPa Elongation &, %

BC SSk 79.23+3.54 23.85+4.21
BC SSnio 24.37+4.85 6.01+5.01
BC SSn20 21.79+2.48 3.85+2.65
BC SSnso 15.62+3.95 4.21+1.23
BC SSsio 58.63+2.93 15.72+3.56
BC SSs20 63.10+5.96 17.10+4.89
BC SSs30 30.92+3.84 8.40+2.78

As it can be seen, the BC film retains its mechanical properties better
when stored in a cool environment.

3.1.3. Determination of characteristics of bacterial cellulose film bonding

When sewing BC film samples, the sewing machine did not always
manage to obtain high-quality compounds: the layers of material slipped and
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stretched. The average tensile strength of the class 1 overlay was 14.8 MPa, and
the elongation was 40.9%. It has been observed that BC film specimens were
missing at the seam joint, indicating that the suture compromised the integrity of
the material. This indicates that the BC film is weaker than the seam, but the
material deforms better.

The highest shear strength was when the specimens had been dried at 50
°C (BC_JSsp). When the samples had been dried at 25 °C, 75 MPa (BC _JS»s)
was determined, and at the highest temperature of 75 °C, the shear strength of
the dried samples was the lowest (BC_JS7s). It cannot be said that high drying
temperatures are unsuitable for obtaining reliable adhesion of compounds,
because samples tht had been dried at high temperatures were in many cases
lacking in adhesion.

When evaluating the elongation at break of these specimens, it has been
observed that the higher is the drying temperature, the lower is the elongation at
break. When dried at 25 °C, the elongation at break was 28.0%, at 50 °C, it was
12.0%, and for samples dried at 75 °C, it was 9.0%. This confirms the results
described above that the film loses its deformation properties at high
temperatures.

The mechanical characteristics were evaluated as well for the specimens,
which were bonded using different pressure. Figure 5 shows that the maximum
shear strength of the compounds (30.61 MPa) was determined for the specimen
joints, using 0.06 MPa pressure and drying at 25 °C, which is almost 6 times
higher than for the specimen joints without pressure.

The lowest shear strength was found in all the cases for compounds
formed without the use of pressure, but even the lowest pressure allows the
formation of compounds with significantly higher shear strength, leading to the
conclusion that pressure has a positive effect on bonding, and the BC film
adheres more reliably. Comparing the samples with the previous studies, it has
been observed that although high temperature affects the mechanical properties
of the BC film negatively, the values of the bond strength increase almost 6
times with the use of pressure.
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Fig. 5. Influence of pressure on shear strength of BC film bonding

The maximum shear strength of BC film specimens dried at 50 °C was
43.37 MPa (BC_JAs), using a natural adhesive to join the BC film specimens.
The results show that low temperature is not suitable for the specimens, as the
strength of the compound with the adhesive layer is determined to be the lowest
(8.06 MPa); these specimens of the compounds break rapidly through the joint.
At 75 °C, the specimens were joined tightly enough; it breaks not through the
joint, but when the BC film is disintegrated. Thus, the compounds that are
stronger than the formed material have been created.

It has been observed that the higher is the temperature at which the
samples are dried, the worse are the deformation properties of the compounds.
Although the adhesive bond in the compound was not strong at 25 °C, the
deformation properties remained best, and the elongation at break was 14.26%, it
decreased to 13.28% at 50 °C, and 12.94% at the temperature of 75 °C. The
elongation results of the compound confirmed that the mechanical properties of
the BC film deteriorated at high temperatures, and the film became brittle,
although the adhesive bond in the compound that had been formed at 50 °C was
reliable and had the highest tensile strength.

3.1.4. Influence of drying temperature on bacterial cellulose film properties

The change in the thickness of the samples was evaluated during the
drying process (Table 9). An average reduction in thickness of 87% was
recorded when drying until the sample gained a constant mass. The drying of the
samples at room temperature decreased the most by 97%, drying at 25 °C by
84.0%, at 50 °C by 89.0%, and at 75 °C by 80.0%.
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Table 9. Influence of drying process on BC film mass, geometric changes, and hardness

Parameter BC ND»s BC NDs BC NDss
Drying temperature, ¢ °C 25.0+1 50.0+1 75.0+1
Mass of the wet sample, g 141.32 190.76 152.33
Mass of the dry sample, g 120.82 175.12 134.50
Change in mass, % -85.542.63 -91.80+4.25 -88.342.85
Thickness of the wet sample, mm 0.43 0.53 0.79
Thickness of the dry sample, mm 0.36 0.47 0.63
Change in thickness, % -83.9+6.85 -88.60+3.78 -79.6+4.25
Diameter of the wet sample, mm 14.60 17.70 15.40
Diameter of the dry sample, mm 14.59 17.69 15.39
Shrinkage, % 0.04+0.32 0.05+0.45 0.03+0.14
Hardness (Shore A), % 41.0+£2.34 46.0£1.36 61.0+3.48

The shrinkage of the longitudinal dimensions of the specimens (diameter
was measured in the case of round specimens) during drying was recorded as
well, which was insignificant, i.e., 0.02%, when the specimens were dried at
room temperature, 0.04% when drying at 25 °C, 0.05% by drying at 50 °C, and
0.03% by drying at 75 °C. It has been observed that the higher is the temperature
at which the samples are dried, the more uneven the surface of the samples is
fixed after drying.

3.1.5. Dependence of mechanical characteristics on BC drying temperature
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Fig. 6. BC tensile strength and strain curves of initial zone: (a) BC specimens dried at
different temperatures, (b) wet specimens

In Figure 6 (p. 18-19), the initial zone of tensile strength and strain curves
is presented, which shows the behavior of the material under the influence of low
tensile forces. The tensile strength values of the wet specimens (BC_NN) were
found to be the lowest of all the tested specimens, i.c., 0.4 MPa, but the
elongation value of the gel-like material was high (37.9%), and the low modulus
of elasticity was 0.40. The samples dried at 25 °C and 50 °C as well have low
modulus of elasticity and are continuous, ranging from 18.8% to 23.9% in the
absence of elongation. Dried specimens have much higher tensile strength values
than the wet specimens, i.e., 17.30 MPa (BC_NN) and 27.9 MPa (BC_NDys).
BC_NDys specimens dried at 75 °C showed the lowest tensile strength, and the
lowest elongation at 12.80 MPa and 4.5%, respectively, these specimens have
the highest hardness due to high temperature drying.

3.1.6. Evaluation and recommendations for the application of untreated
bacterial cellulose for the clothing industry

Based on the results of the previous studies, it is recommended to ferment
the bacterial cellulose film samples using white sugar and green tea to ensure the
most efficient film growth and obtain a purer form of cellulose, to choose cool
(+4 °C) conditions for storage of prepared specimens to maintain the positive
properties of the film for longer than under standard room conditions. It is
advised to not use threaded bonding of bacterial cellulose films for untreated
film, but consider leaching impurities in the bacterial cellulose film that interfere
with quality thread bonding. It is recommended to use 0.06 MPa pressure when
gluing the specimens together, select temperature up to 50 °C when bonding
samples with the adhesive. It is recommended that samples of bacterial cellulose
film should be dried at 25 °C to preserve its mechanical properties.

19



Consideration should be given to studies in order to control the thickness of the
bacterial cellulose film and its distribution in the sample. Further experiments
and cultivation of bacterial cellulose film were carried out according to the
prepared recommendations.

Assessing the results, it can be concluded that untreated bacterial cellulose
film is not suitable for use in the clothing industry, its properties are not stable
and vary depending on many factors, as it is an organic material; therefore,
further research is needed to control the properties of the film better and
investigate the influence of the respective processes on the properties of the BC
film.

3.2. Influence of purification on the properties of bacterial cellulose film

The structure of the dried BC film samples was analyzed by electron
scanning microscopy (SEM) (Fig. 7). In the images magnified 10,000 times, a
fibrous structure of the BC film with micropores can be observed. As shown in
Figure 7 a, the structure of the unwashed sample is unclear due to the above
binders (usually sucrose), and the thickness of the cellulose fibers cannot be
determined or measured. The structure of BC PDmyo samples was cleaner and
clearer, but unwashed bacteria are clearly visible, and by-product residues (Fig. 7
b), when measuring fiber thickness, it can be observed that the diameter varies in
a wide range of 50-500 nm (Fig. 8 a). The BC PDnaon sample shows a
tridimensional (3D) network of disordered cellulose fibers with a diameter of
around 100 nm (Fig. 8 b) (Fig. 7 c).

a b c

Fig. 7. SEM images of BC film samples: a) BC_ND, b) BC_PDu2o, ¢) BC_PDnuon

20



Frequency Frequenc;
60 30

20

400 500 R
Diameter, nm Diameter, nm

a b

200 250

Fig. 8. Cellulose fiber diameter measurements for BC film samples: a) BC_PDmuo, b)
BC_PDNaOH

The XRD results of the untreated sample showed three diffraction peaks at
14.5°,16.79°, and 22.65° (Fig. 9), which are generally assigned to the regions of
the crystallographic plane amorphous region (101), amorphous region (010), and
crystalline region (200) and characterizes type I cellulose [10]. The peaks in the
washed samples were recorded for the BC PDmu»o sample at 14.24°, 22.47° and
the BC PDnwon sample at 14.68°, 22.92°, which are assigned to the cellulose
phases la and 1, respectively. After washing the amorphous parts of the fiber,
no peaks were recorded. The analysis of the X-ray diffractogram results showed
that both washing methods did not significantly affect the structure of the BC
film, and no conversion from cellulose I to cellulose II was observed.
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Fig. 9. X-ray diffractogram for samples BC_NDas, BC_PDn20, and BC_PDnaon

The influence of washing on the mechanical behavior of the specimens
was evaluated according to the tensile characteristics. As it can be seen from
Table 2, the elongation of the unwashed specimen (BC ND»s) is high 45.18%,
but the strength of the material is lower (tensile strength is 27.91 MPa, and
elastic modulus is 44 MPa), compared to the purified specimens. The values of
tensile strength of the purified samples are similar (75.75 MPa BC_PDmyo and
73.71 MPa BC_PDnaon) and almost 3 times higher than the BC_ND»s samples.
However, the elongation values of these samples were obtained much lower than
BC ND»s (8.36% BC PDmo and 5.47% BC_PDwaow, respectively).

The results confirmed that the tensile strength as well as the tensile
modulus (950 MPa BC PDmo and 1069 MPa BC_PDn.on) increased
significantly, and the BC film lost deformation properties after the washing
procedure. This may be related to the removal of amorphous areas from the BC
film membrane (as confirmed by the results of XRD and FTIR experiments),
which may increase the tensile strength of the film, but reduce the deformation
properties of the film.
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3.3. Influence of 1,3-methylol-4,5-dihydroxyethylene urea on the properties
of bacterial cellulose film

The infrared spectrum of the samples treated with the chemical reagent
(DMDHEU) became less intense at 3344 cm™, 2899 ¢cm™, and 934 cm™. The
main changes after the treatment process can be observed at three peaks: a
significant increase at 1698 cm™, which is attributed to the occurrence of NC = O
groups, a significant increase at 1470 cm™!, which is attributed to the occurrence
of NH groups, and a significant increase at 1239 cm! that can be assigned to CO
or CN groups [11] (Fig. 10). A strong absorption range at the 1698 cm™ peak
indicates an increase in the amount of carbonyl groups in the DMDHEU reagent
[12]. Two N-methylol groups present in the DMDHEU chemical finishing
reagent are capable of reacting with the hydroxyl groups of the BC cell wall
polymer. After treatment, the number of waves of this peak decreased from 1731
cm! to 1698 cm™. This can be explained by the hydrolysis of ether groups in
condensed DMDHEU reagent. These three main peaks lead to important changes
in the chemical structure of the BC samples. Based on the obtained results, it can
be stated that DMDHEU chemical reagent was detected in the FTIR curves, and
cross-links were formed between the BC film and DMDHEU agents of the
chemical reagent.

C-H
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——BC _ND25 ——BC PDNaOH ——BC PDA20

Fig. 10. FTIR reflectance spectrum of samples BC_NDas, BC_PDnaon, and BC_PDA2o
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Based on the results of the XRD analysis, it can be stated that the
crystallinity of the samples treated with the chemical reagent DMDHEU was
10.0% (Table 10), i.e., 5 times smaller than the washed BC film samples
(BC_PDnaon) and 3 times smaller than the untreated samples (BC_ND»s),
indicating that the amorphous phase predominates in the samples after the
treatment with chemical reagent.

Table 10. XRD parameters of BC samples

Parameter BC ND»s BC_ PDnaon BC PDAy
Crystalline area 9203.55 17495.85 223.71
Amorphous area 22420.28 19794.98 2098.88

Degree of crystallinity, % 29.10 46.91 9.63

The purification process of the BC material is one of the most important
factors in improving the tensile strength of BC material (Fig. 11). The tensile
strength of the samples increased by 52.0% after the purification with NaOH
solution. Unfortunately, washed BC material lost its ability to deform, and strain
decreased by 93.0%. It can be related to the removal of impurities and sugars or
amorphous parts from the cellulose network; BC fibrils obtained a better
interaction with one another, as it has been noticed after FTIR analysis.
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Fig. 11. Tensile strength and strain curves for BC samples

The loss of tensile strength due to the presence of DMDHEU was 4%
when treated with 5.0% of DMDHEU, 8.0% when treated with 10.0% of
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DMDHEU, and 49.0% when treated with 20.0% of DMDHEU, compared to the
purified samples. SEM and FTIR analysis have affirmed that applied treatment
changed the structure of BC material by creating the cross-linking of cellulose,
and the deformational properties of the material were improved. Since 15.0%
concentration of catalyst (Mg>") was the same in all solutions with DMDHEU,
the tensile strength reduced with the increase of DMDHEU treatment. It might
be explained: DMDHEU molecules can penetrate within the cellulose structure,
cross-link with the hydroxyl groups in the amorphous region and thus reduce the
slipping of cellulose chains.

The thickness of dry samples after the washing process is 74.0% lower
than that of dry but unwashed samples (Table 4). The reason for this, as shown
by the results of the studies obtained by SEM, FTIR, and mechanical
characteristics, may be the efficient washing of impurities from the BC film.
After the treatment of the BC film with DMDHEU chemical reagent and drying
of samples, it has been observed that the thickness of the samples increases with
the increasing concentration of the used solution. At a DMDHEU concentration
of 5.0%, the thickness of the samples increases by 34.0%, with 10.0% by
162.0%, and with 20.0% by 293.0%.

Table 11. Thickness and water barrier properties of BC samples

Samples Thickness, | WVTR, WVP, WAC, | Contact angle, °
mm g/hxm? | gxmm/m?xkPaxh %
BC ND2s 0.674 9.864 0.049 92.92 63.41+3.24
BC PDnaon 0.178 7.408 0.009 171.23 87.60+3.84
BC PDAs 0.238 18.82 0.034 89.98 77.40+2.76
BC_PDAIo 0.466 21.365 0.075 18.98 68.56+3.59
BC PDAzo 0.700 20.669 0.108 18.08 63.52+4.16

As shown in Table 11, the WVP values of the washed BC samples
decreased by 82.0%, compared to the unwashed BC film samples. These values
varied from 0.049 gxmm/m?*xkPaxh to 0.009 gxmm/m?xkPaxh. Water vapor
first penetrates through amorphous areas of cellulose; thus, the absence of
amorphous areas can reduce WVP. The XRD results confirmed the absence of
amorphous areas in the washed BC film samples, which supports the hypothesis
that the alkaline solution used to wash the BC film eliminated the amorphous
areas. Increasing the concentration of DMDHEU chemical reagent shows that
the values of WVP increase as well, and in the case of 20.0% DMDHEU, even
become higher than before the BC washing process. The results of the study
show that washing the samples in NaOH solution improves the water resistance
of the BC film matrix. One reason may be that cellulose fibers form new bonds
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with the oxygen groups of NaOH, and this strong structure can reduce the
dispersion of water molecules in the sample. In samples using chemical
treatment, water molecules can easily diffuse in H bonds with OH groups in
polymer chains and form new bonds with the DMDHEU reagent matrix [13]. In
the FTIR experiment, it was shown that chemical treatment of BC film samples
with DMDHEU reagent reproduces amorphous areas of the BC sample;
therefore, this phenomenon has an effect on the increase of WVP values. Due to
the changed morphology of the samples with chemical treatment, it can be
observed that the water vapor transmission rate (WVTR) increased significantly
from 7.4 g/hxm? (BC PDnson) to the average of 20.0 g/hxm? for BC PDAy
samples.

Hydrophilic/hydrophobic character of the BC material was evaluated by
the measurement of the contact angle (CA) of water on the surface (Table 11). It
can be stated that the purification process was very effective for increasing the
CA; after that, the purification parameter became 38.0% higher comparing to the
untreated sample. Although with the higher concentration of DMDHEU, CA
lowered from 77.40° (with 5% of DMDHEU) to 68.56° (with 10% of
DMDHEU), and to 63.52° (with 20% of DMDHEU), which indicate the
hydrophilic character of the treated BC material, which may depend on the
appearance of the chemical treatment reaction with OH groups in BC material
and the susceptibility of these groups in the amorphous regions within the BC
chains along with the appearance of the functional groups, containing nitrogen
after the treatment with DMDHEU. The purification of the samples improved
WAC values up to 171%, or it was about 1.8 times higher than in the untreated
samples. Obviously, the use of DMDHEU reagent for BC film treatment affected
water absorption capacity. It has been observed that the decrease in VAG values
of BC film samples may be related to the concentration of DMDHEU in the
chemical reagent, where the values varied from 89.98% to 18.08%, respectively.
Obviously, the addition of DMDHEU had an influence on water absorption
capacity. The decreased WAC values of BC samples depended on the amount of
DMDHEU treatment, and it changed from 90.0% to 18.0%.

Recommendations for further bacterial cellulose testing

The experimental studies confirmed a positive effect of chemical reagent on the
properties of the BC film; therefore, the influence of the storage conditions and
duration of the treated sample on the physical and morphological properties of
the film should be investigated in order to apply it in the clothing industry.
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CONCLUSIONS

1. The influence of used sucrose source on the yield and density of grown
bacterial cellulose has been determined. The most efficient bacterial cellulose
film grows in the medium using white sugar (BC Sgc) and glucose
(BC_Sqr): in both cases, the same BC film density (2.8 g/m?) and yield (0.93
g/l) were determined. By changing the composition of the culture medium,
the color of the BC film can be changed, but the formation of BC in the
medium using green tea is more efficient (BC_Tza density 9.2 g/m? and yield
0.42 g/1), compared to the samples in which rosehip tea was used in the
culture medium (BC Txa density 4.1 g/m® and yield 0.29 g/l) or beetroot
juice (BC_Tgc density 3.5 g/m® and yield 0.35 g/l).

2. The storage conditions and duration have been found to affect the
properties of untreated bacterial cellulose film. Bacterial cellulose samples at
23 + 1 °C temperature and 60.0% humidity reduce the tensile strength and
strain values of samples by 80.0% over 30 days (BC_SSw3o), whereas the
storage of samples at 4 = 1 °C at 80.0% humidity decrease the tensile
strength and strain values of samples by 61.0% (BC _SSs30). Thus, the BC
film retains its mechanical properties better when stored in a cool
environment.

3. The process of sewing BC film has been complicated by undesirable
properties of the raw material such as tack, ductility, and wrinkling. The
formed thread compounds have been obtained stronger than the BC film
(tensile strength 14.8 MPa, strain 40.9%). When forming BC film bonding by
self-adhesion, it has been found that the drying temperature affects the
strength of the bond, and the values of the shear strength of the compound
increase 6 times when the pressure of 0.06 MPa is used to join the samples.
For the bonding of BC film samples using adhesive, it has been observed that
the compounds formed at higher temperature (50 °C) are stronger than the
bonded material and have better adhesive interaction: the shear resistance of
the compounds is 43.37 MPa (BC_JAs).

4. The parameters of the drying process were found to affect the physical
properties of the untreated BC film. The drying of the BC film at lower
temperatures helps to preserve the deformation properties of the material: at
25 °C, the elongation at break was 23.9% (BC NDys), at 50 °C, 18.8%
(BC_NDsy), while the drying of the BC film at higher temperatures (75 °C),
the material becomes hard (hardness (Shore A) 61.0%), and the worst
deformation properties (elongation at break 4.5%) are determined
(BC_NDy9s).

5. The purification procedure of the BC film with 0.5% sodium hydroxide
solution for 8 hours was found to be effective in washing away undesired
fermentation impurities from the BC structure, which consists of a three-
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dimensional network of ~ 100 nm diameter cellulose filaments (BC_PDwaon).
The washed BC film is safe for contact with human skin (pH 7.2). The results
of morphological studies confirm that after washing the BC film, the
crystalline phase of the material increases from 29.0% to 47.0%, which
changes the mechanical characteristics of the film: tensile strength increases
3 times, elongation decreases 6.5 times. After leaching sucrose from the
amorphous areas of the BC film, the water vapor permeability in the samples
decreases by 82.0%.

6. The treatment of the BC film with 1,3-dimethylol-4,5-dihydroxyethylene
urea revealed cross-linking in the structure of the material, and a positive
effect of the process on the physical properties of BC film was observed:
using 20.0% 1,3-dimethylol-4,5-dihydroxyethylene urea, the elongation at
break of bacterial cellulose samples increases by 90.0% (BC PDAy),
compared to the washed BC film. Morphological experiments have shown
that the use of a chemical reagent restores the amorphous areas of the
bacterial cellulose film, resulting in a 92.0% improvement in water vapor
permeability.
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REZIUME

Tiriama problema ir darbo aktualumas

Siuo metu tekstilés ir aprangos pramoné vis dazniau susiduria su darnios
plétros, tausojanéio vartojimo ar alternatyviy medziagy terminais. Paskutinj
desimtmetj mokslininkai ir dizaineriai skiria daug démesio aplinka tausojantiems
produktams, kuria naujas medziagas, kurios pasizymi iSskirtinémis funkcinémis
savybémis ir yra pritaikomos ne tik tradicinése srityse. Sie tyrimai glaudziai
susij¢ su senkanCiais energetiniais resursais, eckologinémis problemomis,
pertekliniu vartojimu, dideliais atlieky kiekiais, oro tarSa ir t. t. Tekstilés ir
aprangos pramoné yra labai reikSminga pasaulio ekonomikai, todél svarbu
naudoti ir tyrinéti §varesnes, atsinaujinancias ir draugiSkas aplinkai medziagas.
Viena i§ jy — celiuliozé, kuri zinoma kaip gausiausias polimeras Zzeméje, kuris
sudaro apie 1,5 x 10'? tony bendros metinés biomasés, o celiulioziniai pluostai
pasizymi puikiomis mechaninémis ir fizikinémis savybémis, taciau jiems
uzauginti reikalingas dirvozemis, saulés Sviesa, anglies dioksidas bei vanduo. O
bakteriné celiuliozé yra unikali medziaga, kuriai uzauginti nereikalingas
dirvozemis, saulés Sviesa, pesticidai ar didelis vandens kiekis. Baktering
celiulioz¢ galima iSgauti visus metus fermentuojant specialioje terpéje, kuri gali
biiti gaminama panaudojant maisto bei gérimy pramonés atlieckas. Remiantis
moksliniais tyrimais galima pastebéti, kad dél iSskirtinés sandaros ir unikaliy
savybiy $i medziaga puikiai integruojama j biomedicinos, popieriaus, maisto ir
kt. pramones, vystomi projektai ir atliekami tyrimai, siekiant pritaikyti bakterinés
celiuliozés plévele ir aprangos pramonei.

Bakterinés celiuliozés plévelé galéty biiti puiki alternatyva sprendziant
tekstilés ir mados pramonés problemas. Bakterinés celiuliozés potencialg didina
tai, kad §i medziaga néra naujiena kitose srityse ir, remiantis jau zinomais
tyrimais, galima teigti, kad bakterinés celiuliozés gavimo technologija atitinka
ekologijos ir tvarumo principus, neturi neigiamos jtakos aplinkai bei yra
nekenksminga zmogaus sveikatai. Bakteriné celiuliozé pasizymi biologiniu
skaidumu, tai glaudziai susije su atsakingu bei sgmoningu vartojimu. Jos
naudojimas ekologiskos aprangos gamybai leisty uzauginti tieck medziagos, kiek
reikia, o pasibaigus eksploatacijos laikui tokia apranga lengvai suirty ar galéty
biti naudojama kaip kompostas, taip nesukurdama atlieky ir mazindama
aplinkos tarsa.

Nepaisant bakterinés celiuliozés plévelés privalumy, jos naudojimas
aprangos gamybai dar néra placiai iStirtas. Bakteriné celiuliozé yra tiriama ja
modifikuojant ar naudojant kaip zaliava, tac¢iau neapdorota bakteriné celiuliozé
tyrinéta per mazai: nezinomas jos ilgaamziSkumas, technologinés, kai kurios
fizikinés ar morfologinés savybés ir pan. Daznai moksliniams tyrimams bei
vykdomiems projektams  bakterinés celiuliozés plévele uzauginama
standartizuotose terpése, taciau uzaugintos kombucios gérime jos savybés placiai
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neistirtos. Pastaraji deSimtmeti kombucios gérimas tapo populiarus komercinis
produktas, kur]j gaminant pavirSiuje susidaranti plévele, Salutinis produktas,
iSmetama | atliekas. Siekiant to iSvengti, Sias atliekas galima bty tikslingai
panaudoti, todél svarbu iStirti bakterinés celiuliozés plévelés, uzaugintos
kombucios gérimo terpéje, charakteristikas, cheminio apdorojimo jtaka jos
savybéms, fizikines savybes bei jvertinti jos pritaikymo aprangai gaminti
galimybes.

Darbo tikslas — jvertinti neapdorotos bakterinés celiuliozés, gautos kombucios
fermentacijos metu, pritaikymo aprangos pramonei galimybes ir nustatyti
plovimo bei cheminio apdorojimo jtakg plévelés savybéms.

Darbo uZdaviniai:

1. Ivertinti neapdorotos bakterinés celiuliozés plévelés fermentavimo salygy,
dziovinimo temperatiiros, saugojimo trukmés ir temperatiiros jtaka jos
savybéms;

2. nustatyti plovimo metody ir trukmés jtaka bakterinés celiuliozés plévelés
morfologinéms ir fizikinéms savybéms;

3. nustatyti 1,3-dimetilolio-4,5-dihidroksietilenkarbamido koncentracijos jtaka
bakterinés celiuliozés plévelés morfologinéms ir fizikinéms savybéms.

Mokslinis darbo naujumas ir praktiné verté

Pastaruoju metu dél aplinkosauginiy priezaséiy ekologisky medziagy paklausa
labai iSaugo. Jmonés, dizaineriai bei mokslininkai intensyviai ieSko alternatyviy
medziagy Saltiniy bei jy pritaikymo biidy kasdieniam gyvenimui. Ne iSimtis ir
viena i§ svarbiausiy pramonés Saky ekonomikai — tekstilés ir aprangos pramoné,
kurios susidoméjimas tvariomis ir draugiskomis aplinkai medziagomis vis auga,
todél itin svarbu ieSkoti ir tyrinéti medziagas, dél kuriy blity maziau ter§iama
aplinka ir kurios galéty pakeisti iki Siol naudojamg tradicing tekstile. Remiantis
Siais svarbiais faktais galima teigti, kad disertacijoje pateikti aktualiis tyrimai,
kurie prisideda prie visuomenei pristatyty projekty ir tesia Sig idéja. Disertacijoje
pateikiama platesné ir i§samesné bakterinés celiuliozés plévelés analizé, jvykdyti
iki Siol neatlikti eksperimentai, kurie lyginami su kity mokslininky darbais.
Bakterinés celiuliozés plévelés, iSgaunamos placdiai zinomo kombucios gérimo
natiiralios fermentacijos metu, gamyba yra unikali. Zinoma, kad bakteriné
celiuliozé pasizymi puikiomis fizikinémis savybémis ir galéty prisidéti prie
tvariy tekstilés ir aprangos pramonés medziagy saraso. Taciau biitent kombucios
gérimo terpéje uzauginta bakterinés celiuliozés plévelé dar néra gerai istirta ir
triksta tyrimy bei informacijos apie jos charakteristikas, kad buty galima
pritaikyti aprangos pramonei. Disertacijos tyrimy metu pateiktas neapdorotos
bakterinés celiuliozés pritaikymo aprangos pramonei jvertinimas ir
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rekomendacijos: nustatytos fizikinés bakterinés celiuliozés plévelés savybés, i
kurios auginimo terp¢ buvo jterpiami skirtingi ingredientai, norint praplésti
plévelés spalving gama. Taip pat iStirtas bakterinés celiuliozés plévelés plovimas
ir nustatyta 8 valandy efektyvaus plovimo trukmé, naudojant 0,5 % NaOH
tirpalg. Nustatyta, kad iSplovus bakterinés celiuliozés plévele didéja jos kristaliné
faze, dél to plévelés stipris tempiant didéja 3 kartus, taciau deformacija mazéja
6,5 karto. Laidumas vandens garams taip pat mazéja 82,0 %. Ivertinus
eksperimenty rezultatus nustatytos efektyviausios neapdorotos bakterinés
celiuliozés plévelés saugojimo salygos vésioje (+4 °C) aplinkoje bei
tinkamiausia dziovinimo temperatiira, atsizvelgiant j plévelés fizikines savybes
(25 °C), pateikti tolesniy eksperimenty sitlymai. Disertacijos rengimo metu
atlikti aktualGs tyrimai, analizuojantys bakterinés celiuliozés plévelés
apdorojimg, naudojantys tradicinj tekstilés cheminj reagentg 1,3-dimetilolio-4,5-
dihidroksietilenkarbamida, ir nustatyta, kad cheminis reagentas atstato bakterinés
celiuliozés plévelés amorfines sritis, dél to geréja deformaciniy charakteristiky
(90,0 %) ir laidumo vandens garams rodikliai (80,0 %). Darbo aprobacija.
Disertacijos tema paskelbtos 5 mokslinés publikacijos, i§ jy 3 publikacijos
paskelbtos mokslinés informacijos instituto duomeny bazés ,,Clarivate Analytics
Web of Science leidiniuose su citavimo indeksu, 1 publikacija mokslinés
informacijos instituto duomeny bazés ,.Clarivate Analytics Web of Science™
leidiniuose be citavimo indekso, 1 publikacija konferencijy pranesimy
medziagose. Tyrimy rezultatai paskelbti 10 konferencijy pranesimy medziagose.
Darbo sandara ir apimtis. Disertacija sudaryta i§ jvado, 3 skyriy, iSvady,
literatliros saraso (279 jraSai), publikuoty moksliniy darby saraso, priedy.
Disertacijos apimtis — 103 puslapiai, juose pateikta 41 paveikslas, 32 lentelés, 13
formuliy.

ISVADOS

1. Nustatyta naudojamo sacharozés S$altinio jtaka uzaugintos bakterinés
celiuliozés kiekiui ir tankiui. Efektyviausiai bakterinés celiuliozés plévelé auga
terpéje naudojant balta cukry (BC Sgc) ir gliukoze (BC _Scr) — abiem atvejais
nustatytas vienodas BC plévelés tankis (2,8 g/m?), ir kiekis (0,93 g/1). Kei¢iant
auginimo terpés sudétj galima keisti BC plévelés spalva, taciau BC formavimasis
terpéje naudojant Zalig arbatg yra efektyvesnis (BC_Tza tankis 9,2 g/m?, kiekis
0,42 g/1) lyginant su bandiniais, kuriy auginimo terpéje buvo naudojama kinroziy
arbata (BC_Tka tankis 4,1 g/m’, kiekis 0,29 g/1) ar burokéliy sultys (BC_Tpc
tankis 3,5 g/m?, kiekis 0,35 g/l).

2. Nustatyta, kad saugojimo salygos ir saugojimo trukmé daro jtaka neapdorotos
bakterinés celiuliozés plévelés savybéms. Bakterinés celiuliozés bandinius
laikant 23,0 +1,0 °C temperatiiroje, kaip drégme 60,0 %, per 30 dieny bandiniy
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stiprumo ir istjsos vertés sumazéja 80,0 % (BC SSnao), kai tuo tarpu, bandinius
laikant 4,0 + 1,0°C temperatiroje, kai drégmeé 80,0 %, bandiniy stiprumo ir
iStisos vertés sumazéja 61,0 % (BC_SSs3o). Taigi, BC plévelé geriau islaiko
mechanines savybes saugoma vésioje aplinkoje.

3. BC plévelés sitlinio jungimo procesas buvo komplikuotas dél
nepageidaujamy neapdorotos medziagos savybiy tokiy, kaip lipnumas, tagsumas
bei rauksléjimasis. Suformuoti siliniai junginiai gauti stipresni uz BC plévele
(stipris tempiant 14,8 MPa, istjsa 40,9 %). Suformuojant BC plévelés junginius
klijavimo buidu, nustatyta, kad dziovinimo temperatiira turi jtakos junginio
stiprumui, o bandiniy jungimui panaudojus 0,06 MPa slégj junginio atsparumo
Sly¢iai vertés padidéja 6 kartus. BC plévelés bandiniy jungimui naudojant
gamtin] adhezyva — kleisterj, pastebéta, kad aukstesnéje temperatiiroje (50 °C)
suformuoti junginiai yra stipresni uz jungiamg medZziaga ir pasiZymi geresne
adhezine sgveika - junginiy Slyties atsparumas yra 43,37MPa (BC_JAs).

4. Nustatyta, kad dziovinimo proceso parametrai daro jtakg neapdorotos BC
plévelés fizikinéms savybéms. BC plévelés dziovinimas Zemesnéje
temperatiiroje padeda iSsaugoti medziagos deformacines savybes: dziovinant 25
°C temperatiiroje nustatyta trikimo iStjsa 23,9 % (BC ND»s), 50 °C
temperatiiroje — 18,8 % (BC NDsp), kai tuo tarpu, BC plévele dziovinant
aukstesnéje temperatiiroje (75 °C), medziaga tampa kieta (kietumas (Soras A)
61,0 %) ir nustatomos blogiausios deformacinés savybés (triikimo istjsa — 4,5%)
(BC_NDy3s).

5. Nustatyta, kad 8 valandy BC plévelés plovimas 0,5% natrio Sarmo tirpale yra
efektyvus - iSplaunamos nepageidaujamos fermentacijos priemaiSos i§ BC
struktiiros, kurig sudaro trimatis ~100 nm skersmens celiuliozés gijy tinklas
(BC_PDnaon). Plauta BC plévelé yra saugi kontaktui su zmogaus oda (pH 7,2).
Morfologiniy tyrimy rezultatai patvirtina, kad i$plovus BC plévelg, medziagos
kristaliné fazé¢ padidéja nuo 29,0 % iki 47,0 %, dél ko keiciasi plévelés
mechaniniy charakteristiky rodikliai — stipris tempiant padidéja 3 kartus, istjsa
sumazgja 6,5 karto. IS BC plévelés amorfiniy sric¢iy iSplovus sacharoze, laidumas
vandens garams bandiniuose sumazgja 82,0 %.

6.  Nustatyta, kad  apdorojant BC  plévele 1,3-dimetilol-4,5-
dihidroksietilenkarbamidu, medziagos struktiiroje susidaro skersiniai rySiai ir
pastebima teigiama proceso jtaka BC plévelés fizikinéms charakteristikoms:
panaudojus 20,0 % 1,3-dimetilol-4,5-dihidroksietilenkarbamido, bakterinés
celiuliozés bandiniy iStjsos tempiant rodiklis lyginant su plauta BC plévele
padidéja 90,0 % (BC PDA,g). Morfologiniy eksperimenty metu buvo jrodyta,
kad cheminio reagento naudojimas, atstato bakterinés celiuliozés plévelés
amorfines sritis, ko pasekoje 92,0 % pageréja ir laidumo vandens garams
rodikliai.
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