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ABSTRACT

The possibility of softening the conditions of biochemical treatment to remove the sizing
agent from the surface of the fibers in the preparation of cotton fabric for dyeing has
been studied. The efficiency of the a-amylase enzyme was evaluated by the amount of
sugars reduced in the modifying solution, as well as by the capillarity of the samples of
the treated fabrics. The enzyme used is active towards starch starting from a low
concentration (0.02 g/l) and low temperature (32°C). The effect of enzyme concentration
from 0.02 to 6.0 g/l, solution pH from 4.5 to 8.5, temperature from 32 to 60°C on the
amount of sugars in the solution after enzymatic treatment, and fabric capillarity was
determined. Almost complete removal of sizing from the surface of fibers of the original
fabric was achieved under moderate and mild processing conditions: a-amylase
concentration 1.0+5.0 g/l, pH=6.0+7.0, temperature 50-55°C. Based on the dependence
of the logarithm of the reaction rate on the reciprocal temperature, the activation
energy of the desizing reaction was calculated, which turned out to be equal to E=17.5
kl/mol. The low activation energy shows that the desizing process is carried out under
energetically favorable conditions with moderate heating. The surface morphology of
treated and untreated samples of cotton fabric was studied by scanning electron
microscopy. The removal of the adhesive substance from the surface of the fibers, the
separation of individual fibers, and the smoothing of the fabric surface after treatment
with an amylase solution were recorded.
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1. Introduction

Cellulose has received a lot of attention due to its rich and renewable resource and biodegradability benefits.
Modification of natural plant cellulose has become a topical and widely studied topic all over the world [1].
Traditionally, physical or chemical modification of cellulose is carried out [2]. It is not always possible to impart
new functional properties to molecules by the method of ordinary physical modification (exposure to heat, light,
mechanical stress, etc.), at the same time, their composition and structure do not change significantly in a positive
direction [3, 4]. Chemical modification methods usually cause great damage to the environment. Currently, the
methods of innovative, environmentally friendly, and sustainable biochemical modification technologies that
affect the structure and properties of cellulose are recognized as the most promising [5, 6]. The advantages of
biochemical modification with the use of various enzymes are due to the improvement of the functional
properties of cellulose, reduction of energy costs and environmental pollution, as well as high specificity and
selectivity [5]. Functional materials made from modified cellulose will have a wider application [7].

Enzymes have been well-known for several centuries, including in the processing of textile raw materials. In the
second half of the last century and the beginning of this century, the use of enzymatic processing increased
significantly, especially for the processing of natural fibers during production stages [8]. Enzymatic processing has
gained acceptance in the textile industry because it is a specific, non-toxic, environmentally friendly, and energy-
saving alternative. Enzymes are practically applicable to all production stages of chemical processing of textiles:
amylases - for desizing fabrics, cellulase - for biopolishing and washing denim, proteases - for modifying wool,
catalase - for removing oxidizing residues, etc. [9]. Combined enzyme systems for desizing and cleaning contain
amylase, lipase, and pectinase enzymes to achieve results without the addition of harmful chemicals and reduce
the amount of chemicals discharged into surrounding wastewater [10].

In recent years, the textile industry has become a promising market due to the growing demand of a large
number of buyers for every day, at the same time innovative products [11]. This huge industry is recognized as
one of the strongest sectors of the economy of developing countries [12]. Textile production involves a sequence
of different chemical processes, mainly aimed at removing impurities and coloring [13, 14]. Chemical processing,
widely used in the textile industry, generates huge waste due to the desizing of fabrics, bleaching chemicals, and
synthetic dyes, which contributes significantly to environmental pollution [15, 16]. In recent decades, the increase
in textile consumption has brought intense pressure on the manufacturing and processing sectors to develop
efficient, low-cost, and environmentally sustainable technologies to meet the needs of the population through the
use of environmentally friendly and hygienic textile products [17, 18]. At the same time, it is necessary to achieve
high productivity with less damage to the environment [19].

Cellulases were among the first enzyme products to be used in textile production [20]. They, being effective
tools for ensuring environmentally friendly processing of textiles and reducing energy consumption, increase the
efficiency of cellulose splitting [7]. The ability to change the basic properties of the fiber and make them more
suitable for use in the textile industry is another feature of enzymes [6].

Microbial enzymes have advantages over enzymes from other sources, such as higher yield, faster growth of
microorganisms in small media, high catalytic activity, ease of genetic manipulation, and regular supply. Due to
this, these enzymes are used more often than others [9]. Also, enzymes of microbial origin are more stable,
convenient, and safe to produce than enzymes obtained by other means and have a long shelf life [21, 22].

Thus, enzymes derived from microorganisms have replaced the use of harmful chemical treatments in textile
production to achieve an environmentally friendly and sustainable bio-based processing system. Microbial
enzymes play a critical role in the sustainable wet processing of cellulosic textile materials [23]. Processes
involving enzymes are currently of great interest for reasons of time reduction [24, 25], low energy consumption,
cost-effectiveness, non-toxicity, and environmental friendliness [26, 27]. Microbial enzymes in the textile industry
are mainly used at three different levels: in wet preparation processes and laundry detergents, in the development
of biodegradable fibers, and the treatment of textile effluents [28]. One of the textile industry's biggest challenges
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is reducing water and energy consumption. The use of microbial enzymes in the textile industry has significantly
reduced water consumption by 19,000 L/t during the processing of textile fabrics [23, 29].

The use of enzymes in technological processes not only improves the quality of the fabric but also improves its
processing [30]. Another specificity of enzymes is that they can be used in very small quantities, providing the
required result [31, 32]. The use of enzymes also has an economic advantage, since they are almost not consumed
during the reaction process, which allows them to be reused [9].

Yarn sizing is a temporary process in weaving, it is only needed during the weaving of the fabric and is then
removed before chemical finishing of the textile material. Since sizing increases the hydrophobicity of the fabric,
and subsequent finishing processes of textile material are carried out in aqueous solutions, its high-quality
removal is a priority [33]. Also, in addition to starch, other contaminants and impurities must be removed from the
surface of the fibers by hydrolysis. In this case, you can use a chemical or enzymatic method. In the chemical
method, sodium hydroxide is usually used to remove resin [34]. This chemical harms textile fibers and makes
them stiff. At the same time, with the enzymatic method, using a-amylase, hydrolysis converts starch into soluble
saccharides and maltose, while retaining the properties of cellulose and fibers [33].

Desizing removes the protective coating from the surface of the yarn to provide high efficiency and improved
quality for subsequent steps such as bleaching, cleaning, dyeing, and printing [35]. Desizing starch, proteins, and
especially synthetic polymers requires the use of high temperatures and special reagents [36], the presence of a
mixture of substances of different classes reduces the efficiency of desizing [37]. In such cases, biochemical
desizing using various enzymes appears to be the most effective [38].

a-Amylase is mainly used for desizing cotton fabrics, smoothing fabrics, and wet processing textiles [39-44].
The main function of amylase is to decompose starch. Starch consists of two polymers: the linear polymer
amylose and the branched polymer amylopectin. Amylase breaks down into small chain sugars such as dextrin
and maltose. Various microorganisms are used to produce amylase. The most widely used in recent years are
Paecilomyces variotii, Aspergillus oryzae, Rhizopus oryzae, and Aspergillus terreus [45-47]. Amylase is also produced by
a large number of species of bacteria of the genus Bacillus [48]. Depending on the type of sugars and broken-
down starch, amylases are classified as a-amylases and 3-amylases. Both amylases hydrolyze starch at glycosidic
bonds but at different points in the polysaccharide chain. In the presence of a-amylase, hydrolysis occurs along
the entire polysaccharide chain, which is why this type of amylase is used in industry [24]. However, B-amylase
and other types of amylase have not found industrial application because, in their presence, starch hydrolysis
occurs at the terminal 1,4-glucan bonds [23]. Microbial a-amylases can potentially be used for desizing cotton
fabrics sized with insoluble starches due to their selectivity, specificity, and environmental benefits [49, 50].
Desizing of textile material with amylase takes place in an acidic environment - pH 5.5-6.5 and an average
temperature from 60°C to 80°C [51, 52]. The process of desizing textile material using amylase consists of three
stages: impregnation, in which the fabric absorbs an enzyme solution at high temperature; aging, in which the
starch dressing is broken down by an enzyme; and washing when hydrolysis products are removed from the
surface of the fabric [53].

Thus, a huge number of promising results have been reported in the current literature, but textile processing
conditions with high temperatures, extreme pH, and very long kinetics still limit the industrial application of
enzymatic modification [9, 54, 55].

The purpose of this work is to study the possibility of softening the conditions (temperature, pH, time) of
biochemical preparation for dyeing cotton fabric. Cotton fabrics produced at the enterprises of the textile industry
of the Republic of Uzbekistan are subjected to sizing with starch solutions before weaving. Amylase enzymes are
used to remove starch from the surface of cellulose fibers. The processing of cotton fabric was carried out with
the enzyme a-amylase with different concentrations, at different temperatures, pH of the solution, and process
time. The degree of desizing was determined by the amount of sugars released into the solution during
processing, as well as by the capillarity of the treated fabric.
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2. Materials and Methods
2.1. Materials

The object of the study was a raw cotton fabric with a density of 120 + 5 g/m?, which was obtained from a
textile enterprise in Tashkent. The enzyme used was a-amylase, which was produced by Rouyangmoer (China).

The pH of the medium was controlled using a buffer solution consisting of a mixture of potassium dihydro
orthophosphate (KH.PO.) and sodium hydrogen orthophosphate (Na,HPQa). First, two solutions were prepared
with a concentration of KH.PO4 13.6 g/l and Na,HPO4 31.2 g/I. Then these solutions were mixed in certain volume
ratios depending on the set pH value of the medium (Table 1).

Table 1: Dependence of the pH of the medium and the volume ratio of solutions.

pH 55 6.0 6.5 7.0 7.5 8.0
Solution volume KH,PO,4, mi 80,58 87,9 68,7 48,8 18,44 3,1
Solution volume Na,HPO,4, ml 19.15 12.1 31.3 51.2 82.9 96.9

To obtain a medium with pH<5.5, an acetate buffer was used from a mixture of sodium acetate and acetic acid;
to obtain a medium with pH>8.0, an ammonia buffer was used from a mixture of ammonium chloride and
ammonia water.

2.2, Processing of Cotton Fabric

The mass of the original raw fabric sample was preliminarily weighed. A solution of the buffer mixture and the
required amount of amylase was prepared. A sample of the original fabric was added to the solution at a bath
modulus of 1:10 and kept for 0.5-4.0 hours at a certain temperature in a thermostat. After this, the fabric sample
was removed from the solution, washed first in running water, then with distilled water, and dried to a constant
weight (Fig. 1). The remaining solution was saved to determine the amount of sugars.

Washing the sample
solution solution in water

Buffer and amylase Fabric sample in

Figure 1: Scheme of enzymatic treatment of textile material.
2.3. Methods of Analysis

To determine the capillarity of the material, a solution of potassium dichromate with a concentration of 3 g/l
was prepared. Strips 5 cm wide and 30 cm long were cut from a sample of the treated cotton fabric. The samples
were dipped vertically into a potassium dichromate solution to a depth of 1 cm and kept for 60 minutes. The
capillarity was evaluated by the average height (mm) of the rise of the dye along the length of the material sample.
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The total amount of reduced sugars in the solution after the enzymatic treatment of the fabric sample was
determined by the Dubois phenol-sulfur method [13]. Distilled water was added to a sample (20-30 mg) in a ratio
of 1:10 (W/V). The sample was then homogenized with an Ultra-Turrax T10 (Ika®) mechanical homogenizer for 60
seconds and then with an ultrasonic homogenizer for a further 30 seconds. Next, 0.4 ml of the homogenate was
taken and 7.6 ml of distilled water was added. From the resulting solution, 0.06 ml of homogenate was taken and
0.06 ml of phenol (5%) and 0.32 ml of concentrated sulfuric acid containing hydrazine sulfate were added. Then
the optical density of the solution was measured using a photoelectrocolorimeter at a wavelength of 490 nm. The
optical density value was substituted into the calibration curve of the standard solution and the concentration of
sugars in the sample was determined. A starch solution was used as a standard.

The surface morphology of fabric samples was studied using a JSM-IT200 InTouchScope™ scanning electron
microscope (Japan).

3. Results and Discussion

3.1. Processing Conditions

Even a minimal amount of enzyme, starting with a concentration of 0.02 g/I, allows one to obtain satisfactory
results in desizing cotton fabric. The first experimental studies were carried out to reveal the effect of amylase
concentration on the degree of fabric preparation for chemical finishing. The dependence of fabric capillarity and
the amount of reduced sugars in solution after enzymatic treatment on amylase concentration was determined
(Fig. 2).
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Figure 2: Dependence of fabric capillarity (A) and the amount of reduced sugars in solution (B) after enzymatic treatment on
amylase concentration. Temperature: T=32°C, medium: pH=6, treatment time: t=4 hours.

As can be seen from Fig. (2), there are three sections on the dependency curves. The first almost rectilinear
section was found in the range of amylase concentrations of 0.02+1.0 g/l, in which there is a sharp increase in
capillarity and the amount of reduced sugars. The second section was found in the range of amylase
concentrations of 1.0+5.0 g/l, in which the growth of the parameters of the studied properties slows down. And
the third site was found at amylase concentrations of more than 5.0 g/l, in which the indicators hardly change. At
an amylase concentration of 5.0-6.0 g/l, almost complete removal of starch from the surface of the cotton fibers
occurs, therefore, a further increase in the concentration of the enzyme does not lead to an increase in indicators.

Further studies were carried out to determine the influence of the pH of the medium on the process of
enzymatic desizing of fabric. The dependence of fabric capillarity and the amount of reduced sugars in solution on
the pH of the medium was determined (Fig. 3).
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As can be seen from Fig. (3), the dependence curves have an extreme character. As expected, amylase is most
effective in weakly acidic and neutral conditions. The highest tissue capillarity and the highest concentration of
reduced sugars are observed at pH=6.0-7.0. With the transition to an alkaline environment, the efficiency of the
cutting enzyme decreases. As is known, polysaccharides undergo hydrolysis in an acidic environment. The enzyme
is a protein, so it is stable in a neutral environment. At the same time, both in an acidic and alkaline environment,
the protein itself undergoes hydrolysis. Apparently, in a neutral environment, a stable, relatively high-molecular
protein forms an intermediate complex with starch, which decomposes in a slightly acidic environment.
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Figure 3: Dependence of fabric capillarity (A) and the amount of reduced sugars in solution (B) after enzymatic treatment on
the pH of the medium. T=32°C, amylase concentration C=3.0 g/I, tT=4 hours.

Later, the effect of temperature on the efficiency of the enzymatic treatment of cotton fabric was revealed. As
is known from the literature, the processing of textile materials with enzymes is carried out with moderate heating
of the solution. The dependence of fabric capillarity and the amount of reduced sugars in solution on temperature
in the range of 32+60°C was determined (Fig. 4).
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Figure 4: Dependence of fabric capillarity (A) and the amount of reduced sugars in solution (B) after enzymatic treatment on
temperature. pH=6.0, C(amylase)=3.0 g/l, t=4 hours.

As can be seen from Fig. (4), as the temperature rises to 55°C, an increase in capillarity and the amount of
sugars in the solution is observed. In a neutral environment, the enzyme molecule is thermally stable even at
higher temperatures. Complexation of the enzyme with starch is a reversible process. At a temperature of 55-
60°C, the maximum amount of the intermediate complex is formed; at higher temperatures, the reverse process
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predominates - decomposition of the complex. Therefore, a further increase in temperature does not lead to a

significant increase in indicators. The temperature-time dependence of the process of extracting starch from the
fibers of the material was studied (Fig. 5).

The growth rate of the process rate with increasing temperature turned out to be not quite significant. At the
beginning of the process, up to 40-60 minutes, the rate of sugar release increases linearly, and then the process
naturally slows down. The dependence of the logarithm of the reaction rate on the reciprocal of the temperature
was constructed from the data of the rectilinear section. The activation energy of the desizing reaction was
calculated from the slope of the obtained straight line, which turned out to be equal to E=17+2 kJ/mol. The low

activation energy shows that the desizing process is carried out under energetically favorable conditions even with
moderate heating.
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Figure 5: Dependence of the amount of sugars released over time on temperature (A) and the logarithm of the rate of desizing
on the reciprocal of temperature (B). pH=6.0, C(amylase)=3.0 g/I.

3.2. Surface Morphology

In connection with the dependences obtained, it is of particular interest to compare the morphology of the
fabric surface. Enlarged images of the surface of fabrics not treated, treated with amylase, and also treated in the
traditional way in a soap-soda solution were taken (Fig. 6).
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Figure 6: SEM images of the surface of cotton fabrics: (A) untreated sample, (B) traditionally treated sample, (C) amylase-
treated sample.

As can be seen from Fig. (6), on the surface of the fibers of an untreated tissue sample, one can notice the
presence of an adhesive layer, glued bundles, lumps, etc. The transverse dimensions of the fibers are in the range
of 16+20 microns. In a sample of fabric treated traditionally by boiling in a soap-soda solution, there is a removed
adhesive layer, the appearance of voids, and pores. But glued bundles and lumps remain on the surface of the
fibers, and the transverse dimensions of the fibers decrease by 11+18 microns. In the tissue sample treated with
amylase, the adhesive layer is almost completely removed from the surface of individual fibers, and glued bundles
and lumps are not noticeable. The transverse dimensions of the fibers are in the range of 13+18 microns, while
there are almost no voids and pores. Thus, samples treated with an amylase enzyme solution have a smoother
and better surface morphology.
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4. Conclusion

Biochemical modification of cellulose with the help of enzymes opens up new technical, environmental, and
economic opportunities in textile production. The use of a-amylase for desizing cotton fabric before chemical
finishing has several advantages:

e achieving a high treatment effect with a minimum reagent consumption - 0.2-3.0 g/I;

e carrying out the process in a neutral environment, which helps to prevent the destruction of cellulose;

e reduction of processing temperature to 50-55°C compared to traditional preparation at 90-95°C, which
contributes to energy savings;

e the low activation energy of the reaction 1712 kJ/mol, which contributes to the process in energetically
favorable conditions;

e almost complete removal of the adhesive from the surface of the fibers of the material;

improving the surface morphology of cotton fabric.
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