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REC UREDNIKA

Kao potvrda za dugogodisnji uspesan rad i neprekidno publikovanje casopisa,Tekstilna industrija“ dode-
ljeno nam je priznanje ,Najbolja IT publikacija“ u Srbiji za 2018. godinu. Povelja je sve¢ano urucena 8. februara
2019. godine na Svecanoj sednici Skupstine Saveza inzenjera i tehnicara Srbije. Posebno se radujemo da je pri-
znanje dodeljeno u godini Jubileja, proslave 150 godina postojanja Saveza inzenjera i tehnicara Srbije.

Casopis ,Tekstilna industrija“ ima dugu istoriju i tradiciju. Kao glasilo Saveza inzenjera i tehni¢ara teksti-
laca Srbije izlazi ve¢ punih 66 godina. Prvi broj je objavljen davne 1953. godine i bio je usmeren na pracenje
savremenih kretanja u tekstilnoj industriji, a kasnije i u odevnoj industriji i procesima koji ih prate kroz dizajn i
menadZzment.

Publikovanje ¢asopisa se tokom ovih dugih godina susretalo i sa mnogim problemima, ali je ,Tekstilna
industrija” opstajala i opstaje vise od pola veka. Glavni problem sa kojim se susrece je finansiranje casopisa, te
glavni i odgovorni urednik, ¢lanovi redakcije i rukovodstvo Saveza inzenjera i tehnicara tekstilaca Srbije poku-
Savaju da povecaju broj pretplatnika i time omoguce potrebna sredstva za Stampanje ¢asopisa.

U 2018. godinu, izasla su Cetiri broja ¢asopisa ,Tekstilna industrija“ u predvidenim terminima, sa novim
korigovanim dizajnom korica i tirazom od 100 komada. Time je ispunjen plan o redovnosti izlaZzenja ¢asopisa.
Redakcioni odbor sa glavnim i odgovornim urednikom se potrudio da poboljsa kvalitet ¢asopisa te je publi-
kovano ukupno 35 radova, a od toga je 17 radova iz inostranstva i ukupno 18 radova na engleskom jeziku. U
protekloj godini svoje radove su objavljivali autori iz Indije, Ukrajine, Turske, Makedonije, Bosne i Hercegovine
i Srbije. Treba napomenuti da je ¢asopis ,Tekstilna industrija” u 2018. godini podrzan od Ministrarstva prosvete,
nauke i tehnoloskog razvoja Republike Srbije.

Takode, ulazu se napori od strane Uredivackog odbora da se poveca prepoznatljivost ¢asopisa. Takode,
¢ine se svi napori da se dobije bolja kategorizacija ¢asopisa pri Ministarstvu prosvete, nauke i tehnoloskog ra-
zvoja Republike Srbije za oblast Materijali i hemijske tehnologije.

Dobijeno priznanje ,Najbolja IT publikacija” doprineée nastavku uspesnog publikovanja ¢asopisa ,Tekstil-
na industrija“, a urednistvo i glavni i odgovorni urednik bi¢e motivisani za bolji i kvalitetniji rad, trudedi se da
opravdaju dato poverenje.

Glavni i odgovoni urednik
Prof. dr Snezana Urosevic¢
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BEHAVIOUR OF BIOPOLISHING ON DYEABILITY AND
CERTAIN PROPERTIES OF COTTON FABRICS

Kiro Mojsov'’, Aco Janevski', Darko Andronikov', Sonja Jordeva’,
Marija Kertakova', Saska Golomeova’, Stevan Gaber? Ivan Ignjatov?

! University “Goce Delchev’, Faculty of Technology, Shtip, Macedonia Review paper
2 University “Goce Delchev’, Faculty of Economics, Shtip, Macedonia UDC: 677.21.027.615.1
* e-mail: kiro.mojsov@ugd.edu.mk DOI: 10.5937/tekstind1901020M

Abstract: Conventional chemical processes are generally severe and fibre damage may occur. Enzymes are
characterized by their ability to operate under mild conditions and as a result processes can be carried out with-
out further damaging the fibers. Enzymes are also readily biodegradable and therefore potentially harmless
and environmentally friendly. Biopolishing enzymes used in biopolishing, offers a number of benefits such as
improvement in pill resistance, superior colour brightness, softness and cooler feel. Biopolishing treatment, giv-
en to the cotton fabrics using cellulases, often influences dyebility and certain physical properties of the fabrics
after treatments. This work represents a review of behavior of cellulase treatment on dyeability and various
properties of cotton fabrics.

Keywords: biopolishing, cotton fabrics, cellulase, eco-friendly characteristics.

PONASANJE BIOPOLIRANJA NA OBOJENOST |
ODREDENA SVOJSTVA PAMUCNIH TKANINA

Apstrakt: Konvencionalni hemijski procesi su generalno ozbiljni i mogu da ostete vlakana. Enzimi se odliku-
ju svojom sposobnoscu da rade pod blagim uslovima i kao rezultat toga, procesi se mogu odvijati bez daljeg
osStecenja vlakana. Enzimi su takode lako biorazgradivi i stoga potencijalno bezopasni i ekoloski prihvatljivi.
Biopolirani enzimi koji se koriste u biopoliranju, nude brojne pogodnosti kao sto su poboljsanje otpornosti na
piling, superiorna osvetljenost boje, mekoca i hladniji osecaj. Tretman biopoliranjem, koji se daje pamucnim
tkaninama od celulaze, Cesto utice na obojenost i odredene fizicke osobine tkanina nakon tretmana. Ovaj rad
predstavlja pregled ponasanja celulaznog tretmana na obojenost i razlicita svojstva pamucnih tkanina.

Kljuéne rijeci: biopoliranje, pamucne tkanine, celulaze, ekoloske karakteristike.

1.INTRODUCTION is to upgrade the fabric by removing the protruding
fibers. The conventional methods are temporary, po-

tentially toxic, and fibers return to the surface after a
few washings and form fuzz. The fuzz on the surface
of the fabrics constitutes the major reason for custom-

Biotechnology is defined as application of biolog-
ical organisms, systems and processes to manufac-
turing and processing industries. This is reflected in
ability of enzymes to recognize other biological sys-
tems and to catalyse a vast range of specific chemical €' dissatisfaction. However, by using enzymes in the
reactions under moderate and much more economic  finishing process, the protruding fibers can be perma-
conditions [1]. Recent advances in biofinishing of cel-  nently removed from the fabric thus eliminating the
lulosic fabrics have led to multiple improvements of  fuzz. The enzyme treatment not only keeps the fabric
surface properties. The main objective of biofinishing  looking new after repeated washings, but enhances

20
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feel, color, softness and drapeability which translates
into a higher quality textile or apparel product [2, 3].

Enzymes are biological catalysts. A catalyst is any
substance which makes a chemical reaction go faster,
without itself being changed. All enzymes are made
of protein and because they are sensitive to heat, pH
and heavy metal ions.

Hydrolytic treatment of cellulosic fabrics and gar-
ments with cellulases has become a common treat-
ment step in textile processing [4]. Cellulase prepara-
tions consist of several different cellulolytic enzymes
which act synergistically in hydrolysing cellulose to
glucose.

Cotton fabric has several impurities such as fats
and waxes, pectinous substances, proteinous matter,
ash etc. In order to remove these impurities, scouring
of cotton fabric is normally carried out with strong
alkali at high temperature and for longer duration.
Although, this treatment gives very good results, one
of the problems is high loss in weight of cellulosic
material. On the other hand, bleaching removes any
unwanted colour from the fibres. In the enzymatic
treatment, producers of textile enzymes recommend
dosages of approximately 0.05 to 6% of cellulase
preparation on garment weight [5].

Biopolishing is an important finishing treat-
ment carried out on cellulosic fabrics using acid
cellulases to achieve improvement in gloss, luminos-
ity of colours and resistance to pilling, cooler feel and
clear surface [6].

Biopolishing of cotton fabrics carried out, either
before or after the dyeing process, has an influential
role on dyeability of the fabrics. Bulky dye molecules
used in cotton fabrics react only in the accessible re-
gions of fibres, which are, also major parts of the sub-
strates for enzyme hydrolysis during biopolishing.
Extent of cellulase attack on dyed fabrics depends on
molecular size of dyesand aggregation of dye mole-
cules, besides the process conditions [7].

Cellulase pretreatment enhances penetration of
alkali during scouring and increases the alkaline deg-
radation of seed fragments in the subsequent process
[8]. Presence of various components in the total cellu-
lases plays a dominating role in altering surface mor-
phology of the fibres [9].

Cellulases are inducible enzymes synthesized by a
large diversity of microorganisms including both fungi
andbacteriaduringtheirgrowthoncellulosicmaterials.
These microorganisms can be aerobic, anaero-
bic, mesophilic or thermophilic. Among them, the
genera of Clostridium, Cellulomonas, Thermomono-
spora, Trichoderma, and Aspergillus are the most ex-
tensively studied cellulase producer [10].

21

2. COTTON FIBRE AND HIS STRUCTURE

Cotton, the seed hair of plants of the genus Gos-
sypium, is the purest form of cellulose readily avail-
able in nature. It has many desirable fibre properties
making it an important fibre for textile applications.
Cotton is the most important of the raw materials for
the textile industry. The cotton fibre is a single biolog-
ical cell with a multilayer structure. The layers in the
cell structure are, from the outside of the fiber to the
inside, cuticle, primary wall, secondary wall, and lu-
men. These layers are different structurally and chem-
ically [11].

The primary and secondary walls have different
degrees of crystallinity, as well as different molecu-
lar chain orientations. The cuticle, composed of wax,
proteins, and pectins, is 2.5% of the fiber weight and
is amorphous. The primary wall is 2.5% of the fiber
weight, has a crystallinity index of 30%, and is com-
posed of cellulose. The secondary wall is 91.5% of the
fiber weight, has a crystallinity index of 70%, and is
composed of cellulose. The lumen is composed of
protoplasmic residues [12].

Cotton cellulose consists of crystalline fibrils
varying in complexity and length and connected by
less organized amorphous regions with an average
ratio of about two-thirds crystalline and one-third
non-crystalline material, depending on the method
of determination [13]. The chemical composition of
cellulose is simple, consisting of anhydroglucose units
joined by -1,4-glucosidic bonds to form linear poly-
meric chains.

3. CELLULOSE AND CELLULASES

Cellulose is considered as one of the most im-
portant sources of carbon on this planet. Agriculture
wastes contain a high proportion of cellulosic mat-
ter which is easily decomposed by a combination
of physical, chemical and biological processes. The
major components of these are cellulose and hemi-
cellulose (75-80%) while lignin constitutes only 14%.
These wastes have been insufficiently disposed lead-
ing to environmental pollution. Recycling of agricul-
tural residue can be achieved naturally and artificially
by microorganisms. Aerobic organisms such as fungi,
bacteria, and some anaerobic organisms have been
shown to be able to degrade some constituents of
these residues.

Cellulases are hydrolyticenzymes that catalyse the
breakdown of cellulose to smaller oligosaccharides
and finally glucose. Cellulases are enzymes which
hydrolyze the B-1,4- glycosidic linkage of cellulose
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and synthesized by microorganisms during their
growth on cellulosic materials [14].

The commercially available cellulases are a
mixture of enzymes: endogluconases, exogluconases
and cellobiases. The application of cellulases in
textile processing started in the late 1980s with
denim finishing. Currently, in addition to biostoning,
cellulases are also used to process cotton and other
cellulose-based fibres. Cellulases are usually classified
by the pH range in which they are more effective
and, accordingly, acid cellulase, neutral cellulase and
alkaline cellulase. Cellulases are inducible enzymes
which are synthesized by microorganisms during
their growth on cellulosic materials.

Cellulases were introduced in textile and laundry
only a decade ago, they have now become the third
largest group of enzymes used in these applications.
Microbial cellulases find applications in textile
industries as biostoning of jeans, biopolishing of
textile fibers, improved fabrics quality, improved
absorbance property of fibers, softening of garments,
improved stability of cellulosic fabrics, removal of
excess dye from fabrics etc. [1, 15]. Bio-stoning and
biopolishing are the best-known current textile
applications of cellulases. Denim stonewash enzymes
or denim enzymatic treatments has replaced
traditionally used pumice stones since it is more
environmentally friendly and reduces overall damage
to the denim while still producing the “stone washed”
whichis still very popular today. The advantagesin the
replacement of pumice stones by a cellulose-based
treatment include less damage of fibers, increased
productivity of the machines, and less work-intensive
and environment benign [19].

In Table 1 are given the applications of cellulases
in the textile industry.

4. BIOPOLISING AND DYEABILITY

Biopolishing (de-pilling enzymes) is a biological
process in which the cellulose acts on the surface
of the fabric. The enzyme molecule is more than a
thousand times larger than a water molecule and
is therefore too large to penetrate the interior of a
cotton fiber.

The objective of the process is elimination
of micro fibrils of cotton through the action of
cellulase enzyme. The acidic cellulases, when used
in biopolishing, offers a number of benefits such as
improve softness and water absorbance property
of fibres, strongly reduce the tendency for pill
formation, and provide a cleaner surface structure
with less fuzz [20].

In the case of fabrics dyed with direct dyes,
the efficiency of biopolishing is highly influenced
by size, substantivity, molecular weight and
concentration of dyes in the fabrics [21]. Fabrics
dyed with reactive dyes of different reactive groups
exhibit surface roughness after processing with
crude cellulases, purified EG and CBH, due to poor
biopolishing effects compared to the undyed fabrics
[21, 22]. Presence of vat dyes does not influence
the weight loss during cellulase treatment in many
cases [7, 23]. In denim washing, acid cellulases
are used in stonewashing, stoneless washing
processes to impart various effects to the fabrics
in terms of contrast, shade and smoothness [24].

5. PROPERTIES OF BIOPOLISHED
COTTON FABRICS

Presence of various components in the total cel-
lulases plays a dominating role in altering surface
morphology of the fibres [9]. Adsorption of cellulases

Table 1: Cellulases in textile industry

Enzyme Function

Application

Reference

Removal of excess dye from
denim fabrics; soften
the cotton fabrics without
damaging the fibre

Cellulase, preferably
neutral and
endoglucanase rich

quality and environmentally

Bio-stoning of denim
fabrics; production of high Galante et al., 1998
[16]; Godfrey, 1996 [17]

friendly washing powders

Removal of excess
microfibrils
from the surface of cotton
and non-denim fabrics

Cellulase, preferably
acid and
endoglucanase rich

Galante et al., 1998
[16]; Godfrey,1996 [17];
Kumar et al.,1994 [18]

Bio-polishing of cotton and
non-denim fabrics

Restoration of softness and
colour brightness of cotton
fabrics

Cellulase, preferably
endoglucanase rich

Galante et al., 1998
[16]; Godfrey, 1996 [17];
Kumar et al., 1994 [18]

Production of high quality
fabrics

22
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on the surface of substrates takes place immediately
after the introduction and remains even after wash-
ing [25]. Cellulase treatments remove the corrugated
spiral structures, causing erosion and longitudinal fis-
sures [27].

Water absorbency and water retention properties
of fabrics are modified after biopolishing [27]. Cellu-
lase treated fabrics show higher energy dissipation
under wet condition. Wettability of the fabrics after
biopolishing improves by 35-85% depending upon
construction of the fabrics [28]. Enzyme treatment of
cotton fabrics increases transverse swelling of fibres
by 14%. Water retention capacity of cotton fabrics in-
creases by 24-28%, due to splitting of microfibrils [29].

Changes in the degree of polymerization, degree
of crystallinity and weight loss of fabrics significantly
influence tensile properties in terms of tensile elonga-
tion, tensile and compressive resilience, shear rigidity,
hysteresis and surface friction [30]. Strength of dyed
fabrics appears to be better (less strength loss) than
that of fabrics treated with enzymes and then dyed,
though the differences are not significant [31].

A linear relationship exists between depilling and
weight losses for total cellulase and endo-rich cellu-
lase [28]. Slow kinetics of enzymatic degradation of
crystalline cotton celluloses allows handle of the fab-
rics to be improved without excessively damaging
the fabrics [32]. Harshness produced by the alkaline
mercerization can be counteracted by cellulase treat-
ment, while soft handle of liquid ammonia treated
samples can further be enhanced by the cellulase
treatment. Cellulase treatment lowers the tensile and
compressional energy, which essentially means im-
proved handle [32].

6. CONCLUSIONS

The progress in biotechnology of cellulases and
related enzymes is truly remarkable and attracting
worldwide attention. New enzymes with high spe-
cific activity, increased reaction speed, and tolerance
to more extreme temperatures and pH could result
in development of continuous processes. The textile
industry can greatly benefit from the expanded use of
these enzymes as non-toxic, environmentally friendly
compounds. Textile processing industry is character-
ized by high consumption of energy and resources
and time consuming processes.

Biopolishing of cotton fabrics offers unmatched
results that can otherwise be achieved using chem-
ical finishes. Effective enzyme treatment, which de-
pended on fiber content and treatment level, resulted
in progressive weight loss. Biopolishing employs ba-
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sically the same cellulose action to remove fine sur-
face fuzz and fibrils from cotton and viscose fabrics.
The polishing action thus achieved helps to eliminate
pilling and provides better print definition, colour
brightness, surface texture, drapeability, and softness
without any loss of absorbency.
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