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Mojsov Kiro'

ENZYMATIC DESIZING
OF COTTON FABRIC AND
GLUCOSE GENERATION IN
Naucni rad DESIZING LIQUOR
UDC: 677.21.027.254.1

Abstract: Woven fabrics of cotton, on the warp threads are coated with an adhesive sizing agent to
prevent the threads from breaking during weaving process. Starc and its derivatives are the most common
sizing agents. After weaving, starch must be removed in order to prepare the fabric for dyeing and finishing.
This process is called as desizing and it include the use of chemicals such as acids, alkalis and oxidising agents
with traditional process. Because of that in the world are carried out investigations to replace conventional
chemical textile processes by eco-friendly and economically attractive bioprocesses using enzymes. This paper
will show the experimental results relating to the selection of the enzyme and process optimization made in
order to increase the content of glucose in the desizing liquor of starch sized cotton fabric. The results showed
that the commercial desizing enzyme preparations of a-amylase enzymes were not appropriate fo produce a
large quantity of glucose, and whilst used commercial food amyloglucosidase preparation, produced a large
quantity of glucose after the optimization process.

Keywords: bio-process, eco-friendly characteristics, a-amylase, amyloglucosidase.

ENZIMNO ODSKROBLJAVANJE PAMUCNE TKANINE I GENERISANJE GLUKOZE U
RASTVOR ODSKROBLJAVANJA

Apstrakt: Pamucne tkanine, na osnovi niti su obloZene lepljivim sredstvom za uévriéivanje da spreci niti
skrob mora biti uklonjen u cilju pripreme tkanina za bojenje i dorade. Ovaj proces se zove odskrobljavanje i
ukljucuje koriséenje hemikalija kao Sto su kiseline, alkalije i oksidaciona sredstva u tradicionalnom procesu.
Zbog toga u svetu se sprovode istrazivanja da zameni konvencionalne hemijske tekstilne procese sa ekoloski
i ekonomski atraktivnim bioprocesima pomocu enzima. Ovaj rad e pokazati eksperimentalne rezultate koji
se odnose na izbor enzima i proces optimizacije napravijen u cilju poveéanja sadrzaja glukoze u rastvor
odskrobljavanja skrobljene pamucne tkanine. Rezultati su pokazali da komercijalne enzimne preparate za
odskrobljavanja od o - amilaza enzima nisu bili odgovarajuée da proizvede veliku kolicinu glukoze, a dok
upotrebom komercijalnog prehranbenog preparata amiloglukozidaze, proizveo je veliku kolicinu glukoze posle
optimizacije procesa.

Kljucne reci: bio-proces, ekoloske karakteristike, a-amilaza, amiloglukozidaza.

1. INTRODUCTION enzymes and microorganisms has been made in
the field of textile technology. Biotechnology as an
ecological advantageous and moreover economical
beneficial technology plays an increasingly important

Biotechnology is a field of applying living
organisms and their components in the industrial
processes and products. During the last years, intensive ’ :
research of biotechnological processes involving role in the industrial wet textile pretreatment and
the finishing processes. Therefore, in an enzymatic
' Faculty of Technology, University of Stip, Republic of Pretreatment, the textile substrate is less damaged
Macedonia, e-mail: kiro.mojsov@ugd.edu.mk when compared to a classical pretreatment. In many
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industries, enzymes are used as biological catalysts to
replace harsh chemicals or perform reactions under
milder conditions.

Enzymes are specific and fast in action and small
amounts of enzyme often save large amounts of raw
materials, chemicals, energy and water. Especially
in textile manufacturing the use of enzymes has a
long tradition. The first microbial amylases were
used in the 1950s for the removal of starch sizes,
which today is routinely used by the industry [1,
2]. Amylases are enzymes which hydrolyse starch
molecules to give diverse products, including dextrins
and smaller polymers composed of glucose units [3].
Sizing is carried out in the weaving to protect the
warp yarn during the weaving process from damage
or interruption. The size forms a protective film on
the warp yam, protruding fiber ends causing loom
stops are minimized. About 75% of sizing agents used
worldwide are starch and its derivatives [4].

Desizing is a typical process in pretreatment of
cotton woven fabrics and cotton blends but also
necessary for all grey synthetic materials containing
sizes. The sizing agents on the warp yarns, have
to be removed before further processing in textile
finishing [4, 5]. In the past, hydrogen peroxide and
sodium hydroxide were generally used as desizing
agents. But this method was not economically and
environmental-friendly. In conventional method of
starch removing from a cotton article large amount
of water, chemicals and energy have to be consumed.
50-80% of the Chemical Oxygen Demand (COD) in
the effluents of textile finishing industries is caused by
sizing agents [6]. To decrease water and the chemicals
consumption and in response to the environmental
concerns, enzymatic desizing of cotton seems a
practical alternative. Alternatively, the peroxide could
be produced in situ by enzymatic system glucose
oxidase/glucose [7].

The commercially available
manufactured from the micro-organisms by
fermentation. Further purification steps involve
precipitation, extraction, centrifugation and filtration.
Most of the industrial enzymes are produced by a
relatively few microbial hosts like Aspergillus and
Trichoderma fungi, Streptomyces fungi imperfecti
and Bacillus bacteria. Yeasts are not good produces
of extracellular enzymes and are rarely used for this
purpose. There is a large number of microorganisms
which produce a variety of enzymes [8].

€nzymes arc

Starch comprises a mixture of a linear polymer
and a branched polymer. Amylose is a flexible

linear polymer of glucose residues joined by alpha-
1,4 glycosidic bond, which may be formed from
several thousand glucose molecules. Amylopectin,
however, is a branched molecule of glucose residues
joined by either the a-1,4 or a-1,6 glycosidic bond.
There are four groups of starch-converting enzymes:
endoamylases, exoamylases, debranching enzymes
and transferases. Endoamylases (a-amylase) are able to
cleave a-1,4 glycosidic bonds present in the inner part
of the amylose or amylopectin chain. Exoamylases
(B-amylase, amyloglucosidase or glucoamylase)
act on the external glucose residues of amylose or
amylopectin and produce glucose, maltose or dextrin.
Debranching enzymes (isoamylase and pullanase)
that exclusively hydrolyse a-1,6 glycosidic bonds.
Transferases are able to cleave a-1,4 glycosidic bonds
of the donor molecule and transfer part of the donor
to a glycosidic acceptor with the formation of a new
glycosidic bond [9].

The commercial desizing enzymes (c-amylases)
are used to produce of glucose in the desizing
bath, but these enzymes do not seem appropriate
for this purpose [1, 10], whereas amyloglucosidases
are suitable enzymes to degrade starch until it
becomes glucose [6, 11, 12]. The applications of
amyloglucosidase extend to many beverage and other
food industries [13]. Amyloglucosidase is also widely
used in brewing, paper, food, pharmaceutical and
textile industries [14].

Glucose oxidase enzymes (GO, ) are representative
of the oxidoreductase group. They catalyse the
oxidation of glucose to gluconic acid and simultaneous
production of hydrogen peroxide for bleaching.
In this study was examined the desizing effect of
amyloglucosidase/pullanase enzyme mixture and
a-amylases in desizing liquor.

2. EXPERIMENTAL PART

2.1. Materials

Commercial desizing enzymes (a-amylase)
from several suppliers and one commercial
amyloglucosidase/pullanase enzyme mixture for food
industry.

Raw cotton fabric with a mass per square meter
of 160 g/m”. The cotton fabric was sized with starch
sizing agent and 5% starch was present in the sized
fabric.

2.2. Treatment methods

Desizing trials (enzyme type and desizing recipe)
were performed according to recommendations by
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manufacturers listed in Table 1 with fabric specimens
of 15 grams (30 x 30 cm?) at a liquor ratio of 1:10
with distilled water. The process time was 30
minutes. Optimization trials were performed for the
amyloglucosidase/pullanase enzyme mixture.

2.3. Glucose assay

Glucose amounts of desizing liquor were measured
by use of'a GO, solution (glucose oxidase > 15.000 U/I,
peroxidase > 100 U/I, 4-aminoantiprin-0.5 mmol/l,
4-hydroxybenzoic acid-10 mmol/l, phosphate-119
mmol/l and stabiliser). Temperature: 37 °C; Primary
wavelength: 500 nm; Desizing liquor: GO_ solution
ratio (1 : 150); Incubation time: 5 minutes; Sensibility:
0-6300 mg/1.

Reactions can be written as:

Glucose + O, + H,O — Gluconoic acid + H,O,
H,0, + Hydrobenzonoic acid + 4-aminoantiprin
— Quinoneimine dye + H,0

The absorbance of the solution was measured using
a spectrophotometer of 500 nm. The absorbance of the
desizing liquor was compared to the absorbance of
standard glucose solution (5.55 mmol/l). The glucose
content of desizing liquor (G,) was calculated by with
formula: G, = (A /A)G_, where G, and A, are the
glucose amount (mg/l) and absorbance of the desizing
liquor, and G_and A_ are of standard glucose solution
J15,16].

3. RESULTS AND DISCUSSION

3.1. Enzyme desizing and glucose generation in
desizing liquor

Amylases are used in textile industry for desizing
process. Desizing involves the removal of starch from
the fabric which serves as the strengthening agent
to prevent breaking of the warp thread during the
weaving process. The o-amylases remove selectively
the size and do not attack the fibres [3, 17].

The glucose generation in desizing liquor during
the desizing process were compared with several
commercial desizing enzymes (o-amylases) and one
commercial amyloglucosidase/pullanase enzyme
mixture for food industry is shown in 7able 2. Results
indicate an acceptable desizing effect, but very low
glucose generation for o-amylases. The amount of
glucose in desizing bath of approximately 4.000
mg/l or 400-600 mg/l hydrogen peroxide generation
of glucoseoxidase is required to obtain a satisfactory
whiteness [11]. The results reported in Table 2 for
the amounts of glucose from commercial desizing
enzymes (0-amylases) (average of 201 mg/l) were not
enough, and despite their well-known and satisfactory
desizing effect [1, 3, 18]. These enzymes do not
seem appropriate for this purpose. The low amount
of glucose generation can be due to the reaction
mechanism of ¢-amylases, which are endoamylase
enzymes.

Amyloglucosidases and pullanases are debranching
enzymes that can to degrade starch in the desizing bath,
until it becomes glucose. The results reported in Table
2 for the amounts of glucose from amyloglucosidase/
pullanase enzyme mixture (average of 3.659 mg/l)
representing the great increase in the amount of
glucose generation compared to that of c-amylases.
Despite the grate increase in the amount of glucose,
it were still under required level of approximately
4.000 mg/l to obtain a satisfactory whiteness [11].
Therefore to investigate any further increase in the
glucose content of the de-sizing liquor of a starch-
sized cotton fabric were performed optimization trials
for the amyloglucosidase/pullanase enzyme mixture.

3.2. Optimisation of enzyme dosage by
amyloglucosidase/pullanase depending on
the glucose generation

A set of trials were performed to find an optimum

enzyme dosage by amyloglucosidase/pullanase
mixture to generate maximum glucose during the

Table 1.- Enzyme types and desizing parameters recommended by manufacturers

Temp., Time, )
Enzyme type Dosage, g/l oC pH min Supplier
AB Enzymes GmbH,
a-amylase-1 0.2-1.0 60-105 5.5-7.5 30 T a—
” Novozymes A/S,
o-amylase-2 0.25-1.3 70-80 6-7 30 Bagsvastd, Dentatk
a-amylase-3 0.5-1.5 80-105 5.8-7 30 PramplE Sulb o,
Shanghai, China
a-amylase-4 0.5-2.0 60-100 5.4-8 30 CHT, Istanbul, Turkey
Amyloglucosidase/pulla s 2 Novozymes A/S,
nase for food industry el ata Lot B Apprecoss Bagsvaerd, Denmark
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Table 2.- Glucose generated in desizing liguor during enzyme desizing process

Enzyme type Dosage Temperature, °C | pH Trlnn:ne’ Gllllllcg?;s Fa
a-amylase-1 1.0 g/l 90 6.5 30 200
a-amylase-2 1.3 g/l 70 6.5 30 215
a-amylase-3 1.5 g/l 90 6.4 30 185
a-amylase-4 2.0 g/ 80 6.7 30 205

amyloglucosiQase/pullanase for 0.4 % (owf) 60 49 30 3659
food industry

desizing process. Figure I illustrates enzyme dosage
by amyloglucosidase/pullanase mixture of 0.4 to
2.0% (owf) (on weight of material) depending on the
glucose generation in desizing process. The minimum
necessary enzyme dosage is 0.4 % (owf). However,
increasing the enzyme dosage to 1.0% (owf) resulted
in higher glucose amounts than 0.4% (owf). From
these results was chosen an optimum enzyme dosage

of amyloglucosidase/pullanase mixture of 1.0%

(owf).

3.3. Optimisation of process time depending
on the glucose generation by the
amyloglucosidase/pullanase

Recommended process parameters for
amyloglucosidase/pullanase  mixture ~were  not
available for desizing process, but pH 4.1-4.3

1700 and temperature of 60-63 °C have been applied
C g to produce glucose from starch in food industry.
i o ~— . : ;
4000 | / " Since there were no data available concerning
- » the use of amylopectinase/pullanase mixture in
5, 3800 desizing process, the effect of the process time
3 A i was also examined in order to find optimum
é 3600 I ¢ circumstances. Trials were performed for 120
= 2100 © minutes with 20 minute intervals. Figure 2
R illustrates the process time by amyloglucosidase/
3200 F pullanase mixture of 20 to 120 minutes depending
r on the glucose generation in desizing process.
3000 Lt v 1 S S T R I Increasing the process time to 80 minutes
04 06 080 10 12 14 16 18 2.0 resulted in higher glucose amounts, while the
Enzvime dogage. %o process time of 100 to 120 minutes in smaller
Figure 1.- Enzyme dosage by amyloglucosidase/pullanase g]uco?,e amounts. Fro.m these resqlts was chosen
depending on the glucose generation an optimum process time of 80 minutes.
e 3.4. Optimisation of pH depending
- . on the glucose generation by the
a— 8 .
1000 | amyloglucosidase/pullanase
- / pH of 4.1-43 was recommended by the
z,) 3800 | s manufacturer of the amylo-glucosidase/
Z_*, e b pullanase mixture for glucose production from
g SR I starch in food industry, but however it lacked
= cunly £ appropriate pH for desizing process.
- i Since there were no data available concerning
3200 | the use of amylopectinase/pullanase mixture
i in desizing process, the effect of pH was also
3000 J i e D examinedin orderto find optimum circumstances.
20 =0 6l 80 140 120 Trials were performed for pH 0of 3.0-4.6 with 0.2
Process time. minutes intervals. Figure 3 illustrates pH depending on

Figurel.- Process time depending on the glucose generation by

the amyloglucosidase/pullanase

the glucose generation in desizing process by
amyloglucosidase/pullanase mixture. Increasing
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5000
4500 |
L .___.-‘.
4000 | / ™~
= L o
2 3300 /
= | g "
= 3000 —e
2500 |
2000 1 1 1 1 1 1 ] 1 1 () 1 1 ]
30 32 34 36 38 40 42 44 46
Process time, minutes

Figure 3.- pH depending on the glucose generation by the
amyloglucosidase/pullanase

pH to 4.0 resulted in higher glucose amounts, while
pH of 4.2-4.6 in smaller glucose amounts. From these
results was chosen an optimum pH of 4.0.

4. CONCLUSIONS

Textile processing is a growing industry that
traditionally has used a lot of water, energy and harsh
chemicals. As textile fibers are polymers, the majority
being of natural origin, it is reasonable to expect there
would be a lot of opportunities for the application
of white biotechnology to textile processing.
Biotechnology offers the potential for new industrial
processes that require less energy and are based on
renewable raw materials. It is important to note that
biotechnology is not just concerned with biology, but
it is a truly interdisciplinary subject involving the
integration of natural and engineering sciences.

When all the benefits of using enzymes are taken
into consideration, it's not surprising that the number
of commercial applications for enzymes is increasing
every year. Enzymes can be used in order to develop
environmentally friendly alternatives to chemical
processes in almost all steps of textile fibre processing.
New enzymes with high specific 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.

A commercial enzyme that used in the food
industry was utilized in this study.The performance of
this commercial enzyme amyloglucosidase/pullanase
mixture was tested and were performed optimization
trials to investigate any further increase in the glucose

[1]

[3]

[4]

[5]

[6]

(7]

[8]

[9]

19

content of the de-sizing liquor of a starch-sized
cotton fabric. Optimum circumstances obtained
were: enzyme dosage — 1.0% (owf); process
time — 80 minutes at 60 °C; pH — 4.0.

There is still considerable potential for new
and improved enzyme applications in future
textile processing. It seems that in the future
it will be possible to do every process using
enzymes.
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KATEDRA ZA TEKSTILNO INZENJERSTVO

Studijski program "Tekstilna tehnologija'" sa nastavnim planom po modelu
“3 + 2 godine od $kolske 2008/09. godine

Postovane kolege,

Zapoénite $kolovanje na Tehnolo$ko-metalurSkom
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tekstilno inZenjerstvo! Katedra za TI je formirala
studijski program "Tekstilna tehnologija" sa
nastavnim planom po modelu “3 + 2* godine.

Zavriite osnovne akademske studije na fakultetu
za 3 godine kao i na Visokoj strukovnoj 8koli za
tekstil ili drugim Visokim strukovnim Skolama. Sa-
mo osnovne akademske studije zavrSene na fakultetu
daju vam zvanje inZenjer tehnologije (tekstilna teh-
nologija) i moguénost da, za jo§ 2 godine, zavrSite i
diplomske ili “master studije” i steknete zvanje
diplomirani inZenjer tehnologije — master (tekstilna
tehnologija). Najbolji i najuporniji zavriavaju
doktorske studije za dodatne 3 godine (zvanje doktor
nauka — tehnologko inZenjerstvo).

\_

Katedra za tekstilno inZenjerstvo je od 1998.
godine punopravni ¢lan Asocijacije tekstilnih uni-
verziteta Evrope (AUTEX). Otuda je nastavni plan
novog studijskog programa usaglaSen sa slicnim
studijama u zemljama Evropske unije. Sami birate
izborno podrugje i predmete koje Zelite da izucavate.
Ukoliko zelite odslusajte pojedine semestre ili uradi-
te diplomski rad u nekoj od Skola u Evropskoj uniji.

Na ovaj smer, buduéi studenti se upisuju od prve
godine, tako $to polazu prijemni ispit prilagoden
potrebama studijskog profila.

Za dodatne informacije posetite internet strane
fakulteta na www.tmf.bg.ac.rs ili se obratite
Studentskoj sluzbi TMF-a (referent Milja Daci¢ tel.
3303 604).

MoZete se obratiti i prof. dr Petru Jovan€icu,
diplinz., na telefone: 011 3370 406, 011 3303 613,
c-mail: pera@tmf.bg.ac.rs.

Vidimo se na TMF-u!
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