
†
Corresponding author

 E-mail: doccubi@sookmyung.ac.kr

This paper is a part of a master's thesis.

Effects of Treatments with Two Lipolytic Enzymes

on Cotton/Polyester Blend Fabrics

So Hee Lee · Wha Soon Song*†

Research Institute of Health and Living Science, Sookmyung Women's University,

*Dept. of Clothing & Textiles, Sookmyung Women's University

Received August 14, 2013; Revised October 3, 2013; Accepted October 15, 2013

Abstract

This study examined the use of cutinase and lipase to process cotton/polyester blend fabric. Optimum treat-

ment conditions for cutinase and lipase were investigated for cotton/polyester blend fabric. The properties of

enzyme-treated fabrics were evaluated and compared in optimal treatment conditions. In addition, the possibility

to provide an enzymatic finishing on blend fabrics using mixed enzymes in a two-step process were studied.

The weight loss of cotton/polyester blend fabrics with Triton X-100 was 0.8% and the dyeing property of blend

fabrics with calcium chloride increased by a factor of 1.2. The use of two enzymes in combination with cutinase

and lipase in the presence of auxiliaries resulted in a cotton/polyester blend fabric weight loss of 0.8%. In ad-

dition, the dyeing properties of cotton/polyester blend fabrics improved by a factor of 1.5 and the moisture re-

gain of cotton/polyester blend fabrics improved by a factor of 1.16. However, no marked loss was observed in

tensile strength. The surface morphology of cotton/polyester blend fabrics is modified through a two-enzyme

treatment. The treatment of cotton/polyester blend fabrics with cutinase and lipase maintains cotton strength

and improves the moisture regain of polyester fabrics.
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I. Introduction

In the 21th century, biotechnological methods for

fabric processing have garnered a lot of interest in the

textile industry because of the problems associated

with the existing methods, which have raised major

ecological concerns. One of the most popular methods

is an enzymatic treatment with four primary advan-

tages: (1) it reduces water pollution because enzymes

react at pH levels close to neutral; (2) it reduces fiber

damage because the enzymes react with specific sub-

strates; (3) it reduces the reaction time because of in-

creased reaction rate; and (4) it saves energy because

the enzymes react at low temperatures (40-60
o
C) (Lee

& Song, 2010; Lee et al., 2008, 2009). With these ad-

vantages, enzymatic processing have been applied to

the textile industry especially natural fibers as shown

in <Table 1>.

Natural/synthetic blend fabric has advantages in that

it possesses good elastic recovery, excellent crease-

retention and wrinkle-proof properties, appropriate

moisture regain values, and is easy to care for, along

with being comfortable (McCloskey & Jump, 2005;

Yu et al., 2004). However, blend fabric has not been

studied enough to meet the ever-increasing demand

from the industry (Lee & Song, 1998). In particular,

chemical treatment of blend fabric leads to physical

damage to the natural fiber and decrease in the ease

of handling occur by chemical treatment (Bae, 1993,

1994; Lee & Song, 1998). Therefore, suitable enzyma-
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tic processing method need to be adapted for natural/

synthetic blends. According to Lee and Song (1998),

the strength, elongation, drapery, resilience, and pill-

ing properties of rayon/cotton blend fabrics were im-

proved by cellulase treatment. According to Song and

Song (2008), the whiteness, tensile strength, and dye-

ing properties of wool/polyester blend fabrics were

improved by treatment with papain and lipase. In ad-

dition, Takagishi (1992) reported that cellulase treat-

ment enhances the softness of cotton/polyester blend

fabrics.

Among natural/synthetic blend fabrics, cotton/poly-

ester blend fabrics are used widely in the textile indu-

stry, therefore, proper enzymatic processing for cot-

ton/polyester blend fabrics is needed. Most of studies

about cotton/polyester blend fabrics used cellulase as

an enzyme for the enzymatic treatment. However, hy-

drolysis of cotton/polyester blend fabric by cellulase

treatment focused on the hydrolysis of cotton fibers

(Schimper et al., 2008), and led to excessive weight

loss, loss of tensile strength, reduced dyeing proper-

ties, and loss of moisture regain (Chung, 1994; Takag-

ishi, 1992). Through previous researches, the studies

on the enzymatic treatment of cotton/polyester fibers

have been focused on the modification of cotton fibers

only, even though that has drawbacks such as loss of

strength, weight, and decrease of hydrophilicity of

natural fibers. Therefore, suitable enzymatic process-

ing, which is focused on the modification of polyes-

ter fibers without damage on cotton fibers is required

in the textile industry.

In many enzymes, only a few enzymes such as cuti-

nase and lipase can modify polyester fibers without

damage on cotton fibers. Cutinase from the phyto-

pathogenic fungus Fusarium solani pisi is an example

of a small carboxyl ester hydrolase that bridges the

functional properties of lipases and esterases (Egmond

& Vlieg, 2000). Cutinase are named after their ability

to degrade cutin polymers (Kolattukudy, 1984). In ad-

dition, cutinase can serve as a model for more com-

plex lipases, because in many respects, the kinetic be-

havior of cutinases resembles that of the “true” lipases

(Egmond & Vlieg, 2000). By cutinase treatment, cot-

ton fiber can maintain the loss of weight and strength

(Agrawal, 2005). Additionally, Vertommen reported

that cutinase hydrolyzed hydrophobic materials such

as polyester fiber (Vertommen et al., 2005). Moreover,

polyester hydrolysis due to cutinase activity correlated

with the results obtained for pilling property (McClo-

skey & Jump, 2005).
 
Lipase can hydrolyze the waxes

of cotton fiber and modify the hydrophilicity of poly-

ester fibers (Hartzell & Hsieh, 1998; Hseih & Cram,

1998; U.S. Patent No. 6,254,645B1, 2001; Vertommen

et al., 2005; Walter et al., 1995; Yoon et al., 2002). Es-

pecially, Triton X-100 helps reduce penetration time

of cutinase and lipase when enzymatic treatment, and

Ca
2+

 ions helps to dissolve the proteins of enzyme into

the treatment solution, thereby increasing the enzy-

matic activity (Lee et al., 2009).

The aim of this study is to apply cutinase and lipase

treatment for cotton/polyester blend fabrics to imp-

rove the hydrophilicity such as moisture regain and

dyeing properties of polyester fiber, maintaining ad-

vantages of cotton fiber. In addition, to improve the

activity of enzymes, two auxiliaries such as calcium

chloride and Triton X-100 were used and studied. Fur-

thermore, the effect of using two enzymes in combi-

nation in a two-step process sequentially was evalu-

ated. The influences of enzymatic treatment on damage

Table 1. Enzymatic application in textile finishing

Fabric Enzyme Application

Cotton

Amylase Desizing

Pectinase, lipase Scouring

Glucose oxidase Bleaching

Catalase
Removal of residual

hydrogen peroxide

Cellulase Biofinishing

Mixture of enzymes Garment laundering

Silk Protease Scouring

Wool
Protease Shrink proofing

Lipase Dyeing improving

Flax Pectinase Scouring

Polyester
Lipase, cutinase,

esterase
Finishing, hydrolyzing

Polyamide Amidase, Protease Finishing

Polyacry-

lonitrile
Nitrilase Finishing
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of cotton/polyester blend fabrics were evaluated thr-

ough the weight loss, the tensile strength, and the sur-

face morphology. In addition, the hydrophilic proper-

ties of cotton/polyester blend fabrics were measured

by the dyeing properties and the moisture regain. Based

on these results, a suitable biotechnological method,

which maintains the advantages of cotton fibers and

modifies the disadvantages of polyester fibers, can be

designed for treating cotton/polyester blend fabrics.

II. Experimental

1. Materials

Cotton/polyester 50/50 blend fabrics desized for 10

min at 90
o
C were used, and cutinase and lipase (expe-

rimental enzyme), purchased from Novozymes, were

used without further purification <Table 2>−<Table 3>.

Trizma base (pKa=8.06, Sigma Chemicals Co., USA)

was used as a buffer for cutinase, and sodium acetate

(pKa=4.76, Sigma Chemicals Co., USA) was used as

a buffer for lipase. In addition, 1 M hydrochloric acid

(Duksan Pure Chemicals, Korea), and 0.1 M sodium

hydroxide (Junsei Chemicals, Japan) were used for

adjusting the pH levels of the buffering solution. cal-

cium chloride (Kanto Chemicals, Japan) was used as

an activator, and Triton X-100 (Sigma Chemicals,

USA) was used as a nonionic surfactant of enzymes.

0.1 M sodium hydroxide (Junsei Chemicals, Japan) and

thymolphthalein (ACS reagent, Sigma Chemicals, USA)

reagent was used for measuring enzyme activity. 95%

ethanol (Duksan Pure Chemicals) was used to inacti-

vate the enzyme solution. C. I. Basic Blue 9 (Duksan

Pure Chemicals, Korea) was used as a dye. All chemi-

cals were used without further purification.

2. Methods

1) Enzymatic Treatment

All enzymatic treatment of cotton/polyester blend

fabrics was performed in a solution of 50 mM acetate

and Trizma buffer, and a liquor ratio of 30:1 was used.

The treatment conditions of cutinase on cotton/poly-

ester blend fabrics were pH of 9.0, temperature of 50
o
C,

cutinase concentration of 100% (o.w.f.), and treatment

time of 60 min (Lee & Song, 2010; Lee et al., 2009).

The treatment conditions of lipase on cotton/polyes-

ter blend fabrics were pH of 4.2, temperature of 50
o
C,

lipase concentration of 100% (o.w.f.), and treatment

time of 60 min (Lee & Song, 2010; Lee et al., 2008).

Cotton/polyester blend fabrics were treated with lipase

and cutinase at 150 rpm using a shaking water bath

(BS-21, Jeio Tech., Korea). The concentration of acti-

vators such as calcium chloride and Triton X-100 was

determined based on the previous works (Lee & Song,

2010; Lee et al., 2008, 2009). From studies, the most

efficient range calcium chloride was used over the con-

centration range 5 and 10 mM for lipase treatment,

and 50 to 70 mM for cutinase treatment which are the

most efficient ranges from the previous studies. Triton

X-100 was used only 0.5% (v/v) concentration when

cutinase treatment because it is not effective on lipase

activity. Following treatment, the residual enzyme ac-

tivity of the samples was inactivated by heating them at

90
o
C for 10 min. After inactivation, the samples were

thoroughly washed with water at a liquor ratio of 100:1

and then dried at room temperature.

Table 3. Enzyme properties

Enzyme Source Activity Form Manufacturer

Cutinase (EC 3.1.1.74) None* None* Liquid Novozymes

Lipase (EC 3.1.1.3) Candida Antarctica** 6 KLU/g*** Liquid Novozymes

*Cutinase is an experimental enzyme manufactured by the Novozymes.

**Novozym 735 is a lipase A from C. Antarctica produced by a submerged formation of a genetically modified Aspergillus Oryzae 

microorganism.

***LU: is the amount of enzyme that releases 1 µmol of titratable butyric acid per minutes.

Table 2. Fabric characteristics

Fiber
(%)

Fabric count
(yarn/inch)

Fabric weight
(g/m2)

Thickness
(mm)

Cotton/

Polyester

(50/50)

79×67 74.1±0.1 0.201
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2) Weight Loss

Weight loss was evaluated by measuring the dry

weight of the fabrics. The samples were dried in a dry-

ing oven at 105
o
C for 90 min and then weighed in a

closed weighing bottle after being cooled in an auto-

matic desiccator. The percentage weight loss was cal-

culated as follows <Eq. 1>:

..... Eq. 1.

where W1 and W2 are the dry weights of the fab-

rics before and after treatment, respectively.

3) Dyeing Properties

The untreated and enzyme-treated fabrics were dyed

at 60
o
C for 40 min with a 0.7% (o.w.f.) basic dye so-

lution. The bath ratio was adjusted to 1:50. After the

dyeing process, we measured the surface color accor-

ding to a computer color matching system (CCM, JX

777, Japan). Color strength (K/S value) was calculated

using the following <Eq. 2>:

..... Eq. 2.

where K is the absorption coefficient, S is the scat-

tering coefficient, and R is the reflectance of an infi-

nitely thick layer of the material illuminated with light

of a known wavelength.

4) Moisture Regain

Moisture regain was measured in accordance with

ASTM D 629-99 by comparing the dry weight and

moisture-conditioning weight of enzyme-treated cot-

ton/polyester blend fabrics. Samples were dried in an

oven at 105
o
C for 1 h and then weighed after cooling

in a desiccator for 30 min. Moisture conditioning was

carried out at 20
o
C and 65% relative humidity for 24

h. The moisture regain was calculated using the fol-

lowing <Eq. 3>:

..... Eq. 3.

where Wm is the weight of fabric in moisture equi-

librium state at 20
o
C and 65% relative humidity, and

Wd is weight of fabric dried at 105
o
C for 90 min.

5) Tensile Strength

The tensile strength of enzyme-treated cotton/poly-

ester blend fabrics was determined by the strip method

in accordance with KS K 0521.

6) Surface Morphology

The surfaces of enzyme-treated cotton/polyester

blend fabrics were examined using a scanning elec-

tron microscope (SEM, JSM-5410, Japan) after the

samples were plated with gold.

III. Results and Discussion

1. Effect of Two Lipolytic Enzyme Treatment

on Cotton/polyester Blend Fabric

<Fig. 1> shows the weight loss of cotton/polyester

blend fabrics after cutinase and lipase treatment. Ba-

sed on the previous work (Lee & Song, 2010; Lee et

al., 2008, 2009), calcium chloride was found to be a

better auxiliary compared to non-ionic surfactants for

cotton fabrics in case of both cutinase and lipase treat-

ments, while non-ionic surfactants work well with

polyester fabrics in case of cutinase treatment. How-

ever, it did not affect lipase treatment. Therefore, in

this study, calcium chloride and non-ionic surfactants

were evaluated as auxiliaries in case of cutinase treat-

ment and calcium chloride was evaluated as an auxil-

iary for lipase treatment of cotton/polyester blend fab-

rics. As shown in <Fig. 1(a)>, the weight loss after cu-

tinase treatment is -0.2% in the presence of 50-60 mM

calcium chloride and 0.4% in the presence of 70 mM

calcium chloride, which is similar to treatment with

cutinase alone. However, the weight loss of cotton/

polyester blend fabric is 0.8% in the presence of 0.5%

Triton X-100. The weight loss after cutinase treatment

in presence of 0.5% Triton X-100 was more effective

than that in the presence of calcium chloride. That is,

the addition of 60 mM calcium chloride was not use-

ful in cutinase hydrolysis, because calcium chloride

is effective for scouring cotton fabrics, whereas Tri-

ton X-100 is effective for the hydrolysis of not only

cotton fabrics but also polyester fabrics (Kim & Song,

2006; Lee & Song, 2010; Lee et al., 2009). In addition,

as shown in <Fig. 1(b)>, the weight loss of lipase-tre-
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ated fabrics was the maximum in case of 5 mM cal-

cium chloride. However, at concentrations above 5 mM

calcium chloride, the auxiliaries did not show an ef-

fect. Based on the results of weight loss studies, cot-

ton/polyester blend fabrics showed effective modifi-

cation in the presence of 0.5% Triton X-100 in case of

cutinase treatment; cutinase can hydrolyze not only

wax and lipid layers, but also the cuticle layer (Agra-

wal, 2005).

<Fig. 2> indicates the dyeing ability of cotton/poly-

ester blend fabrics after cutinase and lipase treatment.

Generally, the dyeing property can be increased by

cellulase treatment as cotton hydrolysis is focused on

the primary walls of cotton fibers, which is composed

of 95% cotton (Agrawal, 2005). As shown in <Fig. 2>,

compared to the untreated fabrics, the K/S value of cu-

tinase- and lipase-treated fabrics increase by -1.2 folds,

since the impurities as well as the cuticle with poor

water absorption capacity and low degree of swelling

are hydrolyzed. Especially, when cutinase treatment in

the presence of 0.5% Triton X-100 and lipase treatment

in the presence of 5 mM calcium chloride showed the

highest K/S value, like the weight loss. However, there

were no marked differences according to the kinds of

enzymes and concentrations of auxiliaries used. This

can be attributed to the fact that the non-cellulosic com-

ponent was hydrolyzed by cutinase and lipase treat-

ment, at concentrations within 3% (Agrawal, 2005; Lee

& Song, 2010). Therefore, cutinase and lipase treat-

ment can improve the dyeing properties of the cotton/

polyester blend fabrics. In addition, 0.5% of Triton X-

100 and 5 mM of calcium chloride is effective auxil-

iaries when cutinase and lipase treatment on cotton/

polyester blend fabrics, respectively.

2. Effect of Two Enzymes in Combination on

Cotton/polyester Blend Fabric

Blend fabrics can be improved by enzymatic treat-

ment using two enzymes in combination. Song and

Song (2008) reported that wool/polyester blend fab-

rics were effectively modified by the two enzymes in

combination, in a two-step process. Therefore, based

on the treatment conditions for the cotton/polyester

blend fabrics <Fig. 1>−<Fig. 2>, the effects of using

two enzymes in combination in a two-step process

were investigated. <Fig. 3> shows the weight loss of

cotton/polyester blend fabrics by using enzymes in

Fig. 1. Weight loss of cutinase and lipase treated cotton/polyester blend fabric (C: cutinase only, Ca50: cutinase

treatment in the presence of 50 mM of calcium chloride, Ca60: cutinase treatment in the presence of 60 mM

of calcium chloride, Ca70: cutinase treatment in the presence of 70 mM of calcium chloride, Tr0.5: cutinase

treatment in the presence of 0.5% of Triton X-100, L: lipase only, Ca5: lipase treatment in the presence of

5 mM of calcium chloride, Ca10: lipase treatment in the presence of 10 mM of calcium chloride).
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combination. As shown in <Fig. 3>, compared with

single-enzyme treatment, the weight loss increased by

approximately 1.3 folds when the two enzymes were

used in combination sequentially. Especially, lipase

treatment followed by cutinase treatment (L-C) on cot-

ton/polyester blend fabrics showed the highest value of

weight loss, since the effect of lipase treatment is bet-

ter than that of cutinase treatment (Lee & Song, 2010;

Lee et al., 2008, 2009). In particular, adding activa-

tors in two-enzyme treatment in combination boosted

the weight loss, achieving an approximate increase of

2 folds. This is a clear evidence of the effect of adding

an activator and using enzymes in combination on co-

tton/polyester blend fabrics (Agrawal, 2005; Degani

et al., 2002; Li & Hardin, 1998). In addition, in case

of using enzymes in combination, initial treatment with

lipase followed by cutinase treatment in the presence

of auxiliaries or not, resulted in a greater increase in

weight loss. This is because the fat layer dissolution

of cotton/polyester blend fabrics by lipase-induced then

infiltration of cutinase into the cuticle layer deeply.

Moreover, compared to single enzyme treatment <Fig.

1>, there were no big loss of weight by using enzymes

in combination.

Fig. 2. K/S value of cutinase (a) and lipase (b) treated cotton/polyester blend fabric (C: cutinase only, Ca50: cuti-

nase treatment in the presence of 50 mM of calcium chloride, Ca60: cutinase treatment in the presence of

60 mM of calcium chloride, Ca70: cutinase treatment in the presence of 70 mM of calcium chloride, Tr0.5:

cutinase treatment in the presence of 0.5% of Triton X-100, L: lipase only, Ca5: lipase treatment in the pre-

sence of 5 mM of calcium chloride, Ca10: lipase treatment in the presence of 10 mM of calcium chloride).

Fig. 3. Weight loss of mixed enzymes on cotton/poly-

ester blend fabric (C: cutinase only, L: lipase

only, C-L: cutinase treatment followed by lipase

treatment, L-C: lipase treatment followed by cu-

tinase treatment, CT-LC: cutinase treatment in

the presence of 0.5% Triton X-100, followed by

lipase treatment in the presence of 5 mM calcium

chloride, LC-CT: lipase treatment in the presen-

ce of 5 mM calcium chloride followed by cuti-

nase treatment in the presence of 0.5% Triton

X-100).
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<Fig. 4> indicates the dyeing ability of cotton/poly-

ester blend fabrics by using enzymes in combination.

Generally, for dyeing cotton/polyester blend fabrics two

bath dyeing method have been applied with reactive

dye and disperse dye. However, in this study, basic

dye was used for one bath dyeing for cotton/polyes-

ter blend fabrics. As shown in <Fig. 4>, the dyeing

ability increased by approximately 1.5 times when en-

zymes were used in combination. It is because that

polyester fiber hydrolyzed by cutinase and lipase treat-

ment then it could be dyed with basic dyes. In other

words, surface of polyester fiber got hydrophilic pro-

perties since carboxyl groups were produced by enzy-

matic hydrolysis. With regard to the activator effect,

however, no big differences were found among dif-

ferent enzymatic treatment conditions. Although the

weight loss was positively influenced by the addition

of activator, the actual percentage weight loss was ap-

proximately 0.8% (Lee et al., 2009), which appears

insignificant for the entire dyeing process, given that

the non-cellulosic constituents involved in dyeing ac-

count for -2-3% of the cotton fiber composition. How-

ever, by using enzymes in combination, even though

there were loss of weight, K/S value was increased

visibly. This is because dyeing properties are effected

by cellulosic part of cotton fiber. The loss of weight

is focused only waxes, cuticle of non-cellulosic part

which disturbing the penetration of dyes. In addition,

by enzyme hydrolysis, dyeability of polyester fabric

could be improved (Lee & Song, 2010). Therefore,

By removing that hydrophobic part of waxes, lipids,

or cuticle layer of cotton fiber and lipids layer of poly-

ester fiber, the dyeing properties of cotton/polyester

fabrics could be increased rapidly.

<Fig. 5> shows the tensile strength of cotton/poly-

ester blend fabrics treated by enzymes in combination.

As shown in <Fig. 5>, the tensile strength decreased

by 1.1 folds when the two enzymes were used in com-

bination. By using the two enzymes in combination,

the weight loss of cotton/polyester blend fabrics was

Fig. 4. K/S value of mixed enzymes on cotton/polyes-

ter blend fabric (C: cutinase only, L: lipase only,

C-L: cutinase treatment followed by lipase tre-

atment, L-C: lipase treatment followed by cuti-

nase treatment, CT-LC: cutinase treatment in

the presence of 0.5% Triton X-100, followed by

lipase treatment in the presence of 5 mM cal-

cium chloride, LC-CT: lipase treatment in the

presence of 5 mM calcium chloride followed by

cutinase treatment in the presence of 0.5% Tri-

ton X-100).

Fig. 5. Tensile strength of mixed enzymes on cotton/

polyester blend fabric (C: cutinase only, L: li-

pase only, C-L: cutinase treatment followed by

lipase treatment, L-C: lipase treatment followed

by cutinase treatment, CT-LC: cutinase treat-

ment in the presence of 0.5% Triton X-100, fol-

lowed by lipase treatment in the presence of

5 mM calcium chloride, LC-CT: lipase treatment

in the presence of 5 mM calcium chloride fol-

lowed by cutinase treatment in the presence

of 0.5% Triton X-100).
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1.3-1.6 folds. Therefore, compared with the results of

weight loss, the decrease in tensile strength was less.

In addition, although by adding auxiliaries in case of

two-enzyme treatment (CT-LC, LC-CT), the tensile

strength decreased slightly. In particular, lipase treat-

ment in the presence of 5 mM calcium chloride fol-

lowed by cutinase treatment in the presence of 0.5%

Triton X-100 (LC-CT) showed the biggest loss in ten-

sile strength. This tendency is in good agreement with

the trend observed for weight loss. That is, the fat layer

dissolution of cotton/polyester blend fabrics by lipase-

induced then infiltration of cutinase into the cuticle la-

yer deeply, therefore, the tensile strength was decreased

slightly. Furthermore, compared to previous studies

(Takagishi, 1992), the enzymatic treatment of cotton/

polyester blend fabrics led to a slight decrease in the

tensile strength. However, there was no damage to the

fiber and minimal reduction was observed in tensile

strength (Lee et al., 2009).

<Fig. 6> shows the moisture regain of cotton/poly-

ester blend fabrics by using two enzymes in combi-

nation. As shown in <Fig. 6>, no marked differences

were observed on using two enzymes in combination.

However, in case of lipase treatment followed by cuti-

nase treatment (L-C), the moisture regain value increa-

sed a little. Moreover, the moisture regain value inc-

reased by the addition of auxiliaries (Cavalco-Paulo

& Guebitz, 2003; Worthington Enzyme Manual, 1993)

as noted in case of weight loss. Hydrophobic compo-

nents such as waxes, lipids, fats, and cuticles of cot-

ton/polyester blend fabrics were hydrolyzed by treat-

ment with cutinase and lipase. In addition, the hydro-

philicity of the fiber surface was increased by the addi-

tion of auxiliaries. Furthermore, by adding calcium

chloride or non-ionic surfactants, the dissolution of

the hydrophobic components that coat the fat and wax

layers was facilitated by cutinase and lipase treatment,

improving the moisture regain value (Li & Hardin,

1998). When cellulase treatment on cotton fabrics, the

moisture regain could be decreased since cellulose was

hydrolyzed (Lee & Song, 1998; Yachmenev et al., 1998).

However, in previous study (Lee & Song, 2010; Lee

et al., 2008, 2009), cutinase or lipase treated cotton

fabrics showed no decrease in the moisture regain, also,

moisture regain of cutinase and lipase treated polyes-

ter fabrics were increased. As shown in <Fig. 6>, there

was 0.5% increase in the moisture regain. This phe-

nomenon could be explained by increase of moisture

regain is focused on the polyester fiber, not cotton

fiber. That is the moisture regain of polyester fiber in-

creased 1.25 folds by enzymatic treatment. Therefore,

with enzymatic treatment with cutinase and lipase, the

moisture regain of cotton/polyester blend fabrics was

modified.

<Fig. 7> shows the surface morphology images of

cotton/polyester blend fabrics after enzyme treatment.

As shown in <Fig. 7>, the untreated fiber surface had

a uniform morphology; however, the surface of blend

fabrics that were subjected to enzymatic treatment with

cutinase and lipase was found to have cracks because

of the dissolution of the wax and cuticle layers (Li &

Hardin, 1998). In particular, a greater portion of the

non-cellulosic constituents surrounding the fiber sur-

face was found to have been dissolved when lipase

treatment was followed by cutinase treatment (L-C),

Fig. 6. Moisture regain of mixed enzymes on cotton/

polyester blend fabric (C: cutinase only, L: li-

pase only, C-L: cutinase treatment followed by

lipase treatment, L-C: lipase treatment followed

by cutinase treatment, CT-LC: cutinase treat-

ment in the presence of 0.5% Triton X-100, fol-

lowed by lipase treatment in the presence of

5 mM calcium chloride, LC-CT: lipase treatment

in the presence of 5 mM calcium chloride fol-

lowed by cutinase treatment in the presence

of 0.5% Triton X-100).
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compared with the reverse order of enzymatic treat-

ment. This tendency is in good agreement with that

observed for weight loss and dyeing ability. Accord-

ingly, it can be concluded that two-enzyme treatment

with cutinase and lipase effectively contri-butes to the

improvement of blend fabric quality (Yu et al., 2004),

and that it is more effective when the fabrics are ini-

tially treated with lipase, which dissolves the surface

fat and wax layers, and then with cutinase, which dis-

solves the fiber cuticle.

IV. Conclusions

In this study, cutinase and lipase were used for pro-

cessing cotton/polyester blend fabrics. The optimum

conditions for treatment with each enzyme were cho-

sen and studied with respect to the effects observed

on cotton/polyester blend fabrics. As results, the wei-

ght loss of cutinase-treated cotton/polyester blend fa-

brics with Triton X-100 is 0.8% and the dyeing prop-

erty of lipase-treated blend fabrics with calcium chlo-

ride increases by 1.2 folds. Therefore, cutinase and li-

pase treatment modify cotton/polyester blend fabrics

efficiently. Using two enzymes in combination in a

two-step process with cutinase and lipase in the pres-

ence of calcium chloride and Triton X-100, the wei-

ght loss of the cotton/polyester blend fabrics increases

by 2.3 folds compared to single enzymatic treatment,

however, it is only 0.8%. In addition, dyeing proper-

ties of cotton/polyester blend fabrics improves to 1.5

folds two enzymes in combination with or without cal-

cium chloride and Triton X-100. Moreover, the mois-

ture regain of cotton/polyester blend fabrics improved

to 1.16 folds. However, there was no big loss of tensile

strength. Surface morphology of cotton/polyester blend

fabrics is modified through two enzyme treatment in

combination. Therefore, cutinase and lipase treatment

on cotton/polyester blend fabrics maintain cotton stre-

ngth and improve moisture regain of polyester fab-

rics.

Fig. 7. SEM micrographs of enzyme treated cotton/polyester blend fabrics (C: cutinase only, L: lipase only, C-L:

cutinase treatment followed by lipase treatment, L-C: lipase treatment followed by cutinase treatment, CT-

LC: cutinase treatment in the presence of 0.5% Triton X-100, followed by lipase treatment in the presence

of 5 mM calcium chloride, LC-CT: lipase treatment in the presence of 5 mM calcium chloride followed by

cutinase treatment in the presence of 0.5% Triton X-100).
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