Ty
o

Journal of the Korean Society of Clothing and Textiles
Vol. 35, No. 10 (2011) p.1264~1270
http://dx.doi.org/10.5850/JKSCT.2011.35.10.1264

cHHIE 018st Z2I0iIE 870l 24 Jis

ELERELEY

[=]
2o A S ©) -5}

Laccase Treatment on Polyamide Fabrics

Hye Young Seo * Hye Rim Kim'

Dept. of Clothing & Textiles, Sookmyung Women's University
HAEdol1d 8¢ 1Y), 4L (20119 89 24), AAEH A (201113 89 30Y)

Abstract

This study is to optimize the conditions for the treatment of polyamide fabrics using laccase. The pH,
temperature, treatment time, and concentration were varied; their effects were evaluated by measuring the
number of primary amide groups by the uptake of an acid dye measured by K/S of dyed polyamide fibers.
The hydrophilicity of the fabrics was evaluated in terms of moisture regain and wettability. The effects of the
mediator, ABTS, on the laccase activity were also evaluated. The optimal treatment conditions were identified as
a pH of 4.5, temperature of 30°C, treatment time of 6 hours, and concentration of 10% of the weight of the fabric
(o.w.f)). ABTS facilitated the activity of laccase on the polyamide fabrics. Voids and cracks on the surfaces
of the laccase-treated polyamide fabrics were responsible for improved wettability. The results proved that
laccase treatment improved the hydrophilicity of polyamide fibers without decreasing their strength.
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A= Akslade] dF o
= oY dEE JAE dde o] F8x 1 9l
o, 1 fofl= A, 5 Ax 9 H A Tl A
=2 ok FH2 BFHAE vle] AF, uRo] 2414, vt
o] @ ]9 E| (bioreactor) =41 €] A4 7]5d0] BilH
o] A7, W% 3 YIrh(Uthandi et al., 2009). 53] A
F 3AAME Aksla il BFHAIE o] &3 Zg]o}v]
= g gl 5 4 28R Eallol oisk Aot
R IE T )tHDeguchi et al, 1997; Deguchi et al., 1998;
Fujisawa et al., 2001; Nomura et al., 2001). &1} ©]
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9 ATe, Afe ARiE B0z 3
A, Eelole|= Mf 5 AR FT T A
& 71540 o3 A7 waE T IR ) ol E
Zotul= Aol Bl HeA g e Ao
WA A4S AET F Y 7H 2 Aol gol3t
A] ¢7] wiE-o]th(Silva et al., 2010).

ofo] & Aol Eelolr|= o) F71E

& ool el 24 218 S48k Wil AlAE
ofof gt A, eFHA|e] 2 &4 x7do] AA|H o
of gtk AlA, Ejoln| = Aol 2kl A2 A7t
Aol 2§k FFo] HEH oJok gt Ui, ST A2
Al ZE)otr| = =7 Wstol tiste] A Esfe]of gt
ol& flsto] & A= Al 2Tl T A Akl &
AdHo 2 HxZ F89 vyzto| E(Denilite 1 S, Novo-
zymes)E A 4 BFHA G4 21 S-S
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Zeohv|= Hfe] wr] WstE F4stat st
27 HelE Zgolu)= ArollE -CHO, -NHCOH,
-CHs, -CONH, Y] &7¢] 97| ¥sl7F Halx A 9l
TH(Deguchi et al., 1997; Deguchi et al., 1998). tw}&}A]
B ATE EefohuE Aol Bl A B4 =
A 2% Wero=A, BH) % A} ofu=(-CONH,)
o Wste 24aia, 2iAel Eelojnl= B4 27
2 ANSIA Bk B Ae)A Felopul= g
o] T7HE -CONHy= 2 98 A dde] pHE
Ao SAA ol A 2o R ZEA, ofv=
7O 2 o]stE o] 1M dF:ete] o] A Y o] Tt
HH, Afeol K/Skel S7HE Ao g Azt wet
A 2 A= A Aol og Eejon= Ao
-CONH,®] & Wish= ek A2 & 2 d& a4
Al ZZow| = Adfo] ZHAEHKS)S B3 S5
7} gt} o] & Fate], EEobu| = Aol Bk A2
Al A 84 2AH, &5, 5, AThE AXE 5
UTE. B 27HA| XAl H7EA =4 u) 7§ A (mediator)
o] g3l diate] HEsILA gt wiAlE 2
o] 7125 tgstete] EeElotv|= 9 EEjodA 59
T LEAE BT & AEF BE3A, 2]
A=A 2 &37F BRI ET Jrh(Fujisawa et al.,
2001; Johannes et al., 1996; Morozova et al., 2007).
ZA] B Az E @A) visfAl = 2,2'-azinobis(3-
ethylbenzonthiasoline-6-sulfonate)(©] 5} ABTS)S A&}
stel, 71 &% AEsknA vk =G HH BY =
ZAoNA 27kAl A 23k Ejobn= o] =4 W=
AAAZE, 728, A5, ST55, FHEE, AT

=2 eRletaa) dtt.
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B ATo) AL A AR Eeloln|E 482 A}

f3t9om, a4 BFHE ARSI 4 s 2
B840 EAL <Table 1>—<Table2>9} 7t} &4 2]

o

Al A3 pHE FA817] 18] 3= oFH ELK Acetic
acid glacial, CH3;COOH, Duksan pure chemicals, Korea),
OFA| EAF L E F(Sodium acetate, C;H;0:Na, Sigma chemi-
cals Co., USA)S &3, AR, g7HAl izl =
ABTS(2,2'-azinobis(3-ethylbenzonthiasoline-6-sulfonate,
Sigma chemicals Co., USAYE ARSI tE. a4 Ag] &
Zroq el d A A= EHAREF(Sodium carbonate, NayCOs,
Duksan pure chemicals, Korea)s} B]o]-&-AHZA]A)
Triton x-100(Sigma chemicals Co., USA)S AH&-3}31 T}
4 B4 232 2 9E(Orange, C. 1. Acid Orange 7,
Junsei, chemicals Co., Japan), 5 HFormic acid, HCOOH,
Duksan pure chemicals, KoreayS AF&-3}th AJ<kS

RE I5FS ARSI
2. Al g

1) &2 X2

A 2] B L2 oA Esla) ol EAL UEF
< 0.1M9] F=2 &3 A28t ARE-slAT

Zejohv| = Ao ZIkAl A, 2Bl 2712 pH
(4.0~5.0), ==(30~50°C), 5 =(1~50%(0.w.f.)), A1 7H(1~
72A17F), ABTS % (0.5~1mM)S H3EAA 1:50, 2Hk
&5 120pmO 2 A ITh Ba AR 90°Col| A
1027+ A2ttt ztdehi d A A= 2g/L EE
F T8 50°CollA 1217k AT §- 2g/Le] H]o]2A™
SAA g 50°CAA 1IAZE X T A, A A

A2 YL Eobls Yio) B] WSS E
Zolr|= Aol A4 AR 94 F ERsglo 57

st fia A7 F Felojn)

= AHE 1%0wt) A
A dEE du] 1:50, 90014 60%-7}

7 A on, &

Table1. Fabric characteristics

Fiber (%) Weave Fabric count (yarns/inch) Thickness (mm) Fabric Weight (g/mz)
Polyamide 100 Plain 128x96 0.11 61.8
Table 2. Enzyme characteristics
Enzymes Source Activity Form Manufacturer
DenilLite II S (EC 1.10.3.2) Aspergillus microorganism 120 LAMU/g Powder Novozymes
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ARE-SFATE G4 F A EHe &
AAG] 9151 2%(ow.£) Triton X-100, <¥)
5270 12) 5 Lol v S, B

B2} A (Computer Color Matching System,
apan, ©|3} CCMO|g} $hE Al&-3le] A
LAkg— =4 ¥, Kubelka-Munk]°] €]3] K/
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TS ASTM D 629-999]] ]3] A 8e] X, &8
Fel el FAE ST T, th 2lol] st AltslsATt

Moisture regain(%)= x 100

Wm—Wd
wd
Wm: weight of the farbics in moisture-equilibrium at

20°C, 65% RH
Wd: weight of the fabrics dried at 105°C for 90 min.

2t $h2 ’Sé =24 7)(KRUSS DSA100, KRUSS Inc.,
Germany)E AF8-3le] A|F 3| 3479] A
slate] =4 o}ME}. AgL AlE 103 ¥ t
of Hahs Faksith

~=
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=z =2
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5) E&T5E

Fr&EE A8 (AATCC method 79-1992)° <]
skl A= FWel 109 S/-E Asiet -, 2R
=Eo] S0l A3 NS S| ohe m7bH o) AlZE
& SRSt 492 8T 103] W S5t 3
wghE kAT

6) L=

aa Ao gFES
= Aol o]ste] ALtsigitt
Weight loss(%):WL

W:: Dry weight of the fabric before treatment
W»: Dry weight of the fabric after treatment

AA7AEE KS K 05210 3o, A= A7)

(ASA 211-1, Asia, Korea)E AH8-3}5 o, 2EFHO
2 33| Rk A ste] Bags # O}ajﬂjr.

8) MEfZAZ|E

MEHAZ] =+ Launder-O-meter(Koa Shokai Ltd, Kyoto,
Japan)E AF&-3lo] KS K ISO 105-C019]] 3l =4
EisFi=
TISE

EHFE= AL AR dr] 73 (Field-Emission Scanning
Electron Microscope JSM-7600F, Japan, ©|3} SEM)2
ARg-she] vl - FESHAT
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1. pH ¥ AjZtoj| mhE 2p7HR| 2o

<Fig. 1>—<Fig. 2> 27 A2)A] pH 2 2] A]
7k ¥igle] w2 FeEotv|= Af0] KIS FX AA=,
ABTS 37} €50 W2 2}o]Z vpehdl Zolth. ABTS
v 7 <Fig. 1> ET|or| = A9 K/SE-2 mlA g
ot fArs A, 28] 7“6}“ o} 8y ABTS 3
7FA1<Fig. 2>°+= pH 4.0 2 pH 4.5014 dA A7+ &
2 Al Eglob= Aol K/Sg2 mAEel H]
ato] Z71sldth. ol ABTSSF 72+ w7 37}l
oJa grAle] 71de] vgstEe], o= A
9} 7+e A wEA} ERS Bas & 9o By
A A3} 72 As}olth(Fujisawa et al., 2001). o}
2hx Zejobu| = A frol 27kA] A2 Al ABTS7F A7}
=2 Gow, eIz @4EA] e AL IR F
AT} ojo]l B AFE ABTS H7F Fol Zgjolm= A
frell 27 84 2718 A48

<Fig. 2>2] ABTS 714 pH 2 %2] Al7F wis}e]] u}
£ K/SF-2 pH 4.59014 6417 A 2]A] Heighs vrebd
t}. ol= A Aol sl E]obr| = Afre] -COHN,
o] o] F7Isl7] WEo g AztEn) g Z8 &
Zgjon = A fol|A <%= -CHO, -NHCOH, -CHs,
-CONH, 59| Be7] Wsh= Al W e ofnj=71¢] 7t
T3l 7F obd, NH-CH, €] C-N ZgHe] #afjol €]k
o2 BIE 3 ok(Deguchi et al., 1997; Deguchi et
al,, 1998). wtEbA] Z2joln| = Ad-foll FAdE U3} ol
EZ(-CONHy= 2Hd 98 FAA] TXA ofslollA] o]
23}5]0], 2d AE 9 o] 24T o] FUtEE Aol
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Fig. 1. KIS of polyamide fibers treated with different
pH levels and treatment time in the absence
of ABTS (Treatment condition: temperature
30°C, laccase 10% (0.w.f.)).
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Fig. 2. KIS of polyamide fibers treated with different
pH levels and treatment time in the presence
of ABTS. (Treatment condition: temperature
30°C, laccase 10% (o.w.f.), 0.5mM ABTS).

K/S#E-2 pH 5.004= A g Alzto] S715tel] wheh
ux gl vjsle] 7Hhdle Aoz Yeisth ol |
27F A pH ©]9]e] A= B4 S e YAl
T2 WHSE Qate] Byo] Askarhs mas U
3k} (Cavaco-Paulo & Guebitz, 2003). w2l Zgjo}n]
= Aol 2@ A pHE 452 248 o]
g3}, g pH 4.5004 A7 A7kl e FES
A2 A3, A A7 6ATEA] KiISES 3
24A7F Z2F A= B G o] AstEE 2 0= YE
sttt ol A AlZke] Foheel et &40 &4 5
o] Azl &ol o3k ke AHEo] A
Yol F4 =] 2318 a4 A4S A3|s7] wZeltt
(Lee et al., 2008).
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<Fig. 3>& Z7HA| A 2lA] pH 4.5, A1ZF 6417, &
10%(o.wf), ABTS 5% 0.5mMellA 2% (30, 40, 50°C)
Wsle] w2 ZEjolm|= AR2] K/IS 4 ZAfe|th
ZE)obr| = AFe] KSaE 2 Al A 2%
30°Coll A Hulgks Jehil e, 57t Z7hstel ulet
A ol &xo We g4 wlde] HA
A7) & ool Me 27T HslE o] HAEAY &
A7) FEHo 72 AR 7] wjFo]th(Cavaco-Paulo &
Guebitz, 2003). WEHA] FEor| = A-foll Sk A
A A A L 30°CE A8

3. 50 M 27N 2y

<Fig. 4> =M 2]l pH 4.5, A17F 6717}, 2=
30°C, ABTS % 0.5mMellA 27k F%(1, 5, 10,
30, 50%(o.w.f.)) W3l WE Zgolw|= Ad-F2l K/S
g Asfeltt, gFHA A g 2loln = A2 K/S
F& 10%(0.w.f)ollA Hoizke YeR AL, 10%(0.w.f)
ZHEP ZHadke o2 YRt ol 71439
A3 B9 a4 st SrrsidEe 238 7t
gk 714 €] Fol ATE ] AonE dA T o] F
&7 A7EE g4 BA e AA S 9 FE,
-l oste] EAae| FAJo] A3E]7] wjiEo|th(Lee
et al,, 2010). WA Eoln| = Adfol FFHAl A 2|A
7 BEE 10%(0.w.NE AR 3T

olde] AxE Fa), Zelolr= Aol I A

=

folr off" o2 mj £ J
O rlo

|y
s

17
16 [0
» I 1
o 4r
13
_ g untreated
LF —e_pH40
L —a-pH45 |
ool— v o 0oy 4y lleSiol
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Treatment Time (hour)

Fig. 3. Effect of temperature on K/S of polyamide
fibers (Treatment condition: pH 4.5, treatment
time 6hr., laccase 10% (o.w.f.), ABTS 0.5mM).
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Fig. 4. Effect of laccase concentration on K/S of poly-
amide fibers (Treatment condition: pH 4.5,
treatment time 6hr., ABTS 0.5mM).

A HZ B4 =1L pH 4.5, A8 A7 6717 A F)
L% 30°C, B = 10%(o.w.HE G 3Tt

4. ABTS s=0f [E 2t71M| &4

<Fig. 5> 27 212]A] pH 4.5, &% 30°C, A1 7F 62
7k %% 10%0w )4 ABTS E5(0.1, 03, 0.5, ImM)
w3l & EFop= Hfe] KIS 54 Aol
ABTS W37 Aol = Eotv| = A2 K/SFro] HIA
g 73 AR vErd, B afE o R &y
=7 o= Ao & Yehgth ey ABTS 37 €
3 FEjolr = ] K/SEEE iAol vlste] s
ate], Zejopr| = A freoll 2p7HA| XAl ABTS7F 7t

17

16

gl

14 |

K/S

13

12
- —o—Untreated =7

0.0 1 1 1 1 1 1 1 1 1 1 1
0.0 0.1 020304 05060.70809101.1

ABTS Conentration (mM)

Fig. 5. Effects of ABTS concentration on K/S of acid dyed
polyamide fibers (Treatment condition: pH 4.5,
temperature 30°C, time 6hr., laccase 10% (o.w.f.)).

= ook k= Aoz FRIFIL o= A7t ABTS
oF 22 wiZfAl H7tel| o3 EElolr= F A AL
A5 BT & JoS B APA7 22 A3}
o|tH(Fujisawa et al., 2001). =3+ ABTS 3 7}el <3|
Zohr = AFo K/SHel AEtEg, EFoln=
Aol B M)A ABTSE SAAZA axe] &
S RE3= 202 YEPGTtH(Morozova et al., 2007).
Zgolr = 49 K/ST ABTS 0.5mM 7]
zke e, 0.5mM 2FA] 7HAEk T wheba
ABTS &%7F AAIZE o3 2 7= W, 9352 27t
Aol @42 AslE = Z 02 Yelgtt o= 94 =
= ol M7 ABTS7F E49 71 H248 724
A, 938]8 &aet 714 7re] A A= A

5. 217HM M2|Al E2loto|= HRol EY

) FESY

1A A Zgjopn= AG-o] dety] Mk} A
o] FREEAC X 9% AHRT] g5y, &
o= Aol FRE P AS@BL, FrE=
& ZS43A Y. <Fig. 6>l UERd ule} o] Zg]oln]
= Aol FEEE mAEA 4.57%(0.64)004 2t
A ABA] 533%(*0.2)2 2F 1.179 AT EF

120 |-

100

80

60 [~

40 |-

20 [~

0 i |
Untreated Laccase-treated

vzzZMoisture regain (%) [ WCA (°) B2 Water absorbency (sec.)

Fig. 6 Moisture related properties of laccase-treated
polyamide fibers (Treatment condition: pH 4.5,
temperature 30°C, time 6hr., laccase 10% (o.w.f.),
ABTS 0.5mM).
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Untreated

10pm  ITR
14

Laccase treatment

Fig. 7. SEM micrographs of polyamide fibers (Treatment condition: pH 4.5, temperature 30°C, time 6hr., laccase 10%

(o.w.f.), ABTS 0.5mM).

Zoh| = A 54 B FFEE A1 2T
A Bl ol vlste] Zhzh oF 144, 2ul TS o]
EZdlolr|= Af EHO ZgAdo] PEE FeRE
ettt z2ev EFjo= Afe e STl Hl
stod, &9 F7te A ¥t ol A Xt
Zgloln= Afo] LAl ov= A Tt
sted 2192321 ot 150 I ST TR
g o] ohd, Atsl FA <% Zolr] wlie|tt
(Deguchi et al., 1997). Tg+ B AFq|A] A|QFHgE AHA

E K/SE A0 o eoiAl &4 379 Wy wegh
A o] pHE THH olatz =gl uet Aol =
YJE DA} o= 2Fo] ofn| |2 o]31E o] K/S
wol Z7keke Ag 1w, o] wer]e] Ws)
7} Zjohu| = dfe FEES T 2 9T
n XA Eae Aew FHEET a3y Egolm=
A d24E S5k 5= 2 13542 A
o] =] W3} Qo= Felotn = e W W)
o] J&S WE=THKim & Song, 2006). Z&]obr] = A
fri= 2 Aol oal vAlg 1 wshrF el
o mel Ao FHE Aoz el o3 g
Zejopu|= 2] 1 W3lE <Fig. 7>oA] B
T At

2
i

2) MEdZ|=

A Aol ol8) Eejolul= A% EHo] =9H
A3} opu) = 151 -CONH,¢| 9Hg 4 (stability) o345
selst7] 3ko] 24 4B GA F AR RS 2
shie. AR 24 A% MAYE © Eh A2
T A2 246 WAYe] LPL 45EFOL ekt
o, 2 WE Y] A%, vAYEE 457, Eh AT
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T 5ol WMEE Uehid A 33 4w,
SHA A E Befoln)E A 958 AFES
Epslom, Et nA ] vstel WE} tha
£ 0= Vet webd ek el <8 29
ol A RO =H QA o= Fe A
o2 gl EYE Ao BEEn, £9 Az 3
= IS vIAE Aoz AzhE,

3) = HEY

<Fig. 7> Ml Aol 93 Zejotn| = 479
F9 #F Astoltt. gl Uehd niel o] 2|
A A Zejotn| = Aol ol rAIgk 2 do] 44
e AR IRIFHA. Al Aol og Ealo}
= AH xHe wAg Al Aol 2ed
o] 93-S mFIth(Kim & Song, 2006). F=3F 2F71A| 3
sk FElotv| = Afol ZEFES oF 02% WeIE, 91
7= w3k AstEA] ghokrh. wEkA BT A=Al

AC)

Aok HastelA, $ESAL FA7)E 2
H9. e @A Aol ols) Ealol
o) Zggo] Yo}, ] 5o oA A W
or= 7o solugln

Iv. 4 2
B Ao e Eeopn = Hf-e 71 34l 2

A g TP e BARA ST o2 9shel
B AT AR B F duselES Hes,
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}

PO 2A, 7] F U} ofn| =9 Hﬂi‘r~ E}ﬂzﬂ ﬂ
2 A A5 JAA Zlotv| = Adfro] A
g Fate] Fgobu= Aol
HA A 2A] AZ* 4 ZA(pH, €5, 5%, AZHS
A eH, 2H7EAl 221X ABTS A7l we 93
S AESIAT 13 HA &4 270904 2kAl A
3 Zjoln| = Ao FEE RS EHEL, F545
, l—ak% ANANEZE Fel3 01::1 SEMS £33}
T el WskE AFete] vt 22 28-S Tk
Zjotu = AHfoll 2hAl XA A &4 210
pH 4.5, 2] A7k 6217, A2 €% 30°C, 27 B =
10%(0.w.HE A3 ch. ABTS |7 ol A
7 EF oz SR B AoE Yehgt 1y
1 ABTS #7bell 23] Ze]olr= dH2] K/SH v
Aol st Fgste], EEjotv]= Aol ZHA
2|A] ABTS7} A7}E|ojof dh= Ao 2 o=},
Z)opr = AR FEEL PIX T A 4.57%(0.64)0
A 2 A2 A 5.33%(+0.2)2 2F 1.179] = Ak
gk ZEjobr = Ao HEL B FHEE Ak 2
7 A2l Al mixE]ol] vate] Zhzh oF 1.4ul, 2uf &=
glo] Zefolw]= Af HH] g4l P A
2 et 2 98 A 3 AEEEEE 54
o}, A A el ofs) Flolr= i xHel =
H A} o= 25 FFor i ©
o2 RIEATh AF U 2 A &
vz AGo] FH mAE QHo] A= 7/4\
solEQit). Bk Al 93 Zajoh= 4
o] vA ek Mshs EE]obr| = Hf-o] A5/ el
Qe vt} w3 BhA 2E)e Zejolu= A

o] ZHFEL oF 02% W Z, 1A E w3k ;qo}gx]
orojtl. B Ae kA Xe)A Zglohu= 459
BAEE ASA A &3, B A 24S AN G
o] olo)7t k. ey EFkAl Aol s Eelofr]
= Aol AEEe] Yo, ® 5] o134 de= st
A7IA] = Aoz gelE T

al

a

o

f
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