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The Development of Enzymatic Mordanting Using Laccase for Phenolic Natural Dye
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Abstract: This study aim is to provide new coloration method by laccase-catalyzation on natural phenolic dyeing process.
In this study, silk was dyed with black tea, which is one of polyphenolic dye, extracted in distilled water. The dyed samples
were catalyzed by laccase as the eco-friendly mordanting process. To optimize the conditions of laccase-catalyzed col-
oration, conditions were varied by different mordanting methods (one-bath, two-bath), temperature and treatment time.
The dye affinity in terms of the value of K/S, L*, a*, b*, and H, V, C was measured by Computer Color Matching System
(CCM, CM-2600d, Spectra Magic NX, Korea). The effect of laccase-catalyzed coloration on washing fastness was eval-
uated and compared with the synthetic mordant (Al, Cu, and Fe). As the result of color analysis of dyed silk, the optimum
conditions of laccase-catalyzed coloration were determined to post-mordanting by one-bath at 50°C for 3 hours. Under the
optimum laccase-catalyzed conditions, the dyed silk was shown the color of yellowish-red. After laccase-catalyzed col-
oration on the dyed silk, the improvement of washing fastness was obtained compared with mordanted silk by synthetic
mordant (Al, Cu, and Fe). Therefore, the present study was demonstrated that the effective enzymatic mordanting method
by laccase for phenolic natural dyeing with vivid color and good fastness.

Key words: enzyme mordanting (&2 %), laccase EFFoFAl), phenol (#1%), natural dye (H$3G4), black tea (E21)
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Black tea Extraction

|

Dyeing
(liquor ratio 1:100, 1%(o.w.b.), 90°C, 1hr)

Table 1. Characteristic of silk

Density (thread/inch ;
Fiber (%) Weave ty ( ) Welg?t

Warp Weft (g/m?)
Silk (100) Plain 276 192 200

Table 2. Properties of enzyme

Enzyme Source Activity Form  Manufacturer
EC 1. 1032  dspergillus 120 LAMU  Solid ~ Novozymes

*LAMU: the amount of enzyme required to catalyze 1 p mole mL-1 of
substrate per minute.

=
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e Al 22]FTF 100% SX}(Akbar Brothers Ltd.
Cure lea)E AM&-3HTE EotolAl Zuf &4 714
ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),
Sigma-Aldrich Chemical Co., USA)YS AR&sle] =431
sl Al AL FZE(AIK(SOy), 12H,0, aluminium
potassium sulfate, Duksan Pure Chemical Co., Ltd), 32F
2](CuS0,-5H,0, copper(I) sulfate pentahydrate, Duksan
Pure Chemical Co., Ltd), %4H3(FeSO,-7H,0, iron(Il)
sulfate, heptahydrate, Duksan Pure Chemical Co., Ltd)(°]3}
Al, Cu, Feol2} 3hE& ARBSIAATE. o]de] Aok BT 155E
ARg-3kATE.
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(liquor ratio 1:100, 1%(o.w.b.), 90°C, 1hr)
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(0.03%(w/v))
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Mordanting
(1~10hr at 40~70°C)
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Mordanting
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Fig. 1. Dyeing process of (a) one-bath mordanting and (b) two-bath mordanting.



60 7F 23]l AA Y3t A} WA F5HL2 Evaporator
(Rotary Evaporator Re 200, Yammamoto, Japan)E A}-§,
70°ColA 7%t EEle] B Aick.
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1110022 33} A9 FE 1%(o.wb.), B2 A7+ 1478, F4
2% 90°CE A3t HA7](Dyeing machine, DLS-6000,
DaeLim Starlet Co., Ltd., Korea) & A8-3}] 2515t}

2i7lolA| Enf €492 Fig. 13} 2ol @YSH, (blEHe
2 AN, St S &4 28 A 9] 1:100
o2 oAl mid =40, 50, 60, 70°C), W A7k, 2,
3, 4, 5, 10A1ZHS WsA|A H7sIdct. elrlolA] Eaf 844
ogt mig e} st Al HEHE Hwstr] S5t Al
Cu, Fe 1%(0.w.f)Z (Seo & Shin, 1998), EFIoHA] 24 wj
Qg ex g Ak e zAA Tajgie skt
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Aol AR Bl AR 82 ATl
HyE gRoa ABTSE 7|AE st Hrlsisitt. eFlolA|
=) g4 WkS-& 2l7lolA] 7182 ABTS(GmM)E 2HlokA] &
B4 (0.03%(wiv)yE 1008 3]4jste] WEAIZI T whg-oe
2] 7HA] A 7344 = A (UV-visible  spectroscopy, Synergy Mx,
Shimadzu, Japan)s AME-3 420nmoilA] 1% T2 108 =74
3k ZtotAl En B4 = Beer’s Law 2l €]3fe] ok
<3 7ol AAreldtiManole et al., 2008; Tavares et al,
2008).

B i

U/ml=[(AOD * V total) ¢ ABTS * d * V enzyme )]
* N * 10°

AOD = change in absorbance per minute
€ = molar absorptivity of product

d = path length of light through sample
V = volume

10° = conversion from mol/L to pmol/L

U/ml = pmol/min/ml

224. FFFHKIS) 574

g7l M 7ol wWE A Hrke SR (CM-
2600d, Spectra Magic NX, Korea, ©|3} CCM°]g} she A}
|3 K/S#S S43t] o= wrlsisitt.

K/S = (I-Ry* / 2R
K : Absorption coefficient
S @ Scattering coefficient

R : Reflectance coefficient
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226. AEAZE =4
MEYAF =+ Launder-O-meter(Koa Shokai Ltd, Kyoto,
Japan)E AM8-3le] KS K 1SO 105-CO10] =3ted S7319ict.
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K/S (360nm)

(@ (®)

Laccase catalyzed methods

Fig. 2. K/S value of black tea dyed samples by various laccase-catalyzed
conditions.

(a) non-mordanting (liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at
90°C and without mordant 3hr at 50°C); (b) post-mordanting(one-bath)
(liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at 90°C and laccase
0.03%(w/v) for 3hr at 50°C); (c) post-mordanting(two-bath) (liquor ratio
1:100, 1%(o.w.b.) dyeing for 1hr at 90°C and liquor ratio 1:100, laccase
0.03%(w/v) for 3hr at 50°C)
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Table 3. L'a’b” and HVC value of black tea dyed samples by various laccase-catalyzed conditions

& E3

E3

L a b H \% C
Non-mordanting 70.214 7.798 21.054 8.7YR 6.930 3.598
Mordanting (one-bath) 59.511 10.174 23.240 &.1YR 5.856 4.163
Mordanting (two-bath) 62.360 7.966 21.393 8.8YR 6.134 3.669

(a) non-mordanting (liquor ratio 1:100, 1%(0.w.b.) dyeing for 1hr at 90°C and without mordant 3hr at 50°C); (b) post-mordanting(one-bath) (liquor ratio
1:100, 1%(0.w.b.) dyeing for Ihr at 90°C and laccase 0.03%(w/v) for 3hr at 50°C); (c) post-mordanting(two-bath) (liquor ratio 1:100, 1%(o.w.b.) dyeing
for 1hr at 90°C and liquor ratio 1:100, laccase 0.03%(w/v) for 3hr at 50°C)

AEo] dago) mX|= Pl sk Aato|tt. 1ol YRt
uke} o] Fujddel] wla] glzlolA]l A2 Al FAEC] K/SHo]
FFEALE 53] d&mel og A Al, Fxbe] EFelHEA
gl tigh EFtolA|e] EmjEAde] mrh 955, Fulld Al
R 184, oS o]k 22| ARt 1.65H] =T
ol YEHO=E oAl A Al, gate] FHEA 17 4
3le] A AR FAS WEL, 9F FAE ePloe &
FAFS f=sl BTzt Ax sEA 98 Alole] AfH
S PN wiel] B o] Aol FEY] whitolear #
SHEITH(Yuan et al, 2017). WA Zxke] wlsA 94 A, 2
FhoMAl EujEge A8l os XErt aHd Fow I
A=At
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Fig. 3. Coloration of black tea dyed samples by various laccase-
catalyzed conditions. (a) non-mordanting (liquor ratio 1:100, 1%(0.w.b.)
dyeing for Thr at 90°C and without mordant 3hr at 50°C); (b) post-
mordanting(one-bath) (liquor ratio 1:100, 1%(o0.w.b.) dyeing for lhr at
90°C and laccase 0.03%(w/v) for 3hr at 50°C); (c) post-mordanting(two-
bath) (liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at 90°C and liquor
ratio 1:100, laccase 0.03%(w/v) for 3hr at 50°C)
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322. BPloHAl Fu) 244 257 8
2 AP A HA e e 8
= 3k Q<lo]th(Cavaco-Paulo & Gubitz, 2003). Fig.
4= TAIAES] oAl S 24 A 2= Wste] whE 3
A 2k Aztelnt. BlaL A3, eplopd| Sv 24 Tj=Ze
dej2 dutdol a4 A =9} fA1E FelE Ut
wom, 50°ColA EFterAl Ful &4 Al 7P E2 K/Sgkol
SRIFUTE &2l o8l FX e W2 dnbzlow 227t
Eold 42 wkg& 1wyt wElx th(Cavaco-Paulo & Gubitz,
2003). o= 2=8] s vEol A7t e dda &
28] EApe-so] dalA EAke] A W Shte] dhdslA]7]
wjo]thSun & Tang, 2013). L&Y} &40 FAELS iz
o]7] wiizol Al Ttk ol ofsf 27 HAE] &

o=t

K/S (360nm)

N
&
’&o

Qo“ Laccase Temperature (C)

Fig. 4. K/S value of black tea dyed samples by various laccase-catalyzed
temperatures (liquor ratio 1:100, 1%(o0.w.b.) dyeing for lhr at 90°C and
laccase 0.03%(w/v) for 3hr at 40, 50, 60, 70°C).
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Table 4. L'a’b" and HVC value of black tea dyed samples by various laccase-catalyzed temperatures

L a b H v C
Non-mordanting 70.214 7.798 21.054 8.7YR 6.930 3.598
40°C 62.758 9.844 23.305 82YR 6.182 4.144
50°C 59.511 10.174 23.240 8.1YR 5.856 4.163
60°C 57.444 9.947 21.822 79YR 5.648 3.949
70°C 62.236 9.790 22.483 8.1YR 6.126 4.040

(liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at 90°C and laccase 0.03%(w/v) for 3hr at 40, 50, 60, 70°C)

Non-mordanting 40C

50T

60T 70C

Fig. 5. Coloration of black tea dyed samples by various laccase-catalyzed temperatures (liquor ratio 1:100, 1%(0.w.b.) dyeing for 1hr at 90°C and laccase

0.03%(w/v) for 3hr at 40, 50, 60, 70°C).

o] Yrolx] Av(Cavaco-Paulo & Gubitz, 2003; Song et al.,
2009), 71| ?%}Elb Aol Qltt. webA] 50°C ©]% K/S#
23Rs iz, 50°C olde] 2ENEE gFloe] 4
o] A3l=7] “H‘v‘°]l:9r_7- HAE T (Murugesan et al., 2007). ©]
= 2% sl ok BFlotAle] v o= oA A
g4 =7} 40~50°Ce 2 B ¥ 2 FHHadzhiyska et al.,
2006; Sun & Tang, 2013)¢} Y=g},

Table 4= E}?}O}H]E WEAZ olgg Su & Al wiE
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wjdol o] AdRe] a9 bR +a, +b(red-yellow)% 2ol
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EFatTh A1 @4 o]l FAiAdo] adhe o= oA
o B4 7IQlg}. el7toA|l E4E of&dt v &4 F
A AZE o]Fell= grletAle] Enf &4 vkE- °]9]°ﬂ 3wk
So] AR FHE dR9 R FXoE GRS
dojxg] 7] wlFo|tkBai et al, 2016; Cavaco-Paulo &
Gubitz, 2003).

Table 5= BFIOHAIE Fv &4 A7F wste] w2 sEA
QML L' a, b H, V, Cg AFolth LG A7l
Al wet Xxjs] HolR|thrt 3AI17F o] R El= thA] F7T
3 3A|Zol A o] T4 RlshA W 5 RISk

—

K/S (360nm)

1

0

R R R

N
0‘:
&

QQQ Laccase treatment time (hour)

Fig. 6. K/S value of black tea dyed samples by various laccase-catalyzed
times (liquor ratio 1:100, 1%(o.w.b.) dyeing for 1hr at 90°C and laccase
0.03%(w/v) for 1,2,3,4,5,10hr at 50°C).
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Table 5. L'a’b” and HVC value of black tea dyed samples by various laccase-catalyzed times

B3 E3

E3

L a b H v C
Non-mordanting 70.214 7.798 21.054 8.7YR 6.930 3.598
Thr 65.472 9.660 22.489 8.1YR 6.108 4.021
2hr 62.060 10.174 23.240 8.7YR 5.856 4.163
3hr 59.511 9.780 22.483 8.1YR 6.096 4.038
4hr 61.935 9.533 22478 8.2YR 6.136 4.004
Shr 62.332 9.711 22.049 8.0YR 5.932 3.970
10hr 60.311 8.587 22.346 8.6YR 6.453 3.866

(liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at 90°C and laccase 0.03%(w/v) for 1,2,3,4,5,10hr at 50°C)

s SOV

i—,a\.‘,.l s
Non-mordanting 1

hr
hr

4hr 5

10hr

Fig. 7. K/S value of black tea dyed samples by various laccase-catalyzed times (liquor ratio 1:100, 1%(o.w.b.) dyeing for 1hr at 90°C and laccase

0.03%(w/v) for 1,2,3,4,5,10hr at 50°C).

W, T, )k Kisgh vlal Aztolr}. EFtebA] Fuf @A
ok g2k AAES K/SHe EFvlE wid AlETE oF 1.24)

6 -
5
4
3
2
1
0 - T T T T
Cu Fe

non-mordanting

Fig. 8. K/S value of black tea dyed samples by different mordants
(Al, Cu, Fe: liquor ratio 1:100, 1%(0.w.b.) dyeing for 1hr at 90°C and
1%(o.w.f) mordanting for 3hr at 50°C; Laccase: liquor ratio 1:100,
1%(0.w.b.) dyeing for 1hr at 90°C and laccase 0.03%(w/v) mordanting
for 3hr at 40, 50, 60, 70°C).
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Ago] A wHEtky B EAckSeo & Shin, 1998). )
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A iAok ke KsA waES gelEit)
Table 6 2HloMAl Su A3 dFrl, 72, 2 w9 A,
T2 QAL L o, b3 H, V, Cgk ¥l Azoltt. gtol
Al Fuf G4 Al A Hebe AR JERT SFelEE T
2w G Al A BTfebAIe AR Heke AldolH, H wid
Alelle Hrel A=yt B w2 Ao 7i7ke: Hepeoz i

=0t
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2, A2 g Hel B 53 A8 vwsksichTable 7). &
A AR oA Eu) Dol we AgAzes 2ol
A Aeis) e AR} M@ ANE BE oA W
4s5FOR Ao 58 AEE Wtk T4 94E
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Table 6. L'a’b" and HVC value of black tea dyed samples by different mordants

B3 E3

E3

L a b H \% C
Non-mordanting 70.214 7.798 21.054 8.7YR 6.930 3.598
Laccase 59.511 9.780 22.483 8.7YR 6.096 4.038
Al 59.475 10.145 23.054 8.0YR 5.850 4.139
Cu 54.963 8.634 22913 9.0YR 5.400 3.895
Fe 41.290 2.013 5.8020 9.4YR 4.024 0913

(Al, Cu, Fe: liquor ratio 1:100, 1%(o.w.b.) dyeing for lhr at 90°C and 1%(o0.w.f.) mordanting for 3hr at 50°C; Laccase: liquor ratio 1:100, 1%(o.w.b.)
dyeing for 1hr at 90°C and laccase 0.03%(w/v) mordanting for 3hr at 50C)

Laccase

Non-mordanting

Cu Fe

Fig. 9. Coloration of black tea dyed samples by different mordants (Al, Cu, Fe: liquor ratio 1:100, 1%(o.w.b.) dyeing for 1hr at 90°C and 1%(o0.w.f.)
mordanting for 3hr at 50°C; Laccase: liquor ratio 1:100, 1%(o.w.b.) dyeing for 1hr at 90°C and laccase 0.03%(w/v) mordanting for 3hr at 50°C).

Table 7. Fastness of silk fabrics treated by different mordants

Washing

Color change Stain
Cotton Silk
Non-mordanting 4-5 4-5 4-5
Laccase 4-5 4-5 4-5
Al 3-4 4-5 4-5
Cu 3-4 4-5 4-5
Fe 2 4-5 4-5

o SEA GBS GRS 57 WO R, o FAe
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Shin, 1998). EH7lokA] S0 4ol oJsh WAl T Gapge
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e FAFE PN ohG A2 At vlmstel W)
o 4-55FOE vl $pelgict.

wWebd etop ) B A, Bl GAEE BaE
o) AR APl AR A S <l WA g
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A

48 =
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lo
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A= o 2

A ARE A A Bl A S SRS o
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e GFulEEoh 128] FEERL ek F E Aok
FARH Uelth ABAREE 455702 fAENeH,
T wid AR Sksdth

weha 2 Al A A9t elotAls FAF FEEC 9%
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