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Dye-free coloration of wool fabric by Maillard reaction

XIE Qiuhua, JIANG Yazhen, ZHANG Zhihua, CUI Li", WANG Ping, YU Yuanyuan
( Key Laboratory of Science & Technology of Eco-Textiles, Jiangnan University, Education Ministry, Wuxi 214122, Jiangsu, China )

Abstract: Dye-free coloration of wool fabric was performed via Maillard reaction of small-molecule
reducing sugars and wool keratin.The influences of reaction between reducing sugars and wool keratin, the
type of reducing sugars and reaction conditions on the dyeing performance for wool fabric were
investigated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
spectrophotometry, dinitrosalicylic acid (DNS) coloring method and color yield (K/S value). The results
showed that new glycoprotein with relatively larger molecular mass was formed after the reaction, and the
absorbance of the reaction liquid changed obviously at 540 nm, suggesting a colored substance formed via
Maillard reaction of the reducing sugar with keratin. Compared with galactose and glucose, xylose led to
higher color yield on wool fabric. The optimum conditions for wool fabric coloration with reducing sugars
were obtained as follows: coloration temperature of 90 °C and pH of 9. Meanwhile, compared to wool
fabric treated with deionized water, the color yield of wool fabric pretreated with hydrogen peroxide was
significantly increased by 23% after dying with glucose for 5 h. Maillard reaction imparted the colored
wool fabric good color fastness of washing, brushing and dry/wet rubbing of level 4~5, 5, 5/5 respectively,
but the light fastness was only level 2.
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TR EBRA M (AR). ZIKABER — A
(AR). EE b (AR). Fiit 4L 30%id A b=
( AR ). Jo/KBREREN ( AR ). 3,5- fii %K iR (CP ).
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Mechanism of Maillard reaction of wool fibric
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SPFREL 0.2 g FEMEH 447, A 100 mL
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Fig. 2 SDS-PAGE analysis of reaction solution of reducing
sugars and keratin
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PTG S o X dek, 1 36 WA A RO 5 2 B A 2R O
AR TR .

22 EHNERMXTRMN®E 540 nm &1 {E 220
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Fig. 3 Changes in ODs4 value of reaction solution of
different reducing sugars and keratin
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Fig. 4 Effects of reducing sugar type on K/S value of dyed
wool fabric and mass concentration of reducing sugar
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BAME, BIHIERN 1~5 h N, EBLUYIEGIT
AR AL . ARG R B b [EH
B—E Mg, SIS ma g OB
AT B AN o 725 SR A E 5 hosE, 3 Fhid
SRR O R LN o b EBE T2, BT
T2, WEANEO. W, W 3 ks
REOLYR VIR LIE I, AR FBHY Y E
A%, GEUTHE O B & B s, X E D R IR
TSR B IR A A A 2B R iz M e, S
SRR I A F BT R

R SN AL SRR XS Y (43 LabCH (BRI

Table 1 Effects of reaction time and reducing sugar type
on LabCH value of dyed wool fabric
SCNIESE A L a b C H
e b 1 79.21 3.59 2958 29.80 83.08
3 61.42 11.64 31.90 3395 69.96
5 55.67 12.41 30.76 33.71 68.02
Al 1 73.49 6.95 31.50 3226 77.56
3 56.17 11.92  30.67 3290 68.76
5 50.06 12.49 29.14 31.71 66.80
ol 1 8228  2.11 2686 2695 85.52
3 66.09 10.47 3250 34.14 72.14
5 58.85 11.93  31.42 33.61 69.21

24 pHXFEEAYRAEEMEEENFM
pH X F-BLW A PERERISZ N I 5 Fr7s o

0.6

Mt (pH=6) ﬁ
05+ i (pH=7) |
SR (pH=9) -
04+ \x
g
S03f
02}
0.1 %
7NN | |
* mmmEn

K5 Al pH NRIERXT T2 E K/S (HAYSE W
Fig. 5 Effect of glucose on K/S value of dyed wool fabric
at different pH
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KIS fEH2 0.4517, TIAERRIEA A4k 22 o il b 5 4 4
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B, B S TaE SR, SN R

AR o AN (7 I TS A AR R T S S i B X
BIEAL G AR 6 7R o
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80 °C Yefa L FHK/S —o- 80 °C HEHRI R EIKE
90 °C P ERMK/S v 90 °C HA AR T Rk E

1.8 5.8
S
15} \é I 5.5
12} {’\ % 529
ol @“‘~\§ =
209} v BT 49
< N %
06k % 46 @
03} 43
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2 o7 B i) /b
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Fig. 6 Effect of glucose on K/S value of dyed wool fabric
at different temperature

HE 6 AT UL, ROWIREE R 90 °CHF, Juft )5
ELYNNBE H R SR 70 1 80 °CHEYR , 4R NI
G4 5 h i, VIR 90 °CTERLWIN KIS H N
1.2173 5 O AFIA] A 0~5 he PN IS 7 8 i 26 A I e vk
JE M 5.58 g/L FRAKE 4.10 /Lo 1 S JLE 70,80 °C
FYta 5 h KB KIS {50520 0.0919 10.2125,
ATLLE Y, 0 b 1 SE P s B i E T
26 TRAMIEXFEERYREMEREZME

FEAERMAAEZERZ, SHEBRNY
LR AN, XA IR 2 T AT Y SR
EANEIAEH . W RS A E . SO
Savinase 16L [ EGXERBA4EFA TR, TR
AbFES 2B LY AP RERIRE I (et R 90 °C .
S5h. pH=9), Z5HRWE 7 FimR.

1.8

—Savinase 16L75 H fifi
1.5F O3 E
vzt AL A
12 SSOEEFK

i% 0.9 -
X
0.6 -

03+
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R RIETE/h
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Fig. 7 Effect of pretreatment on K/S value of dyed wool fabric
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TR X R MBI AR, HANBE S B
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FHaE A SO0 2 B R AT AL B 0T A R ol A S b
XFEBMY AR
27 FELAYBEMEEBHELME

VRN A A A TAC BT (2R B2, R
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FHF )G MR BEALEEL 8 45 ), 455 ansk 2 Bk,
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Table 2 Levelling property test

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 u 0
K/S 1.2464 1.26281.27561.28241.27991.2803 1.25571.25871.26770.0359

T 9 8 WA KIS (ERY P31 5 0 izl podmifi 2z o

FH 2 AN, Je i) 2R B4 KUS(EIATE 1.2677
LTSN W8 A IS K/SHMFRHEZE (6) A
0.0359, ULHIITIN YL @ EFELYE KIS [EI s/,
ALY Ry g
28 FELAYRMNILEHEEE

wEBGT AL A AL P S R B, R A
FE pH=9. 90 °C T4t 5 h JFHUH, Ve )E a1 I
FH T 1 0 € 2 5 RV Il O € 2R B S B, SR gk 3
o ATLAVEW, SR arEEay, Hvke
HEPEN 4~5 G, T T/ EE 6 € B R T ) ok e
B 5 9%, I EEEIGER 2 %, XnlfeZ
A PR BAEZ B, e, KAETH
fitt, BELYE KR,

#3 AR
Table 3 Color fastness test
i1 5128
iV €22 FE EE 45
i 45

Tt il 3 €224 B2 5
1 1 B 5% .7 2 5
T ¥ JBE 4% (7 2 5
i (2 2 2

3 #£it

(1) SDS-PAGE ¥R R W, b 5FE

A R AR SRR BN, Ao R R B
OD sy 1EL 7 A Ut W ST 18 S 7 A= Il B AT B ) ) I

(2) RPERNREZVFZHERW, . it
JEORERN S . ROVIREE . pH. FEELUW AR . AH
BT A FUE , AR 3 B A e (R TR
il R, S PR S N R R, AU i
pH B, He o R s i S A A xR B
PP, WA T R8T )Z, dn] kil R
FBAYR TGk

(3) Qe )n FBEM Mg O PRy, Tl
Y TR R T AR R R, (B @A
B o F T SRR BN Y 7 P 28 R R — R A &
BRI T, RO o S5 AR I 4R i LR G
FIEFIHAA PR . YU K PUMIE S5 D) e H G
JLE , FEG SN D RE A Ty Tt A —E BT T
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