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Abstract— The tannin acid and the enzymes have been used in order to improve the ruggedness in laundry
and the absorption of dyes and pigments in the textile industry for several years. The enzyme processing on the
protein fiber minimizes the damage of the entire fiber and improves the dyeability by effectively modifying only
the hydrophobic surface. This study tried out the structural observation by applying the Castanea crenata sieb. et.
zucc. containing abundant tannin to the hair dyeing as the natural dyeing pigment along with Protease of
Rhizopus sp. The dyeability was improved as compared to the dyeing using only the synthetic tanning and iron
mordant. When the depth of pigment was higher in accordance with the surface observation, the enzyme
dissolution had impact on dyeing and so the keratin layer on the hair surface. Accordingly, it was found that the
appropriate depth was between 0.01 and 0.03%. It was estimated that 0.1% protease would treated within 30min.
Consequently, it would cause the good reaction with the functional group of tannin pigment.
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Table 1. Specification of materials
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Materials weight pH concentration(%)
Dyestuff “Tannic acid dyestuff g/ml 49 5%
"TA g/ml 4.1 10%
Mordants FeCl; g/ml 24 0.1%
°TFC g/ml 3.5 5%
Enzyme Protease 0.51 units/mg 7.2 0.01%~0.1%

“Tannic acid dyestuff ; 5% solution of Castanea crenata sieb. et. zucc.
*TA; Tannic acid(gallotannin, Sigma)
°TFC; Solution of Tannic acid and FeCls
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Table 2. Enzymatic treatment conditions for processing

Processing Treatment time (min) Enzyme conc.(g/ ¢) pH Temperature( C)
Simultaneous-treatment 60 0.01 72 35
Pre-treatment 10 0.01 7.2 35
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Fig. 1. Color properties of dyed hair with TFC solution
and Enzyme. TFC-1; 5% solution of tannic acid and
FeCls, TFC-2; 10% solution of tannic acid and FeCls,
Enzyme-1; 0.01% protease of Rhizopus sp., Enzyme—2;
0.01% collagenase of Clostridium histolyticun, Enzyme
-3; 0.01% protease of Bacillus sp.
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Fig. 2. Hair dyeing formation enzyme and tannic acid.
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Fig. 3. Intensity of hair dyed with various dyestuffs.
#1; virgin hair, #2; the 1st bleached hair, #3; Tannic
acid dyestuff with TFC solution, #4;, Tannic acid
dyestuff with TFC solution and protease.
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Fig. 4. Elasticity of hair dyed with various dyestuffs.
#1; virgin hair, #2; the 1st bleached hair, #3; Tannic
acid dyestuff with TFC mordant, #4; Tannic acid
dyestuff with TFC mordant and protease.

TR, mube] weA e Pame] ve) 13
2% 2k} Tannic acid 9 5.9 TFCE o2 ¢
AgE guke 247 16%9F 6.9% Ak, T2
HolAE Aeldh 2k 13% 718k th(Fig. 4).
¥ ARANE ZzeolAe] Hgo] Ae A
of #AAgoZA ditalxl ke Fx7F A
A NGB E7L B HE AR Hola XZZEolA|
9} Tannic acid?+e] $a 3t A3 280 9= 2o
2 padg

Elasticity(%)

20-Feb-08 WD13.8mm 15.0kV x700 50un

& v ‘ /
S sz 20fFeb08 @D2}. 61m 15 - 0KV 5 - 0K R J0un;

(@) 0.1% protease simultaneous treatment

33 2y ¥y #AH

33.1 ZzHopAA ] Yol
T2 oA (Rhizopus sp.)E ©]&3 Hu4
e HES 9 A9 Padma’o

Auka o]l rukod Aub o] A 8-A] 7 Tannic acid

i

Ol

¢

o o ¥

E 2 e

il

Auet ZRHAE SAO EFste] Eit
EXEE G B WA ZRE oA 10%7F
Ag)st ¢ Tannic acid@E5E EX3e= IS
Astel ZREoA A A dehtes FE A
S vasigith. TR H oA E Wl uE
g @2 A3 Fig 59 o] YEry:

Fig. 59 (@AHd 01% &% ZRHOAE
Tannic acid¥ 5 sAlo] @A mako] W
HEAZ ZZHOMA S Tannic acid@®9] ¥H&o
FAlOl Dol kg So] ZRE oA o] Aletd
o Aol AR dFe v Jew ye
Sk Fig 59 (WAS 01% ZEEobE
1027t A2J8k] Tannic acid9m2 A Bk
e Rz ZmeopAe] Al At L8
280 FES o} BEgI|Fo] Fof T3t FA| ol
glojxl Aem AFHRT 01% TEE 60wt
MG wre FAAAAYHS HaisA LY

SE 19-Eeb-08 WD14.9mm 15.0kV x700 50un,

19-Feb-08 WD13.6mm{*l5.0kV x3.5k  1l0um

(b) 0.1% protease pre-treatment

Fig. 5. Surface and cross section of protease treated hair.
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Fig. 6. Surface of protease treated hair at various protease concentration for 60min.
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Fig. 7. Surface of protease treated hair at various treatment time(0.1% protease).
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