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Effect of Protease on the Morphological Properties and Dyeability
of Human Hair
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Abstract— The tamnin 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 Proteasc of
Rhizopus sp. The dyeability was improved as compared to the dveing 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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Materials weight pH concentration(%)
Dyestuff *Tannic acid dyestuff g/me 4.9 5%
"TA g/me 4.1 10%
Mordants FeCls g /me 2.4 0.1%
“TEC g /mé 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 FeCl;
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Table 2. Enzymatic treatment conditions for processing
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Processing Treatment time (min) Enzyme conc.(g/ {) pH Temperature( C)
Simultaneous-treatment 60 0.01 7.2 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 histolyticum, 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.
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(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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