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Abstract

The effect of protease (subtilisin Carlsberg) on the removal of hemoglobin as protein soil
was studied. The relation between the removal and the hydrolysis of hemoglobin by subtilisin
Carlsberg was discussed. The soiled babric was prepared by spotting of hemoglobin solution
evenly on the cotton fabric and was denatured by steaming. The soiled fabric was washed
by using Terg-0-Tometer at various conditions. The removal efficiency was evaluated by
analysis of protein on the fabrics before and after washing by means of copper-Folin method.

1. The removal of hemoglobin was increased in proportion to increasing of the enzyme
concentration up to a certain point, but it began to decrease above the point.

2. The hemoglobin was removed effectively by adding of subtilisin Carlsberg, and more
effectively removed by adding of AOS in the enzyme solution.

3. The removal of hemoglobin deviated from the first order reaction in detergency.

4, The removal of hemoglobin was highest at 50C in detergency. Even at low temperature
the removal efficiency of enzyme was relatively higher compared with the hydrolysis of
hemoglobin by the enzyme. However the removal of hemoglobin was apparently decreased
with the increase of temperature over 60C.

5. The removal of hemoglobin was relatively high at pH 7.0~8.0 and increased continu-
ously with the increase of pH in detergency.

6. In detergency, the removal mechanism of hemoglobin by subtilisin Carlsberg could be
explained as follows:

Fisrt of all, the enzyme hydrolyzed hemoglobin substrates partially by forming E-S
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complex at the surface of hemoglobin on the cotton fiber, and decomposed cooperative

binding of hemoglobin. Subsequently, the fragments of hemoglobin were easily removed by

washing. According as the enzyme penetrated to inner part of hemoglobin gradually, the

hemoglobin on the cotton fiber was effectively removed by the repetition of these process.

The removal of hemoglobin was more effectively increased by adding both the enzyme and

AOS in the washing solution. Therefore, it was regarded that AOS molecules were adsorbed

at the hydrophobic surface of denatured hemoglobin, subsequently, decomposed more

effectively cooperative binding of hemoglobin, and the fragments of hemoglobin were

removed more efficiently by means of the interfacial reaction of AOS.
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Table 1. Characteristics of fabric

Material Cotton 100%
Weave Plain
Fabric count

(ends X picks/5 cm) 141 X140
Yarn number (Ne) 36X% 36
Thickness (mm) 0.268
Reflectance of surface(%) 78.3

(at 520 nm)
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Fig. 1. Effect of subtilisin Carlsberg concentration on
the removal of hemoglobin in the various
sufactant solutions.

Water (H), LAS (»), AOS (O) NPE ()

Conditions: Surfactant conc. 0.1%
Temperature 40+27C
Time 30 min
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Fig. 2. Effect of subtilisin Carlsberg concentratioin on
the remova! of hemoglobin in the AOS solution.

Conditions: Detergent conc. 0.1%
pH 9.5
Temperature 40+2°C
Time 30 min
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Fig. 3-a. Effect of hemoglobin content in soiled fabric
on the removal of hemoglobin.
Water (7)), Water+enz. (l), AOS (0),
AOS+enz. (@)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pg/mi
pH 9.5
Temperature 40+2C
Time 30 min
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Fig. 3-b. Effect of hemoglobin content in soiled fabri
on the removal of hemoglobin.
Water (1), Water+enz. (l). AOS (),
AOS+enz. (@)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pg/ml
pH 9.5
Temperature 40+2C
Time 30 min
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Fig. 4. Lineweaver-Burk plot of the removal of hemo-
globin.

Water+enz. ([]), AOS+enz. ()
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Fig. 5. Effect of washing time on the removal of hemo-
globin.
Water ([]), Water+enz. (l), AOS (),
AOS+enz. (@)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pg/ml
pH 9.5
Temperature 40+27C
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Fig. 6. Reaction kinetics of the removal of hemoglobin.
Water+enz. ([1), AOS+enz. (0)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pg/ml
pH 9.5
Temperature 40+2C
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Fig. 7. Effect of washing temperatue on the removal of
hemoglobin.
Water ([]), Water+enz. {ll), A0S (),
AOS+enz. (@)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pug/ml
pH 9.5
Time 30 min
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Fig. 8. Effect of pH on the removal of hemoglobin.
Water (C}), Water+enz. (ll), AOS (),
AOS+enz. (@)

Conditions: Detergent conc. 0.1%
Enzyme conc. 30 pg/ml
Temperature 40+2C
Time 30 min
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