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Abstract 

One of the latest bleaching systems is the degradation of Orange II by peroxidase (POD )-hydrogen 

peroxide (H202) bleaching. We studied the effect of buffer solutions with this bleaching system, which 

changed the decoloration rate of Orange II. With the Carmody buffer, the total reaction time was 60 min. 

With the Tris/HCl buffer, the total reaction time was 40 min. We consider that the di品 rencein the decol-

oration rate of Orange II in peroxidase-hydrogen peroxide bleaching system was increased reactivity 

caused by Tris and decreased reactivity caused by the citric acid. 

1 • Introduction 

There has been a great deal of focus on the degradation of azo dye by peroxidase (POD) with hydrogen 

peroxide (H202）ト6J.The POD-H202 bleaching system is one of the latest bleaching system for dye decol-

oration. Recently, this bleaching system has received increased attention because of its low on the envi-

ronment. This system can prevent for dye transfer on laundry6J, prevent dye transfer with detergent com-

ponents7J, and dose not cause fabric fragility8J. This bleaching system’s ability of degrade Orange II has 

been sutudied91, but the mechanism has not been clearly shown. In this study, we investigated the effect 

of buffers on Orange II degradation by a Horseradish peroxidase (HRP）・H202bleaching system. 
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2 . Experimental 

2 -1 Material 

HRP was purchased from Wako Pure Chemical Industries Ltd. And the concentration of HRP was de-

termined spectrophotometrically that was used a molar extinction coef百cient(£403= 1. 02 x 105 mol 1dm3 

cm-1) rnJ. 

Orange II ( C.I. Acid Orange 7 ) was purchased仕omWako Pure Chemical Industries Ltd. And it 

checked for purity by the paper chromatography and UV absorption spectra after recrystallization. 

H202 and the reagent of bu島 r,citric acid monohydrate, trisodium phosphate 12-water, boric acid, hy-

drochloric acid and 2・amino-2・hydroxymetyle司 1'3予ropanediol(Tris) were purchased from Wako Pure 

Chemical Industries Ltd. All of them were guaranteed reagents. Water was obtained pure treatment 

with Mill-pore that distilled once仕omion exchanged water. 

2 -2 Equipment 

The absorbance was monitored with Hitachi U・2000double beam spectrophotometer used a quartz cell 

( 1. 0 cm) . The pH of solution measured with Horiba pH meter M・8E.

2 -3 Method 

On variation of absorbance of Orange II, we monitored equal volumes of a 1. 5 x 104 mol ・ dm -J Hz02 so『

lution and a solution containing HRP and 1. Ox 10 4 mol ・ dm -J Orange II were injected into the cell. The 

variation of absorbance of Orange II was monitored at 485 nm, where absorption spectra show maximum 

absorbance. 

On any point of the reaction times for the oxidation condition of HRP, we monitored the absorption 

spectra at 700～350 nm. All experimental conditions were at 20℃onpH9.0. 

3 . Results and Discussion 

The decoloration curve of Orange II with 3. 4 x 10 7 mol ・ dm-3 HRP in the 0. 1 mol ・ dm-3 Tris/HCl buffer 

and the Carmody buffer is shown in Fig. 1 . The rate of Orange II decoloration with the Tris/HCl buffer 

was higher than it with the Carmody buffer. In addition with the Tris/HCl buffer, the absorbance was in-

creased little by little at 90 sec after the reaction was started. The POD enz戸nereaction was promoted 

by the Tris/HCl buffer and disturbed by the Carmody bu宜er.Therefore, we measured the oxidation Condi-

tion of POD in this reaction and monitored the total reaction times for each system to confirm that POD 

could react without be in deactivation. 

The mechanism for HRP and the other POD reaction is explained by the following sequence. 

POD (+3) +H202→ Compound I (+5) +H20 …（1) 

Compound I +A-H→ Compound II ( +4) +A …（2) 

Compound II +A-H→ POD (+3) +A .…（3) 

POD (+3) in the native condition becomes Compound I (+5) when oxidized by Hz02 (Formula 1).Com-

pound I becomes Compound II ( +4) through an accepted electron仕omthe hydrogen donor (A-H)(For-

mula 2 ). Furthermore, Compound II returns to the native condition through the accepted electron from 

hydrogen donor (Formula 3 ). In this way, POD reaction is on going as the oxidation conditions change. 
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Fig. 1 Effect of buffer for decoloration of Orange II on POD-H,O, bleaching systrem. 
[Orange II] =5. 0×10-5 M, [H,O,] =7. 5×10 4M, pH9.0 

It is known that the absorption spectra of POD changes11l. POD has characteristic spectra called the 

Soret band and the Q band. On the Soret band, the absorption spectra of the native condition have an ab-

sorption maximum of 403 nm, but when it becomes Compound I, the absorption spectra is broaden. The 

absorption maximum of Compound II is 418 nm. When the enz戸nereaction is completed, the absorption 

maximum shifts to short wave again. In other words, Compound II returns to the native condition. On 

the Q band, the native condition of POD has absorption maximum nearly 500 nm and 650 nm. The ab-

sorption maximum of Compound I shifts to a long wavelen_gth from nearly 500 nm. The two peaks of the 

Compound II absorption spectra shift to a short wavelength. 

k 1 and k 2 have a faster reaction rate than k 3 . Therefore, the rate-determining step is the reaction 

仕omCompound II to the native condition. For the enz戸nereaction, Compound II is the most prevalent. 

With 6. 8 x 10-6 mol ・dm 3 HRP, the concentration was 20 times greater than the optimum condition for 

monitoring the change of the enz戸neoxidation condition in this bleaching system. 

Fig. 2 shows the POD oxidation condition of POD in the degradation reaction of Orange II with the 

Carmody bu町erin the POD-H202 bleaching system. Orange II （λmax 485 nm) decolorated as soon as the 

reaction was started. Then, the absorption maximum of the Soret band of POD shifted to Compound II 

from the native condition as soon as the reaction was began. Since Compound II existed for 20 min, the 

enzyme reaction was continued after Orange II was decolorated. Afterward, the absorption maximum of 

POD shifted to a short wavelength slowly and it returned to the native condition at 60 min after the reac幽

tion had started. On the other hand, with the absorption maximum of the Q band, the oxidation condi-

tion changed similarly to the Soret band. The absorption maximum at 500 nm and 650 nm formed two 

peaks between 500 nm田id560 nm as soon as the reaction started. Compound II existed for 20 min. After-

ward, the two peaks were returned to the native condition from 20 min to 60 min. It return completely to 

the native condition at 60 min after the reaction started. It became clear from these results that the deg-

radation reaction of Orange II with the Carmody buffer in the POD-H202 bleaching system lasted 60 min. 
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Fig. 2 Shift in absorption spectra ofHRP during the degradation of Orange II on POD-H,Q, bleaching system. 
(a ; Soret band, b ; Q band) 

[Orange II] =5. 0×10 5 M, [H,O,] =7. 5×10 1 M, pH9.0 

The oxidation condition times for the absorption spectra of the Soret and the Q band for the degrada-

tion reaction of Orange II with each buffer is shown in Table I . With the Carmody buffer, Compound II 

was formed as soon as the reaction was began and this reaction continued for 20 min. Afterward, Com-

pound II returned to the native condition 仕om20 min to 60 min and returned to the native condition 

completely 60 min after reaction was began. With the Tris/HCl buffer, Compound II was formed as soon 

as the reaction started and this reaction continued for 15 min. Afterward, Compound II returned to the 

native condition from 15 min to 40 min, and returned to the native condition completely at 60 min after 

the reaction began. Decoloration occured within 15 sec for both of buffe1・s.And it was not deactivation in 

each buffer. 

Table. 1 Reaction time for degradation of Orange II on POD-H,O, bleaching system. 

Compound II Compoundll + Native Native 

Carmody sta同～20min 20～60min 60min 

丁目s/HCI sta同～15min 15～40min 40min 

[Orange II] =5. 0×10 5 M, [H,O,] =7. 5×10 4M,pH9.0 

In this results, the rate of whole enzyme reaction with the Tris/HCl buffer was faster than with the 

Carmody buffer. And it is recognized the azo dye degradation for POD reaction is two-steps reaction in 

previous studies2・5・9J. Then Orange II was decolorated to the hydrogen donor and the degradation product 

was reacted with POD to be the hydrogen donor again. As Table 1 , we recognized both the rate of reac-

tion of Orange II and POD, and the rate of reaction of the Orange II degradation product and POD with 

the Tris/HCl buffer were faster than with the Carmody buffer in the POD-H202 bleaching system. 

72 



Effect of Buffer on Orange II Degradation by the Peroxidase-hydrogen Peroxide Bleaching System. 

We surmise that the reaction rate in this reaction condition is influenced by the actions of the buffer 

components due to two factors.①The Tris promotes the reaction in the POD-H202 bleaching system as 

an activator.②The citric acid disturbs the reaction in POD-H202 bleaching system as chelating agent. 

① The effect of the activator on the decoloration of the azo dye in the POD-H202 bleaching system has 

been investigated12・ 13J. The activator became a hydrogen donor much faster than the azo dye. The reaction 

of the activator radical and the azo dye radical is faster than the oxidor吋 uctionreaction.②The chelat-

ing action of the citric acid caused the liberation of Fe from active site of HRP and chelation. We do not 

believe that the chelation is a continued reaction of Fe since POD is reacted as an oxidoreduction reac-

ti on of the active site of Fe. 
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