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ABSTRACT

An enzymatic colorimetric method for the determination of hydrogen peroxide in udon
(Japanese noodles) and shark fins was developed. Hydrogen peroxide was extracted from sam-
ples with water. After filtration, the extract was treated with o-phenylenediamine and peroxi-
dase in citrate buffer (pH 5.0). Color development was determined by spectrophotometry at
490 nm. Recovery studies were performed at spiked levels 0.92, 3.68 and 9.20 ppm. Average
recoveries ranged 90.7~99.9 and 65.3~91.7% from udon and shark fins respectively.
Coefficients of variation for average recoveries were less than 5%. The detection limit was
0.05 ppm in these commodities.

The hydrogen peroxide residues in udon do not decompose or diminish effectively during
storage and boiling process. But hydrogen peroxide residues in shark fins were removed by
dipping and subsequent boiling with water. Twenty samples of dried shark fins and thirteen
samples of udon purchased from various markets were analyzed using the proposed method.
The results showed that twelve samples of dried shark fins from grocery stores contained
hydrogen peroxide residues ranged from 0.9 to 5451 ppm. Six udon samples purchased from
traditional markets contained hydrogen peroxide residues ranged from 5.2 to 516 ppm. No
hydrogen peroxide residue was detected in the other seven udon samples purchased from
supermarkets.

Key words: hydrogen peroxide, enzymatic colorimetric method, o-phenylenediamnie, shark
fins, udon.

INTRODUCTION

Hydrogen peroxide (H,0O,), a transparent lig-
uid, is an effective bactericide as well as a strong
bleaching agent. Its chemical reaction involves

both oxidation and reduction. It is readily decom-
posed by light, heat, metals, alkaline solution, and
some enzymes such as catalase and peroxidase(!).
The adversely effect of hydrogen peroxide on ani-
mal has been reported. Rat (C57BL) of low cata-
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lase activity fed with drinking water containing
0.1 or 0.4% hydrogen peroxide could induce duo-
denal cancer). A poisoning outbreak occurred in
Tokyo (Japan) in 1971 due to the consumption of
udon with hydrogen peroxide residue®. Acco-
rding to the “Application Scope and Limits of
Food Additives” announced by Department of
Health, hydrogen peroxide is belong to the bacte-
ricide category. It can be used in surimi-base
products as well as any food products other than
flour and flour related products; however, hydro-
gen peroxide residue in any food is not allow-
able®. The health authority in Japan regulates that
hydrogen peroxide must be thoroughly removed
or decomposed prior to attainment of final
product™®. According to the food regulation in
America, hydrogen peroxide residue in aseptic
package should be no more than 0.5 ppm, which
is determined by a test method using distilled
water as a solvent®,

The current Chinese National Standard (CNS)
for testing hydrogen peroxide is a qualitative
method®, which is low in sensitivity and readily
interfered by the matrices(::”. To improve the cur-
rent CNS method, a precise, rapid, and high sensi-
tive analytical method was intended to develop in
this study.

With respect to the analysis of hydrogen per-
oxide, several methods have been reported as fol-
lows: qualitative analytical method(-6-8), enzymat-
ic colorimetric method®1%), oxygen electrode
method(13-19), jodine titration method(!:20) high
performance liquid chromatography (HPLC)
method®?D, and gas chromatography (GC)
method@?), In addition, testing kits are commer-
cially available, including spectroquant hydrogen
peroxide cell test, reflectroquant peroxide test (E.
Merck, Darmstadt, Germany) and quantofix per-
oxide 25 (Macherey-Nagel, GmBH & Co., Druen,
Germany). In CNS method, titanium sulfate and
vanadium sulfate are used as color-developing
reagents, which can only detect as low as 10 and
20 ppm hydrogen peroxide, respectively(). Some
special equipment is necessary to perform oxygen
electrode method although it can give a higher
detection sensitivity. Titration method is low in
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sensitivity and the end point of titration is difficult
to determine(19, HPL.C and GC methods are not
well documented and both these two methods
involve derivatization procedures, which are com-
plicated and not suitable as a routine procedure.
Enzymatic colorimetric method is used most
often. The oxidizable substrates are oxidized by
hydrogen peroxide while existing enzyme as cata-
lase, generating a chromogen or fluorophore. 4-
Aminoantipyrine (4-AA)®-'9, ammonium thio-
cyanate('V, sesamol dimer(!?, thiochrome('?), and
o-phenylenediamine (OPD) have been reported to
be oxidizable substrates in literature. The reaction
of this method is specific and fast; however, the
oxidation-reduction reaction initiated by co-exis-
tences could interfere with the result(1:22),

Hydrogen peroxide has been used in bleach-
ing shark fins to prolong the shelf life and to
improve the appearance of final products®?. Su et
al.®® investigated 18 dried shark fins and found 7
samples containing hydrogen peroxide. Hydrogen
peroxide has also been reported to be illegally
used in udon manufacturing for bleaching and dis-
infecting purposes. In this study, shark fins and
udon were selected as target samples. Enzymatic
colorimetric method and commercial testing kits
were evaluated in order to establish a precise and
rapid testing method, which could be officially
used in detecting hydrogen peroxide in food. In
this study, the storage stability and heat effect on
hydrogen peroxide were also carried out. Results
could be a reference for consumers and related
authorities.

MATERIALS AND METHODS

I. Materials

The following samples were purchased from
grocery stores, traditional markets, or supermar-
kets: 20 dried shark fins, 10 rehydrated shark fins,
6 shark fin cans, and 13 udon samples. Both dried
shark fins and shark fin cans were stored at room
temperature; while rehydrated shark fins and udon
were kept in freezer before use. Ten samples of
cooked shark fins and udon each were purchased
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from restaurants and tested for hydrogen peroxide
on the day of purchasing.

II. Reagents

Reagent grade hydrogen peroxide (30% of
concentration) was obtained from Santoku
Chemical Industries, Co., Ltd. (Tokyo, Japan).
Peroxidase (Product No. P 8000) and 4-aminoan-
tipyrine (4-AA) were the products of Sigma
Chemical Co. (St. Louis, MO, USA). Regent
grade o-phenylenediamine dihydrochloride
(OPD), citric acid, sodium citrate, sulfuric acid,
and phenol were purchased from Nacalai Tesque
Inc. (Kyoto, Japan). OPD solution was prepared
by dissolving 100 mg OPD and 10 mg peroxidase
in 100 mL of citrate buffer (pH 5.0).

II1. Instrument

A spectronic 3000 Array Spectrophotometer
(Milton Roy Company, New York, USA) was
used in this study.

IV. Preparation of Standard Solutions

The content of hydrogen peroxide was stan-
dardized in accordance with the “Methods of
Analyzing Food Additives in Foods-with
Commentary”(9), The standardized hydrogen per-
oxide was diluted to a concentration of 1 mg/mL
with distilled water, which was then diluted to a
series concentrations ranging from 0.2 to 5.5
ug/mL ready for use as standard solutions.

V. Qualitative Testing

A CNS 10893, N6189 testing method entitled
“Method of Test for Bactericides in Food-Test of
Hydrogen Peroxide”©® was adopted.

VI. Quantitative Analysis

(I) Sample Preparation

Sliced udon (10 g), rehydrated shark fins (10
g), or dried shark fins (2 g) was each placed in a
50-mL tube. Thirty-five mL of distilled water or
methanol was added to the tube, and mixed well.
The sample was dipped and shaken gently in a
shaker for 10 min or homogenized at 3000 rpm
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for 3 min, then diluted to 50 mL, filtered through
a filter paper (Toyo No. 5A), and more filtering
through a 0.45 pm membrane if necessary. The
testing solution was thus prepared.

(1) Quantitative Procedure

1. Modified OPD Colorimetric Method

A method reported by Wu and Lin(>) was
modified and used in this test. Five mL of testing
solution and 5 mL of OPD solution was mixed
and left stand at room temperature for 10 min.
One mL of sulfuric acid (10 N) was then added to
fix the color. A spectrophotometry at 490 nm was
used to detect the absorbance of the final solution
as well as sample blank in which the testing sam-
ple was replaced by 5 mL of distilled water.
Hydrogen peroxide residue in testing samples was
determined by comparing to the standard curve of
hydrogen peroxide.

2. 4-AA Colorimetric Method

A 4-AA colorimetric method presented by Ito
et al.® was used in this study. A mixture contain-
ing 5 mL of testing solution, 3 mL of 2% phenol
solution, 1 mL of 0.4% 4-AA color-developing
solution, and 1 mL of 0.01% peroxidase solution
was incubated in a 37°C water-bath for 10 min.
After cooling to room temperature, the final solu-
tion was spectrophotometrically checked for
absorbancy at 505 nm. Sample blank (5 mL of
distilled water instead) was also checked at the
same wavelength.

3. Spectroquant Hydrogen Peroxide Cell Test

A Merck brand testing kit was used. Ten mL
of testing solution was placed in a spectroquant
hydrogen peroxide cell. After mixing, the cell was
kept standing for 3 min prior to a detection at 405
nm,

4. Reflectroquant Peroxide Test

A kit for this testing was also a product of
Merck Co. A test paper was immersed in testing
solution. A blue oxide was formed when the test
strip in test paper reacted with hydrogen peroxide.
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The concentration of hydrogen peroxide in testing
solution was determined using a RQflex reflec-
tometer to detect the blue oxides in test paper.
Hydrogen peroxide content in test samples was
reported on the basis of its concentration in testing
solution.

VII. Standard Curve Plotting

The standard curve of hydrogen peroxide was
made by plotting a series concentrations of stan-
dard solutions, five mL of each was taken, versus
their absorbances based on the modified OPD col-
orimetric method as mentioned above.

VIII. Fortification Recovery Test

Fortification recovery test was carried out by
spiking a concentration of 0.92, 3.68, or 9.20 ppm
hydrogen peroxide into udon or rehydrated shark
fin samples. Blank sample (distilled water) was
also conducted. The test of each concentration
was carried out in triplicate.

IX. Detection Limit Test

Various concentrations of standard solutions
were spiked into test samples and detected accord-
ing to the current developed method. The limit of
detection was on the basis of S/N ratio higher than
3.

X. Stability of Hydrogen Peroxide in Boiling
Water

One hundred mL of distilled water was
poured into a 200-mL beaker and 1 or 2 mL of
3.68 mg/mL hydrogen peroxide was spiked. The
water level was marked. The beaker was capped
with a watch glass and the water was boiled for a
period of 5, 10, 20, 60, 90, or 120 min. After cool-
ing down to room temperature, the water was
compensated to the mark prior to determination of
hydrogen peroxide residue.

XI. Storage Stability Test

Two portions of udon containing hydrogen
peroxide were separately packed into a PE plastic
bag, which was then stored at 25 or 4°C for 1
week prior to determination of hydrogen peroxide
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residue.
XII. Cooking Treatment

A cooking procedure of “Wok-boiled udon”
was followed. Four portions of hydrogen perox-
ide-containing udon (250 g) were individually
placed into a 2-L kettle which contained 500 mL
of boiling water. The udon was kept boiling for 1,
3, 5, or 10 min, and then separated from water.
After cooling down to room temperature,. both
udon and boiled water were weighed out and ana-
lyzed for the residue of hydrogen peroxide.

XIII. Rehydration of Dried Shark Fins

A sample of dried shark fins (105 g), which
had been determined to contain hydrogen perox-
ide residue, was soaked in 2 L of water overnight.
The sample was heated in 2 L of boiling water
(100°C) for 1 hr then transferred and kept in
another 2 L of hot water (96°C) for 30 min. The
procedure of transferring and keeping in another
2 L of water at 96°C was repeated in order to
completely rehydrate the shark fins. The residue
of hydrogen peroxide in each step of rehydration
was monitored.

RESULTS AND DISCUSSION

1. Selection of Colorimetric Method

Colorimetric methods including 4-AA®),
spectroquant hydrogen peroxide cell test, and
OPDU> methods were evaluated in this study.
OPD method showed the highest sensitivity to
hydrogen peroxide as shown in Figure 1.
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Figure 1. Calibration curves of hydrogen perox-
ide determined by the OPD, modified OPD, 4-AA
and Merck methods.
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4-AA method is unfavorable for hydrogen
peroxide detection. Detection limit of this method
is 10 ppm, which is not sensitive enough. It is
readily interfered with ascorbic acid, which might
exist in test samples(!¥., Furthermore, the opera-
tion of this method is cumbersome. A water-bath
kept at 37°C is necessary for performing this
method. Although spectroquant hydrogen perox-
ide cell test is operation-friendly, this method is
low in sensitivity (detection range between 2~20
mg/L) and high in expense. OPD method is easy
to operate. In this method, a mixture of 5 mL of
hydrogen peroxide and 5 mL of peroxidase OPD
solution (pH 5.0) is left to stand at room tempera-
ture for 10 min. Five mL of 2 N sulfuric acid is
then added to the resultant solution to fix the
color, which is then monitored at 490 nm.

To understand the effects of reaction condi-
tions on color developing, a further study was
conducted to optimize OPD method.

I1. Optimization of OPD Method

(I) Conditions for Color Developing

A concentration of 5.87 pg/mL hydrogen per-
oxide was used to optimize the following condi-
tions: citrate buffer with pH range from 4 to 6,
addition of OPD with concentration of 20~200
mg, addition of 0~15 mg peroxidase, a combina-
tion of sulfuric acid concentration and volume of
2NxSmL,SNx2mLorlONx1mL, and a
reaction time ranging from 2 to 15 min. Results
showed the optimum condition for OPD method
was using a pH 5.0 citrate buffer containing 100
mg OPD and 10 mg peroxidase and reaction time
was 10 min. One mL of 10 N sulfuric acid was
selected to be a color-fixing agent. The sensitivity
using modified OPD method was higher than
unmodified OPD method('> as shown in Figure 1.
The absorbance increased by 1.1 times when the
‘amount of OPD was increased from 40 mg to 100
mg. There was no more increase in absorbance
when higher than 100 mg OPD was used. Using 1
mL of 10 N sulfuric acid instead of 5 mL of 2 N
sulfuric acid increased the absorbance by 1.4
times although both solutions showed the same
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pH at 0.6. Modified OPD method enhanced the
sensitivity in hydrogen peroxide detection by 1.5
times as compared to unmodified OPD method.

Using a modified OPD method, a standard
curve with a regression line Y = 0.1929X +
0.0092 (where X as concentration in pug/mL; Y as
absorbance) and a regression coefficience (R?) of
0.9998 was obtained.

(IL) Stability of OPD-chromogen

OPD is a dye easily decomposed to a dark
color substance while exposed to air. Performing
this method immediately after preparation of OPD
solution is strongly suggested. The light effect on
the stability of OPD-chromogen was also investi-
gated using a modified OPD colorimetric method
where 5 mL of hydrogen peroxide (3.68 pg/mL)
was used. Results showed that OPD-chromogen
was quit stable over 3 hr either under light or
excluding light (Figure 2).

III. Effects of Extraction Methods on Recovery

The effects of different extraction methods on
recovery of hydrogen peroxide were studied. Ten
gram of sliced udon and rehydrated shark fins
were spiked with 92.0 pug of hydrogen peroxide,
immersed into 35 mL of water(’:!,!2) or
methanol®!314), homogenized for 3 min®!3.149 or
dipped for 10 min(!8.19) added to the volume of 50
mL with solvent, and filtered. Hydrogen peroxide
in filtrates was then determined by modified OPD
method. Results showed that test samples
immersed in water for 10 min gave the best recov-
ery of hydrogen peroxide (Table 1). Methanol as
an extraction solvent was unfavorable because it
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Figure 2. Stability of OPD-chromogen of hydro-
gen peroxide.
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Table 1. Comparison of recoveries of hydrogen peroxide at a spiked level of 9.20 ppm in udon and shark fins

extracted with different methods

Sample Method Recovery? (%)

Udon Dipping in H,0, 10 min 99.9 (0.1)®
Dipping in MeOH, 10 min 95.5(2.7)
Homogenization with H,0, at 3000 rpm, 3 min 91.6 (2.0)
Homogenization with MeOH, at 3000 rpm, 3 min 96.0 (1.2)

Shark fins Dipping in H,O, 10 min 91.7 (2.1)
Dipping in MeOH, 10 min 90.4 (1.6)
Homogenization with H,0, at 3000 rpm, 3 min 66.6 (4.8)
Homogenization with MeOH, at 3000 rpm, 3 min 79.8 (2.8)

2 average of triplicate.

b value in the parenthesis is coefficient of variation (%).

Table 2. Effects of food ingredient or additive in udon? on OPD color reaction
Ingredient/Additive Test level © Recovery ¢ (%)
Control — 99
Potassium bromate 10 ug 434

Sug 294

1ug 109

Soysauce 10 mg 104
20 mg 108

L-Ascorbic acid 10 pug 81
Sug 93

BHT 10 pug 92
BHA 10 pg 94
Benzoy! peroxide 10 ug 97
Sug 98

Glucose 1 mg 100
Monosodium glutamate 100 mg 102
Potassium sorbate 200 ug 101
Sodium chloride 1 mg 98
Sodium phosphate 200 ug 99

2 the udon was spiked with 9.2 ppm of hydrogen peroxide.
®in 5.0 mL sample solution.
¢ average of duplicate.

could result in a cloudy extract, which required to
be filtered through a 0.45 um membrane. Homo-
genization yielded more cloudy extracts and lower
recovery of hydrogen peroxide compared to a dip-
ping process without homogenization, implying
hydrogen peroxide could be decomposed during
homogenization!”. While extraction of dried
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shark fins, much less amount of sample was used
in comparison of rehydrated shark fins because
dried product could absorb solvent resulting in a
decrease of extraction efficiency. In this study, 2 g
instead of 10 g dried shark fins was used.
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IV. Effects of Food Ingredients or Additives on
Recovery '

OPD method is based on oxidation of hydro-
gen peroxide. Any food components possessing
oxidation or reduction property may inadvertently
interfere with testing results. Some additives with
color such as soysauce may also affect the
absorbance. To understand these effects, 11 food
ingredients or additives, as listed in Table 2, were
individually spiked into 5 mL of testing solution,
which was prepared from 10 g of udon fortified
with 9.2 ppm hydrogen peroxide. Results are pre-
sented in Table 2. Potassium bromate, which was
banned in food due to its carcinogenicity, greatly
induced OPD color reaction. Soysauce could
slightly increase the absorbance; while ascorbic
acid, BHT, and BHA could reduce the color for-
mation. The OPD color reaction was not affected
by benzoyl peroxide, glucose, monosodium gluta-
mate, potassium sorbate, sodium chloride, or sodi-
um phosphate.

V. Fortification Recovery and Limit of Detection

The recoveries of hydrogen peroxide from
udon and shark fins are shown in Table 3. Except
for shark fins spiked with 0.92 ppm hydrogen per-
oxide, the recoveries ranged from 81.9 to 99.9%
were obtained from both udon and shark fins. All
the coefficients of variation were less than 5%.
Recoveries from shark fins were less than those
from udon. This could be due to the complexity of

Table 3. Recoveries of hydrogen peroxide spiked
into udon and shark fins

Sample Spiked level (ppm) Recovery? (%)

Udon 0.92 90.2 (4.4)
3.68 96.5 (1.3)
9.20 99.9 (0.1)

Shark fins 0.92 65.3 (3.3)
3.68 81.9 (3.5)
9.20 91.7 (2.1)

2 average of triplicate.
b value in the parenthesis is coefficient of varia-
tion (%).

SEE - FE [ JTBEBES ] www.angle.com.tw

protein structures in shark fins hindering extrac-
tion of hydrogen peroxide®. The limit of detec-
tion was 0.5 ppm, the same as the method report-
ed by Kikugawa er al.(!?) and Tsukada et al.(!?),
but still higher than the modified 4-AA method,
the detection limit of which was 0.05 ppm®). The
modified 4-AA method, however, requires a
clean-up operation and a concentration processing
and therefore is not a favorable choice.

VI. Stability of Hydrogen Peroxide in Boiling
Water

The stability of hydrogen peroxide at a level
of 3.68 or 7.36 mg in 100 mL of water is demon-
strated in Figure 3. Hydrogen peroxide was quite
stable when boiled in water for 10 min. Seventy
percent of which still remained even after boiling
for 120 min. Boiling process was not capable of
completely removing hydrogen peroxide. This
could be due to its high boiling point at 152°C (26),
Therefore, the residue of hydrogen peroxide can
still exist in food matrix when food containing
hydrogen peroxide is treated with regular cooking
conditions.

VIL. Storage Stability Test

The changes of hydrogen peroxide residue at
the level of 90 or 480 ppm in udon during storage
are shown in Figure 4. The slope of each regres-
sion curve was calculated based on hydrogen per-
oxide residue (Y) and storage time (X). Results
showed the slopes (referring to a decline rate) for
a residue of 480 ppm in udon stored at 25 and 4°C
were -20.043 and -8.811, respectively. The slopes
for a residue of 90 ppm at these two temperatures

g 100 -—--3.68mg
x® = —7.36 mg
oot PR
5g 8
23
] E 70 P
& 60
h-]
g wl—
0 20 40 60 80 100 120
Time (min)

Figure 3. Stability of hydrogen peroxide in boil-
ing water.
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were -20.194 and -5.285, respectively. These
results indicate hydrogen peroxide residue in food
is relative stable after storage and its dissipation
slows down at a lower temperature.

VIIL. Cooking Treatment

Udon containing 80 ppm hydrogen peroxide
was cooked for 1~10 min. The residue of hydro-
gen peroxide in udon or soup was analyzed and

N oW
88

Residue of hydrogen peroxide
(ppm)

0 1 2 3 4 s 6 7
Time (day)

Figure 4. Change of hydrogen peroxide residue in
udon during storage at 4°C and 25°C.

100

Residual rate of hydrogen
peroxide (%)
3

Time (min)
Figure 5. Effect of cooking time on hydrogen per-
oxide residue in udon and the soup.

www.angle.com.tw

results were shown in Figure 5. Almost half of
hydrogen peroxide residues were transferred into
soup while the total hydrogen peroxide were
remained the same after cooking for 1 min.
Hydrogen peroxide residues in udon and soup
were 40.4 and 46.5%, respectively, 13% of which
declined in total, after 5 min cooking. The
residues reduced to 65% while cooking for 10
min. During cooking, udon absorbed water and
swelled resulting in decrease of water. Hydrogen
peroxide could transfer back to udon from soup
when water kept loss after a long time cooking.

IX. Rehydration Treatment of Shark Fins

A sample of dried shark fins (105 g) contain-
ing 726 ppm hydrogen peroxide was rehydrated
with 20 folds of water (v/w). The amount of

Table 4. Effect of rehydration treatment on hydro-
gen peroxide residue in shark fins

Treatment Time Hydrogen peroxide residue?

(hr) (ppm)
Control 726
Dipping 24 18.5
Boiling ® 1 11.9
Boiling ® 1.5 3.6
Boiling ® 2 N.D.e°

2 average of duplicate.
b after previously dipped in water for 24 hr.
¢ not detected.

Table 5. Survey of hydrogen peroxide residues in shark fins and udon sampled from various markets

Sample Sampling place No. of positive samples ~ Hydrogen peroxide residue 2 (ppm)
Shark fins
Dried Grocery stores 12 (20) ® 09, 1.1, 154, 26.8, 934, 1330,
1367, 1560, 2327, 3178, 4828, 5451
Rehydrated  Traditional markets 0(10) N.D. ¢
Canned Grocery stores 0 (6) N.D.
Udon _
Traditional markets 6 (6) 5.2, 14.3, 68.8, 256, 480, 516
Supermarkets 0 N.D.

2 average of duplicate.
b total number of samples.
¢ not detected.
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hydrogen peroxide dropped to 18.5 ppm after a
24-hr dipping (Table 4). No residue was found
when dipped shark fins was heated in 2 L of water
for 2 hr, indicating a processing of dipping and
changing water followed by heating could effec-
tively decompose or wash away hydrogen perox-
ide. Commercial rehydration treatment involves
heat treatment (about 3~5 hr) and a dipping proce-
dure before and after heating. This processing
may remove most of hydrogen peroxide from
shark fins although the water used for dipping is
less than 20 folds of shark fins.

X. Investigation of Commercially Available Shark
Fins and Udons

Investigation results are listed in Table 5.
Twelve out of 20 dried shark fins were determined
to have hydrogen peroxide residues over the range
of 0.9~5451 ppm. In most cases, the higher the
hydrogen peroxide residues in products, the
whiter in color on the product appearance would
be. In exception, two samples with snow-white
color were examined to contain only 0.9 and 1.1
ppm hydrogen peroxide. No residue was detected
in rehydrated shark fins and shark fin cans.

Among 13 udon samples investigated, all 6

Table 6. Survey of hydrogen peroxide residues in
cooked shark fins and udon from various restau-

rants
Hydrogen peroxide residue ? (ppm)
Sample
Solids Soup
Cooked shark fins
A 2.5 4.2
B 2.1 24
C 1.7 2.1
D 2.2 27
E~J N.D.b N.D.
Cooked udon
A 1.6 33
B 1.7 2.6
C 4.7 9.2
D~J N.D. N.D.

2 average of duplicate.
b not detected.
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samples sold in traditional markets at room tem-
perature were found to contain hydrogen peroxide
ranged from 5.2 to 516 ppm. Among them only
the sample containing 480 ppm hydrogen perox-
ide was vacuum-packed. No residue was found in
the other 7 samples (4 domestic and 3 Japanese
products) sold in supermarkets at refrigerating
temperature. They were all vacuum-packed and
properly labeled. In this investigation, we found
that the storage conditions in traditional markets
were not in accordance with the instruction on
labeling. The products should have been kept
refrigerated, but were shelved at room tempera-
ture. Our investigation suggests it is much safer to
purchase food from supermarkets than from tradi-
tional markets.

The results of hydrogen peroxide residues in
cooked shark fins and udon from restaurants are
presented in Table 6. In cooked shark fins, 4 out
of 10 were detected to have hydrogen peroxide
(about 2 ppm) both in solid form and in soup.
Three out of 10 udon samples contained hydrogen
peroxide residues over the range of 1.6~9.2 ppm
either in solid form or in soup. These results indi-
cated that 30~40% shark fins and udon dishes,
which prepared in restaurants contained hydrogen
peroxide residues. The result that hydrogen perox-
ide residues existed both in cooked solids and in
soup is consistent with our study that hydrogen
peroxide may migrate from shark fins and udon to
water phase during cooking process.

CONCLUSION

After comparison among CNS method,
refelctoquant peroxide test, and the proposed
method (Table 7), we found that CNS method was
not suitable for a qualitative test because it was
affected by the textures of cooked shark fins and
udon as well as the color of soysauce. Modified
OPD method was as effective as reflectoquant
peroxide test with respect to the test for hydrogen
peroxide residues, which were extracted using the
developed method. Reflectoquant peroxide test is
used to detect hydrogen peroxide over the range
of 0.2~20.0 mg/L. The limit of detection is 1 ppm.
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Table 7. Comparison of CNS method, reflectoquant peroxide test and the proposed method for determining

hydrogen peroxide residues in samples

Hydrogen peroxide residue ® (ppm)

Sample CNS method 2 Reflectoquant Proposed
peroxide test method

Shark fins .

Dried + 2300 2327

Dried + 18.0 15.4

Cooked _ 1.0 1.7

Cooked _ 1.8 2.2
Udon

Raw + 284 276

Raw + 14.8 14.3

Cooked _ 5.5 4.7

Cooked * 9.0 9.2

2 qualitative method.
b average of duplicate.

This test can generate a blue chromogen, which is
less affected by the color of soysauce. The device
of reflectoquant peroxide test is suitable for a
quick in-house inspection because it is compact in
size and easy to operate. The proposed method
was based on an enzymatic catalyzation that was
specific, rapid, and sensitive in hydrogen peroxide
detection. Test sample was extracted with water
and hydrogen peroxide was catalyzed by peroxi-
dase to form an OPD-chromogen, which can be
positively identified with spectrum scanning. A
satisfactory linearity over the range of 0.2~5.5
pg/mL was observed. Fortification recoveries
from the samples of udon and shark fins were at
the range of 65.3~99.9% and the coefficients of
variation were less than 5%. The detection limit of
the proposed method was as low as 0.5 ppm.

ACKNOWLEDGEMENTS

This study was supported by the Council of
Agriculture. We thank Dr. C.-W. Chen for his
translation work.

REFERENCES

140

1. Pharmaceutical Society of Japan. 1990.
Bactericides. Standard Methods of Analysis
for Hygienic Chemists-with Commentary. pp.
458-461. Kanehara Publishing Co., Ltd.
Tokyo, Japan. (in Japanese)

2. Wang, Y. C. 1993. Food Additives. 2nd ed. pp.
112-115. Hua Hsiang Yuan Publishing Co.
Taipei. (in Chinese)

3. Department of Health, Executive Yuan. 1987.
Application Scope and Limits of Food
Additives. Ordinance No. 662683. July 22,
1987. Taipei. (in Chinese)

4. Ministry of Health and Welfare. 1980.
Ordinance No. 24. February 20, 1980. Tokyo,
Japan. (in Japanese)

5.Food and Drug Administration. 1993. Part
178.1005, 21 CFR Ch.1. p. 314. Code of
Federal Regulations. The Office of the Federal
Register, National Archives and Records
Administration. Washington D. C., U.S.A.

6. Ministry of Economics Affairs. National
Bureau of Standards. 1984. Method of Test for
Bactericides in Food-Test of Hydrogen
Peroxide. CNS 10893, N6189. Taipei. (in
Chinese)

7. Miyamoto, F., Saeki, M. and Yoshizawa, T.



ELHT - BERER

L
(=]}

Journal of Food and Drug Analysis. 1999. 7(2)

10.

11.

12.

13.

14.

15.

16.

1993. A sensitive qualitative color test for
residual hydrogen peroxide in foods. J. Hyg.
Chem. Japan. 39: 336-344. (in Japanese)

. AOAC. 1995. Hydrogen peroxide in milk. In

“Official Methods of Analysis of AOGAC
International”. Chapt. 47. p. 17. Cunniff P. ed.
AOAC International. Virginia, U.S.A.

.Ito, Y., Tonogai, Y., Suzuki, H., Ogawa, S.,

Yokohama, T., Hashizume, T., Santo, H.,
Tanaka, K.-I., Nishigaki, K. and Iwaida, M.
1981. Improved 4-aminoantipyrine colorime-
try for detection of residual hydrogen peroxide
in noodles, fish paste, dried fish and herring
roe. J. Assoc. Off. Anal. Chem. 64: 1448-
1452.

Chin, H. B. and Cortes, A. 1983. Comparison

‘between potentiometric titration and enzyme-

catalyzed determination of hydrogen peroxide.
J. Assoc. Off. Anal. Chem. 66: 199-202.

Asai, Y., Kuwahira, H., Shimoda, K. and Sato,
K. 1982. Rapid microanalysis of residual
hydrogen peroxide in foods by the use of
ammonium thiocyanate. J. Food Hyg. Soc.
Japan. 23: 438-443. (in Japanese)

Kikugawa, K., Ohhashi, Y. and Kurechi, T.
1982. Determination of hydrogen peroxide by
the use of sesamol dimer. J. Food Hyg. Soc.
Japan. 23: 462-467. (in Japanese)

Tsukada, S., Demura, R. and Yamamoto, I.
1984. Fluorometric determination for hydro-
gen peroxide based on formation of
thiochrome. J. Hyg. Chem. Japan. 30: 85-90.
(in Japanese)

Miyamoto, K. and Yokoyama, T. 1976.
Enzyme determination of hydrogen peroxide
in foods. J. Hyg. Chem. Japan. 22: 76-80. (in
Japanese)

Wu, H. M. and Lin, Y. T. 1993. Methods for
analyzing hydrogen peroxide residues. Food
Industry Research and Development Institute.
Research report: Research No. 759. Hsin Chu.
(in Chinese)

Tanimura, A., Fujii, M., Yoshihira, K., Ito, Y.
and Shiro, T. 1993. Hydrogen peroxide. In
“Methods for Analyzing Food Additives in
Foods-with Commentary”. pp. 122-128.

141

17.

18.

19.

20.

21.

22.

23.

24,

25.

SEE - FE [ JTBEBES ] www.angle.com.tw

Kodan Publishing Co., Tokyo, Japan. (in
Japanese)

Ito, Y., Tonogai, Y., Toyoda, M., Ogawa, S.
and Iwaida, M. 1981. Evaluation of methods
for elimination of residual hydrogen peroxide
from salted and hydrogen peroxide-treated
herring roe cakes by the use of catalase and
sulfite. J. Food Hyg. Soc. Japan. 22: 312-316.
(in Japanese)

Miyamoto, F. and Saeki, M. 1990. A modified
method for the determination of residual
hydrogen peroxide in foods by using oxygen
electrode. J. Hyg. Chem. Japan. 36: 390-398.
(in Japanese)

Miyamoto, F. and Saeki, M. 1986. Studies on
the interfering substances in the determination
of hydrogen peroxide in semi-dried sardine
and the removal of the interference. J. Food
Hyg. Soc. Japan. 27: 362-368. (in Japanese)
Yamamoto, M. and Tanimura, A. 1981.
Modification of the standard method for deter-
mination of hydrogen peroxide in foods. J.
Food Hyg. Soc. Japan. 22: 60-63. (in
Japanese)

Pinkernell, U., Effkemann, S. and Karst, U.
1997. Simultaneous HPLC determination of
peroxyacetic acid and hydrogen peroxide.
Anal. Chem. 69: 3623-3627.

Tanaka, A., Iijima, M. and Kikuchi, Y. 1990.
Determination of hydrogen peroxide in fish
products and noodles (Japanese) by gas-liquid
chromatography with electron-capture detec-
tion. J. Agric. Food Chem. 38: 2154-2159.
Chen, C. Q. 1990. Chapt. 5. Shark fins. In
"Current Marine Food Industry in Taiwan".
pp. 123-127. Taiwan Fishery Bureau. Taipei.
(in Chinese)

Su, S. S., Shiau, H. W, Yu, P. H,, Lee, S. C.
and Chou, S. S. 1998. Investigation of
formaldehyde, sulfite and hydrogen peroxide
in shark fins. Annual Scientific Report of
National Laboratories of Foods and Drugs. 16:
186-188. (in Chinese)

Kimura, S., Uematsu, Y. and Miyauchi, Y.
1986. Shark (Prionace glauca) elastoidin:
Characterization of its collagen as [al(E)];



\
||u|

B2 [TIREERES ] www.angle.com.tw

W
m

ST BEEREEHEE -

Journal of Food and Drug Analysis. 1999. 7(2)

homotrimers. Comp. Biochem. Physiol. 84B: Merck Index”. 11th ed. p. 4722. Merck & Co.
305-308. Inc., Rahway, N. J., U.S.A.
26. Susan, B. 1989. Hydrogen peroxide. In “The

B FPBARILAZ T TR ELHBEHZIEN
BORE BUKE MEE BRK BEE

TH R HEEZEEY R BRBER
Gl E B 161-2 58

wm =B

ABER A ) B £ 1k & i (enzymatic colorimetric method) > M A H P BEALA R B S o &
R B XTI KIZ B 100K BE ﬁ&ﬁimT ' ApH 5.0 X AEH B BB SR Tl o
phenylenediamine & peroxidase R & 10 4% » H#A1 £ 490 nm B AL » HREHHKFHB AL
AEYEE o HERAR @ﬁ%‘ﬁ‘ﬁQ’&ﬁm\%%ﬂ.O 92 ~ 3.68 %9.20 ppm & » A @K 5B K &
FEAB90.2 ~ 99.9% * #.3865.3~91.7% * ¥ EAE 1A% o RILKRBEMRE ¥ 405 ppm © &
WBERALRZ KL, TR AL BREA ﬁ&%zﬁ%&&%f%ﬁ& A4 R A
mﬁﬁﬁoii&&%%é%?&%zk%wﬁ\%’ﬁ% imﬁT%%%%@&i%
o BHMBAKREN > EURETRZER N BERFTHK  THBEALE T L ER o B
BEWREEMETTE GHALEBLBRLARETE  FR0MLMLEDBRRBENEELH
121 > B 25 H0.9~5451 ppm o 13 BB TR EBAILAELH6H  FHadsuF
o RBEHK52~516 ppm’ HFRBTHREFZ THORLEERSY AR EBRILE o kI
[R&iwmhiE MEBRAERE | AT BRAARBEREARSEP o RECHILF
AR A LRI E L BT o

FR#EG] - BRILE > B Ee ko REX ok &8> BiEd o
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