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Antioxidative Activity of Puffer Fish Sauce (Review)

Kazuki Harada™, Toshimichi Maeda, Masato Honda, Tsuyoshi Kawahara,
Miki Tamaru and Tsuneo Shiba

A puffer fish [Takifugu rubripes {Temminck et Schlegel)] sauce was developed in our laboratory using

the meat, skin and bones except the internal organs containing the poison, i.e., tetrodotoxin. These were

fermented for about one year at room temperature. A strong scavenging activity of peroxyl and hydroxyl

radicals of the puffer fish sauce was detected by chemiluminescence and electron spin resonance (ESR)
methods. Further, this fish sauce had highest DNA protection activity against apurinic/apyrimidinic (AP)

lesions on DNA when cells are exposed to hydroxyl radicals. However, among the examined fish and soy

sauce samples, a correlation between the scavenging activities of hydroxyl radicals and DNA protection

was not found.
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Introduction

Radicals are molecules that contain one or more unpaired
electrons. Oxidative damage caused by oxygen-derived
radicals, such as superoxide anion (O:7) and H»0:, has
been implicated in the initiation of cancer'’, and foods are
implicated in 30% of the cases. There is considerable in-
terest in the possibility that Oz~ and H20O: exert their tox-
icity by being converted into more reactive hydroxyl radic-
al,»OH, in reactions that require metal ions®’. Therefore,
antioxidants in the human diet are of great interest as
possible protective agents for reducing oxidative damage,
and a wide variety of supplements have been produced as
such agents. Many researchers have sought radical

¢

scavengers from food materials® “’. For example, Ando et

al.”’

recently reported that soy sauce had a peroxyl radical
scavenging activity using the chemiluminescence method,
and that the occurrences of the activity was due to genera-
tion of melanoidin, 4.e, an aminocarbonyl reaction product.

Kitao et al.”’ reported peroxyl radical scavenging activities

of fruit juices, wines, teas, a coffer and a vinegar, compar-

ing with AAPH (2,2"-azobis (2 -amidinopropane) dihyd-
rochloride) method by the chemiluminescence and DPPH
(1,1-diphenyl- 2 -picrylhydrazyl) method by colorimetry.

Nagatsuka et al.”""

reported peroxyl and hydroxyl radical
scavenging activities of ‘Nikogori’ gelatin gel foods from
chicken, beef and fishes added to soy sauce using the che-
miluminescence and the electron spin resonance (ESR)
methods.

Fish sauces are Japanese and Asian traditional fermented
seasoning foods. In Japan, ‘Shottsuru’ is made from sand-
fish, ‘Ishiru’ made from squid and ‘Ikanago Shoyu’
made from sand lance fish efc.. Also, ‘Jeotgal’ in Korea,

‘Patis’ in the Philippines, ‘Nam plaa’ in Thailand,
‘Nouc mam’ in Vietnam and ‘Yuiru’ in China are
famous fish sauces in East and Southeast Asia.

In this review, we reported peroxyl and hydroxyl radic-
al scavenging activities of Puffer fish sauce developed in
our laboratory measured by the chemiluminescence and the
ESR methods, and the DNA protection activities against
hydroxyl radical lesions measured by the new apurinic/

apyrimidinic (AP) site method.
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Preparation of Puffer Fish Sauce

We already reported the preparation of Puffer fish
[ Takifugu rubripes (Temminck et Schlegel)] sauce'. Brie-
fly the sauce was made using the meat, skin and bones ex-
cept the internal organs containing the poison, i.e., tetrodo-
toxin. The materials of this Puffer fish were added with
soybean, wheat, soy sauce Koji mold, NaCl and water.
These were fermented for about one year at room tempera-
ture. The supernatant of the fermented original sauce mash
after heat sterilization was used as Puffer fish sauce. The
NaCl concentration of Puffer fish sauce (14.4%) was lower
than that of commercially sold dark color soy sauces
(average 16.0%), total nitrogen content of the fish sauce
(1.89%) was higher than that of the soy sauces (average
1.57%), and pH 4.80 of the fish sauce was similar to aver-
age pH 4.75 of the soy sauces. In addition, by the free ami-
no acid analysis, the content of glutamic acid of Puffer fish
sauce (1.40%) was more than that of the soy sauce (0.90%)

(unpublished data).

Fish and Soy Sauces Examined

List of examined fish and soy sauces was shown in Table

1", including Puffer fish sauce, squid fish sauce group,

Table 1 . List of examied fish and soy sauces

Kind of sauce Original name

Materials except salt

sardine fish sauce group, salmon fish sauce group, bonito
fish sauce group etc.. Three methods, i.e., the chemilu-
minescence, the ESR and the AP site methods were applied
for Puffer fish sauce, Salmon fish sauce 3, Sand fish sauce
(Shottsuru), Colorless soy sauce 2, Squid fish sauce 1
(Ishiru), Dark color soy sauce and Light color soy sauce

4 (Tablel).

Measurement of Peroxyl Radical Scavenging
Activity Using Chemiluminescence Method

The chemiluminescence method has been described in de-

IR

tail in previous paper ' Briefly, AAPH reagent was
dissolved in a phosphate buffer. The fish and soy sauce
solutions were also diluted to desired concentrations using
the same buffer. Then, the AAPH solution was mixed with
diluted fish or sauce as the sample or mixed with phos-
phate buffer as the control, and then the mixtures were he-
ated at 37°C for 2 min. Immediately after heating, luminol
solution was added to the mixtures, and then the chemilu-
minescence was measured. For the luminol solution, lumi-
nol and cytochrome ¢ were dissolved in a mixture of
sodium tetraborate buffer (pH 9.28), water and methanol.

Chemiluminescence intensity was measured using a photon

counter. As an indicator of the antioxidative capacity, the

Product area

1 Puffer fish sauce Puffer fish and Koji Our laboratory.Yamaguchi, Japan
2 Squid fish sauce 1 Ishiru Squid Ishikawa, Japan

3 Squid fish sauce 2 Ishiri 1 Squid Ishikawa, Japan

4  Squid fish sauce 3 Ishiri 2 Squid Ishikawa, Japan

5 Sardine fish sauce 1 Yoshiru Sardine and mackerel Ishikawa, Japan

6 Sardine fish sauce 2 Sardine and alcohol Niigata, Japan

7 Sardine fish sauce 3 Sardine and yeast extract Niigata, Japan

8 Sardine fish sauce 4 Sardine and reduced salt Niigata, Japan

9 Sardine fish sauce § Nam plaa Sardine Thailand

10 Salmon fish sauce 1 Salmon Iwate, Japan

11 Salmon fish sauce 2
12 Salmon fish sauce 3
13 Bonito fish sauce 1
14 Bonito fish sauce 2
15 Bonito fish sauce 3

Salmon and Koji
Salmon and alcohol
Bonito and Koji
Bonito, soybean and wheat
Bonito, alcohol, soybean and wheat

Toyama, Japan
Niigata, Japan
Toyama, Japan
Hyogo, Japan
Kagawa, Japan

16 Sandfish fish sauce  Shottsuru 1 Sandfish AKkita, Japan
17 Fish sauce 1 Shottsuru 2 Fish AKkita, Japan
18  Saury fish sauce Saury and alcohol Iwate, Japan
19 Sand lance fish sauce Ikanago shoyu Sand lance Kagawa, Japan
20 Fish sauce 2 Yuiru Fish China

21 Fish sauce 3 Nouc mam Fish Vietnam
22 Shrimp sauce Shrimp Thailand
23 Oyster sauce Oyster, sugar and amino acids etc. Ciba, Japan
24 Dark color soy sauce Koikuchi Shoyu Soy been and wheat Hyogo, Japan
25 Light color soy sauce Usukuchi Shoyu Soy been and wheat Hyogo, Japan
26 Colorless soy sauce  Shiro Shoyu Wheat etc. Aichi, Japan

Table reported pleviously was modified

12)
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inhibition of chemiluminescence intensity was measured.
The value of ICs» was defined as the fish or soy sauce’s
concentration reducing the chemiluminescence intensity of
phosphate buffer (control) to the half. First, the antioxida-
tive value was calculated using the following formula :

(log Io/T) x 100

lo = chemiluminescence intensity of phosphate buffer as the
control, I = chemiluminescence intensity of each concentra-
tion of fish or soy sauce sample. When the value of this
formula indicates 30.103, the I value corresponds to the
half-inhibition. Next, from the figure of the relationship
between the antioxidative value and the concentration of
fish or soy sauce added, the ICs value was obtained.

The evaluation of ICs was compared among the various
fish and soy sauces. The peroxyl radical scavenging activi-
ties are shown in Fig. 1, the lower the height of the bars in
the figure, the stronger the peroxyl radical scavenging
activity. Based on the data in this figure, Puffer fish sauce
indicated high radical scavenging activity among the sauces
examined, ranked eighth in the order from the highest.
Further, the level of peroxyl radical scavenging activity of
Puffer fish sauce was similar to those of squid and bonito

fish sauce group and soy sauce group.

Measurement of Hydroxyl Radical
Scavenging Activity Using ESR Method

The ESR method has been described previously'™ '”.
Briefly, hydroxyl radicals were generated by Fenton’s
reaction. First, FeSO. solution was added to DMPO
(5,5-dimethyl - 1 - pyrroline N-oxide) solution as a spin
trapping reagent, and this mixture was further added to
fish or soy sauce as the sample or to ultra pure water as
the control. Next, the mixtures were added to H:O: solu-
tion to initiate Fenton’s reaction, which occurs as in the
following chemical equation : Fe"*+H:0:—=Fe'"++OH+OH".
After 1 min of Fenton’s reaction, the hydroxyl radical gen-
eration, 1.e., spin adduct DMPO-OH*+, was measured using
an ESR spectrometer. Using the same procedure of peroxyl
radical scavenging activity, the inhibition of the hydroxyl
radical peak in the ESR pattern was measured by the
change of the peak height ratio of the sample as compared
with the inner standard manganese peak height.

The hydroxyl radical scavenging activities are shown in
Fig. 2 . Based on the data in this figure, the ICs values of
all sauces for hydroxyl radical scavenging activities were

higher than those for peroxyl radical scavenging activities.
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Fig. 1 . IC» value of the peroxyl radical scavenging activity of each fish and soy sauce measured
by the chemiluminescence method based on the alkaline luminol reaction. The bar with
oblique stripes indicates Puffer fish sauce; white bar, the samples measured by chemilu-

minescence, ESR and AP site methods.
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Fig. 2 . 1Cs value of the hydroxyl radical scavenging activity of each fish and soy sauce mea-
sured by the electron spin resonance (ESR) method based on the Fenton's reaction. De-
tails of the bars are described in the legend of Fig. 1.

Puffer fish sauce indicated slightly high radical scavenging
activity among the examined sauces, the tenth in the order
from the highest activity. Further, there is not the re-
lationship between the hydroxyl radical scavenging activity

and the kind of fish or soy sauce.

Measurement of DNA Protection Activities
against Hydroxyl Damage Using AP Site
New Method

The AP site method was developed by us, and has been
described in detail in previous paper'™ '"'¥. Briefly, DNA
sodium salt from salmon testes is resolved in TE buffer.
The DNA solution was added to FeSO+ solution, and fish
or soy sauce as antioxidant of DNA sample, or pure water
was added as a positive control. Next, the mixture was
added to H:O: solution, and mixed quickly, as the result
caused Fenton’s reaction. As a negative control, the mix-
ture was added to pure water instead of H=0O: solution.
The solution of each DNA sample was prepared by diluting
with TE buffer, and measured at 260 nm of absorbance us-
ing an UV-VIS spectrophotometer. The DNA solutions
were mixed with ARP (Aldehyde Reactive Prove; N’

-aminooxymethylcarbonylhydrazino-D-biotin) solution.

Biotinylation of AP sites on DNA was completed by in-
cubating the mixture at 37°C for 1 hr. The mixture was
then added with TE buffer, and transferred to the filtra-
tion tube (molecular weight ; 30,000). The filtration tube
was centrifuged, and the filtrated solution was discarded.
The ARP-labeled DNA was recovered in TE buffer from
the filter, and then the solution was placed in one well of a
96 well-microplate. The ARP-labeled DNA was adsorbed
to the well by mixing with DNA binding solution of a DNA
damage quantification kit and incubated overnight at room
temperature. After discarding the solution, the well was
washed with PBST washing buffer (phosphate buffered
saline added with Tween 20) using an auto mini-washer.
A horseradish peroxidase (HRP)-streptavidin solution was
added to each well, and the plate was incubated at 37°C for
1 hr. The substrate solution was added to each well, mix-
ed, and incubated at 37°C for 1 hr. Sulfuric acid was
added to the reaction mixture, and became to yellow color.
The absorbance at 450 nm was measured using the micro
plate reader. For the calibration curve, we could determine
1 to 40 AP sites per 1 x 10” bps. The ratio of DNA protec-
tion was defined as the following equation: Ratio of DNA
protection (%)=(A—C), (A—B) x 100

A ; number of AP sites per 100,000 bps after being exposed
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to hydroxyl radicals in the Fenton’s reaction solution as a
positive control, B ; number of AP sites per 100,000 bps
without the exposure and C ; number of AP sites per
100,000 bps after the exposure with a fish or soy sauce.

As shown in Fig. 3, the ratio of DNA protection by Puf-
fer fish sauce, Salmon fish sauce 3, Sandfish fish sauce
(Shottsuru), Colorless soy sauce 2, Squid fish sauce 1
(Ishiru), Dark color soy sauce and Light color soy sauce 4
was 68.9%, 67.0%, 60.1%, 49.7%, 34.1%, 28.2% and —4.4%,
respectively. Puffer fish sauce showed the highest ratio of
DNA protection activity against hydroxyl radicals among

fish and soy sauces examined.

103

Conclusion

The relationship between the peroxyl and the hydroxyl
radical scavenging activities was examined using correla-
tion coefficient (r), regression line and coefficient of deter-
mination (R*) (Fig.4). As shown in Fig. 4, an equation
of regression line was y = 0.03125x + 0.0476, correlation
coefficient was 0.4340 and coefficient of determination was
0.1884. Therefore, there is a slight mutual relation at the
5% (p=0.05) of level of significance between the peroxyl
and the hydroxyl radical scavenging activities. However,

when the relationship between the ratio of DNA protection

70
s0f
i 50/
zZ < e
o c 40
52 30
£2 2
= 35 'IO/
0 ‘ ‘ ‘ ‘ ‘ -
LA
-10
RPN o e
0 O <& o <0
L AN Q0 o AN S oN
X \ . S AN ot S
SO I T PV
o o S o \.\9@

Fig. 3 . Ratio of DNA protection (%) against hydroxyl radical damage in the Fenton’s
reaction solution. Details of the bars are described in the legend of Fig. 1.
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Fig. 4 . Relationship between IC» value of peroxyl radical scavenging and ICs value

of hydroxyl radical scavenging.
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and IC» value of hydroxyl radical scavenging activity was
also examined (Fig. 5), the equation of regression line, y
=50124x + 39525, correlation coefficient, 0.2861 and
coefficient of determination, 0.0819. We judged that a
mutual relation was absent at the 5% (p = 0.05) of level
of significance between the ratio of DNA protection and
ICw value of hydroxyl radical scavenging activity.

Puffer fish sauce had high peroxyl radical scavenging
activity, slight high hydroxyl radical scavenging activity
and the highest ratio of DNA protection against hydroxyl
radicals among fish and soy sauces examined. Some
mechanism, which mediates or depresses the reactivity of
the hydroxyl radical to DNA molecules, may be present.
The mechanism seems to affect the efficiency of the antiox-
idative activity of the sauce products. Therefore, we con-
clude that the antioxidative activity of food can not be ev-
aluated only from the viewpoint of radical scavenging

activity.
Acknowledgements
Part of this study was presented at the 11th Annual

Pukyong National University-National Fisheries University

Symposium in Busan, Korea, 2005. This work was sup-

80

ported in part by the research grant of Puffer Fish Project

from National Fisheries University in 2005 and 2006.

References

1) Kehrer JP : Free radicals as mediators of tissue injury
and disease. Crit Rev Toxicol, 23, 21-48 (1993)

2 ) Halliwell B, Gutteridge JMC, Aruoma OI: The deoxyri-
bose method: A simple “test-tube” assay for deter-
mination of rate constants for reactions of hydroxyl
radicals. Anal Biochem, 165, 215-219 (1987)

3) Yamaguchi T, Takamura H, Matoba T, Terao J: HPLC
method for evaluation of the free radical-scavenging
activity of foods by wusingl,1-diphenyl-2
-picrylhydrazyl. Biosci Biotechnol Biochem, 62,
1201-1204 (1998)

4) Bonzie IFF, Szeto YT :Total antioxidant capacity of
teas by the ferric reducing / antioxidant power assay.
J Agric Food Chem, 47, 633-636 (1999)

5) Fogliano V, Verde V, Randazzo G, Ritieni A : Method
for measuring antioxidant activity and its application
to monitoring the antioxidant capacity of wines. J
Agric Food Chem, 47, 1035-1040 (1999)

6) Liebert M, Licht U, Béhm V, Bitsch R: Antioxidant

70#

60

/

50 —7\
40

Ratio of DNA protction (%)

A r=0.2783
0o RZ = 0.0769
20
10
0
0olJ 1.0 3.0 40
a0 b

ICso value of hydroxyl radical scavenging (%)

Fig. 5. Relationship between ratio of DNA protection and ICx value of hydroxyl radical
scavenging. Symbol Il indicates Puffer fish sauce, € Salmon fish sauce 3,
Sandfish fish sauce, & Colorless soy sauce 2, & Squid fish sauce 1, O Dark
color soy sauce and [] Light color soy sauce 4.



10)

11)

12)

Puffer Fish Sauce as Antioxidant 105

properties and phenolics content of green and black
tea under different brewing conditions. Z Lebensm Un
ters Forsch A, 208, 217-220 (1999)

Ando M, Harada K, Kitao S, Kobayashi M, Tamura Y
:Relationship between peroxyl radical scavenging
capability measured by the chemiluminescence method
and an aminocarbonyl reaction product in soy sauce.
Int ] Mol Med, 12, 923-928 (2003)

Kitao S, Fujii K, Teramoto M, Harada K, Ando M,
Tamura Y: Rapid and sensitive method for evaluation
of radical-scavenging activity using peroxyl radicals
derived 2,2 - azobis( 2 - amidinopropane) dihydroch-
loride and luminol chemiluminescence. Food Sci Tech-
nol Res, 11, 318-323 (2005)

Nagatsuka N, Harada K, Ando M, Nagao K: Effect of
soy sauce on the antioxidative capacity of the gelatin
gel food ‘Nikogori’ measured using the chemilu-
minescence method. Int | Mol Med, 16, 427-430 (2005)
Nagatsuka N, [larada K, Ando M, Nagao K:
Measurement of the radical scavenging activity of
chicken jelly soup, a part of the medicated diet,
‘Yakuzen’, made from gelatin gel food ‘Nikogori’, us-
ing chemiluminescence and electron spin resonance
methods. Int J Mol Med, 18, 107-111 (2006)
Nagatsuka N, Harada K, Ando M, Nagao K: Changes
in the radical scavenging activity of ‘Nikogori’ gelatin
gel by materials of ‘Nikogori’ and the kinds of adding
soy sauce using the chemiluminescence method. J Cook-
ery Sci Jpn (in Japanese), 40, 179-183 (2007)

Harada K, Makino Y, Yamauchi T, Fukuda N, Tamaru
M, Okubo Y, Maeda T, Fukuda Y, Shiba T:Efficacy

of puffer fish (Takiﬂ/tgu rubripes) sauce in reducing

13)

14)

15)

16)

17)

18)

hydroxyl radical damage to DNA assessed using the
apurinic / apyrimidinic site method. Int ] Mol Med, 20,
309-314 (2007)

Harada K, Okano C, Kadoguchi H, Okubo Y, Ando M,
Kitao S, Tamura Y : Peroxyl radical scavenging capa-
bility of fish sauces measured by the chemiluminesc-
ence method. Int J Mol Med, 12, 621-625 (2003)
Harada K, Ando M, Kitao S, Sakamoto Y, Kobayashi
M, Tamura Y :Measurement of antioxidative capacity
of fish sauce using chemiluminescence method. Fish
Sei, 68 (Suppl. 2), 1437-1440 (2002)

Harada K, Ando M, Kitao S, Okano C, Tamura Y :
Changes in antioxidative capacity by the chemilu-
minescence method and K value as freshness indicator
of squids captured from Senzaki fishing seaport in
Yamaguchi prefecture. J Integy Stud Diet Habits, 15,
92-97 (2004)

Makino Y, Fujisawa H, Okazaki K, Hirata T :Depress-
ion effect of foods against DNA damage caused by hyd-
roxyl radical evaluated by biotinylation of apurinic/
apyrimidinic sites. Annual Report of Kagawa Prefectural
Industrial Technology Center (in Japanese), 2,133-136
(2001)

Kubo K, Ide H, Wallace SS, Kow YW : A novel, sensi-
tive, and specific assay for abasic sites, the most com-
monly produced DNA lesion. Biochemistry, 31,
3703-3708 (1992)

Ide H, Akamatsu K, Kimura Y, Michiue K, Makino K,
Asaeda A, Takamori Y, Kubo K:Synthesis and dam-
age specificity of a novel probe for the detection of
abasic sites in DNA. Biochemistry, 32, 8276-8283
(1993)



