FNETE - INTRICBIF2EE7ILTER,
4—k ROFINFEF—)LOER EHNH

(e E S : 13660204)

FRLL3~ P B44E EER AT e B Al B 4 (ZREERESE(C)(2))
IR RS =

o156 42 3 R

mEREL I8 1E
(BIRKZRFDEALR)



XL &

FRE BRI L VAL An- 38 EARafufiglEE (PUFA) XV AL A4t FrFi~ndki—n

(HHE) (3PWFIREERS L OERFEELEL, Baf4s EREL 25, £7-. HERFUGHEIZE -,
BRI EOEECKEBOET RS ERIT, £2C, TROEEAESFABLUCARMIERD
HEB X W=mr7TATe F MA: [BEBBRILOEE) SBEAET D, IbHiZ, 7IHREIB L
D20 C LB L 728, HHE. MAJS X On-3@EERETRIfERiEE (PUFA) SEOEB®H LM LT,
DONT, KEAE—/BHPOHERS JOMAZELHIE®R LY. V7 7B IVCAXAKREEHRAMCL S
FEEGRBRLOMBNZ >V T LRI L2, 51, TV HARRTFOHEBLIVMEEEZHET D & L
12, NaCl¥#sIX~7 U A OHHED AR % ] 2 253 < 4 4 WP CIIHHEARICE R L R ST, H v
NECIHRET B L 2H LM Lz, E£72, 7Y AR CIIHHEIZIEEBE L O EFT 2335 Sz
R CREL, FICEERRBEAIE SN TR TIHRET 2 AEEEL R Lz, =T abT
¥ L— MRIMZAR D OEERELE L CHEERZIE T 50, o— b3 7z o—/ LML
T B L A RE LHHED AR ZIH Lz, B—h a7 BIOT A X4 F U HFIITHIEA R %
WHITER Do, UEOERETIZ, HEBR A& LWRETHEREBMOET L2WARI LU
TEGEZHGET AT DD « MTEEZRALMNTTS Lz, SEOBRICOVWTHDEDE LD
bR, ZOREETH D,

izt e
wREE T TR EREHAE
RO

AR ER (BEER)

EERE FERE &t
SRR 134ERE 2,900 FH 0 FH 2,900 T
YRR 1445 700 TH 0_TH 700 FH
&t 3,600 TFHM 0 FH 3,600 FH

MFERR
(1) ZF=HE%E
1. DMS Munasinghe, -K Sugamoto, K Ichimaru M Ryuno, N Ueki, S Kawahara, T
Sakai, Effect of wood vinegar on lipid peroxidation of fish. Fisheries Science, 68
Supplement II, 1375-1379, 2002
2. DMS Munasinghe, K Ichimaru M Ryuno, N Ueki, T Matsui, K Sugamoto, S Kawahara,
T Sakai. Lipid peroxidation—derived hepatotoxic aldehydes, 4-hydroxy-2E-hexenal in
smoked fish meat products. Fisheries Science, 69, 189-194, 2003.
(2) HEEER
1.8 IE, #REB3L, BO#TF, FIEANKT, RBEER, 747F N S. AFon—,
TEHah TR — MEINZ L A2RATOIBEERRBLREFERET LT E R, 4-t Fe¥
RS- VEROIH], BAREFEEAATIMARE, 20024F9H28H
2. IE-DMSATF I n— - TTAE RS - EABE - HEFER - WR B, 7o HRLTO
EEEBLER T VT e N4~ FrXi-2-~FeF—NVAERICRIETRIEOEE, BAK

EFRARE, 200344820 i



AT F CEAER

a8y

BRARFIIRBIT A7 X O R CEER L, BEEERILEENETHD
20 yVTATE R(UUTMAYBL U - B FaFxir~FEF— (LLTFHHE) & O
REALNIT ATOERYITo7-, MAIZPUFADIBEALIZ K > T TE D REEMNT
HY, ZoOMASE (TBAE) IFEER L OEKEBOR{LOEEL LTHWLR TN
%, HHE[In-6fEHiBEOEMILIC L >~ TEL Do, BAREMTNATE RTHD, Z0D
a, BAREBERTATE R, ZOBEBEFEETHZLENERINTNDA, F
TH Z OHEEFFEFICRVMREE LD Z L THMbHI TV 5,
ZIT, ATXUERBHIRMNEACICTRREL, RERRLEEME THDHMA,
HHER L ' CPEBOLEIZHIE LT,
EBRFIE
1) ®E
MAR LT HHE HIEARE
1.3-Diethyl-1-2-thiobarbituric acid (LA TFDETBA)I¥, Aldrich
Chemicals X Y EA L7z, (- )-EpigallocatechinGallatelIfIYEHiFEA &4t
FOEALL, BEXLZLUTIIRYT, (C22H18011=458.38)

2) #u : '
AT T, —BROTHETEALL, RBLUONBERDRE, Y Lns
BEHIBR L%, HREROLE 7 — R oty —CRINLATR, ZOREE
TESUIE, 0.5%E AL e TF R UMLK L Control X M2
REREXEZRELL, thZPhiR I oF Loy ZIZANTACTHEE, REto
MAR X OHHEE B0, 3, 7HBICHIE L7,
3) MAEEORIEFE
BT 70 BmEVFA Y —IZ0.5gT OEMICIFREL, £EABEKET20mINZ
FEVR—MEER LT, £00.5mla2f3RBREICHRE L, 0.125MV ERREEIR
(pH3, 0.4%SDS, 10mM DETBA, 4mM BHT%#&{¢) %3.5mlfilz7z, 100CHOE—
Z—7 8y 7 TCISONMRIESETe, RIGHE, KPmAL, FRTF L E4mlinz,
USRS L7, 2500rpmTL50 ML BER TV, £ 0D £E0.5ml % L2 38k
FBICERL, = AR L —F—TERHEEE L, Thz2000 10X % ) — )V TEER
L, £D20u 1%L FTOHFEICTHPLC O 24T o 7,
SWTRAORY ZIZIIBIP 1 pump (AARSGHIN) &, 4 V=7 F—ITid7725
Injecter (BEBIEFRT) , 7 AlZlXInertsil ODS&Sum article size
250X 4.6mm i.d; GL Science)ZZTHNENHWT, l‘gﬂiﬁg@Ex515nm—
Em555nm#% AV, BRHIBITIIRF-10A5 Y8R IR (BEEUERT) 2BV, EH
ig#%;i, TEhr=hU/L:0.1M NaClIEH =3 : 12\ =, BBEHEIZIn1/min
4) HHES EBORIEFE
BEE=A7F7 22215 DIERIZFEE L, REHIXT L T0.5%DBETZ HEN
L, ZO=ZHA75 A2i22.5mM DNPHAZ & AT IN-HC1%20mlAl %, KR (4°C)RF
PrC2befE L, it & HE(LERBCIT o/, RUSHE, IECHRAL, fEEO
vsan 2 oMz THELIERL, 2%IR}42 AV, HHE-DNPHBEEE % &
DTRBERIREIIRACHERLE, ZOBREL2BEVIR L, ZTORTHET TR
aET AR —F—CTREEZE L7, BohcREL2m O n RV ATHEEL,
HOPUH3IMIDOANFY L  JuaRh=2: 1THEE Lsilica Gel
_2_



Disposable Extraction ColumniZEA L7z, HEAE, ~FH : Joofil A
=2 URSR3m1 % 2B 7 ATEA LRBIZ R ¥, HHE-DNPHREEMAZZ{/°
v RESBESET, HBELT NV FE 7 oofsenl THEM ST, BEHIKREZ10mL
BEHRMABERRE CHRL, BWEELZ, ZhE500u 104 % ) — /L CHEMHE
LHPLCA 7 L 7 4 V& — TR, %020y 1% LT OFEIC THPLCHHT 21T > 7,
BREELOTHIIF L, A7 F MK TEIMAOE M control KIZHA~F
BIUES, BEEBcOETEIMmE S, LMLRBGHHEICE L TIEA T X
B & DB FHICHERE TIIRVWAENOEmER Lz, #-5T, 7% E00
gﬂagi@@{t@i&ﬁ%mﬁwé 23, HHEDAEFUI A L TREHIEER S 25

HHE
0.025
o 0.020 a
£ 0.015 g =—control
2 0.010 7 - =m- 0.50%
E -
£ 0.005 /,/.
0.000 — |
O 3 7
Day
MDA
10
8
2 6 — —=—control
g 4= - =— 0.50%
3 . ;
2
. l .
0 3 7
Day

E1. BT % RN X AHEER L OMAE B DA E)

___3_



The formation of 4-hydroxy-2-hexenal, a hepatotoxic aldehyde
derived from n-3 fatty acids, may be suppressed in the

yellowtail meats in which lipid oxidation progresses

Running title: HHE formation in yellowtail meats

Tadashi Sakai,'” Deepthi M. S. Munasinghe,’ and Satoshi Kawahara'

! Department of Biochemistry and Applied Biosciences, Faculty of
Agriculture, Miyazaki University, Miyazaki-shi, Miyazaki 889-
2192, Japan

? United Graduate School of Agricultural Sciences, Kagoshima

University, Kagoshima-shi, Kagoshima 890-0065, Japan

Corresponding author. Tel.: +81-985-58-7230; Fax: +81-985-

58-7230; E-mail: sakaihhelcc.miyazaki-u.ac.qip



Abstract
Changes in 4-hydroxyhexenal (HHE) and malonaldehyde (MA)

contents were investigated in yellowtail Seriola quinqueradiate

meats containing 0, 0,1, 0.3, 0.6 and 0.9 M NaCl stored at 0 °C
for seven days. The HHE contents in the meat containing NaCl
were significantly lower than those of the control after seven
days of storage. Judging from the MA contents, NaCl may act as
a pro-oxidant in the meats. Changes in the HHE and MA contents
were also analyzed in the meat of the control, those containing
0.3 M NaCl, 30 uM FeSo,, and 0.3 M NaCl+30 uM FeSo,. HHE
contents in the meats containg 0.3 M NaCl+30 uM FeSo, were
significantly lower than those of the ontrol after seven days of
storage. Judging from MA contents, NaCl+FeSo, may act as pro-
oxidant in the meats. The present results indicate that HHE
formation may be supressed in the meats in which lipid oxidation

‘progresses.

Key words: Yellowtail; NaCl; 4-Hydroxy-2-hexenal;

Malonaldehyde



l1.Introduction

Lipid peroxidation is a major cause of quality
deterioration in meat products (Ladikos & Lougovios, 1990).
Fish is more prone to lipid peroxidation than meat, due to the
high degree of unsaturation in fish lipids and also due to the
high concentrations of metals in seafood (Khayat & Schwall,
1983). The n-3 series of polyunsaturated fatty acids are
- predominant in fish tissues. During lipid peroxidation, n-3

polyunsaturated fatty acids (PUFA) yield 4-hydroxy-2E-hexenal

(HHE) (Van Kuijk, Holte & Dratz, 1990), which is a,p-

unsaturated aldehyde. Crotonaldehyde administered in drinking

water was shown to cause liver tumors in F344 rats (Chung,

Tanaka & Hecht, 1986), suggesting that o,P-unsaturated

aldehydes may be potential carcinogens (Witz, 1989). There are
many papers reporting cytotoxicity of HHE (Brembilla, et al.,
1986, Miller, et al., 1996, Sakai, Sugamoto & Eto, 2000). We
have reported that HHE exists in the muscle of some fish
(Sakai, Matsushita, Sugamoto & Uchida, 1997). Also, HHE
increased in yellowtail meats stored at -20 °C (Sakai, et al.,
2000) or containing cherry and sugi wood vinegar stored at 0 °C
(Munasinghe, et al., 2003), although malonaldehyde (MA)
contents scarcely increased in these meats. These results
strongly suggest that HHE formation may accelerate in the
yellowtail meats in which lipid oxidation is suppressed. To
understand the formation mechanism of HHE in fish meats, it is
necessary to clearify whether the HHE formation accelarates or

suppresses in the meats in which lipid oxidation progresses.



Therefore, we investigated whether addition of NaCl and FeSO,
which are known to accelerate the lipid oxidation in various
kinds of meats (Ahn, Wolfe & Sim, 1993, Kanner, Harel & Jaffe,
1991, Ohshima, Wada & Koizumi, 1988, Osinchak, Hultin, Zajicek,
Kelleher & Huang, 1992) accelerates or suppresses the formation

of HHE in yellowtail meats.

2.Materials and Methods

2.1. Materials.
HHE was synthesized by the method of Sugamoto, Matsushita
and Matsui (1997) and identified by 'H-NMR and C-NMR spectra.

Yellowtail (Seriola quinqueradiata) samples were obtained from

commercial markets. Butyl hydroxy toluene (BHT) was obtained
‘from Tokyo Kasei (Tokyo, Japan), 2,4-dinitrophenylhydrazine
(DPNH) was obtained from Wako Pure Chemicals (Tokyo, Japan), and
1,3-diethyl-2-thiobarbituric acid (DETBA) was obtained from
Aldrich Chemicals (Milwaukee, WI. USA). Other reagents were of
analytical grade.
2.2. Storage experiments.

The ordinary muscle was ground, mixed with relevant amount
of NaCl and FeSO, and stored at 0°C. 1In all experiments, 3
samples from each group were analyzed.
2.3. HHE analysis.

2,4-Dinitrophenylhydrazine (DNPH) conversion of HHE
essentially followed the procedure of Goldring, Caéini,

Maellaro, Del Bello and Comporti (1993). Five g of ground meatv



was mixed with 25 mg of Butyl hydroxy toluene (BHT). It was
found in a preliminary experiment that the addition of 0.5% BHT
to the ground meat prevented lipid peroxidation. Fifty ml of 1
N HCl containing 2.5 mmol DNPH was added to the BHT mixture, and
the reaction was carried out in the dark for 2 h at room
temperature. DNPH derivatives were extracted three times with 3
vol of dichloromethane. The dichloromethane extract thus
obtained was evaporated in vacuo to dryness and redissolved in
0.2 ml of chloroform. The samples were applied to a disposable
silica gel extraction column (Baker) which had been
preequilibrated with n-hexane/chloroform (2:1 vol/vol). The
same solvent mixture was used to wash off the highly lipophilic
DNPH derivatives in a discrete band, the remaining material |
being eluted with chloroform. The resulting chloroform eluate
was evaporated in vacuo to dryness and redissolved in 0.5 ml of
methanol. The HHE-DNPH derivative was analyzed by the HPLC
method reported by Sakai et al. (1993) under the following
analytical conditions: column, Ultrasphere C18 (25 cm x 4.6 mm
i.d., Beckman); mobile phase, 30 mM sodium citrate/27.7 mM
acetate buffer (pH 4.75): methanol=35:65; flow rate, 1 ml/min;
column temperature, 40°C; detection wavelength, 365 nm. The
HHE-DNPH derivative was analyzed by the same method, except that
a mobile phase of 30 mM sodium citrate/27.7 mM acetate buffer
(pH 4.75): methanol=35:65 was used.
2.4. MA analysis.

The 1,3—diethyl—2—thiobarbituric acid (DETBA) assay ié
based on the method of Sakai, Habiro and Kawahara (1999). One g
of the ordinary muscle were homogenized with 9 vol of ice-cooled

10 mM sodium phosphate buffer (pH 7.0) in a Polytron homogenizer



at 0 °C. An aliquot (less than 0.4ml) of the homogenate was
transferred to a screw-capped tube containing 0.2 ml of 8% SDS
and 0.2 ml of 20 mM butyl hydroxy toluene in ethanol, and the
mixture was finally made up to 0.8 ml with distilled water.
After adding 3.2 ml of 12.5 mM DETBA in sodium phosphate buffer
(0.125 M, pH 3.0), the solution was mixed and heated in a water
bath at 95°C for 15 min, and then cooled quickly with running
tap water. To extract the DETBA-MA adduct, 4 ml of ethyl
acetate was added, and the mixture was shaken vigorously. An
ethyl acetate extract (2.4ml) containing the DETBA-MA adduct was
transferred to another tube and evaporated in vacuo. The
residue was dissolved in 150 pyl of methanol, and 10 ul of the
sample was applied to HPLC under the following conditions:
column, Inertsil ODS (5 um particle size, 250 x 4.6 mm i.d.; GL
Sciences, Tokyo, Japan); mobile phase, acetonitrile-0.1 M sodium
.chloride (75:25, v/v); flow rate, 1.0 ml/min; detection,
excitation 515 nm and emission 555 nm.
2.5. Fatty acid analysis.

 Total lipids were extracted from meats by the method of

Folch, Lefes and Sloane Stanley (1957). The lipids obtained
were hydrolyzed with 0.5 M KOH in methanol at 100 ‘C for 5 min
and esterifyed with aqueous HCl (35%)/methanol (1:1 v/v) at 100
C. for 5 min. The metyl esters obtained were separated by gas-

liquid chromatograph equipped with a capillary column and
determined using tricosanoic acid as an internal standard
(Takenoyama, Kawahara, Murata & Yamauchi, 1999).
2.4.Statistical Analysis

All data was expressed as a mean * SE. The results were



analyzed by the analysis of variance (ANOVA) and the
significant differences among the means were determined by the

Tukey-Kramer test.

3.Results and discussion

Table 1 shows the changes in the HHE and MA contents in
yellowtail meat containing 0 and 0.1 M NaCl. After seven days
of storage, the HHE contents in the samples containing NaCl were
significantly lower than those of the control but the MA
contents in the former were significantly higher than those in
the latter.

Table 2 shows the changes in the HHE and MA contents in the
yellowtail meat containing 0, 0.3, 0.6 and 0.9 M NaCl. All
samples showed a significant increase in HHE content after three
days of storage compared with that of after zero day of storage.
After three days of_storage, difference was not observed in the
HHE contents in any of the samples. After seven days of
storage, the HHE contents in the sample containing 0.9 M NaCl
were significantly lower than those of the other samples. The
contents in the control were significantly higher than those of
samples containing NaCl. After three or seven days, the MA
contents of the sample containing NaCl were significantly higher
than those of the control. Judging from the changes of the MA
contents, NaCl acts as a pro-oxidant in the meat.

Table 3 shows the changes in the contents of total fatty
acid, eicosapentaenoic acid and docosahexaenoic acid in the meat
containing 0, 0.3, 0.6 and 0.9 M NaCl. Total fatty acids (TFA),

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)



contents decreased during storage. This result might suggest
that oxidation of these lipids induced the decrease.

Table 4 shows the changes in both aldhdes in the meats of
the control and those containing 0.3 M NaCl, 30 uM FeSO4 and 0.3
M NaCl+30 uyM FeSO,. In the control, the HHE contents showed
significant increase during the storage period. In other
samples the contents fluctuated. The HHE contents in the meats
containig NaCl+FeSO4 were significantly lower than those of the
control. The contents in the meats containing NaCl or FeS04
seemed to be higher than those of control although the
difference was not significant. After three and seven days of
storage, MA contents in the meats containing NaCl and/or FeSO,
were significantly higher than those of the control. As shown
in Table 5, TFA, EPA and DHA contents decreased during storage.
This result might.suggest that the xidation of these lipids
-induced the decrease.

Judging from the MA contents, addition of NaCl or
NaCl+FeSo, accelerates the lipid oxidation in yellowtail meats
(Table 1, 2 and 4). The decrease of TFA, EPA and DHA contents
also indicates that lipid oxidation progresses in the meats
cotaining NaCl and NaCl+FeSO, (Table 3 and 5). Changes in the
HHE contents in the meats containing NaCl and NaCl+FeSO,
indicate that the HHE formation may suppress in the meats in
which lipid oxidation progresses. We have reported that the HHE
formation may accelerate in yellowtail meats in which lipid
oxidation suppresses (Munasinghe, et al., 2003, Sakai, et al.,
2000). Esterbauer, Schaur and Zollner (1991)reported that HHE

is not an intermediate of the MA formation in vivo. It is also



reported that the HHE reacts readily with sulfhydryl groups of

proteins and low molecular welght substanees, such as eysteine
and glutathione, with g¢-amino groups of lysine and with

histidine residues in proteins (Esterbauer, et al., 1991) and
that MA preferentially reacts with lysine, tyrosine, methionine
and arginine in proteins (Buttkus, 1967). The formation and
disappearance rate of HHE and MA is thought to be different from
each other and the present and previous results in the
yellowtail meats might be due to this difference. Considering
the toxicity of HHE, it is necessary to examine the formation
mechanism of this aldéhyde in fish meat products. Studies along
these lines are in progress in our laboratory.
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Table 1. Changes in HHE and MA contents in yellowtail meats

containing 0 and 0.1 M NaCl stored at 0C

Days 0 3 7

HHE (nmol/g tissue)

Control 0.21+0.02** 0.4410.04*% 2.59%0,22>*
NaCl 0.1M 0.21+0.02%** 2.6810,29°Y 1.79+0.17°Y
MA(umol/g tissue)

Control 0.22+0.02%* 0.4610.08°* 0.42%0.02%*
NaCl 0.1M 0.2210.02** 0.63%0.02°* 0.5240.02°Y

a~b Means (n=4) E£SE in the same row with no common superscript
differ significantly (P<0.05).

X-y Means (n=4) *SE in same column with no common superscript
differ significantly (P<0.05).

Table 2. Changes in HHE and MA contents in yellowtail meat

containing 0, 0.3, 0.6 and 0.9 M NaCl stored at 0C

Days 0 3 7

HHE (nmol/g tissue)

Control 2.2240.30** 5.07+0.32%% 3.38%0.15°*
Nacl 0.3M 2.22+0.03*% 4.88+0,27>9 2.39+0.10%Y
NaCl 0.6M 2.22+0.03** 5.4410.43" 2.74%0.12%Y
NaCl 0.9M 2.22+0.03%% 4.2110.11°Y 0.16x0.,12%*

MA(umol/g tissue)
Control

0.05%0.01%*

0.05+0.00%

0.06%0.00%*

NaCl 0.3M 0.05%0.01%* 0.12+0.01%Y 0.18+0.01°Y
NaCl 0.6M 0.05%0.01%* 0.1420.03%Y 0.22+0.02°*
NaCl 0.9M 0.05+0.01%* 0.12+0.01>Y 0.17+0.01°7

a-c Means (n=3) TSE in the same row with no common superscript
differ significantly (P<0.05).

X-2 Means (n=3)

T SE in the same column with no common
superscript differ significantly (P<0.05).



Table.. 3. Changes in contents of total fatty acid (TFA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in
yellowtail meat containing 0, 0.3, 0.6 and 0.9 M NaCl after 0
and 7 days of storage stored at 0 °C.

Control 0.3 M 0.6 M 0.9 M
TFA (mg/100 g tissue)
0 days 470" 470 470 470
7 days 470 333 344 325
EPA (mg/100 g tissue)
0 days 26.7 26.7 26.7 26.7
7 days 27.6 15.6 15.0 17.1
DHA (mg/100 g tissue)
0 days 184 184 184
7 days 187 98.5 93.0

‘mean (n=2)

Table 4. Changes in HHE and MA contents in yellowtail meats of
control, those containing 0.3 M NaCl, 30 uM FeSO,, and 0.3 M
NaCl+30 uM FeSO, stored at 0TC

Days 0 3 7
HHE(nmol/g tissue)

Control 3.80+0.56** 4.25+0.52°* 5.62+0.58*
NaCl 3.80+0.56™*  2,19%0.35*¥ 4.56+00.70°*
Fe 3.8010.56** 5.47+0.08"* 3.750.61%%
NaCl+Fe 3.80t0.56%* 3.84+0.31%* 2.08+£0.23Y
MA(umol/g tissue)

Control 0.2310.04>% 0.72%0.05°* 0.66x0.01°~
NaCl 0.2310.04* 1.04+0.04"Y 1.00£0.01%Y
Fe 0.23+0.04* 0.97£0.07"Y 1.68+0.03%Y
NaCl+Fe 0.2310.04** 1.8920.06"* 2.14+0.16%"

a-c Means (n=3) *SE in the same row with no common superscript
differ significantly (P<0.05).

X-Z

superscript differ significantly (P<0.05).

Means (n=3) *SE in the same column with no common



Table 5. Changes in contents of total fatty acid (TFa),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in
yellowtail meat of control, those containing 0.3 M NaCl, 30 uM
FeSO,, and 0.3 M NaCl+30 uM FeSO, stored at 0°C

Control NaCl Fe NaCl+Fe

TFA (mg/100 g tissue)

0 days 768" 768 768 768

7 days 790 773 - 748 736
EPA (mg/100 g tissue) '

0 days 52.6 52.6 52.6 52.6
7 days 52.6 51.5 49.9 46.7
DHA (mg/100 g tissue)

0 days 155 155 155 155

7 days 160 152 146 135

‘mean (n=2)
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Abstract

The contents of 4-hydroxy-2E-hexenal (HHE), hepatotoxic
aldehydes, and malon aldehyde (MA) in some surimi based products
were analyzed. Large differences in these contents between the
different samples were observed, however low levels of HHE were
detected in all surimi-based products. Changes of HHE and MA

contents in yellowtail Seriola quinqueradiata meats containing

0, 0.3, 0.6 and 0.9 M NaCl and in red sea bream Pagrus major and

great amberjack Seriola dumerili meats containing 0, 0.3, and

0.9 M NaCl stored at 0° were analyzed for 7 days. After 7 days
of storage, HHE contents in the yellowtail meats containing NaCl
were significantly lower than those of the control, but MA
contents in the former were significantly higher than the
latter. HHE was only detected in the red sea bream meats
containing 0.3 M after 7 days of storage and MA contents were
significantly higher in the meats containing NaCl than those of
control after 7 days of storage. HHE contents in the great
amberjack meats containing NaCl were significantly higher than
those of control after 3 and 7 days of storage but difference in
MA contents was not observed between each sample after 7 days of

storage.

Key words:4-hydroxy-2E-hexenal; lipid peroxidation; surimi based

products; NaCl



Introduction

Lipid peroxidation is a major cause of quality deterioration in
meat products.' Fish is more prone to lipid peroxidation than
meat, due to the high degree of unsaturation in fish lipids and
to the high concentrations of metals in seafood.? The n-3
series of polyunsaturated fatty acids are predominant in fish

tissues. During lipid peroxidation, n-3 polyunsaturated fatty
acids (PUFA) yield 4-hydroxy-2E-hexenal (HHE),® which is o,fB-

unsaturated aldehyde. Crotonaldehyde administered in drinking

water was shown to cause liver tumors in F344 rats,® suggesting

that o,P-unsaturated aldehydes may be potential carcinogens.®

There are many papers reporting cytotoxicity of HHE.®® We have
reported that HHE exists in the muscle of some fish,’ and that
it increased in yellowtail meats stored at =20 °C ° or

containing commercial,®®

cherry and sugi wood vinegar.’ From the
viewpoint of food hygiene, it is necessary to analyze HHE
contents in many kinds of fish meat products.

Sodium chloride (NaCl) is added to muscle foods for a
variety of purposes, including flavor and the inhibition ofb
microorganisms. NaCl, nevertheless, has been shown to have an
accelerating effect on lipid oxidation in a variety of meats,
inecluding beef, pork, chicken, and fish.'*!’” Other observers
have seen inhibition in lipid oxidation rates by sodium

18-21

chloride. Kanner et al.!* found that pro-oxidative activity

of NaCl is due to its ability to release iron from heme pigments
and other heme binding molecules. However, it is uncertain
whether addition of NaCl to fish meat affects the HHE formation
or not. Therefore, we analyzed HHE contents in some surimi-

based products and investigated the effects of NaCl on HHE



formation in yellowtail, red sea bream and great amberjack
meats. As an index of lipid peroxidation, we also analyzed

malonaldehyde (MA) content in these samples.

MATERIALS AND METHODS

Materials.

HHE was synthesized by the method of Sugamoto et al.,? and
identified by 1H-NMR and 13C-NMR spectra. Yellowtail Seriola

quinqueradiata, red sea bream Pagrus major, and great amberjacks

Seriola dumerili, samples were obtained from commercial markets,

as well as surimi-based products (shown in Table 1). Butyl
hydroxy toluene (BHT) was obtained from Tokyo Kasei (Tokyo,
Japan), NaCl (analytical grade) and 2,4-dinitrophenylhydrazine
(DNPH) from Wako Pure Chemicals (Tokyo, Japan), and 1,3-diethyl-
2-thiobarbituric acid (DETBA) from Aldrich Chemicals (Milwaukee,
WI. USA). Other reagents were of analytical grade.

Storage experiments.

Ordinary muscle was ground, mixed with different amounts of NaCl
and stored at 0°C. 1In all the experiments, 3 or 4 samples from
each group were analyzed. HHE and MA contents were analyzed
after 0, 3 and 7‘days of storage.

HHE analysis.

The 2.4-Dinitrophenylhydrazine (DNPH) conversion of HHE

essentially followed the procedure of Goldring et al.?® Five g

of ground meat was mixed with 25 mg of butyl hydroxy toluene
(BHT). It was found in a preliminary experiment that the
addition of 0.5% BHT to the ground meat prevented lipid
peroxidation. Fifty mL of 1 N HCl containing 2.5 mmol DNPH was

added to the BHT mixture, and the reaction was carried out in



the dark for 2 h at room temperature. DNPH derivatives were
extracted three times with 3 vol of dichloromethane. The

dichloromethane extract thus obtained was evaporated in vacuo to

dryness and redissolved in 0.2 mL of chloroform. The samples
were applied to a disposable siliéa gel extraction column,
(Baker) which had been preequilibrated with n-hexane/chloroform
(2:1 vol/vol). The same solvent mixture was used to wash off
the highly lipophilic DNPH derivatives in a discrete band, the
remaining material being eluted with chloroform. The resulting

chloroform eluate was evaporated in vacuo to dryness and

redissolved in 0.5 mL of methanol. The HHE-DNPH derivative was

analyzed by the HPLC method reported by Sakai et al.’ under the

following analytical conditions: column, Ultrasphere C18 (25 cm
X 4.6 mm i.d., Beckman); mobile phase, 30 mM sodium citrate/27.7
mM acetate buffer (pH 4.75): methanol=35:65; flow rate, 1

mL/min; column temperature, 40°C; detection wavelength, 365 nm.

MA analysis. _
The 1,3-diethyl-2-thiobarbituric acid (DETBA) assay is based on

the method of Sakai et al.* One g of ordinary muscle or 0.5 g

of red muscle were homogenized with 9 vol of ice-cooled 10 mM
sodium phosphate buffer (pH 7.0) in a Polytron homogenizer at 0
°C. An aliquot (less than 0.4mL) of the homogenate was
transferred to a screw-capped tube containing 0.2 ml of 8% SDS
and 0.2 mL of 20 mM butyl hydroxy toluene in ethanol, and the
mixture was finally made up to 0.8 mL with distilled water.
After adding 3.2 mL of 12.5 mM DETBA in sodium phosphate buffer
(0.125 M, pH 3.0), the solution was mixed and heated in a water
bath at 95°C for 15 min, and then cooled quickly with running
tap water. To extract the DETBA-MA adduct, 4 mL of ethyl
acetate was added, and the mixture was shaken vigorously. An

ethyl acetate extract (2.4mL) containing the DETBA-MA adduct was



transferred to another tube and evaporated in vacuo. The

residue was dissolved in 150 uL of methanol, and 10 uL of the
sample was applied to HPLC under the following conditions:
column, Inertsil ODS (5 um particle size, 250 x 4.6 mm i.d.; GL
Sciences, Tokyo, Japan); mobile phase, acetonitrile-0.1 M sodium
chloride (75:25, v/v); flow rate, 1.0 mL/min; detection,
excitation 515 nm and emission 555 nm.

Fatty acid analysis.

Total lipids were extracted from meats by the method of Folch et

al.?” Lipids obtained were hydrolyzed with 0.5 M KOH in methanol
at 100 C for 5 min and esterifyed with aqueous HCl

(35%)/methanol (1:1 v/v) at 100 C for 5 min. The metyl esters

obtained were separated by gas-liquid chromatograph equipped
with a capillary column and determined using tricosanoic acid as
an internal standard.?®

Statistical Analysis

All data was expressed as the mean * SE. The results were
analyzed by the analysis of variance (ANOVA) and the significant
differences among the means were determined by the Tukey-Kramer

test.

Results and Discussion

Table 1 shows the HHE and MA contents of commercial surimi-based
products. Large differences of these contents among the
different samples were observed in all food products. Similar
results were observed in the pork and beef obtained from
commercial markets.?” The diversity of these contents in the
surimi-based products is probably due to their history in

respect to source, storage time, additives, and storage



conditions. In contrast to our previous results that the linear
correlation was observed between the MA and HHE contents in raw
meats stored at 0 or -20 °C,* this correlation was not observed
in surimi-based products. Similar results were obtained from
smoked foods as well. HHE contents of all surimi-based
products analyzed were lower than 1 upmol/kg, which may be much
lower than that of the toxic level.

Table 2 shows the changes in HHE and MA contents in
yellowtail meat containing 0, 0.3, 0.6 and 0.9 M NaCl. All
samples showed a significant increase in HHE content after 3
days of the storage compared with that of after 0 days of

storage. Ensuingly, a significant decrease was observed after 7
days of storage. After 3 days of storage, the HHE contents in

the sample containing 0.9 M NaCl were lower than those of other
samples, although the difference was not significant. After 7
days of storage, the HHE contents in the sample containing 0.9 M
NaCl were significantly lower than those of other samples, and
the contents in the control were significantly higher than those
of other samples. After 3 or 7 days, MA contents of the sample
containing NaCl were significantly higher than those of the

control. Following 3 days of storage, the highest level of MA

were observed in the sample containing 0.6 M NaCl. Judging from
the changes of MA contents, NaCl acts as a pro-oxidant in the
meat. Table 3 shows the changes in total fatty acid,
eicosapentaenoic acid and docosahexaenoic acid in the meat
containing 0, 0.3, 0.6 and 0.9 M NaCl. Total fatty acids,
eicosapentaenoic acid and docosahexaenoic acid contents
decreased during storage. This result might suggest that
oxidation of these lipids induced the decrease. As shown in
Table 4, in the meats of red sea bream HHE was only detected in

the sample containing 0.9 M NaCl after 7 days of storage. After



7 days of storage, MA contents in the sample containing NaCl
were significantly higher than those of control. As shown in
Table 5, in the great amberjack meats HHE contents increased
during the storage periods. HHE contents in the samples
containing NaCl were significantly higher than those of control
after 3 and 7 days of storage. MA contents in the sample
containing NaCl were significantly higher than those of control
after 3 days of storage but the difference was not observed
between each samples after 7 days of storage.

Judging from MA contents, NaCl seemed to act as a pro-
oxidant in the meats of all fish species analyzed. On the other
hand, addition of NaCl may suppress the HHE formation in
yellowtail meats, progress the formation in great amberjack
meats and not reiate to the formation in red sea bream meats.

29

Esterbauer et al.” reported that HHE is not an intermediate of

the MA formation in vivo and that HHE reacts readily with

sulfhydryl groups of proteins and low molecular weight

substances, such as cysteine and glutathione, with €-amino

groups of lysine and with histidine residues in proteins. In
addition, Buttkus® reported that MA preferentially reacts with
lysine, tyrosine, methionine and arginine in proteins.

1 t+he formation

Considering the results reported previously,?®
and disappearance rate of HHE and MA are thought to be different
from each other, and also the accumulation mechanism of HHE

might be different from that of MA in fish meats. Contents of

antioxidants (o-tocopherol, P-carotene etc.), pro-oxidants

(transition metals) and oxidation substrates (fatty acids
composition) in the meats may be different from species to
species, which consequently change the formation of HHE.

Seasonal variation of these contents is known to be observed in



the fish meats, which also change the formation of HHE.
Considering the toxicity of HHE, it is necessary to examine the
formation mechanism of this aldehyde in the meat of many fish
species. Studies along these lines are in progress in our

laboratory.
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Table 1. HHE and MA contents in surimi-based products obtained

from commercial market

Sample n HHE (pumol/kg) MA (umol/qg)
Kamaboko-I 3 0.97 £ 0.19 2.90 = 1.50
Kamaboko-II 3 0.48 £ 0.11 0.34 £ 0.12
Maru-ten 3 nd. 3.88 £ 0.49
Obi-ten 3 nd. 1.83 + 0.14
Iwashi-ten 3 nd. 1.55 * 0.15
Chikuwa 3 0.42 £+ 0.02 1.37 £ 0.71
Satuma-age 3 0.37 + 0.08 4.82 + 1.77
Kani-kama 3 0.32 + 0.01 2.39 + 1.04

(Mean * Standard deviation). n: Sample number.

nd.: not detected (< 0.1 nmol/kg)

Table 2. The variation of HHE and MA contents in yellowtail
meats that contained 0, 0.3, 0.6 and 0.9 M NaCl during day 0, 3,
and 7 at 0°C storage

Days 0 3 7

HHE (nmol/g)

Control 2.22 + 0.30 *° 5.07 £+ 0.32 Xb 3.38 £ 0.15 *°
0.3 M 2.22 + 0.30 ** 4.88 £ 0.27 P 2.39 £ 0.10 ¥°
0.6 M 2.22 + 0.30 *° 5.44 + 0.43 *P 2.74 £ 0.12 ¥#
0.9 M 2.22 + 0.30 ** 4.24 + 0.11 ¥® 1.86 + 0.12 **
MA (umol/g)

Control 50.94 * 5,87 ** 50.26 * 0.90 *° 61.86 £ 0.93 **
0.3 M 50.94 + 5,87 ** 123.1 = 10.8 ¥ 177.6 £ 12,3 ¥©
0.6 M 50.94 + 5,87 *? 138.2 + 31.8 ¥ 222.5 £ 18.1 *°
0.9 M 50.94 * 5,87 ** 116.5 + 12.1 ¥* 116.1 + 11.4 ¥°

a-c Means (n=3) * standard error within the same row with no

common superscript differs significantly (P < 0.05)

x-2z Means (n=3) =*standard error within the same column with no

common superscript differs significantly (P < 0.05).



Table. 3. Changes in contents of total fatty acid (TFA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in
yellowtail meat containing 0, 0.3, 0.6 and 0.9 M NaCl after 0
and 7 days of storage stored at 0 °C.

Control 0.3 M 0.6 M 0.9 M
TFA (mg/100 g tissue) .
0 days 470° 470 470 470
7 days 470 333 344 325
EPA (mg/100 g tissue)
0 days 26.7 26.7 26.7 26.7
7 days 27.6 15.6 15.0 17.1
DHA (mg/100 g tissue) :
0 days 184 184 184 184
7 days 187 98.5 93.8 93.0

‘mean (n=2)
Table 4. The variation of HHE and MA contents in the red sea

bream meats that contained 0, 0.3, 0.9 M NaCl during day O, 3; 7
at 0°C storage

Days .0 3 7

HHE (nmol/g)

Control nd. *° nd. *? nd. *?
0.3 M nd. ** nd. ** 5.03 + 3.90 *°
0.9 M nd. *? : nd. *? nd. *°

MA (umol/g)

Control 0.48 + 0.06 ** 1.36 + 0.07 ** 1.42 + 0.36 **
0.3 M 0.48 + 0.06 ** 1.67 * 0.07 *® 3.41 £ 0.18 ¥°
0.9 M 0.48 + 0.06 »* 3,21 £ 0.39 ¥ 3.67 £ 0.09 ¥

a-c Means (n=3) * standard error within the same row with no

common superscript differs significantly (P < 0.05)
x-z Means (n=3) *standard error within the same column with no

common superscript differs significantly (P < 0.05).
nd.: not detected (< 0.1 nmol/kg)



Table 5. The variation of HHE and MA contents in the great
amberjack meats that contained 0, 0.3, 0.9 M NaCl during day O,
3, 7 at 0°C storage

Days 0 3 7

HHE (nmol/g)

Control 0.01+0.00 ** nd. ** 0.13%+0.07 *?®
0.3 M 0.01£0.00 ** 0.09%0.01 ¥? 1.24+0.41 ¥
0.9 M 0.01x0.00 ** 0.19+0.04 ** 1.4520.30 ¥
MA (umol/g)

Control 0.61+0.07 ** 1.93£0.29 ** 4.78+0.79 **
0.3 M 0.61+0.07 ** 4.05+0.23 ¥ 4.7210.91 *°
0.9 M 0.61£0.07 ** 2.83%0,71 2 6.30t1.08 *°

a-c Means (n=3) * standard error within the same row with no

common superscript differs significantly (P < 0.05)
x-z Means (n=3) *standard error within the same column with no

common superscript differs significantly (P < 0.05).
nd.: not detected (< 0.1 nmol/kg)
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Influence of sodium chloride on superoxide dismutase activity
and lipid peroxidation in refrigerated and frozen yellowtail

meat

Abstract

Changes of superoxide dismutase (SOD) activities and malon

aldehyde (MA) contents in yellowtail Seriola quinqueradiata meat

stored at 0 °C were analyzed for 8 days. During storage periods
changes of MA contents and SOD activities were not so large.
SOD activities and MA contents in the meats containing 0, 0.3,
0.6 and 0.9 M NaCl stored at 0 and -20 °C were analyzed for 7
days and 12 weeks, respectively. In the meats stored at 0 °C,
SOD activities in the meats containing 0.9 M NaCl were lower
than those of the control, however MA contents in the former
meats were significantly higher than those of the latter during
storage. In the meats stored at -20 °C, SOD activities in the
meats containing NaCl were lower than those of the control, but
again MA contents in the former meats were higher than those of
the latter during storage. A weak reverse correlation was

observed between SOD acitivities and MA contents in the meats.

Key words: superoxide dismutase; lipid oxidation; malon

aldehyde; yellowytail; NaCl



INTRODUCTION

Fish meat is considered a valuable protein source, especially in
respect to health, due to presence of high levels of unsaturated
fatty acids, particularly n-3 fatty acids. Moreover, it also
has a higher mineral content. However, both these favorable
factors make fish meat highly susceptible for lipid
peroxidation; the major course of quality deterioration. Sodium
chloride (NaCl) is added to muscle foods for a variety of
purposes, including flavor and the inhibition of microorganisms.
NaCl, nevertheless, has been shown to have an accelerating
effect on lipid oxidation in a variety of meats, including beef,

pork, chicken, and fish.'® Lee et al.’ have reported that the

ability of NaCl to reduce the activity of antioxidant enzymes
could be partially responsible for the lower oxidative stability
of salted muscle foods. Glutathione peroxidase activity was not

detected in horse mackerel Trachurus japonicus, Japanese sea-

base Lateolabrax japonicus and yellowtail Seriola quinqueradiata

8

meats,® although Nakano et al.’ and Watanabe et al.'’ have

reported that the enzyme existed in some fish muscle and might
show potential in preventing oxidative detrioration in muscle
during storage and processing. In addition, we found that
catalase activities were very low in some fish muscle (Sakai
unpablished result). Superoxide dismutase (E.C.1.15.1.1), which
is found in all living cells utilizing molecular oxygen,
converts superoxide anion to hydrogen peroxide and oxygen.!!
There are two varieties of superoxide dismutase in eucaryotic
organisms. One contains Cu and Zn and the other contains Mg.
Both are very stable against denaturation and proteolysis.
Superoxide dismutases might be important enzymes protecting

against oxidative detrioration during storage. However, to our



knowledge, there are no papers that have reported the changes in
the enzyme activities in stored fish meats. Therefore, we
analyzed the changes of the acitivities in yellowtail meat

containing NaCl stored at 0 and -20 °C.

MATERIALS AND METHODS

Materials

Yellowtail Seriola quinqueradiata were obtained from commercial

markets. Butyl hydroxy toluene (BHT) was obtained from Tokyo
Kasei (Tokyo, Japan), NaCl (analytical grage) from Wako Pure
Chemicals (Tokyo, Japan), and 1,3-diethyl-2-thiobarbituric acid
(DETBA) from Aldrich Chemicals (Milwaukee, WI. USA). Other
reagents were of analytical grade.

Storage experiments

In Experiment I, ordinary muscle of yellowtail was ground and
stored at 0°C. In Experiment II, the muscle was ground ,mixed
with 0, 0.3, 0.6 and 0.9 M NaCl and stored at 0°C. 1In
Experiment III, the muscle was ground ,mixed with 0, 0.3, 0.6
and 0.9 M NaCl and stored at -20°C. 1In Experiment I and II, 4
samples from each group were analyzed and in Experiment III, 3
samples from each group were analyed. SOD activities and MA
contents were analyzed after 0, 2, 4, 6 and 8 days of storage in
Experiment I, after 0, 3 and 7 days of storage in Experiment II
and after, 4, 8 and 12 weeks of storage in Experiment III.

MA analysis

The 1,3-diethyl-2-thiobarbituric acid (DETBA) assay is based on

the method of Sakai et al.'”? One g of ordinary muscle or 0.5 g

of red muscle were homogenized with 9 vol of ice-cooled 10 mM



sodium phosphate buffer (pH 7.0) in a Polytron homogenizer at 0
°C. An aliquot (less than 0.4mL) of the homogenate was
transferred to a screw-capped tube containing 0.2 mL of 8% SDS
and 0.2 mL of 20 mM butyl hydroxy toluene in ethanol, and the
mixture was finally made up to 0.8 mL with distilled water.
After adding 3.2 mL of 12.5 mM DETBA in sodium phosphate buffer
(0.125 M, pH 3.0), the solution was mixed and heated in a water
bath at 95°C for 15 min, and then cooled quickly with running
tap water. To extract the DETBA-MA adduct, 4 mL of ethyl
acetate was added, and the mixture was shaken vigorously. An
ethyl acetate extract (2.4 mL) containing the DETBA-MA adduct
was transferred to another tube and evaporated in vacuo. The
residue was dissolved in 150 uL of

methanol, and 10 uL of the sample was applied to HPLC under the
following conditions: column, Inertsil ODS (5 um particle size,
250 x 4.6 mm i.d.; GL Sciences, Tokyo, Japan); mobile phase,
acetonitrile-0.1 M sodium chloride (75:25, v/v); flow rate, 1.0
ml/min; detection, excitation 515 nm and emission 555 nm.
Superoxide Dismutase (SOD) assay

SOD activities of the meats were assayed by the nitrite method
of Oyanagi'® and expressed as NU/mg protein. Protein was
determined with a Bio-Rad protein assay kit (Bio-Rad
Laboratories). Total SOD activities were shown in the results.
Statistical Analysis

All data was expressed as the mean * SE. The results were
analyzed by the analysis of variance (ANOVA) and the
significant differences among the means were determined by the

Tukey-Kramer test.

Results and Discussion



Table 1 shows the changes in SOD activities and MA contents in
the yellowtail meats stored at 0 °C. During storage periods
changes of MA contents and SOD activities were not so large
although the former was slightly increased and the latter
fluctuated. From these results, it is uncertain whether or
notchanges in SOD activities may affect the lipid oxidation in
the fish meat. Therefore, we undertook Experiment II and III.

Table 2 shows the changes in SOD activities and MA
contents in the meats containing 0, 0.3, 0.6 and 0.9 M NaCl
stored at 0 °C. MA contents in all the meats increased during
storage periods. After 7 days of storage, the contents in the
meats containing 0.9 M NaCl were significantly higher than
those of other samples, while those containing 0.6 M NaCl were
significantly higher than those of the control and 0.3 M NacCl.
During storage periods, a difference was not observed between
the control and 0.3 M NaCl containing the samples. SOD
activities in the meats containing 0 and 0.3 M NaCl increased;
those in the meats containig 0.6 M NaCl did not change; and
those containing 0.9 M NaCl decreased during the storage

periods. After 7 days of storage, SOD activites in the meats
containing 0.6 and 0.9 M NaCl were significantly lower than

those of other samples. A large derease of SOD activities
seemed to accelerate the lipid peroxidation in the meats as
seen in the meats containing 0.9 M NaCl. However, it is not
always clear that changes of SOD activities may influence the
lipid peroxidation in fish meats, therefore we conducted
Experiment III.

Table 3 shows the changes'in SOD activities and MA
contents in the meats containing 0, 0.3, 0.6 and 0.9 M NaCl
stored at -20 °C. In contrast to refrigerated meats, MA

contents increased and SOD actitities decreased in all samples



during storage periods. After 12 weeks of storage, SOD
activites in the samples containing NaCl were significantly
lower than those of the control, and MA contents in the meats
containing 0.6 and 0.9 M NaCl were significantly higher than
those of the control. Figure 1 demonstrates the correlation
between SOD activities and MA contents in the meats. A weak
reverse correlation was observed between SOD acitivities and MA
contents (r=0.55, n=27) in yellowtail meats.

Lee et al. have reported that NaCl could alter the

activity of glutathione peroxidase, catalase and superoxide
dismutase in salted pork and that the ability of NaCl to reduce
the activity of these enzymes could be partially responsible
for the lower oxidative stability of salted muscle foods.’

Nakano et al.’ and Watanabe et al.!° have reported that

glutathione peroxidase existed in some fish muscle and might
.show potential for preventing oxidative detrioration in muscle

during storage and processing. However, Nagai et al. have

reported that the enzyme does not exist in yellowtail muscle.
We detected only a very low activity of glutathione peroxidase

in the ordinary muscle of yellowtail (Sakai et al. unpublishd

result). We also detected only a very low activity of catalase

in the ordinary muscle of yellowtail (Sakai et al. unpublished

result). Both enzyme activities might not be responsible for
preventing oxidative detrioration in the meat of yellowtail
during storage and processing. In contrast to the above
enzymes, present results indicate that a decrease of SOD
activities may accelerate the lipid oxidation in the fish meats
and that the enzyme may play some roles in protecting

yellowtail meats from oxidative deterioration during storage.
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Table 1. Changes in SOD activity and MA content in yellowtail
meat during 8 day storage period at 0C.

Days 0 2 4 6 8
SOD
(NU/mg protein) 17.7+2.3° 28.8+1.5° 18.4*1.0* 24.7+0.7% 18.9+3.5%
MA

(zmol/g tissue)0.062+0.017*°  0.132+0.039° 0.064+0.002*® 0.098+0.013*° 0.115+0.014%

a-c Means (n=4) *SE within the same row with no common

superscript differing significantly (P<0.05).

Table 2. Changes in SOD activities and MA content in the
yellowtail meats containing 0, 0.3, 0.6 and 0.9 M NaCl during
day 0, 3, and 7 at 0°C storage

Days 0 3 7
Total SOD (NU/mg protein)

control 3.83 £ 0.03 ** 8.63 t 0.87 P 8.23 + 0.67 P~
0.3 M 3.83 + 0.03 ** 9.83 + 0.33 >~ 8.47 * 1.07 >~
0.6 M 3.83 + 0.03 ** 5.37 £+ 1.73 7 3.77 + 0.78 *¥
0.9 M 3.83 £ 0.03 ** 0.80 = 0.46 ™~ 1.80 + 0.55 ®¥
MA (umol/g)

control 1.33 + 0.32 &~ 2.18 £ 0.07 >~ 3.49 + 0.16 °*
0.3 M 1.33 £ 0.32 ** 2.14 + 0.24 °* 2.77 + 0.16 °*
0.6 M 1.33 £+ 0.32 ** 2.55 + 0.40 *¥ 5.44 + 0.98 °¥
0.9 M 1.33 + 0.32 >~ 3.22 £ 0.24 °Y 8.17 * 0.34 °*

a-c Means (n=4) * standard error within the same row with no

common superscript differing significantly (P < 0.05)
X-z Means (n=4) *standard error within the same column with no

common superscript differing significantly (P < 0.05).



Table 3. Chagnges in MA content and SOD activity in yellowtail

meat containing NaCl during a 12 week storage period at -20TC.

Weeks 0 4 8 12
Total SOD activity (NU/mg protein)

Control 28.13%3,05%" 17.17+2.00°¥ 20.67£3.81°"" 10.90£3.48°"
NaCl 0.3M 28.13+3,05*¥ 13.8¢3.55" 9.5744.03% " 2.53t1.16°*
NaCl 0.6M 28.13£3,05%¥ 3.40%1,52>* 3.73%3,38>% 4.30£1,25%*
NaCl 0.9M 28.133.05*" 3.90%1.47%* 5.33%3,99%* 1.13+1,13%*
MA(pmol/g tissue)

Control 0.07£0.01%¥ 0.05£0.00%¥ 0.11+0.01%" 1.60+0.28°"
NaCl 0.3M 0.07£0.01% 0.13£0.01%Y 0.240.04%% 2.01£0.18>"
NaCl 0.6M 0.07£0.01%¥ 0.2610.01%Y 0.37£0.02%Y 2.45:0.21>*
NaCl 0.9M 0.07£0.01%¥ 0.39£0.01"* 0.660.06°% 2.61%0.14%%

a-d Means (n=3) *SE within the same row with no common

superscript differing significantly (P<0.05).

w-z Means (n=3) #SE within the same column with no common

superscript differing significantly (P<0.05).



R= 0.55

MA (umol/g)

0 5 10 15 20 25 30
SOD activity (NU/mg protein)

Figure 1. Relationship between SOD activities and MA contents

in the yellowtail meats.
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