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KERBICE TN SEHEBEFAMENRICEATY 5, o OIENHBIIRARTHFIC
&nn&@%%ﬁMﬁén,z<®ﬁﬁ%$wrm5&@,@bfﬁmt¢¢<ﬁ%wﬁ@$%
ARSI ®RTH S Y 7 —AiPY / L Y BOBLBEOSHHIC Il S h TV 5 Dictii L
T, ZOBLEBOFN, & eBbEER S >0 TRAYHDEE Th S, KERLDMLE
X UKo tic L 3R LBRARFK LR EDIc BV OFHIIc L EF 5P BPrkozE(, Bt
DRSS e AL HIZ E DM DRBAKS DIRMIE ERS IR L 785> T2, —Hkic
FaRG FL OB LIS hydroperoxide (HPO) &H—UAkBMN & § 5 7 ) — 5 V2 VllgiRE &
EZONTBY, RISHBEC ONTHA D ZRAEBMBEST B EnmonTn3, UL,
mﬁﬁ%mﬁwfﬁﬁﬁxwm@ﬁz<ﬁin,kAd(E%dth@%&ﬁﬁ%#?%tm
HPODSEBEME SN B T & B TFHEINDIBZOFMUBEE RN THS, KEAGOREILNS
{LDIEEEE L TRBRRIEMIER F A sv ey — v (TBAIDIE I shTWA 0, s
BENLEZOHELEHICRM L TH B30 20T HERINH B,
ARPTIRERALERET 2YEL L TR IRERSE, ~ L E0HSE MON TS
7, KMBDbOTH lipoxygenase (LOX) ASEHIER Utb &35 Ml ORL LT &
hbnfétoLmL,ﬁﬁ?ﬁﬁ%ﬂﬁ@méLOX@ﬁEﬁWB#KHD,&(mn4:b
Nz viEETAa Y 4 MG B O TERGAHBELR > TW 5 BN hIRE>TETR,
ZTT, KPR THKERSOISEEESORIEENE L, £ FKEMBTICHHOSE
FEERNEN B TH A a9~y s 2 VB (EPA, ERKEBA39RVI 2 VETH BN, il
TREMEEEAT E) BLEFavy~+4x v (DHA) ZIRAOEFvE L, BLEES L
URALAERAD pattern ZH] 5 hic Uiz, DOTRAETFVHRE LTEPA 2RI L 7 il A
vvmémmﬁwwm®ﬁ¥%ﬁgbttc5,&(m&mﬁmﬁﬁ@¥ﬁﬁaﬁéc&wme
DT> 12DT, TOBILBERTORFIRRIETY, BRVSBILICBS LT 20 Ed %M
Uiz, 7, BBTTOBILKIGITHE S HILDOBITHNE ORI AL CEMB ED L S icZfbLd
RN, EROFMEDOEY I DOTIRE L, Bk, A4 75— FRIE, d3VIEE
ERER AT R I & - THRETPORALAI AL Z IS L 7oKER G OBFEERES 2,

1 mEAfNEDRO HEIRL
Ifa4Ryy U (EPA) BLUFav~:4 2V (DHA) DZF LT R FAAEE5TC
@%%55h@#4%ﬂﬁm(%Lm)@%#Tf@ﬁ@kéﬁtﬁ@%%mmomru/-»
B (Lo) LU Y/ LB (Ln) TF Vv RFUEMRERE LU, BHE L/ZEPA, DHAWR
D SERFAAMEEB L OBIERBTHRLCLDT, MBEEENFN 4.5, 9418 TH-1,
EPA 3 LU DHA W BERERINE DS Z O 2 B4 5 L lAic B0 TH 3 — 4 HOFLY %
BE D LRI, i 4 ek F TSRS Lic B e #tiT L (Fig. 1, 2)
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EL, TARITBHTFCOZRZH
1-2, I5HoFEHRERL
(Fig.1, 2)o BEFF CDOEPA -DHA
DFEPE OBRFEBRIGEE L Ln @
5.2, 8.5 (Fig.1), #4%TR
52 BETOBERIGRER Ln @
B Lo DIHETH - 723, EPA
-DHAW Zh#h 743, 948 f&T
Lo H ot (Fig.2)o LIchi>T, KE
0 25 ;; 35 : YOBBIREDIC b EPAB LU
Tine ( dovs ) DHA iR bsic B L 5577 1ab i 5

FIG. 1. Time course of oxygen absorption during autoxidation of
ethyl esters of Lo, Lo, EPA and DHA at 5 C in the dark. t%tg h3
PNy o

Absorbed oxyaen ( mmol/Kg )
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BRALITRE S BRAL R D/ — v

o< b 77 4 —THEX3

&, EPA - DHA O#g{t—REWT
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DOHPO K DBHDT REET, Bk

Lo M» 5 ZDOHPO OB B & T

HPOEA FHE AR DD SmHET

RBR(LERHSTE (F1g.3-5),

o ZOKES W70%) BR_BEFRE
DEEYTH-7: (Table 1), ZD

mTlme « calyss ) 2 B Ted Fig 6, TR Lick it &HE
Fig.2. Time-course of oxygen absorption durifxg RO Lo U BBIWIEE LT
e s foomencon oo oo RECEHTES, TOEINO
FERY T VBTHBY) /) —LVET

1390%BLU EDSHPOTH BDEKEL

Re Stiicagel G tHerck) B TW5, LEH-T, —fRicg

g

1000:

8
o

Absorbed oxygen ( mmoi / Ko )

1.0 Hex/DEE (60:40)
7 SOIEER{LFMmEE L THY SN
ool e & © ¢ Unoxidized ester T BB KR &5

e e " ,' Hydroperoxide TIHEBMN ML L CGEYTIRE

g P $P 11(nr10.21-0.20) WwWEEbR3

' ' SP | (Rf:0.00-0.20) —fixic, BLblEEAMOESR
KR&LTHC-C, C-0-C, C—
O0~0—-Coh 3BHEZ SN, ¥R

0

FIG. 3, Typical TLC patterns of oxidized esters.
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:1% 4, Quantitative analysis of ethyl Lo, EPA and DHA autoxidized at 5'é o the
ar] - - :

X N x Ltn -
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50 uwo
SP 11{Rr:
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spl e
™ il ﬁ o
Dy 0 5 135 11 EINTIEY Doy 8 05 1 R
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| 1
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Flg.s Quantitative TLC analysis of autoxidized ethyl Lo, Ln, EPA and DHA at 5°C under a

. Ruorescent lamp irradiation.
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FIG. 4. Retio of OOH-oxygen to totsl absorbed oxygen during
sutoxidation of ethyl esters of Lu, EPA and DHA at 5 C in the

. dark.

Q0H-03/ Total absorbed-0;
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Fig. 1. Ratio of OOH-oxygen to totaf oxygen uptake
during autoxidation of cthyl esters of Lo, Ln,
EPA and DHA at 5°C under a fAuorescent lamp

irradiation. The values in parentheses indicate
peroxide value.
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TABLE 1
Distribution of Polymers in Polar Materials of Ethyl EPA and DHA Autoxidized at 5 C in the Dark

Bio-Beads §-X3 : Distribution in polar materials (%)
Si0, column fractions (yield) column fraction No. Mean MW Weight (%)} Tetra.trimer Dimer Monomer
EPA {POV:4734 meq/kg)
DEE/Hex{40:60, 50:50) - 35-47 548 10.5
Rf: 0.06-0.19 49-52 418 640 -
(9.8%) 556-80 308 36.6
DEE/Hex{70:30}, DEE{100} and
EtOH(100) 30-43 1438 44.1
Rf: 0.00-0.07 ’ 45-52° . 593. 45.0
(25.3%) 66-95 380 11.0
Total polar materiala 36.0 . 387 26.3
DHA (POV:5162 meq/kg)
DEE/Hex(40:60, 50:50) 36-47 624 .12
RFE: 0.05-0.19 ! ' 49-52 466 " 509
{11.6%) 65-80 376 . 1319
DEE/Hex(70:30), DEE{100) and .
ELOH100) \ 30-43 16768 46.4
Rf: 0.00-0.07 45-52 134 46.7
(31.9%) - 66-95 362 7.1
" Total polar materials ‘ . . L 38.1 405 - 214

Table 2. Intermolecular linkage distribution of
dimers formed during autoxidation of ethyl esters
of Lo, Ln, EPA and DHA at 5°C under irradia-
tion with a fluorescent lamp '

POV C-0-0-C C-0-C

(meq/Kg) - (%) (%)

Lo 1170 73.7 26.3

: 3285 69.8 - - 30.2
Ln 1475 84.4 15.6
3249 80.0 20.0

EPA 1130 79.6 20.4
3185 80.0 20.0

DHA 1150 80.8 19.2
3199 79.2 20.8

F2E BIEREZRAREAVCEERE SV RICBT 3
TA ay g EROBRLE X OB D KEEM T
DRTEFP OIFE &AL .

BIETRARNKEEN S EE A IIEECBLLd <, )/ —EEERITSTHPO
DREUHENDT, BEAMBECRSNARRILHABED LoUTTHEC E47 L,
BRI BV T~ LBES EORIRENE S HET 570, X 5icHPODR BB RESNS
OEFEENBD, TOFMRELTETHS, 2CT, ABETRANT TR EEBEOKEN
T RO TORILTISICH > HLOBIC IS DRER I A CENSED & 5 e LT BB~
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2 -1 BIESRERAREHEOVCEREFTILRICKITS
TAAYRVT T UEEOEEL

£9, FETHABBCICHD RAM TOIREBMLOKRTEERIICH NS 2, B
WEODNE~NLEREERBOFHVHRGRELTA 7 VA2 ET, Z0EEHN, MARNBLUK
DR fEHfGEIRER IR T f oYy Ry 2V F X7 (E-EPA) #RALILETFVERE
JBL, Mft®lﬁﬁ’&é!%ﬁ1’ﬁ‘£51 oy EERNBLURIEARS 50E casein EFET
TORIG & LEBRE U, '

Fig.8Ic/R L7k icf Raw . casardinciaed
ardine n
IO %MD E - EPA ff i / _ > s

opon
(E~DEBIR~ A T &% orettetora 2
o5 TREASED
5¢, ~NESDEVERH

FLLEOT 1T VIMESHA

Absorbed G, ( mmol/g )
£

TOARGH T TS EA & 3
DR - I ICBEI 2 S /
4 7 /)‘
21, Lipl, DA ' 1 2 - 7
3 LBt EDS oh, L B I S e e e T
Incubatlon time ( days }

C DEhEIT 120 CTEO7 N Flg. 8. Time course of oxygen absorption during autoxidation of ethyl EPA
: with various proteins dt 5 C in the dark.
# L 7IRAIT3#980% Bt

BHIZ Sh, BALELER

“EPA |

" laoo } W
A '

Relative ESR Signal Intensity

500
N o Sardine (dark muscle) -
.- ';:.:____0__:———“—150)’5&3" Sardine {ordinary muscle) 3
0 - asein
0 10 20 30 40 50 60 70

Incubation time ( h )

Fig.9. Time course of ESR stgnal Intensity during autoxidation of ethyl EPA with
various proteins at 5 C in the dark,
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LB EHE, 2o BRIk BILEENRB SN, iz, ESR (Electron Spin Reson -
ance, BFRAE VHBRID it L3 radical BZAIE L -HER, Kichoifo L D radical 5%
BREALAL, $EPAZRIMLAEOD radical #MbEGE L - O T, ROBLEEE L
AREVT EH radical BH» S bR&N/ (Fig.9), LBBADHEAIKEBY 47V - 55 L bE
8 HEH DM OBALIZMAMLIIC X > T20-50%8MA Shvtc, —H, <4 7 YIERDHERM
BJLIRIC L - TE - EPA DBRLANEIC(EE S N B HEHS bn MERDBEITE~LEQIC L
BIBENRESEETH 3 C EHBERT SN,

BRALIEIC X > TRAIES N B4 Fo—4 44 FEE (Fig.10) O H BB K cd
BEEGAERDTABE, FiglltRLEEICIDIIINEEREML D F LN, Tk

Raw Cooked
8 - I -wSardine(skin) IS,
. »  (dark m.)
- ordi m)
7r o—PoHack L}
=
~
S A
k\g 1
S5t 9'; I’
x '
g4 .
T /
>
o 3T
=
x (4
E 2 F 7
& 0
1 7
0 & A " A
1} 2 y 6 8 0 2 L} 6 8

Incubation time ( days )

Flg.10, Time course of peroxide value of ethyl EPA during autoxidation
with various proteins at 5 C in the dark.

w00} Raw Cooked

~- Sardine{sktn)
" dark m.}
—O— » {ordi. m.)
=~ Pollack{ordi. m.)

OOH~oxygen / Total absorbed oxygen
v .
o

0 2 ? 5 80 2 ' 8
Incubation time ( days )

Fig.ll.Rotic of OOH-oxygen to toto!l obsorbed oxygen during cutoxidation of ethyl
EPA with various proteins ot 5 C in the dark.
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{EDitEfT & dkicgb T 57, 5T,

1 BB IIR0BICHET L, $180s, BRIMIET

BEEHOFMTE LN BRSPS T, 2T, RADIEEBILOHIE BRI
HAET, & LAMLMOBERE (Fig.12) ©4 4 X% (Fig.13) 4 &L AL %ERE L
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t2o KE TRV BRI
YIIE D LLEEDMBAS - 723,
ChidKFicid lipoxyge -
nase &IEIC hydroperox -
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N—F YL FERRTD
BEEbiEd B EBb
15, v

Browning .( QBegq / 8 )
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dark's.) -

ordi. l.;
ord{. m.

-0 =
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6" 8 0
Incubation time ( duys )

. Flg.)2. Tlme course of: brownlng of ethyl EPA during cutoxidation with verious pro-

Fluorescence Intensity (x10%/g)

e

s _..--q-._...o-.!.sgj'LQ

telns at 5 C in the
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dark m D]
. ordi,
—o— Potlack{ordi. m. }

2

[ 6 ]
Incubation time
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Time course of fluorescence Intensity of 1"EPA du
Fla.13, with various protelns at 5Cin ?ltti }(mo etny uring cutoxldation

2—-2 EEBEOKEMIZOHEERPOIEEEI
EROKENLROMES LOFBTOEHE(EZRZ T LEHMEL, <47 ViTR%E
FEL TS C, BWHRELBOBELLER L,
M HBEEE % g 5 &, BEORETH 2 ARMAKKDIBEEE 5 CIREVTHHEANLL
O RRAE BN Lo hs, MEHAHE S 72 cooked BIREIMALA 7 F v FatrvT7=v -
(BHA) ARG 3 ARIRA A o h/e (Fig.14). & <iT, cooked B DAL 6 Tl
BN BHAMIERG LRI Cic A4 Fax—Fd %44 FEALE=ADERBIER IcIZoh
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7oo LEehioT, MBMLEEZTT > TOIRWKENDOISEZ i B T ML HEEL/Z0 TR
<, BEOMSMNRE SN, £/, SBEHRINL 2BED peroxide AN DEHRE (Fig,
15) RRMBERITR 0.14~0.44 LB, BRI AR OIS > TS b0 & B
b s, —F, BRARESE cooked BT T 0.42~0.78 & HIHE o 12, DX

]m 1 OP
0 Control - 0.8
- g
.. S
Z e g 0.6
< ~
2 Lot Ctooked . § 0.4
2 B > f
20 go2
. . 0 i — " :
0 0 2 b 6 8 10 1’ 1
° 2 4 Tlsne ( du?s ) 0o 14 ’ ‘Time ( davs } :
F1g.]a. Oxygen obsorption of salted-dried sardine during storoge ot s°c._ F1g.15. Ratlo of hydroceroxy oxygen to Gbsorbed oxygen of salted

dried sordine during storage at 5°C,

ATIRHPOMSER LIt { Wid, BLBE{bs; %ﬁa‘%twc INEI TR LD TR ERR
4t~$\f~tm@%5wm%m%§m & é; DRI AR A BT E TR L o0 n & Bhh
5,

HI3E <47 vRIE im%%EMmﬁhwgmﬁi

RIS DER SR TEPA DBRIEDEITEFNIAER, MR PTROBELSE L, mMELE
K OBALHEE BT LD THEZEDSES L CO AR AR S NI, 2T, KBTI A7,
VEEOISERLEEYE ORETZHO M T B8, emulsion ZTOB LR ESRAIEEL
LCREA OMBEERE L, 91&H W T&H chromatography TREI AR A7,

v A 7 VOEERN, MEABLUERDT F 9 ¥ —0IEE (EPA) BULEEEMZ emul
sion RTHANTAH KR (Table 3), FEDHBREBBICEOR D MAR I DK 3 EEHE
BB o T2 ZOED 0.05M D ABE buf fer ﬂﬂ&.[Zﬁ} 184 4 vREmME XS & ETIEER

AR EEEASE < (Fig.16), T OEBLEY
IXKCN (2mM) ImINTRE A ERELICHE
Sh, MEBMEIC L - TERHRERLI, £

|

Table 3.

Prooxtdant activity of skin, dark and white
muscles of sordine at 25 C, pH 6

{ mnlinin’]- dry matter 9'] )

LT, ToOX43id Sephadex G~ 200 4 viF ¥hite muscle 0.01
BT2OOEERES G- 1, G_—IH HE S Dark muscle 0.22 .

Skin 0.66
® Oxygen absorption rate of the mixture with 1 oM of
EPA,

h (Fig.17), % OiE¥E Soret IRYHE O
INTREL7~aBEHRALTHE T &
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M otce THH DMLY A IMBMN
Mg 5L G-1 Hs3E66—72%,
G- 45331024 #hEh
EHMBEEN, G-I Wit
NLEPBENLEMS, FEL

T~ &EEAHic kD IEBEHE I
B ENTWB T EhSR -

BEALLA, G- EIAHEAR
LIRS BEH R DT NG EIRAL
TRET S EHEEINT, O
G~ 533 & SHIL DEAE-

Sephadex A—b0B LU CM~
Sephadex A—50iC KB A4
Rigrso=wb 735374 —itko
TH ES 2 2L EDEEMBE
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ik - THRBUZ M EF S i, &K
HS i & 0 AR bR E I
b E@pHAEd - T
H (Fig.18), Y/ — gk,
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HE B L FaN—F 244 F
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> - EHBEREHE SN B8,
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Btk DY R4 04 F— D
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Fig.18.Effect of pH on prooxidant activity of §.200 fntermediate mole-
cular weight fraction{ G-I! } from the crude sardine skin extract,

Flg. 16,The pti dependance of prooxidant actlvity {oxygen absorption
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4 -1 AMS3—FRICECRAULT 4 v a2 I—ILOB{ERALE

Tay¥al-n ESRRROBERRERBEZEMELTEEINTVET 79I -3
EEESRE S, BT S IR OIRERL A X KEETH B, £ TFY VI -
RRBEHE2FVVOEENEL, REexs I vOER, SSKERETTRY YVERIGL
TN YBOSDULACRRME TS S U¥a v vOERES SR T, 20T Figld i
ARLIckdiee4 7y —vORERORBEYTH S stick water (TFR453) K7/ ra—=x
AEITEE, 100°C TINEAMEEIHTH S press cake IWMATERL, s—nI—VEFHB L1,
AI-EBFBRLIES BRRNELSHE LB EHEIELLRLEL, T MY+ VE
mz(QM%)m@ﬁLt(Mgm>oit,x45—FﬁMm;QT,umkwmmmgﬁm
S%h, BOSOULADERESLS ¥o v Y ORBMETHS L AFIVBLTERS § v
DENEL(BO LT Fikick D, HARGOREBMAED C B BIEEHREZR LTE /2,

50
Sardine (Sardinops melanostiota ) Control
40
Min ~
=
bolling ~
oS30t
pressing §
o
2 ethoxyzuin
Press_cake 2 20 —‘____,- ozl
centrifuging - &5,
(oIt ] - 0Dyy(Eica! 0.28
o 004! - ) 0.2
| evoporating 10 o
R D
drying
' 0 i .
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Fig. 19. Processing of f{sh meal. Incubation time(days)

Fig.20 Oxidation stability of sardine meol mixed with broned
sardine stick water,
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AADKERDBEOREE LTI, X7 b U855 0RET D ENREEREN T, @l
DELHER SN TEY FREROLRADREL 15> T 5, —HRERDOKRBSHEEE L
THBESNTVAEYA 7Y E2RDBRERE LTRAT 23R4 SN, OB E—IHHET
SNTVB, LoL, REARTHAOISESRNEN 72, KlLICX > TZOAEEBRESH
BHS, MBRELTOAEERBEOERE L DEEL - TV, 20T, HALBEMEEED
OERIEBNS S L CEERE A 2

ﬂﬁfﬁ’&ﬁ:&t <F1g21)0 Fresh sardine )
EEDR BT R ik, AR bornecn
Ordinary meat
I DR LIhs o 13 B AR e @ ttm

Xh, »FIFC DEWIIFIOEOEE washing with 0.5% NaHCO3 solution,
N and water (3 times)

‘é[‘EﬁZkfﬁ:é‘ﬁ”Ci OT[E]J: L’ {&'ﬂ:m removing exx;ess water by a screw press
@ﬁxﬂhdﬂt o TX QZC&%‘S?’W&, Washed mince
é ‘)O‘C ﬁﬂjﬁéﬁftxltJ:Z)ﬁEE@ﬁE addition of 8X sorbitol and 0.3X% sodjum

) ' . pyrophosphate and polyphosphate (1:1)
Hjci{%ﬁtb@ﬁi;%@%th@%ltjaia Supplemented mince (1)
@g{tm]fﬁl“cﬁ&j‘,fﬁgfco . l dehydration with a high osmotic pressufe resin

(5°C, overnight)

Dehydrated mince (2)
milling
extraction of oil with liquid carbon dioxide

(250atm, 12°C, I2hr)

I 1

COz-extrac!ed mince (3) Sardine ofl

Fig. 21. Preporation of defatted sardine meat powder.

wx ¥ (Fig.22 88)

1 KEBRCERBICEEINTVAIA IRV ST VED a4~ 4T VBOL S BEER
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KEICAERK LT, ,

2. BIEHEFECRANTHVAERREFVRTO A 394R V& 2 VERREDPICEL L1,
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Lipid Lipase, phospholipase, )

Enzymes ( LipoxygenaSE(?), etc.

“Myoglobin, Hemoglobin
Lipid-00H
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[Low molecular products]

¥
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[Browning or Fluorescent matters]

Fig. 22. Proposed mechanism for oxldative deterioration of
1ipid in marine foods.
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ase EBF L HEE SN/, ‘

4 A4 5—FRIEFGMLET 9 v a t —LOTR THANTOXEMAES © & 10 < Wit
TEMER LTSI,

5. EEBEBIKE & UIRKRE T 2 HIHIC & » TREASEOH LB L CRALISIT fen 3 0 &
SABIS A ASRIS T X 72,

— 233 —



FEMROHEE

KEERCEEFNHBEEINEBERMNC=S 23V = VP Fay~s v ViR EOBER
SIRERACE A T W B, CADORHBIRAFTH L L OABHEN SEELED, RN
DBLARRBLRT VB, Linl, —HZhbBEREMBIRLLEENES, REREDS
WRESROSLORE L85, MYHOETEMRIHRMTHS Y / —LE, V. L VBROBIL
BHOTRS A, BERETMEOBCEE SRS T 5. APRRKER
ROBILAEHORBL ML L, BERGMEHRE tOREF1 L LT, Be 0kl
TRLER, HLBBERHLELDTHE,

AR L D, BETATBOBILEEIZY ) U VED 5~ 8221204, BBERED &
THTHRLMCERILL, E—%RERYDOL Feltsv FAREE CREDRESYEIL LD
LA TRERMCBAT B LB b I o, ¥RARBEEEATETS L, TOBE
SHLREZ R, e Febdsy FOSBMIRL DO TRESR, KEYOBLOIEELSh
TE BB OER CERLWIE TRIFESLAFMTERVI LRBLMC T, 8D
AROF T L EEOBLBERERAE, AERIBCREE L CAMDERLAES
h, 722974 —REST22EUEEESZE, TAXERMOATVW R Y REv s
F—ELRR D2~ RBDTHB,

B ARG CH L A L W KERROBLSEHIERRY, 24 7 — FRIGCHERER
AR I BH L\ T B A DT R B U,

PLEORER, ISERCERCET 5 EBOMREE b LR T, KEXROM
T, RERHORRCESTHECANKE S, BEREOEMLRETHIMET S0 LRBE
Lz,

— 234 —



