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Y oT, RBEEBENITBWERIZIEXIEEEZHALNITTS.
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B C=¥ ) —V2BELLEOLEERT D 240 Lk, —HFODODIE, IR 3
cm DAEEZBLTE00wDH > 7 ATV HBITIZ TS CTHRBE Lz, s DD
DITFIRE CRATICHE Lc, —ERHILICOY 4 ZBMVHL, Y
BB R R L, hAEKICE b BB{E®E (POV), HPLCEGC/MS
WWEBAHPORBBEHEMESN, BLUGCIZLA3EBERELAHOSITICHL T,

[HHR] AEBEBLICIo-TORERINDIZAS a PR FZZ VRERD
14-cis,trans-20:5-O00H B X NV /J —/VERE K D 12-cis,trans-18:2-00H B X O}
10-cis, trans-18:2-O0H 72 P DR EMHP OBMEZHBOVICAH LI LIZ
XY, BERCBTAAERBESESEMICERATAIZ LN TE . Sb6IT, Z
NoDBEMHP ORBMEDOSMEYITEBRBRILTIXERINRENWI 2L,
BORBEREBRILEZEI LEAHTIREBVWERIEHRILEZEZ LERELDE
NERRERBZERERRSOBBROMENLOAFICTFHRAINE., BROFE
f%éfﬁ%@ﬁ%ﬁéﬁ%@kﬁ,Eﬁ@kkuﬁ&ﬁﬁﬁéHPo%éﬁ
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smE s I A AHMEE Y RM L) BRI L > TS RET ST 2 LR EHT
pns. LT, BT P UL (BF) ORMBASEEEZETSEIRET
TR, FOBEEBICL ARRIEDER~OFED BHLM LR TRY,
AEIEKEEROMIICE s TRAARZERTHS. —FHT, REICIZEER
PEALERET AERLRELNTNSY. RATMEE L EBBRNEETD L.
WED B VTEAEDOBHIZLY £ Re v F v RRERT S, ZORIGH
IR EERLEEEh, BBBLLERIENEY, srRT 4 LT
CASEBEVYRT T EL R ORBBANERH L) —EEB L UZE
CEOREREL 2. EEEBREEI SR, RERAICERBEFEORR
FIBBION RO 2 BERFEET S, JRT7 72 E0 TENERAIRY
DS OB VEREIL LTE <, Tabb, TREREBH 0N ET 5 EREL
Tk, EFENAAAL Ru A=t FEEEOERIZIEBRILTERSN
BAL RO A—FFH A FOZRERLERD, —H, 7207 AR ED ]I
AR EEFFEEREOHSTFRBEEL = XAT—EAORV —EERKICHE
+5, —EEBREITHANESICEERAT AL TRERGEZFIEREIT,
Spkdic, —EEREICLZFARMEEOBEGE., 7Y —FVANDE
BEE> BBEL L RERRF RS B2 5,

ERIEEOBRILERERY L LTESFOINR=MMEEDEZERT 5D
T, EROEEEB IR NCHT IEENMEET 2EERCOZEIL, &
BOREREXD D ATEATERNY . —RICE, BEDOBILICHE > TBE
BLEEFNAERE LTHEELISARVWIKBVWARETS. LirLedb, &
B Lo TRIEERINERICHENRES 5252083 b 5. AIXIE, KE
MOFHOMEDE Y XM, BFEPICETT 2IEERLICE Y ER LDV
B EAMICERET A LN EEZENTVSY . S6iT, IRbZEERLS
PMBEES 3 - LICLABEDOERNRAS, BERILARDICERT D"
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oL, ERTFOEE E RS DER LI S ELHETENIE, BARZEROM
I,ﬁﬁi&cﬁboééf@zﬁﬁ%o =6, REOEERM{ICHT S
DEEZIFELFBETEZENTENER, BEKS @&k@ﬁf IHRIEILT, &
BORKETBBRICHRFTIZLELAETHS. ERBEEOB{—RERD L L
TAA Fri—FFH 4 F (HP0) B4R L, HPOIZ S bITLZFEMIZaMasnT
TWRBAAEN TH DI NR = VERERT ZR, PO EEEEORBEIZ X
S TEBRTAINR=AVOBENKELL ERZZEBMONATNEY . T2
5 EEBICEET 388015 & EIZHPOD A B B DERICEB S
5&%26%5 LaLins, B0 £EFETIZEIT 2HPOM B EZMEE DAL
(a4 EEIETAMRE, INETOLIAFLEALELNTHRY. £
_T,;nifﬁ%ﬁ@gmlfﬂﬁ&V§IV@ﬁlUU/—w@%%g%
TW&Ufﬁﬁ EETICRIT B R EE L CAER T 2HPOD (L & B EHER &,
BEOBERILTEDLILAHPORMEED F N L BT B2 LIC Lo T, KEKE
fERICBNWEKRIZEZDEEZHALNICTS.

@ HrEFIE
1. 3B

V) —NVEEAFIALZRT )L (FE 9%LLE) i Signatk (TAY A, I X—
UIN) b, =4 aP X B FAT ATV (FE 99%LL ) iX Nu-Chek
#A(7AVH, IxYEM) hoKLBEALRL. #FiERA I Y Porphyra
yezoensis (Ueda) IZITERAREH TEBEINZbOER W, T2V 2
B L CRESNEEZREO DV IAREMOEENOBA L.

2. MIEZORERBIVIEE Y 7 X040
ASE (TL) 1XELIER D Y 736 Bligh&Dyer £ IC¥EL THIH L 7.

JEESBIIEEETHELE. IEEZ 7 AFA4 7 hrAF ¥ TLC/FID IEIC
TREELEZYY. Thbd, ZJuvoy F-SII (¥ hrotk, ®BR) IZIL O7
DT F/VAEEE lul ARy FLEOL, FHIEEOSBEICIZ m~F T2
VxFAT—FN X (97:3: 1, v/v/v) &, EEBEEEOSBEICIZI B
DT AL AF =)k EEBE (T0:35:3.5:0.5, v/v) REBGELL
TH&LZANE., EEBICIEAT FrXFy U MK-5 (F havtt) ZHAVWE.

3. BEAGEEAARL DT

%) 50mg @ TLIX LN KOH-= & /) — VTt AL LI DB, 14% BF, A FZ / —)v
TRAF ML L CTIERIEE A /0= X 7 )L (FAME) Z 78 L 7z. FAME IX Supelcowax10
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¥ t5 U5 (0.25 mm i.d. x 30 m, 0.25um, R, T AU D,
IX—UM) THEEL-DBH. BE GCI5APF 2LV FID EESHTETR- 2.
BT AEEIFI50CIZ I SERELZDD, 1°C/nin T240CETHELEZ. A
B AL L AT 250 CICRE L. BEIARITIEA~NT TV AERNWE.

4. DY EE D YHEEEL

feffBe = X T /VIER (200mg) DT ¥ J —/LVERIKZ R lom W ICHEDME LTCE
BROY (40g) LEFLE. =X U —A_NKRL—FZHWT 30°C, BATIZ
Tx¥ ) —NLEEELEDOLEET 245 Lk, —FODVIE, S 3em DK
MEBLT00wWDE VAT VEHBITIZ CTSCTHREBHR L, 5D DY IXR
BEECRITICEBLE, —EFBILICOD 4g ZRYVEL, 75l @ n—~FH
VIETCEEREN L, BEOA~FYUVRKRIER—F ) —= AR L —ZI2TH
5wl ¥ THRHME. 18 (0.2um) L7eDD, ZD 20p 1 ZRIEFEMBESITICE LT,

5. ERSEEANA R ot—F %394 REMEED ST

BS RS Ee HPO (i 8 B4 1% diphenyl-1-pyrenylphosphine (DPPP) % EJEFAZK
CLTAWVWARA NI ZAE Y 2T Lz, Thbb, BB Fas
—F XY A ROLEEMMAIT Supelcosil LC-Si# F A (2.1mm i.d. x 250 mm, 5
sm, Supelco #)  BEIME L LT ~FH o =—F 0 (50:3,v/v) & 0.6ml/min
PHRETHVABEREK I B NI 5T 4~k o THBELE, HFH T 5
5 OYHIEIZDPPP @ 1-F &% ) — /L 2 & 7 —v (111, v/v) %K (3mg,//400ml)
LEFMLEDOL ISCIZEERE{L LERT v L ARG = A /L (0. 25mm 1. d. x 20m)
\C#E X HPO L DPPP & % Ui &4 . AEFK L 7= DPPP A6 4 1 % Fhi i & 352nm,
e B 380nm 12 TR L7 HPLCIC & 0 40 HE L 72 HPO BAERE SR LD B,
NaBH, 12 £ B ~A FE ¥ v E~DET, AERMICEZ8MLET-720b, b
YRAFAVYAFEERE L THRZu~ NI T77 4 —/BESWICEL Y HPOICE
FBEAL FaR—F X EREAMERRE LY,

6. @ER LY ORIE
LIEEDBELIE (POV) BFATT VEBH Y U AgkE RV DREEY
kD BRIE LT,

7. ERECEHOSIT

NAE 50ml OF T ABAL T AMRICIEBZ XA TVEEMLEEEROD
L 20g B AN, TURY/V) o ERESZ ATHOBEER L. ZORK
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BETHRBRZT 2o, ~y RAXR—XFOEEMEMEWIIEE 100pn DR Y
SRFAFFURHERLE LT, 25°CT 15 SEEE~ 7 ofE (SPME,
2V atk) BITRoTZ.

EIE AL AW 1 Supelcowaxl0 F ¥ BT UH 5 A (0.25mmi.d. x 50 m, 0.25
pm, AR~V atE) TH %bt@% B GC12APF 12 X 0 FID EESNT ZTR -
7. B S5 AEEXS0CIZ 3 ABEELEZDD 1°C/nin T240CETHE L,
ABHEARE & Az 12%Ckﬂﬁbﬂ BEH ZZEANY U AERN.

® BFFEFER

1. OV OB 7 2B X VIREERE AL

BB DY) TL OEEE R 0.85% T, TD 75%XV VEEEX E®H TV,
RAT 7 FUNTE ) —AT I (69%), A7 4 TIxT Y (9.1%) BET
KR T 7 FIONTY LV (1.3%)NEERIFEY 7 A Thok, THIFEIXEICE
BEASHEEE (8.9%). FU Z U &Y K (2.2%) BEXUPATER—AZ T )V (13.6%)
DB S LTV, _

BB DY TL OASEFB MR % Fig. L \ZR Lz, ERBHRIT=A a2
T U (20:5n-3, 55.5%) & 16:0 (25.0%) T - 7z, AELFufEIIE X 70. 8%
P EHTWE, TOEFBREROEENS., EREOVOREICI—T 47
F RIS AT 0L LT 20:5n-3 BRWNY  —/LE8 (18:2n-6) ZBIRL 7,

2. BE{LY i DE(L

Y ) — LB A FLEEA LSO ICRE R LED TL © POV D ZE4L
% Fig 2 12 ABHFEE N B TIZTO>NTDOD 225 EIN L7z POV ik R L7=.
—% REE, BACERELREY / —VEBEAF OV 28M LIERERO YD TL © POV
IR EARTEIERD b r o, RBHLEHEO POV OEXIX, Fig.3
K%#i5KI4E%NV$IV@%@ﬁLt%@&®D@%éﬁ%ﬁ%ﬂﬁ
Bxni. UEORBHOFEECED POV OLELAD, BERROYICEE R
L7-8BAiE, IEEORBEEBRLNETT S Z EFmITRE NI,

3.V ) —AEAFINAA RuR—FF3 4 FEREFEROEL

U ) —NEBAFAERERLEEERO Y T ERF LEEEOY ) —VBRAT
JHPO B D HPLC 7 B~ F 75 A% Fig. 4 (A) &R L. kBRHZ 1.5 K
akeE) =L -4 HPLCICE-TC 5 DOHANEEL-E—7 BNkl anz. KR
HEEM S 4 5EBEE CEETS L, INHDE—IDH b, No.2 & No. 5 DE—
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JERBHITMOE—7 DFNIZHRTHERLEZ. 28, No.2 & No.5 DE—2 %
%%m’ﬁﬁé%%ﬁ%&%%é&ﬁok(ﬁg4®».
SBRLEE—EADBEENNTORELZEER 12 O PO REKOSITHER

ERETLHILICLD, %\ﬁﬂ)t“—&ﬁi FUTO LBV REES L. No.l,
13-hydroperoxy-cis-9, trams-1l-octadecadienoate (13-cis,frans-18:2-O0H); No.2,
12-hydroperoxy-cis-9,trans-13-octadecadienoate  (12-cis,frans-18:2-O0H);  No.3,
13-hydroperoxy-trans-9, trans-11-octadecadienoate (13-trans,frans-18:2-O0H); No.4,
9-hydroperoxy-trans-10, cis-12-octadecadienoate (9-cz’s,traﬁs-18:2-OOH); No.5,
10-hydroperoxy-trans-8, cis-12-octadecadienoate (10-cis,trans-18:2-00H) & £ Y
9-hydroperoxy-trans-10, trans-12-octadecadienoate (9-trans, trans-18:2-O0H)

DEREEE—7.

kB HEBEME 8 BT TERT D L, &K PO TH D
12-hydroperoxy-cis-9,trans-13-octadecadienocate  (12-cis, trans-18:2-00H) ¥ £
10-hydroperoxy-frans-8, cis-12-octadecadienoate (10-cis,frans-18:2-O0H) @ #A B Ft
PRELUSHEAR LR (Figs). Zaiaxt LT, REATIC FEFREATREE L 72 508 Tl HPO

BMER OB HIZEITFR D bz o7z,

4 A AYRUFZUBIFANAL Rak—F%3 A FEEFEROEL -
TA AP ROF VBT FALEER LAZRRODICEERA LZRO A
aY R ¥ T UBTFIVHPO BEERDO HPLC 7 v~ F 7T A% Fig. 6 (A) 127 L
% RBHEE LSEMSELELDS, BPLCICE - T 8 BOMANBE LT L —
IR SN, 723, No.5 & No. 8 @ — 7 (% 234nm (2B D HIMBRB I Z 7R
X7pd otz (Fig.6 (B)) T b, Ziub?HPO BMEFIIFEXBEMTHD Z &
RRBENTE. FBRLAEY—JBRSOEESTORREERO A FaA—F
P4 FEMEOSHER Y LRET I LICLY, FxOE—7 Haitl
FToLBYRESHTZ. Nol, 15-hydroperoxy-cis-5, cis-8, cis-11, trans-13,
cis-17-eicosapentaenoate (15-cis, trans-20:5-O0H); No.2, 18-hydroperoxy-cis-5, cis-8,
cis-11,  cis-14,  trans-16-eicosapentaenoate  (18-cis,trans-20:5-O0H);  No.3,
12-hydroperoxy-cis-5, cis-8, trans-10, cis-14, cis-17-eicosapentaenoate
(12-cis, z‘rans—ZO:S-OOH) ¥ X % 14-hydroperoxy-cis-5, cis-8, cis-11, frans-15,
cis-17-eicosapentaenoate  (14-cis, trans-20:5-OOH) DR A& ¥ — 7 ; Noi,
11-hydroperoxy-cis-5, cis-38, trans-12, cis-14, cis-17-eicosapentaenoate
(11-cis, trans-20:5-0O0H); No.5, 17-hydroperoxy-cz's-5, cis-8, cis-11, cis-14,
tfans—l8-eicosapentaenoate (17-cis, trans-20:5-O0H); No.6, 8-hydroperoxy-cis-5,

trans-9, cis-11, cis-14, cis-17-eicosapentaenoate (8-cis,frans-20:5-00H) ¥ &£ T}
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9-hydroperoxy-cis-5, trans-T7, cis-11, cis-14, cis-17-eicosapentaenoate
(9-cis, trans-20:5-O0H); No.7, 5-hydroperoxy-trans-6, cis-8, cis-11, cis-14,

cis-17-eicosapentaenoate (5-cis, trans-20:5-O0H); No.8, 6-hydropéroxy-trans-4, cis-3, .
cis-11, cis-14, cis-17-eicosapentaenoate (6-cis, trans-20:5-OCH).

b D HPO BHEE®D 5 B, 14-cis trans-20:5-00H OFEFKILIT 4.5 B DX
BHoOMICEMERZ7R L, £ 0o HPO BAEEMBRICEEREHITRD
bt (Fig?). —F, =4 3322 T VBT FLEBAM LRk 2R
FICBNWESAICIE, V) —VBAFLVEEMLELERROVDESLERY
HPO OEBIIBD bNARP oI EhD, T 3P VBRTFIVETEE
REFTCTRARLETH D Z EHRFBRENT.

5. ERMELEWMMERDOHEE

TA YR B VB FLURERN LEGRRO Y OBREELEMDO TR T
o< h/F A% Fig8 IR T. AEUET CERELADERELLITLLPDDL
+. OBEHLERE (ER) TIERFICEBELEZSES (TR Koy
— 7 ENEL BRI u~ NS T ak R L. £LIE, E—72 Nol, 2, 4, 5,
SN — 7 AERKEN oI ENE, ZRBEEYRDO~y RAX—Z2FDEE
IERRBEIC L > THEMT 23 Z LRI NI,

@ E&

AR TSRO BB L REEEBRLIC L > TIEERENEESND Z LN
BAbneol. REEMELLTZ7on 7 4 WRERLTVEIHDEEZD
N3, ZHhET, ODHVREOKEBIECEOHVERTIE, HICRETLZ
LItE o THSEBmANBES NS L OERHIIE e TE . LrLiay
5, FNHNEIELKBILERD TH D A Fa =451 RO 2 RoHE
MThBEREINVR =B OSTRERICI VBRI WERERTHo .
EHRNZTHIERTIRIEENCREETHENA R X—F %54 ROSH
REBHICELZ 20, BRRICBITIBEARERBLERFEN RN FR
N x4 FESEEZEZ CEENICER LEFIREETH . RIS
I REEBLICI -~ TORERENDI A YR FZZ VBAKXRD
14-cis, trans-20:5-00H B X WY / — VBB XD ‘12—cz's,trans-18:2~OOH BLW
10-cis, trans-18:2-O0H 72 & DR HPO BMEZ LB OV ICRE L Z LIT LD,
BERIZBIT A REEBRAPEENICERA SN, =561, h b DOREKN HPO
BHEOSEYITEBRLCEARSARVI b, FEOREBBRLEE
TLEERTIRICBVWEENEEBLLYEILEEROTNLITRRDI I LR
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BRESOMEOBENLASZICTFESINE.
SHTREEANEORAROMBEIZIIZL OFAEBREENA VLA TY
3. IOHE, BEEHEBREABCEZELRNI AL, ETTIEERLILE
FEOEBHBRLLEBEICIIIbDLELILND. —F, KTROKER, CHRANFIE
THHIRALBICB T HIEERIT, BEE L ITERRERD PO ZERT
DRBRBIEBEETHLEEZIDOND. BREMNIZIZBVWERIZER DD L&
NTNWERHAGEREBBREEROBRKDOEEX, BTOLIBRIULERDLOMHE
BIZESSBOTHAS. LoLiads, avyy/R2EE0@EREBICITIEREI Y
EEMNELEEND 0D, ERHELEWDI/a~ T8 TaT
A NVDHREZITTIE, OYVOIZBWEKOBEEZFERMAIT bRV, ERMEL
EMTBELTIX, SHOICHFEMRRFTALETHD.

@ SHBORE

AREEERBFICBNT, EEANETAIRBER - BRERCIBITLEE
BALEMOMEICET 3 RFII+RICTRXA 2P k. ERCRNTZTET
H5.
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(A) | ees

10-c,t

FL at 380 am J 9-t,t

B | "_ 4;/1-0-0,1?
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W W k\w,

15 20 25 15 20 .25

Retention time (min)

Fig. 4. Changes in isomeric hydroperoxides of methyl linoleate
impregnated on dried seaweed
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Fig. 8. Changes in isomeric hydroperoxides of ethyl

sicosapentaenoate impregnated on dried seaweed
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Effects of Sait on Generation of Odor and Taste of Foods Due to Lipid Oxidation

Toshiaki Ohshima and Hideki Ushio
Department of Food Science and Technology
Tokyo University of Fisheries

Summary

Photooxidation of lipids on the surface of dried seaweed that was previously
exposed to visible light without specially adding photosensitizer was studied. Dried
seaweed impregnated with methyl linoleate on the surface was divided into two parts.
One part was exposed to a 500-watt tungsten bulb in a low temperature room at 5C
and then the impregnated lipids were extracted with n-hexane. The other part was
stored in the dark as control. Positional isomers of hydroperoxides generated from the
impregnated methyl linoleate were separated by high-performance liquid
chromatography and further identified by mass-spectrometry. For the dried seaweed

kept in the dark contained four hydroperoxide isomers, - including

13-hydroperoxy-cis-9, trans-11-octadecadienoate (13-¢,t-18:2-00H),
13-hydroperoxy-trans-9, trans-11-octadecadienoate (13-t,t-18:2-O0H),
9-hydroperoxy-trans-10, cis-12-octadecadienoate (9-t,c-18:2-0O0H),

9-hydroperoxy-trans-10, trans-12-octadecadienoate (9-t,t-18:2-O0H). For the dried
seaweed exposed to light, the oxidized products contained not only above four isomers,
but also 12-hydroperoxy-cis-9, trans-13-octadecadienoate (12-c,t-18:2-OOH) and
10-hydroperoxy-trans-8, cis-12-octadecadienoate (10-t,c-18:2-O0H). When fresh
seaweed was exposed under sunlight, formation of 12-cis trans- and
10-cis, trans-hydroperoxides of methyl linoleate was verified. The dried seaweed
impregnated with ethyl eicosapentaenoate also formed certain hydroperoxide isomers
due to singlet-oxygen oxidation, including 6-hydroperoxy-trans-4, cis-8, cis-11, cis-14,
cis-17-ethyl eicosapentaenoate (6—t,c,c,c,c-.2015-OOH) and 17-hydroperoxy-cis-5,
cis-8, cis-11, cis-14, trans-18-ethyl eicosapentaenoaté (17-c,¢c,¢c,¢,t-20:5-O0H). These
results clearly showed that singlet oxygen oxidation of lipids occurred in the seaweed
under exposure to the light, and it was concluded that this lipid oxidation was

catalyzed by chlorophyll in seaweed as a photosensitizer.
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