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TREFAPEETNS LT, KPERVWERER DI TH S, ERICBIT 2 IRE O F385H]
X 32H%, 1 DHRZRAF—PHTH D, BMITBVTEREEED 1 D& UTHEM
o, MDKBRTHDE /R ERLRKILY & R LRI, 2.25 5O RV ¥—%
HRLZEPMRETHY ., FERIRAF—JHERS>TVD, 2 DOHOEENT., EARBEL DR
ST TH D EARBIIAR B O AN Z 3 L. A SHAER 2 R L Tn 5,
Z LT 3 >HOZENL, FMEHEME L LCOBETH S, iz, IREOHhTY n-3 &
JEARBIFIRIEE (PUFA)D R a3 AP T UBDHA)R A IV R X T VBEPA)Z % <
& el faah VXIEF ITHERENE 235 < (Shahidi et al. 2018). % < D ADBLBHE SN TN,
ZDOHIHIZ DHA % EPA 25, $IRY (Rasic-Milutinovic et al. 2007)<CEIREEL IZBHR 35 0
I B (Laidlaw et al. 2014)EDEH TR L TR R < &3z, BkpED M L (Yehuda
et al. 2005)5%, ZERRFEREN 2R T O TH D, £, BURTIRAEBRSFOEFBEEICK
S>TH SR ENBEEARIIRETHIT D720, EOREBIERLCEREMEB NS NzrEshic
AZDEHRHFELN TS, T 5 LB O AMBIZ X 2R m W& RO
I PRHIEZCBWTHELELZEZ 615,

L Lz & e LTHWS ETHERH 5. Ziudfno L <#Evigiksie
THD, MOBALIZKEMOIETRRERDRHILZF [ ER T, T b DUEEH il Tidh
HTHEWRFRIZR Z 57D &HMEE L TOIHIZHEE L. MHIEBILO ILEEREIZ OV T
3% < OWFEPTDOI. Z D FERBULREEDH S 22> Tnd, HMIEOBILIZED S
DT HMNE D EERER 7 TH D PUFA TH D, PUFA IZEWRALAKZEDP G Y . ZDOHESE
Rz “EES AT, TOTEHMEOBBL L RBIZON, BIEH LD RE — KRR
i < 725 (Miyashita 2014, /il 2013; Table 1), failDEE{L R & — RAMbDIZ e~ Thiisd
THWEEDONDDIZ.DHAR EPABENZEN S D 6 DELHO _HEHKEEZHATHHT

HB, Table LIZREINTWNAS L S IZA _HIEADBIDRZICHEA L TWVWBKEEZERTY



NAKFEEESD, THUTFig. LIZRENTVBE XS, SR AF—2HEH>7Y)—F
THNRERZ XD BIERI N, IBRET DO HN(L) RS TERITHBRZEPRES L TRELVE F
VI TANMLOO) 8D, LOO BRALERTZD. HEILL K5 LMD ERT Y MhKkFEZE
FlERE. IWEE Fu XY RLOOH)Z BT 5. TN, —ET VANPIBES
N3 LD ERT Y MALKEZF RO TIREORRALPHEEINITEZ D . HIEDAE—F
Pl K 72 % AL RIS HESTT D & LOOH 2348 5 A3, LOOH 133 Ri /e &bt Z L.
K7 F RO~ E BT D, TNHDNDWD ZIRIBILERMID 5 b, K7+
T R EBE SRR EMDIE N2 R 2§, 2ok, FMamiEligz% < HtiEz
FIHI S 2 I3 R PR S ORI BB ETH B,

T DX S RBALBOGIT R UTEEARRIZIE, AL LZZBRITER S 0D T U ANk &l
SEDIKRET I NOMGPIBERE ILIZRRINTH S, £07D. ba7zu—1L%EDK
R VANEERIOHBILANIR Z 2 %H 2 RI2T . BES < OMiRIZIE. bl e L
TEXIVED—HTHS a-ba7zu—n@DAETEMENTNS, EHMEE LT
ZMSINLFREIMPKREMTHNE, ZOHETHRILZIET S LB TES, LrL,
THEAGZIFR L K ALAMR ETRIOHERT THYIZ DI HL 2R 1T 5 Z
EBRTERV. TV o T2 BEAFOHIALHI A S 280 Sl LA 7 Bl b 5k % fe
5. WOPDOT 7 u—FTHENED BN TNS, T 1 DiclEhebimith%
REHBEWEOBEENETH Y. AL ISRV V=, ATFFLRET )=
L&D BILEMMB R E N TS (Bhale et al. 2007, Erdmann et al. 2015, 2Frankel
etal. 1996, "Frankel et al. 1996, Magsood et al. 2014, Dwyer et al. 2012, Pourashouri et al.
2016, Zhu et al. 2009), LA L. LidofbazELiiliminy(a—X<Y —aihy<e
FHHEINIZIZRR R RO T BEEN TS Z EBEL L. BRM~ORHZRBRL T
5. ZODHHIBLRRZ SD DD, HURLFI DM AE DELHIRILH & HieLrEZ
RVWE., WO SHER L OMASDRICEDBIR I FELEGE S THwDS, filzx



BEha7zu—LET7ZRANEVBREDTATMELHMAGDESE, baTzu—n
FOANET AANVEVBETEILTHZETha7zu—Lohiitiz HETE S(A
b 1991)7z. XD BNRPIBILIRAYIFFTE D, E/ebarzzu—1E Y VREPL)
DAGDEPBEBNGIRILIRZ R T I L HRMONTE Y @IS 1994), PL THEHTHR
Z7FIONaY v (PC) RFARZ7FINTE ) —NT IV (PE) OT I /I EIRERIL
MEDT I ) AINKZNISTERE NS HBIEWE DO FIZ OV TOHELE L H B (Lu et
al. 2012), EHIZ. PLOMIZ L, VO URERFTUREDT I /HBETLTE RiRED
ANKRNIEEH T HIRERRILY & ORI X D B Lk B v — k& o sk iz o
WTOHIE L H B (Zamora et al. 2005), ZDfth, A7 4 > I4 RO 1 ETHBH R 7«1
YHZ=V(SGA)E a7 zu— L DOPEANT X B e RTS8 R LBy ik 6E
DS TV B (Shimajiri et al. 2013), Ziuk. k7 I /K EREBILhDH LR
SAFEEBBIE LT, OB EETET I/ AR AVSIEAER U, Hiigikhg
ZREMLIETEDELEZEZONTNDEDY, ZEOAH=ALFANTH S, £le. TI /N
RENVRIED AT Z AL S BFBZHLPITR>TEL T, ZO 1 D& LTFig2 DX 5 ITiE
LEVDONTNDEH, ZOFHITHL IR > TEL T, g bidoZ D & LTWHARN,
EiRD K 512% < DHUBIL HEPER SN TWD 2, REAmmZz&MME S LTUHT
5 ETHRHBILERHELESNTE LT, KT, AMoBLIc X > THESRI I 5@
KB Z D RIITBE LT 5 R RO LN TNDS, LTAT, ThE TOHRBILYEZ Hig
Les, izt 26tk e L ORI TESDIXSGA L ha7zu—
LDOPEHIE VWA D, MIMDBILHIE TR GBS R 5 DE. BALHI R ST 5 AR
THDH, SCGA & +a7zu—NDMAGDEICL Y ZOMROERZIHTEZ S L
BARBENTND, ZZ T AWZETIE. SGA DL IRTI /L tarzzu—nt
OO TR EINDHUBILOERBEEZIH LI L. 2z iicfnhoBIb B 23h Bz
T E SHHBIRILEOMS 2B E L.



91 E T EBARD R B2 N T I V7Y a— N (TAG)Z HW.SGA & oT
DPHIT X DHIBALRRITDONT, BRREAR B ORALIT AW & S SRR 7 D o7
Prick Vet Lz, &8 2 BT, AL TET DHEM T OFREZIT 5 & T, Wik
PR T O 2 & HREME R DR ZEF I OW TG L. fiho Jak e ko 7z H o3k
B Z R, 3 3 BTIE, & 2 RIZBW T, BEMlEhITER T 27T e R D
FRFEVER 7 & SGA & DRI ERH . SGA DHUBILIEIEITIRS B> TWB T EBHL A
2722 1=DT, SGA LAMD LT DHREIEL I THDT 7 u LA v &ORIGERY) 25
L. ZOHRLIETEZHG LTz, 7250 4 TR X VALt hkzrso 2 e
ZHIEL. SGA UANDT I ibkEWmERv. ZOREE & BB LG TE DB O W TGt %2
fiolze £z, SGA fAERITBITS of UADEL I v E FIREDOHIBILA RIZTONT L
ekt 217 o 72,



Table 1. Oxidative stabilities of typical PUFAs in bulk phase or in organic solvents.

Bisallylic Relative Oxidative
PUFA Double bonds positions oxidation rate stability
Linoleic .
(18:2n-6; LA) 2 1 1 Heh
Yy : 2\
& —Linolenic 3 9 9
(18:3n-3; LN)
Arachidonic
(20:4n-6; AA) 4 3 3
Eicosapentaenoi 5 4 4
(20:5n-3; EPA) vV
Docosahexaenoic 6 5 5 Low

(22:6n-3; DHA)

FoYoYuXO

DHA

(BV[} \/\CDOH

= Bisallylic positions

V7oA A (A (R VNV
OOOO

EPA

(Sorce: Junki Shimajiri, Master’s thesis at Hokkaido University, 2013)



Lipid Oxidation

Lipid ¥
- Lipid (LH) Peroxy
Lipid (LH Ragical (L ®) radica®
(LOO )

Radical (X8 » Flavor deterioration

Rate-limiting | Hydroperoxide

(LOOH) Aldehyde, etc.
*Decomposition )

~ Alkoxy radical (LO®)
Free racidal L Hydroxy radical (HO ¢
Hydroperoxy radical (LOO e)

Antioxidation g

Removal of the alkoxy radical :

Stops the chain reaction and avoids to
generate aldehyde etc. by inhibiting the
decomposition of hydroperoxides.

LO e+ AH =mmmp LOH + A o mmp

LOO «+AH »LOOH +A Removal of hydroperoxide radical and
L e+ AH ===plH +A o alkoxy radical etc..
AH: Antioxidant Stop the chain reaction.

Fig. 1 The mechanisms of lipid oxidation and antioxidation
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2-Acetylfuran 1,4-Dideoxyosone 2,3-Enaminol

Fig. 2 One of the mechanisms of amino-carbonyl reaction



1 A TAG ORRILIZHT 5 SGA OHiLRhH

J i

R IZHR D R S AR I BN THRA R b OBIAET 5. BILICKERGEE Y
ABAREMEIZB T, ZOMPE K BRBIZONERT YNMNIKZDOEHIS H 25 (Table
1)o FRALIT X D NRIHIRICIRE DO T D05 RFRDONRIHRITH SRR EITIE DV ki
AHZBWT. EXT Y AL L BL OB ITHIBIMES R o5 & DA dH B (Holman et al.
1947, Cosgrove etal. 1987), BlziE. UV /—nlk. UV /L VR T5% K. DHA O%
THOERT Y MK L, 2,3, 5 TH D55, ZOMXHIRBILEE X, Y/ — iz 1
L35L, YV LUEEE 21, TIFR RUEIZ 2.9, DHAK 5.1 &5 ZeA@EI T
5 (Cosgrove et al. 1987), FBILDHE—RAEINE 1 77 OB EIP A FERIBICHEE L B
RN A FY R(LOOH) T, MR D FOR G EIX SR ORIEITE CTRRD . &2k
SED LOOH 2342 U 5 (Frankel 1998). BE(LASE HITHf 195 & LOOH 1dorfi L. #RIEVERL
778 EDNET FALEMH AT D55, FFREVER T DR b S FENRIIBORIIC X > TR S
TLHHMOENTNWD (HEEZEE 2015). MIRIIMZ RiEiEEA RS L TB 0. FE RS
BMETHRE-OTVD, ZOEDBILOES LT MMM S bIEZ L TRRZZ &
BPHEINTNWS, LiL. ZRnZhOMlEOmAL TAHR T S IR T DRI MET
HY. ZOFHMZOWTIIANAREGLL V. AL THERT D HFEMER S, tlEO ST
TORRKOENTH Y. ZOMPRIZRER ILEZH#EDS LTS, DX 5 MR 75
R T D WHEIC T DA H D,

MIROBALLEM X, #5E LTV DR, R —EiA 2 2L EA9 5 PUFA OE
AT Y NMIKBEBHBLWEEELS D, LEB->T, EXTYNMIKEEZZENEN4HE 5
i35 EPA X DHA 2% < HLAiiIIERITIb S e < BARITHE S MM oJg:
HbHELWV. TDOX S RBILITHE S PR DOHESTZ A D120, —MAVITIZ PRI F DT



mEnTnd, —iic, PUBLANE Fig.l iRl izk sic, 7a b v zftb5 452 L Tg
bDHIZeL D7 VAN ZAEMEL (%) Lilisib 24 L Tnwd., LOOH DIrfiF
LT UHNREBOFAEC L W IRES WD), FIBLAIOMIE~DOTMIZ. LOOH D%
FRITPE 5 FSEMERL Y DL AT 2R 24T 5. UL, EPA X DHA iHikd LOOH
. FL LSRR E L F P AWIEEROHIBALFID A TZ DIz e iTiifl 5
EIFEEL W, 207z EPA R DHA 2%  SLeAIMDBE . BRALITHE 5 HRMERr DS
EENITHES ROPBIEDOREIZE D . BRMFEANOFHPNEL ZEZ 5N TS, BIfE. £
Mz AETLEBEMPRESNTVRERA, ThHOBETIX, AMMOBILIZHE S IR D%
b BRERBLE ET, o7 L—"—TREPHVERVE SR TREZINLTY
5. HlziE, s An=FuhkAath OREREEZfT>TNDEEL 57+ LR MRAXAL
XOVREINTNS [ERD 1 2V MMEEDY 7Y A2 bR, HAKERA24LD
B SN TV DR FE R A T DHA « EPA B AEKHD [ ~—27 1 2BV Tid. L
YIORI=ITN ML BT L= =Z2HVAROYEPTTONTNDS, ThE<AF T
TR WHMDRNTRELEPENT LS BHERIEHOCEEREETHS. LirLl, &
DA, HEAEITER Y ROEZRAMITH O HETIERWED, AROFERTHS 7V
Te MR EZRET DO TIER L. ROORMEIXEA IS TR, 2D AT
FI B2 A HHBEE BT DITIE. f U DR RN PR EN D,

BRI OBIL HALRs b2 e T D ETHEERME LT, o X 5 R moH
VR T DER Z R & 35 2 & BRET O NS, IREHOBALITHWER S D HEMEN Y
DOpIZiZ. TAT e RREDANKNEEZR > T AL GRS BT 5@ fH S 2013),
AMMOBILT S FRBREETIZT VT e FHEEZEZLNTED, AEROT AT E FEOD
FAE T CTHURBLME PRI T Z 2 HEB RO ONTND, ORI D, TALTE FOAN
RoNRETIVREAGTHIEMEDT I ) ANVKRNKIBOFIHBEZHbNSE, L1

508, T I/ HNEZEEWITRHRILIEEDOH D EBRCAMONTNINHTH



% (Majid et al. 2019, Alaiz et al. 1996, Zamora et al. 1997), #lz1E. I R=iLEWmE L
TIHNRERRACITHE o TER T DHFEMER P& TR E2, 7I /kame LTI T/
RO VIREPLRZ U RIE, XTF R, T /B EZHWTHEZ LS, &
U7 3 7 A NR L EM OB #E S h TS (Majid et al. 2019). FHIZ PL 2l
JRIZEM L. PL ERBIEM E DT 2/ IR VLA ORI R 2RI H L TililgD
b 22 1 % X B W92l 3% (Miyashita et al. 2018, Cui et al. 2015), FA 7 7 FT Ll
VPOYRKRARTZ 7 FINIE ) —NT IV (PEFDHARE PL 77 ARNDORNREICHT 58
STEEIISLE S 1994) b H V. 2 5 LEBAIT PC R PE 43 ichii bt 2 584 51213,
27 2 u— i EOBAFOHBBALWE DGR RAIRTH D EEZHN TN,

TIANEMELTIE. Z0M. A7 4 VIREOEKEDITHDE AT 4 T4 Rk
(SGA) ZZ Wz 1T, ATt U T bl L i 238 & T % (Shimaijini et all.
2013), ZOWETIZ. KFEPLRLRAT7 4> dY) VIFEZ a- b2 7 za—i(aT) P L7
BRALRBRIZOW TG L. SGA DHIBILAIRP IR BB, DVWT, A7 4 »IITY VR
<, 87 I FREDRT 4 VINRER PL OHUBILNRAZ UZ EBE TIRWZ L2k
LT3, 272, Shimajiri 5 (2013)DWHJE T falz JE IV BBILITHE S ~y AR
— A DEEFFAFRRLMNE I ER S DB Ll (POV) Z2 itk U BRALBL DRl AT
nTwWk, LU, BILIZHE S RREBIZOWTO IR ERfTo TR o 7=72H. SGA
TRINTHRIMDERALIZHE 5 R EOAERNHIZIFIZ OV T S AT S TH AR,

ABETRT I/ ANKZMEEMOHRLEICER L, 7 2 bEMOh TLiR 7
PUBALIGE 2 HD &0 5 Hi(Shimaijiri et al. 2013)238% > 7= SGA IZIEH Lz, 72, ik
R & Ui, MRIERRLEE. 52 PUFA ML AS K & < B7e 2 4 FEoilfie(faih - =% 7 Adih -
MR - K2 5872 MY T U7 2u—W(TAG) Z v, B L TR T % #s MRk
TTORHBITIEH LIRH 5. SGA IT K D Z DERBS IERh FIZ OV TRt L7z,

IRBATIZ 3HIP DD, 5 1 MR RERAF RO, 5 2 BT HIEER s B OB

10



%5 3 fiTIXRE DRI T DWEt 21T o7z TNHORGHT X V. SGA D3R Hil bk
WD 2 KT HUREE ST DRI IS A L TRA Tz,

11



9 1ET ERRERAEROWE

eS0T PIEES

1-1-1 AU O

MRl - =T Al - BRI - REo 4 2 Wz, fdili(DHA-55 : EPA-28MN
Z L1LITRAS)EAN=FakXatb X . =% 7 Anlild De Wit Specialty Oils 2L X D
ZnZntEInc b0z Ul s R OVR N AEsi e 2 H A Uiz,
DL-a-ba7zu—)L (Fe—) FREMIEWR»OMA L. A7 4 4 FIFEE (D-=
YABRAT 4 Y H=V(SGA)) B7Fav WL VAL, IO THWZREMER %
(20~150mesh) &&5 A F 545RVS BFHFATAZMWE Y. U A7V BW-80S i35
TV ITIEWE DAL, n-nFH ., JaakRrh, XX /) —NL(MeOH), PTF
NIZ—=FNR 1-T R ) =), 2-FasR ) =)L THOGHSEM & A Uiz, @mieisd
DREDHRIZHWEY 7F e Faxd brxzy (BHT) EBRLY: (fk) 6. U7
TZN-1-ELV =R AT 4 v (DPPP) 13k R ALARFZE T ThGE S h el 2
Liz. MIRDIENIRZ X F VT AT M-S DRI Lok b Y A, Bk X &
J = TR K 0 . BALKE- A X 7 — Vs B RS (BR) K VIA L7,
BB, Ml < Mtk s a~< b 757 4 —(HPLC) i DRI L 7= iiE HPLC &7

L— R&. ZOMpBdaERh 26 Lz,

1-1-2 R DREH
(1) oT D%
d3cm, EX50cm DA —FvhTL7u~vbE (BF7L) 2HOE, 1T AL5D R

IR 2 GG oD 7o, TEYEIR A 45 g 2 110 CT 1 Rfil s L. itk S B2z T

12



=R —TH®B L., Gk, 874 MU4Sg ZMA n-~"FH U E2EE, +HICRES
DEER®IT, BEHKRETA EPE—ICRDIEICHTAICREH Lz, ZOBE. REHD
HHBAFTIEL 5 %< oT OFREBREPITARWIED, BT LZMERPNE, BIEFD
BREEIDMR N 72 < 7 B X 9 X Z T THRE L 2. 7T AD ES#IZH 20 ml D n-~FH (T
TR E =K TAG25 g 2RI L 7z, WHVERE & LT n-nF 4 U 25l 2 o T
1200 ml i Lz o e n-AF Ui bu—& Y —Z /R L —& —I2 X 0 iEil 2 ¥
L7,

(2) BERLIRE(LOOH 72 &)DkR

ddcm, EX50cm DA T LERWE, BT LD PRI ZG D=, #1200 gD
TUITNMENAFTH UREE, FAICREEDELRICH T ACRE L, of Z2kkE
L7ziifiEZ 20 ml D n-~FH 2L, 17 A BRI LUz, DWT, n-~FH,
2%, 10% Y TF N —T V&R n-~FH LI E . il 2 THfPO T TZhZHh 200 ml,
300 ml, 1200 ml {#i L7z, 10% @iy ZMIL, v —&2 Y —Z KL —2 —TiRlE2 LS

B, H5 TAG 2457=,

1-1-3 K55 TAG Dbt
(1) oT BREhER
aT OFREDOREZITIL. RS2 %0 Lz HPLC 2. K% TAG #50 mg %
1ml D n-~"FH L THR MU, HPLC Irtrificid,. Mo 10 pl ZEA L7z, HPLC ©

THEMHZUTOEBY THY . ThERITHEAF oT DR L .

13



[HPLC srhrdett]

BT A Si 60 (4.6 250 mm) (5 um) (B {L2%)

Ry 7 L-2130 (H 37)

BRI FL Detector L-2485 (H 1Y)

HFEF =T L-2350 (H 37)

F—r 77— L-2200 (H7)

BEIH: n-~FH9 L 2- 7% ) —)L-=99.2/0.8(v/v)
717 LR 25°C

P 1.0 ml/min

Wk 325 nm (ki E 298 nm., #EIkE 325 nm)

(2) LOOH Dl ZHieid

rsauaiih i AR ) —L=2:1(vVIVEIKIZ BHT 2% 10 mg/ml-ZauafRi heid &
SITMAT=. &KIZ. DPPP#J1 mg #Z7 auii A5 mliZiEHh LT DPPP sk Z 5 L
2o BB TAG ZitBRITH) L mg FRELL . FEESR TIEREICHI - 72, &3R4 I BHT %
W% 100 pl. DPPP % 50 ul A TH%Z LIztk. W 60 ‘COLAT 60 izt
Lize KA L. 3 ml D 2-7 a8 ) —u&hiil, HPLC it HD /A TIVBLIZR
B OV 7 NEHE 100 pl & D, 2-7 a8 —)L 900 pl ZINA THaICBRE S
Bz, HPLC 7biliZ. TDNA TARD 2 ul ZTEA LTz, HPLC D& Fo &
BD&EL. LOOH OERZIToT=. PV k& DPPP OMBIZEId % #iii(Akasaka et al.
1992) Iz, AOCS DAEH(AOCS 1998) TEDH = POV 25 1.0 meg/kg LA RTHB T

LR L,

14



[HPLC srhrdett]

717 A Develosil ODS-UG-5 (4.6 X250 mm) (5 ym)
(L)

R 7 L-2130 (HT)

R ds: FL Detector L-2485 (H1¥)

BT KA —T L-2350 (H 37)

=t 7Z—  L-2200 (HT)

BEIM: AR ) —NI1-7 & ) —N=90/10 (VIV)

717 L 40°C

Pt 1.0 ml/min

W 380 nm (ki 352 nm.  HEPEE 380 nm)

1-1-4  TAG DNRIEEHLED 77 bt

Prevot & Mordret D7 VA YK X F L= 25 ik (ME {k) #i(Prevot et al. 1976)I123&D
WT TAG DfiFiRZ ME L LTtk GC-KFE %A A L ALkridR(FID)IT X U RIGIEHHIL D 77
Wit o . FIEL ME L2425 2N NaOH-MeOH % 2N HCI-MeOH Dk 53 LA

oMWY THD.

(1) FAHKER B
2M JKIglbF b Y T AR R ) — VISR

KEBIEF YT A 409 ZBBAARZ ) =N 50mlIZ=TF3Fy I RAE—F—%H]

WTHIES BRI B .
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2M Hi{EAKRFERA & ) — VB

3.3 M- LKE A X 7 — L ik HCI-MeOH ¥ 10 ml 2K X & 7 —)L 3.7 ml Zhh

ATz

(2) XAFLTZTME
RCHRBREIZB L Z 10mg O TAG Z& D n-~FH > 1 ml & NaOH - MeOH % 200
Ml inZ. Voltex X &3 —T 10 MREIHEHE L 728 50°COBRT 30 IS Bz, €08
HCI-MeOH 7% 200 pl 2T 1 4rf# o Voltex I 4 —THi#R L 72812 5 478 3000 rpm D
HWLTHEZIToTee BEO n-~"FY IR Z MDA T VAL TEEH RIZKD n-

NV U ERE L. WIBOIENIB A F L ATV (FAME) %57,

(3) GC-FID 4r¥r

N FAME 2 n-~"FH U TIRESBIZHER L, TOWHD 1 Wz~ 7al )y

T GCITEAL. Hi#EiToT2e GC-FID DSz FDEBY THB,

[GC-FID 75 #fr5eft]

B GC : GC-14B (&)
AT 7L —~&— . C-R8A (ksidt)
B FID
BRI 260°C
SALES TR 250°C
27Uy b 49:1
7 A Fused Silica Capillary Column Omegawax 320

(30 mX0.32 mm), (Supelco Inc.)
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717 LR 200°C

Fx UTHR: ~NY T A
i 1 ml/min

1-1-5 Yo LG Lk
oT & SGA DY U 7 NFPORRKZRH L7z, aT X n-~F P iz, SGAlIZZ uuiRiL
LiAER ) —N=T7.3 DWEPITEL» L. ZNZ1 0.15 mg/ml & 3 mg/ml DIREIZFHEE L 1=,

20 M BEBANA TNUZEY T % 1L ml 7 O8IL, EEXG FO b & THEREZTT-

r\“,

o D%, FIEROMEZEERMLUE, S2AY =L EXRy o iz I LB 2D
F. 50 M7y ¥ a THLKIGER Z 30D ELE HIITk VAT, ZTOHRNL TV
I T FNETELATLET NIV = AP KR > THEZR T, a2 BHAL. W
Fi K 50COIRETA v Fax—b Lk, KFROFHTTHRITTE 4 DDTN—=TROGEY

TVEBUTDOEBYTHY . ZNZh n=3 [T TRILFHRZIT > Tz,

Jn—71: TAG 300 mg
JN—72 . TAG 300 mg +aT 0.15 mg
JN—73: TAG 297 mg+ SGA 3 mg

TN—7 4. TAG 297 mg +aT 0.15mg + SGA3 mg

1-1-6  GC-BMuE M ER(TCD)IT & 2 IRAL ATl

A 7uY Y T TAY RAR—=2Z0 20 pl ZHY . —EREIC TCD % % L7z GC ~
HEAL. dhizfrofc, BALITHE > TNy FAR—=ZHMDBHRDOE— 7 BgPI 35D T,
ek L BHRDOE— 7 DL 2 RIFINZB V., IRORLITHE 5 IR EA R DA 2 kI
oW LRI 21T 5 /2. GC-TCD D&M TN EBY TH 5.
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i
B

LR
Bt

Bt B
SR

VAN

H T LRNE:

XX UTHR:

~Y 7 AJE:

[GC-TCD 4rhi4eft]
GC : GC-14B (J&)
A F 7L —&—:C-R8A (i)
AMP-7B
TCD
120°C
120°C
Molecular sieves-5A
(60/80 mesh; 3 mXx2.1 mm)
70°C
~NY T A

50 kPa
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iR S OB 5%

Table 2 3 X T Fig. 3 IZA KRG THWZMIED# TAG ORI Z 2~ LT\ 5. llED
BRALIZBIfR T 5 PUFA IZHH T 5 &, f PUFA IZMH. =% 7 Al @R, KRG T
ZNZN 52.2%. 68.5%. 60.8%. 56 %A EN T\, Eiz. AMAIENIBOHTHIER

TIRAED W & F DTV B EPA(20:5n-3)%° DHA(22:6n-3) 2 % < A TWB T L 2 AT
&7z, PUFADHTH RN E LT, =3 v AMTIZY / —Li#(18:2n-6), a-y-Y / L
VI£(18:3n-3, 18:3n-6)& 27 7Y KU (18:4n-3)%., HEK-HhXY / — L #(18:2n-6)% a-
VL UE(18:3n-3) 2% HATWE, £HKREIMTIXY / —LiEE(18:2n-6) %2 < & .
% TAG O PUFA IZB1) % FERIIEARR D T L 2R TE . YV / — ViR a-, v-Y /
L VD —HAEE OB 2. 3 TH S~ TEPAR DHAIXZNEZEN 5. 6 L L=,
Cosgrove 5(1987)DERT Y ML KFED KL & BALSIEOHBINEICBE 2 8 0. ARSRT
ARENDK PUFA Bb %%, AR THO ZAZBRILGEE Mol L 0 LT e
Erbhic,

Fig. 4,5 1&, #&lfiE 2 50°CTRIL S BILHAB D~ Y FAR— R OB RBAF R DR
BRLETT7THD. HiBLHID oT & SGA 42 Hildh 2 WXl & iRINL. Z Ol
btz % TAG IZDOWT IR L. £ 7= Fig. 6,7 Tid# TAG Db L e 2 ik L= 7
7 7%= R-L TIN5,

Fig. 45 2256, XU AN, WM. KOO TAG TH, ZTORILLERDIE
ZD3. [TAG + SGA] < [TAG] < [TAG +aT] < [TAG +aT + SGA] &7 o 7=, oT & SGA DtH
FIMEIER T @ VBRI % 7 L2A5, SGA ORURINE A 2 - Tk 2 g Lz, Lz
Do T, SGA I aT LIfrd 52 & T, aT ioxf U TENZMEAHIBILIER 2273 2 & 28
W 5227 o Tz, — 75 £l TAG DIBIL LM, [TAG] < [TAG + SGA] < [TAG +aT] < [TAG

+aT + SGA]& 7R > 7= (Fig. 4 A). fthod TAG FIFEIZ oT & SGA DRI TIER IZEm WL
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LMz R LT2A3, SGA O HUMIRINTIEE TOBILIHlZ7R L, fhd TAG LR AR D4R %
A LTze $72, % TAG RIOBIL &tk % ik L 72356 (Fig. 6,7). [TAG]. [TAG +aT] . [TAG
+aT + SCAJNFTIUZBNT b, ZOLEDNEFRIL. falh < =F T A0 < WM < K
HilE ok, —J. [TAG + SGA|IDAIZB W TZDNEERD. TF 7 Al < WK < 4
i < KEMeEZRolk, D) ARALITRILT 54T SGA DAZKMT 5T & TX
T AN, R E D B TROWEBIL R ENEZ R LI (Fig.7A), ZHUREHL(2013)IC & 5
& B BRER L 7o fo. T DO T, Table 3 1T & NENRIFBHLE 2 F > fili T, SGA
O HMRINEERIL 2 R S B 72 L HE LTV A (Fig. 8). T DD EPA+DHA & RIT AT
e THWW AN Z h(Table 2) & Y 2272 D &\, Hidalgo 5(2003)i%. 73 / A R= ik
BVOHBILTEEX,. 72V BEOT I /L& iR, RHTIRITROBICITANER
SRRy & DRI BIRT B & LTWD, 37805 SGA BRI THIB LM 2R S 78
o leT Xy AL M. KEcAe <A ENRWY DHA X EPA OEH R, #BED
WG L R U TARERD IS o722 &5 EELOMEIZBIR L TS o et A5 HEE T &
5, TNHDT LB, KIEBROD D SGA BRI TR L OIS & B - TEHTRH
O bIBL L et 2R LR, RS SR DE N, BIH Z DI TH 5 R
BRI DENIZ K D b D LHElE vz,
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Table 2 Composition (weight %) of major fatty acids of fish oil TAG, echium oil TAG ,

linseed oil TAG and soybean oil TAG. TAG: triacylglycerol, *: <0.05, - : not detected

Fatty acid Fish oil Echium oil Linseed oil Soybean oil
14:0 47 0.4 0.0£0.0* 0.0£0.0* 0.1 %= 0.0*
16:0 11.4 £ 0.5 7.7 0.3 56 0.1 104 = 0.1
16:1n-7 3.5*x0.2 0.1 £+ 0.0* 0.1 = 0.0* 0.1 = 0.0*
18:0 3.3 = 0.0* 3.6 0.1 3.6 = 0.0* 3.9 *+ 0.0*
18:1n-7 1.78=* 0.0* 0.6 = 0.0* 0.8 = 0.0* 1.4 £ 0.0*
18:1n-9 6.4 = 0.0* 173 £0.3 25.7 = 0.1 26.1 £0.1
18:2n-6 0.5 = 0. 0* 16.1 £ 0.2 16.9 £+ 0.0* 51.4 £+ 0.0*
18:3n-3 0.2 = 0.0* 293 £0.1 439 = 0.1 4.6 = 0.0*
18:3n-6 0.4 = 0.0* 11.6 £ 0.2 - -
18:4n-3 1.8 = 0.0* 114 £0.3 - -
20:1n-9 1.6 £0.1 0.9 = 0.1* 0.2 = 0.0* 0.3 = 0.0*
20:4n-6 2.7 *x0.1 - - -
20:5n-3 15.7 = 0.2 - - -
22:5n-3 29=*x0.1 - - -
22:6n-3 279 = 0.8 - - -
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Fatty acid composition (%)
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[ Fish oil M Echium oil M Linseed oil [ Soybean oil

Fig. 3 Composition (weight %) of major fatty acids of fish oil TAG, echium oil TAG ,
linseed oil TAG and soybean oil TAG. TAG: triacylglycerol
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Fig. 4 Effect of SGA in the presence or absence of aT on the oxidative stability of fish
(A) and echium oil TAG (B). The stability was analyzed by measuring the decrease in
oxygen in the head space gas of the vial. Oxidation was done at 50 °C in the dark. The data
ware expressed as the mean = SD of three separate experiments. TAG; triacylglycerol,
SGA,; sphinganine, aT; a-tocopherol
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Fig. 5 Effect of SGA in the presence or absence of aT on the oxidative stability of linseed
(A) and soybean oil TAG (B). The stability was analyzed by measuring the decrease in
oxygen. The data ware expressed as the mean = SD of three separate experiments.
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Fig. 6 Effect of fatty acid composition on the oxidative stability of fish, echium, linseed
and soybean oil TAG without (A) and with (B) oT. The stability was analyzed by
measuring the decrease in oxygen. The data ware expressed as the mean = SD of three
separate experiments.
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Fig. 7 Effect of fatty acid composition on the oxidative stability of fish, echium, linseed
and soybean oil TAG in the presence of SGA without (A) and with (B) oT. The stability
was analyzed by measuring the decrease in oxygen. The data ware expressed as the mean
=+ SD of three separate experiments.
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Table 3 Fatty acids composition of fish oil TAG-1

Fatty acid Weight %
14:0 7.7
16:0 8.6
16:1 14.3
18:1n-9 9.1
18:1n-7 3.3
18:2n-6 1.4
18:4n-3 34
20:0 3.8
20:1n-11 1.1
20:4n-6 1.7
20:5n-3 23.5
22:5n-3 2.1
22:6n-3 8.6
Unknown 15.2

(Sorce: Junki Shimajiri, Master’s thesis at Hokkaido University, 2013)

27



<Oxygen consumption>
100

80

60 Ny

Oxygen consumption (%)

20 ‘ -
0 200 400 600 800 1000

Oxidation time (hr)

<Peroxide value>

600 (B)

~
(=]
o

[=]
o

o
o

200 pf
100

o

0 200 400 600 800 1000
Oxidation time (hr)

Peroxide value (meg/kg TAG)
w g v
(=]

+ Fish oil TAG(Control) +SGA == +aT == +aT+SGA

Fig. 8 Effect of SGA on the oxidative stability of fish oil TAG
A, changes in oxygen concentration in the headspace gas of the vial;
B, changes in peroxide value (meg/kg TAG)

(Sorce: Junki Shimajiri, Master’s paper at Hokkaido University, 2013)



95 2 8 HORYER T D S b

eS0T PIEES

12-1 kRO
P BE R ORI, W &4 U D% BT L7z

1-2-2 RO kS

1-1-2 EFkEDFHHETIT o T2,

1-2-3 AR5 BER L DORERR

1-1-3 LD H Tl o T2,

1-2-4  E¥RZEBRH R MH A7 a~ b 7Z 7 4 —(HS-GC)IT X 5N 5 D b
% TAG OB L Bibix 1-1-5 LD HETIT o= HS-GC Z W THIEMER 5 D57
a0, & TAG ORBLBILIZOW TG LTz, WAL T EB Y TH S,

[HS-GC 4rhi4f¥]
Yl GC : GC-2014AFSC (i) (D)
F— " 75— HS-20 (Bi) (@)
ST &SFFTY 7 b ¢ Labsolutions ()
OD#%E

J17 A HP-1 (50 mX0.32 mm, 1.05 um Jfi)£) (Agilent Technologies)
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BT LR D 40°CE 55 = 3C/min T70°CET

s

R AR
SAL L
27Uy b
Fx VT HR:

~Y 7 AAOE:

ik

F—T R
PUTNTA B
NFVRT7—F4 RNE
INA T VAR
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a— RREH]

0 — RSEHALIRER]
TEARHH] -

=— R V7T i

= 20°C/min T200°C£T

FID
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49:1
~NY T A
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50 kPa

50 kPa

N—7E—FR
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iR S OB 5%

Fig. 9,10 1. &% 50°CTRIL S BIEHEE D~ Y R AR—=ZhOHAGEN TR D
RINELZR LI F7 7 THD. 8B, ABahd, & 1 708 1 i TOmRKEARNER &
FW Y ZUHD~NY RAR—=ZREHWIiZ2To .

Fig. 9,10 X V. oT & SGA OO, & DMIRITHR LT HEALIZHE 5 #FEtEs s o
25k KN B 2 & BADh o Tz, — IR ERMIZIHW SN D a T EOHURILHNZ. i
BRALTEL DIV AN MR T 5H%H2H-oTEY., 7L 7T ke 0P bR 2HER
ETB5DTIE7% <. LOOH OERZMHILZ N A EmEALT ST & T HIERFEED
W22 OB 2R RE2HT 5. M1 39-40 ARFICHAT, HURHIZE SN SMIEDE LWV i
IEPILIZ X D EHEFEPRETE Y. TR L R - TR EES H A RMERT
BURKILHEME AR E SN D T L ITR o T, MIHTBILYMT %2 7~ 3 POV A% 900 meq/kg % Bk
AR Y., Ztombh SBIETIE POV 22—l N L35 Z LABIgILRE L 7>
TWSCFMES  2013), ZORMKIZRMOFERIZE >THLERD, 10, 30, 50 meg/kg LK
R EDHHENRDH B H, % < DEME 30 meglkg AR EFEE SN TSI 1998), F7z[H
G TIZBEBIEYARIZBI L. MR ORERICZBIT 2BILE S Z R T 5 & O TR
EZHWT 55D TR, LD E 5 Ll bW & 28T g % 729,
R P D IEHEME VL FTREZRBR D AR W KHEIZ T RE LR RT WD, —J7, Al ETHEL
SIREEBAEIE. RREMEME ERP ITHEIER O ~E LT LU E 572, BbEE
DEN NI BN TEBREWM & B ROMBIEAENZ EARMEE L TEFLN TS
(Ritter et al. 2012), TD7=H. fanzhiE LA Zam LU TREE S TV 5 paihosaie it
YOSEM Z R L TV SSBATH, MERBEE R L bH D,

THITH LT, SGAIZaT LOFHEMYT 5T & T, & 1 fi TR S NIBEREAROMD
R KMA DT THRL ., A TOBGHER TR I N K 5 ITHREMERS Iy O 2L Iz 3B
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WTH aT BRI X 28 12185 2 Rl SV ERIZ R S iz, ThE TORFEIC X
D, faOERSBIED ERIE EPA 2 DHA OBBLIZHEWERT I T LT RETHD L L
TWd, ZThx LT, TIUEEMITATE REKIEL T, ZoHEE2LbE. Ek
Pl dLEZONS, HlZIE. PUFA DEBEL THER TS ERTIALTE RD1DOTH
% 4,5(E)-THF-2(E)-~7FF—(EH) (Frankel E. N. 1991, Swoboda et al. 1978 )iZ.
TIJBOY T EDRTHERPITKIL (7 I/ HNVKRZAVRIR) 52 E&BHEINT
W5 (3Hidalgo et al. 1993), ARFZETH b7 SGA IT K 2 HRIEM: Ak 7 D L Rl FH .
SCGA DT I/ IIZX DT I ) INKoNVRIEZAN LIET VT E FOHEPRESBD-T
W5 EHEMITE D,

Flo. FIEMER T A ERL U RO IR R AF R A 2T N Likd SEL#ICE B LT,
AR R BROBENZ IR L & 2T A, T3 7 Al MR, KT, [TAG + SGA]
> [TAG] > [TAG +a T] > [TAG +a T + SGA|DIE TR B IME N L7z, — i TH
WTIE. [TAG] > [TAG + SGA] > [TAG +aT] > [TAG +a T + SGAIDIEFE L & V. # 1 fiilic
B DEERBINBEDENT K > THRONTZBIL LEDORIR E —B LTz,

TDESIT, AHiTHONIHREER IRED O ONS TAG OBILLENL SGA
DORFIZ. 1 MORIRE —BLTEY . BALIH DR TH DREREAFR LM
IR EZ BT 5 2 & TRIMDBALZEMNZ XV IEMEICIMETE 52 LR hi, £
TEABGRHERD B, aT & SGA OOHIRINA i 2 & D e AL DO &V TAG 126 LTl
NZehiietkzr_"dZ L, S HIZEMMTTREL 2> TW SO R EOHFNTD

WTOLRIERD D B alRetE B Hciim S .
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Fig. 9 Effect of SGA in the presence or absence of aT on the formation of total volatile
compounds during the oxidation of fish (A) and echium oil TAG (B). The stability was
analyzed by measuring the increase in the total peak areas of volatiles. The oxidation was
done at 50 °C in the dark. The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 10 Effect of SGA in the presence or absence of oT on the formation of total volatile
compounds during the oxidation of linseed (A) and soybean oil TAG (B). The stability was
analyzed by measuring the increase in the total peak areas of. The data ware expressed as
the mean == SD of three separate experiments.
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iR S OB 5%

Fig. 112, 50°CT 26.5 WAL S B 7o M & 220 L g v D 7 v < ~ 75 Lz
ALlc, &2TOZu= b7 AT, RERFH (RT) =91 7fHEICKRERE—7 PRI H
7o L LMIIRDOREEUTHWE n-nF Y B2 BTl L& T4, [ RT iITE—27 A
KNz, RT=91 IIHEOE—713 n-~"FH L DLDEL Do, FIWREEOM
fRicEHRR 2 1 MRS T, WIROBARHEEZRAATLL TA, RT=9.1 JITE—7 Hk
HENRP-TZ e b, 7us b7 A5HD n-~FH 2 E—ZIZMOBBILIZ & > THER
L7zbDTIER W &M L 7=,

Fig. 4 A TIRLIZEL ST, fnh%z 26.5 IFIRIL LZZBITIX.  [TAG], [TAG +aT], [TAG +
SGA], [TAG +aT + SGA|DEREFRNBZNEIL. 32, 80, 61, 5% &7V, [TAG +
a T+ SGA] TIEEMLAR RINTMH S h TWizlz®d, FRERIIZOVWTHHN > —
i3 E N o, —Ji[TAG)TlE. RT=5.1 /rfhEic K& B — 7 (FRMER Y X)h3
HEnhiz. FL[TAG +aT|TH 7 u< b7 AP TREKROE—I7 B -FRES S h
7zo —Ji. [TAG +SGA| Tt b K& K i SNz ¥ — 71 RT=5.3 Ic¥si Lz, E2[TAG +
SGANZBIT BHFEMER Sy X O ¥ — 7 ififild 14196 TH VY. RT=5.3 TRINEE—JH
Fifii 25584 L D /NESVERRENE, TOTEHw-3 PUFA 2% AT 20
L TIZ. SGA ZIRMM LW EITIZEFENENR T X OE—=7 BT L TEH BRSNS &%
AbNT, TNHDT LMD L DODOfiHE LT, SGA B X LKL L. ZORERTAG + SGA]
TIX[TAG]HMH S VIK[TAG +a T &3 R D, XDE—IPNSSENEEZ LN,

Fig. 12 1345 TAG DIRILIZ X D Bl L IeHi3Etkiior D 7 u~ + 75 ATH 5. MR
By X IZEH L. & TAG IZDOWTZDE—Z iz kT 5 &, il =3 v Al K
=3, KEMZN 2T, 62585, 13385, 2291, 0 &/eo7, T7hbDH. w-3PUFA D&

BOZHEREE OBAHL < BALEEE S ORI B W T, X OEREPENT 5 2 LIRS H
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Tzo DLEDRERP B, [TAG] & Hutlie L ZBRICAMD AT SGA DOBUMIRING X 245 T Ok
AERRPRSNIBHZL TOX S ITHERI L7z, £9, B LXK 51T, SGA 2HFEM:RL
7 X ERIS U, PUBRALTETEICBID D RISERMBPECTz & E X e, £z, Fig. 12 1Tm LT
O ITABAEDRE < 0-3PUFA ZX D < EHTHAMT X BELERTHI & b0
27. LIER o T, MM TIZHREMER Y X LD T Ml 5 5%f7 LTAEL, The SGA
PRIRT BT &I X DS 2DOHIBALWE LM L. Thds, FAITkd 5 SGA DF T
PUBALTEME L BIER LTS SHERIL 72,

Fig. 13-20 134 TAG ORLIZB W T, 4 DMy, 7 a8 —(Pro). ~FH%5F
— b HRFEPERSY X RO RT=5.8 I[Z/R SN DHRFEMES Sy Y 125 H L Z N Eh o Epiit & ik
BEZEAL TR ULIZS T 7 TH D, MR X R OWRMESY Y I28 H L=HHIE,. SGA D
BRI CME—Pii bt 2 8 U7z S D[TAG+SGANIZB W T, Z D4R Z[TAG) & i L
B ZnHDEMIHFIB R ONTZZ LIZH D, £ Pro RNFHF—1izON T,
ZhZhw-3,0-6 RN bER T 2 RENLEFHER Y TH Y. RN 12X 281k
fikE &7 > T (Homma et al. 2015)7Hli 7 A7 & FIZHH Lz, RBERFEMER X
TOFEMTRT 2 L. Pro D RTI1X 5.3, ~AFXHYF—ADRTIX17.9 THDZ & ZHER
L7z

FINZB W T SGA 2RI U 72T HREMER Sy Y AR S iz, LA L Fig. 12
b DA D X 5IT, AIMDERL THIFEMER 7B S Nk TP B Tld. Pro RffZEME
oy X OHDPBIENTED, YIRIFEALRHTERP>%, AT, Fig. 14 A TRE
NTVD K9 IZZDAERRIZONT, BALI THF (500 Bffa]) £THNT L E A, Ak
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Fig. 11 Representative GC chromatograms of the volatile compounds from the oxidized
fish oil TAG aftert 26.5 hr incubation at 50°C. A, TAG; B, TAG + aT; C, TAG + SGA; D,
TAG + oT + SGA.
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Fig. 12 Representative GC chromatograms of the volatile compounds from the oxidized
fish, echium, linseed and soybean oil TAG after 26.5, 26.25, 45.25 and 52.5 hr incubation
at 50°C ,respectively.
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Fig. 13 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of fish oil TAG. Major volatiles: Volatile compound X (A),
propanal (B). The data ware expressed as the mean = SD of three separate experiments.
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Fig. 14 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of fish oil TAG. Major volatiles: Volatile compound Y (A),
hexanal (B). The data ware expressed as the mean = SD of three separate experiments.
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Fig. 15 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of echium oil TAG. Major volatiles: Volatile compound X

(A), propanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 16 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of echium oil TAG. Major volatiles: Volatile compound Y
(A), hexanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 17 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of linceed oil TAG. Major volatiles: Volatile compound X
(A), propanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 18 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of linceed oil TAG. Major volatiles: Volatile compound Y

(A), hexanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 19 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of soybean oil TAG. Major volatiles: Volatile compound X
(A), propanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 20 Effect of SGA in the presence or absence of oT on the formation of major
volatiles during the oxidation of soybean oil TAG. Major volatiles: Volatile compound Y
(A), hexanal (B). The data ware expressed as the mean = SD of three separate
experiments.
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Fig. 21 Representative GC chromatograms of the volatile compounds from oxidized
soybean oil TAG, after 0, 91.25, 145.25 and 195.5 hr incubation at 50°C.
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Fig. 22 Chromatograms of volatile compounds formed during oxidation of fish oil TAG.
Peaks were detected by FID (A) and total ion in the mass spectromertry (B).
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Fig. 24 Chromatograms of volatile compounds formed during the oxidation of soybean
oil TAG. Peaks were detected by FID (A) and total ions in the mass spectrometry (B).
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7o BRALIER] 0. 4. 8. 12 WFID 4 DD I N—T %3, P DRI o 1=, #oh

IZ-30°COBTHETHRE LTz, T N—TD5HiEn=3 Tiro 7,

2-2-5 POV IZ & B3

(1) 1%(Viw) TASAFERIEDFE
119 DTASAIZ 100 ml DZEFKZEMZ. 60°CIZEE LIGnh TNEL 22858

IR,

(2) 110N HEZ u @l V v LAEEHEES IR O 15
200 ml DK 7 F 2212 591.31 mg DEZ a Afgh VU AZEEL, I VIEAY Y
L) 10 g(SEMIE : 10.0320 g) & e 20 ml, & HIZZRK 100 ml 2z Tk L < 2

V. IVERERSEL. ZORILHPITHENTT R TRE L.

(3) 1/210N K Ur1/100 N OF F R+ bV 7 AHEER L O3

100 Ml ZBKD A AT T A FAHERT bV U ARKIY 2.4819 g ZHRFEL . Z&MK
TART Y7L TUIONDOFAGEET bV U LAEERIKZRE Lz, £, ZOBK
2510 mZFR—LERY b TEY, 100ml BHD X Z 75 Z2%HWT 1/100 N D%

Wzt Uiz,

(4) BT T LKESEDOHRE
VLAY VLY RE—A—IZL D, VLY Y LORHED X 51T

RUK TSRV IBERDP O UEL T2,
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(5) 110N FAHEEF bV 7 LEHEREIK O Syl
Ea by MZ1/100 N DQ)DIEKZHEWEHE. QDI 10 ml Z2=/47F 2 aijze
D, EHELZZI TV ROTERITo Tz, WA LRHTeH 1IN TASAERERZMA, &
T 5 BEMHBN K LI, WlITRaE RT50T, Theikmie Lk, $kHE/n
LAY T A EEERVI VLS Y T LK 10 g(F2HIE 1 9.9969 g) & HHEEE 20 ml L OY
K 100 ml ZiRE LR a3 U, PR THEBROME bITo . BIMEREIX n=3
TV, TNZIIZEL FORITHE > T 1/10 N FAHEET b Y 7 LEEHERRIE O il 2 3

ELT,
1/10 X A/591.31X 10 = 1/10XfXB
A= FEZuAEh )T LAOFERME (mg)
B= 1/10 N FAWilEF bV U ABEKOWEM  (ml)
f= 3R B i
B % 1.016 THo 7=,

(6) fadh TAG IZhid % POV HllE
BB LAYV TV HE TR L%, BILBILEIcSbEEE 200 —550
mg D% 200 ml Jbke =447 T X I ~NIEREITFEER D L 7 1 v 5V AEE=2/3(vIv) 35
ml ZMAERES Tz, WNT, M3 7k Y o LKEK 1 ml &2 X ZAEXy R Tl
A 1 RHR D BE T, WINTT 5 OHEE Lz, K75 ml 2L <#kE 5
Lo 1% TASAREEZ O THRAERHEEAL RS S, VLAY v ADBILTEL

ToilielfE = v FR 2 (3) THRE L 72 /100 N F A hiie 7~ b U U AWK CTIME S 2 2 & TH
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L7z, POV IZARIZTX D kD=,

TRBARRER L WAT L. BRI TAG 22 0B LT o 7=,

POV = {(A-B) X f/C}X 10

A=KHBROTHER (ml)
B=2Ei AR DiE R (ml)
=i bR %
C=ilRHRIE (9)

2-2-6 GC-TCDIZ X Ak am

1-1-6 L [FRRD T o 2. RBPOVIHlE &EWifT L TIio 7=,

2-2-7 HS-GC IZ X 2 L3

1-2-4 L WD B TIio . 7 BPOVHIE B OGC-TCDr &ifT LTI o 7=,
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iR L OB 5%

Fig. 26 1S FIOBLFIINGO-12 Ref)ITIB I DEFKEfAE L Acr RO T a"F—)
(Pro)D’ Lt & DBIRZ R LTc T T 7 ThH Do BEFIEAAHED 95% DELRE T, Acr ) U¥ Pro
FBETHRHENDE Z L b oTe. ZDOR®. BHEBAARI D LRSS OME. H
IZ Acr R Pro & W o T2l ORIEIZIE DW= A X 0 BT AL & OV L3I A5 rT RE T
HdLEZLNI,

Fig. 27 1% 4 WRR Z L ITHRMER T Z 0t LIZBED 7 u~< b 75 ADFERTH S, X
D BAD KANZAIMOBRILITHFENE U #iEVER 7 TH 5. Acr X Pro IXFEAL 4 IFFfAI#R &
PR BNEE DAERT D 2 LA RS N, £k 8 BFilfED 7 u~ F 7T AlTiE 3
DOFIR/NE—=T B S NR, BILD T I S Wb S iEFE & L
T Acr & Pro TH 5 Z EHBWEIZDI -T2,

Fig. 28 IZHREME ek & Acr KO Pro BB L DR ER LE/S 7 TH D, £
7z Fig. 29 13HFEMER TR R D Acr, Pro kO LA OFSEVER Sy B2 #IG TR LT
777 ThHbd. HIEERIRRIZANE Uz B a0 RAITR S iz & IR TERR 2 O i RHE
ZRLEDEEMTH S, Fig. 27 ITRENTVD K 5 IZHEFITIX Acr R Pro 233 &
LTSNS 72D, ZRENORFRES D PNS K RA D58, ke LTEE S D
BRI BECTNDZ L BRDOR D, AROKFRII NS DFREERTICHE IS LD L
Bxr b, —J5T Fig. 29 2 b AIMOBBILHIIRE TIEHIT Acr A R B HRIER S TH
BT LEPREINTND, Acr lZREAWE & L TOMBERMAIERITIKL, 3.6 ppb 7Z& 1
b TWB(ENndo etal. 2013), FAT=HDEIFIZHIRADH BT E LTT LI —L
TRbHITX ) —NddHDH 2 ORIEIZ 520 ppb TH Bk S 1990), D7D Acr ix
TR ) —NVERIZH UTH /144 ORETHROAREBTETLE S, £ Acr X5V

PR TIEP. MEEOARRREZRITWETHDE I L RO N TS (Gasee et al. 1996,
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Uchida 1999), A#FITxRLEX 51T, Acr il TAG ORLD I » SN 5 13
BRI TH Y. POMHEDOKNARG T TH D Z Eh b, AMOEBILIZHE S R
WRPBILIZ Acr BPRELSBIBRLTWAZ EREZBND,

[

% 7. Fig. 30 I3 AMDIRILIZ I 5 POV O & 5 MR 7 #a B R O Acr DZER RO
BRERLESZ7THY, 870y hTREIND POV OHEIZ Table 4 IR L TH 5.
M5 LR K 5IT. POV D2EE) & HREMEM IR RIZIER B L 22 2x LT
%, POV X3 & LU TIRE#EEY) LOOH ORZRLTED ., H1H 2 THAEL ST
WRIZHRED A DB FEARZ > =B RA2 S, BIEMEZ AL RMITH L POV Offids
10-50 meq/kg & 725 K S BRI BTV D BIFHIZE U TIZZ DOffA 30 LU R &%
SN TN DRI T, BRLBHES 4 REEI#%IZ POV A5 30 meqg/kg & 78 - 7= 45(Table 4).
T ORI TR Acr 12 EERMIEMER Y & L TRINE N TB Y (Fig. 29). POV %% 30
meq/kg E7R BRI H Acr IZER L TWB Z EBRRBITHRTE 5, A0 GC T
WEAZYy FEE49 1 L THHZIT>THEY. A7Y v M LU TELRER 4 RERI#% O i
Z GCabriiuE, SHITKRER Acr DE—7 PRS2 LA PHENS, Ritter b
(2012)i%. #7524 U B REMERY DERUTHE 5 8L 5L & POV ITRITF S MBIt OK S
ZEIZZET TV DA, ABEITSH. POV A 30 meg/kg 27 LTz & &, fadhigikic
PENVER T AR DOEREEZ HND Acr BATY w R 49 1 L IZLBDLLTRHIBE
NI EPRLPITEINTZ, LEF-> T, AMMORRILSILOREEEE LT POV 25 Z
LITEY T RVWEE OGN,

Lk, £ TAG DL TIEZ. POV 2330 ZaRTHIAHL D Acr BERTHT L. K
IMEDENT VT B MEEWTH B Acr iz 7 X /LA TH S SGA & Kt L THIELY
BT DR H D Z & FRHCAMD B THET E AR RO ERNTH S
Act RZDORISICE VRETES T &b, SGA ZAMDIBALITHE 5 JJkIMER; ik

T AR TE 5 B2 bz,
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S L, X
S 90 - S
g @ 5
] 1 s
dca 8 7 @ \Q g
2 6 ® e
& 80 O : . . . 0
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Oxidation time (hr)

=8-0Oxygen ~O-Acr =©-Pro

Fig. 26 Correlation between the decrease in oxygen and the formation of acrolein (Acr)
and propanal (Pro) in the oxidation of fish oil TAG within 12 hr. The data were expressed

as the mean = SD of three separate experiments.

0 hr
o
Acr
u//Pro 4 hr
* LW
8 hr
RN Y 7 /
S A
B 12 hr
NW

Fig. 27 Representative chromatograms of volatiles (shown by arrows) from the oxidized

fish oil TAG after 0, 4, 8 and 12 hr incubation.
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Peak area (x10%)

Oxidation time (hr)

=8—Total volatile compounds ~©—Acr -©—Pro

Fig. 28 Correlation between total volatile compounds and the formation of Acr and Pro in
the oxidation of fish oil TAG for 12 hr. Total volatile compounds were calculated from the

sum of peak areas shown by arrows in Fig. 27. The data were expressed as the mean &= SD
of three separate experiments.
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Fig. 29 Composition (%) of Acr and Pro in total volatile compounds formed during the
oxidation of fish oil TAG at different incubation time.
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;5150 1
= r 3 ~ —©-POV
o 120 - >
E %
3 90 A - 2 s
S 60 - o ;’E -@-Total volatile
S -1 ® compounds
u; O g
S 30 -
nq: 0 O T T T T 0 O=Acr
0 3 6 9 12 15

Oxidation time (hr)

Fig. 30 Correlation amoung the increase in peroxide value (POV) and the formation of
total volatile compounds and Acr in the oxidation of fish oil TAG for 12 hr.

Table 4 Peroxide value (POV) of oxidized fish oil TAG after 0, 4, 8 and 12 hr incubation.

Oxidation time
(hr)

POV (meq/kg) 0.49 = 0.21 29.82 =264 91.66 =531 141.98 = 10.16
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3 TATE K& SGA &DRINVERYObiEALTE M

J i

$51, 28 LD FIMANOSCGAD HMTRINZ & - TH T OBLLEtkn EarshizZ &,
O TAT e RETIHACrOERARE SHIHFIS NI &6, AcrifSGA L D sk
ZRTAIRESE Z DN, BEOME TR, 4,5-TRFV-2-~TFF =T I /LAY
THBY DU Z25CTIHFHA v Fa_X—hLIEEZA, TI/ANVKRINRIEHRE,
6-7 X /-2-(AH-Ea —)L-1-A )TV VIEHBER L7z L3S ST S (Zamora et al.
1994, Hidalgo et al. 1995), F7Zz[#iL Tld, 45-THRF T -2-~TFF— I AIMDEPAS
D o-3FHEBOBILIZ L D L S ERT B LBRTNS, ZT5 LEAVR=VILEWZ. VD
YOMIZLETFATIVDOESBRT I /EEmE b RISLTEr— L& ZERT5 2
L EIN TV A (PHidalgo et al. 1993), 7. 4,5-THRFT-2-~"TTFTFH—L LY P&
DT X ) HNVKRZNVKIERY. 6-7 2 /-2-(IH-Ea—-1-A W~FY UilE%E, ba7=x
O—AEHDOFY —TFANZHEMT B L, RN EEMZEEZRNA Y —TFA Ve
R, BALLEMEA N LTz & o#i(Hidago et al. 2007) $H 5. —Ji. #1, 27X YSGA
LaTZAMTAGIZIRINY 5 Z & T, TAGORRLZRNRAVITHIHI S . FRT, HIEMS T O
R — R IEIER A TR TE D Z &P ST o T, £z, IMTAGOEIETI.
WL LREIT LT & FTH DA LRSIy & UTERTHZ & b E
Nico TNHDT e, ANVFZNMEEHE L TDAcr 7 2 /ILEWTH 5SCGAIZ L B
T X ) AWK LG, FSITAGOHIERAL & FRYER Sy D Eiilic R & SB35 Z
LHERITE T,

L Z AT, SCGALMALFAREE 2R HSCAIZIX W “HEAZLORFOR 74 v IV
(SGO) & Acr & DIKIENEIZDOWT D (Takamatsu et al. 2014) Tlk. WZFDRIGIZX V. 8

BEBREE 2R L (SGO-Ac) B R E T B (Fig. 31). RIT. SGO-Acrh il bif ik
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EHTHZLAbrUR. EROHNZEMTZZ LiZkD, Li LSGO-Acrdfibih
T OV TIRRERHPTDR TR,

Z ZTAEDEIHTIE. SGALAcrDRIGHHIZ DWW TR 21T o7z, 7. AcréSGAL
D BT O N LY & SMTAGIZIRIM L. ZOHELEE 2 et Lz, 2B, kil Tl
N7126-7 X /-2-(1H-Er—-1-4 M)~F Y VEEOHILEE, Skl b7 za—
NEMATRDARZH OGN P, ARETL ba7zu— 1 OBIZOWTEHL
BRI EIT> e, ETH2 TIEBEZHIE S N 7=SGO-AcrDFE & THE . Z DHIILTE
Mzt L.
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HO, —CisHz e o
OH y 13Ha7__
/%/k/\ [‘{J ’\_-"{-
CqsHazr " OH N

i NH O 2
= D-Sphingosine 2 1 K
S, g T

N

Y

“y

acrolein CHCI3 4a 4b 7 —_
quant. 4 Hof\/\anﬂ
CizHaz / “oH

. Chemical Formula: C42H75N204
Chemical Formula: C42H75N204 =xact Mass: 674.5962

Exact Mass: 674.5962 Moiecular Weight: 675.0797

Molecular Weight: 675.0797

mixture of products

Bioorg. Med. Chem. 2014. 22. 6380-6386 65.7 mg

Acq. Data Name: APF109 Sample: Experiment Date/Time: 11/15/2016 10:38:52 AM

Creation Parameters: Average(MS[1] Time:0.53..0.64)
x10°  Intensity (103738)
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Fig. 31 The given information of identified reaction product of SGO-Acr.

T
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1 Acr & SGA Dt O DM D HiiB b sk

eS0T PIEES

311 AURHR UL
1-1-1 THWRB L EEDEZ P, RISEARE LTRYHZ 7Y Y v (MCT) 2R
2 A L THWE, RIGIEE & LTo Acr 13#iE 90% D & D %2 i bl T3k A%
fEEVIEA L. Acr OFRBUTHWERERHRO T X /) — VIZAEHEEM X D IA LTz,

2B, TAG 2t TAG DA Z W=,

3-1-2  Acr DBEHIROMERK
(1) AcrOTA ) — VIS DB
1.5 ml BNNA TAMIZ Acr 356 pl &/ —) 1ml ZHY . Voltex X F3—TiE
AL, ThzErk@e Lz, Mo 1.5 ml B4 7AMT@D 10 wl & 990 ul DT

Z)—=nzERAEL. Thzaeipib)e Lk,

(2) Acr D MCT ~OFM
HS-GC Z3brH®d 20 ml 2/34 7IUBIZ 300 mg @ MCT Z ANni=, EhZhiZ(b)
%#0,1,5/10,50 pl. (@% 1,3,5 ul iz Voltex I F¥—TRE L%, B2 LTH
AL 7. A b 724 MCT b @ Acr #2513, 0, 13.6, 68, 136, 680, 1360, 4080, 6800

ppm &R o7,
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() bt
1-2-4 @ HS-GC r#r L RIRDSMT. IBEDRRD Acr IRIRD T 21T Bk

EIER LTz, 8. BREROERREFIZOWTIE. Table 5 & Fig. 32 IZm L7,

3-1-3 iR K B

1-1-2 LD T » 1=,

3-1-4 K% TAG Dbt
AT, 2 MoEHZFEM L7z, 1 FHTEAMN TAG o ba7 o — L E87%
EOWMRZ LR o, RONEHRRELS, TOTAG RIZATO a7z u—
DRABPHE NIz, 22T, 2 MHDIERTIX 1-1-3 & kD E TR TAG Z bt

L. bavza—ngERHELRWT &2 R LTz,

3-1-5 Acr & SGA O )i P
NA T HEIZ MCT 300 mg & SGA 3 mg. 3-1-2 THBL L 7= Acr 7R ()15 2 13.1 ul
ML, BEPT R 50°CT 6.5 BFBIG S ¥, SGA EDKINITHES Acr BE— 7 iR DA &
bt Lice 7. SGA ZIRMURWGED Acr DEALREIZOWT b o Lic. 8.

n=3 IZTHBRZIT 72,

3-1-6 ILERA OHIBALTG AL
(1) BRBIRERA DOFB
NA T IVBIZ MCT(300 mg). SGA(3 mg). aT(0.15 mg). 3-1-2 THHL L 7z Acr 75 (b)
VA 13.1 pl R, W5 R 50°CT 26.5 RFIG S & RINESM OB 21T - T,
ERIETN—TBFUTDLEBY THD. N n=3 [T THEEREIT> T,
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<926k 1 [MIH>
JN—71. MCT300mg
JN—72: MCT300mg +aT 0.15 mg
ZV—73: MCT 300 mg+aT 0.15 mg + SGA 3 mg
JN—7 4. MCT 300 mg +aT 0.15 mg + SGA 3 mg + Acr

JNV—75: MCT 300 mg+ SGA 3 mg +Acr

<L 9EBR 2 [ H>
JN—71: MCT300mg+ SGA3mg

JNV—72: MCT 300 mg+ SGA 3 mg +Acr

(2) AMA~DRISERBOTM
(1) TRRBL L 72 RO ERI DA > Te A T O ZE 2T, faith 300 mg 230 LA

ERy P TRIICERZRD AR, HEEZ UTHT T 50°CTRALERZ1T o 72,

(3) GC-TCDIZ & B eALaFM

1-1-6 LMD FH:TIio =,

(4) HS-GC IZ X Btk

1-2-4 LR D B TIio 72,



iR S OB 5%

Table 6 1% SGA & Acr DR Z MR T 72D . MCT HHZ Acr D&, b L < 1% Acr & SGA
DO ZHRML, BT K 50°CTA »FaxX— kLD, RIK 6.5 FFE#ED Acr mzHllE
L7EFRSRTH B, Acr DAZIMZTZ[MCT+AC]TIZ Acr BOZELIZR BN o725, Acr
L SGA DWli iz MAT=[MCT+SGA+Acr| TiE. Acr ARRIZIHEL TWE, TOT LrbH
Acr 25 SGA EIULRLTEZ BB AN, ETZDRISPERPITRI DT PO o7,
Takamatsu ©(2014)i% SGA EHALKEE 2 A3 DA 7 4 > IA Rifi#k, SGO # Acr &#il
TRIGSE, 30 TSR T LI L2MERA LTS, TOXSR#ERPH S Acr DX
ISPEDRE BRI Z B,

Fig. 33 A X D J2Br 1 M H TO& 7 N — 7 DEEFRFEATHE D Ot b WAL ZE O NEFR .
[MCT] < [MCT +aT] < [MCT + SGA + Acr] < [MCT +aT + SGA+ Acr] = [MCT +aT +
SGA] &RE N, — 1. bk 2 [ HD#ER %~ L= Fig. 33 B Tik. [MCT +SGA] = [MCT
+SGA+Acr] EWVWIHFEIREZR Y, WH LT 24 LI THPRP IZRILE N, 2t £
B 1 H THWE&0 TAG @ Toc REPABEE >TevielEA B2 6N d. D% 0. Fhk
1[5l H T[MCT + SGA + AcrOHIBLIEE D3 i < 2o IR E LT, b & b LA TAG rhic
BELTWizaT OBGAHEESNE. Thbb, B2 EHTIE. oT 2l TAG 75
TRICRELE=HIZ, SGA LT 7 ul A v EDEFEMZERML T HOHBLEESIZE A
ERENBR P T2H, KEBRLFIE> TR, Al TAG IZaTBEEN TN ELEDIZ, SGA
LrraLA v EDEEMDOAERMNLESA(IMCT + SGA + Acr]) T b £l TAG X Wi
b2 R LIz b D LHEITE 7=, BLEX D, SGA & Acr H B4 U B G ERMcidim
HEIT T BHBILIEIEDNZ & A ERWAS, aT BEET D 2 & T a T OHIBLTETE 2 H T

CHIRT DT WD oTe. B, EHRLRBIHIZBWT, [MCT+aT+SGA] kU [MCT +

aT + SGA + Acr] & HART [MCT + SGA + Acr] OHIBILIEEME L o R IX. Al
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TAG HD aT DERRBPD R oD LEEZOND, LTEB->T, aT ORMBEZHECT
T LITX V. SGA H B\ SGA+Acr DHLFEALIENER S BT < R D REMERE 2 b i,

Fig. 34 13 <9 1 MIE > I2 B DEFEVER TR RO THE R TH S, £, Fig. 35-37
IZi%. TDHBED Acr B O Pro DERRDOEAL 2R UTe, HREVEN I ESROF RIS B,
£ BOBERINT X 5 faih TAG DAL ME DAL B H W DUEHIE (Fig. 33A) DR R
LIFIFEF UT, [MCT] = [MCT +aT] < [MCT + SGA + Acr] < [MCT +aT + SGA] =
[MCT +a T+ SGA+Acr]& 7o 7=, 72 Fig. 35-37 IZR- L7z X 91T, [MCT + SGA + Acr]
[MCT +aT+SGA] . [MCT+aT +SGA +Acr] & W\ o = KIBESM 2 fail TAG Iz 5 Z
& T, BALRBIO RAESTTH S Acr KO Pro DERAEHRANIZHIHITE 72, SIS
25 aT EAFMGIRILIE 2 88§ DA Z oyl U 72 i IR 2 X T E 2w
D, IEMEAARI SGA & Acr EDRIBERRYITH B alREMES M LHEI S h 5,

Bl k. SGA & Acr DRINESHBHIBILIENE 2R DITiE. oT OEEAATRTDH
BT EDPHLPITRH TR, ZOMHPIZOWTIHWELEAHTH S, TNETH. oT f#7E
FT.7 2/ HAERo = PL BSHERZHBILIER 2R3 Z & 25HE ST 5 (Kashima et
al. 1991, Takenaka et al. 2007, Hidalgo et al. 2004, Lee et al. 2011, Cui et al. 2016), ZD X
DG E 2. Cui H (2016) 1, a T fAE R TD T X ALEMOHRALAERIZON T,
DRD 3 DOEHEREZZET. ThoD s bonghng, b L LIZZEN L BEAMNICER
T5LBRTNS, T2DH. (1) aT FEFNTOHBILNZRED AL T — FRIN(T X/
HNKRZNVRIRVERDOER. (2) MiFhTO a7z o—VOFERIRBITEEEZ S 2.
Fa 7z a— L ORBLEESEIELLTVE S12T 5. B) Fa7zu—LOFE, O3
DTHD., TDHH, QIODNTIE, BARDKISRICBIFS aT OFIEREDENLE ZD
PUBALIGYE & OBURZIICHAT 22 LB TES, FlaiE. oT OFEREIX. TAG iR
JUii & T NRHGER A F 70 ERBRBIZ X > TR > TH Y, aT OHLEHIZEEIC X -
THLHEEZITDZ LHRMENTWNWD (Huang et al. 1996), F7=. AKBEIZIZEMD D
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FIARBAIENIEDO DW= PL, L AT O—)L, A7 4TIV, RAESEREDRLE
FELTVEH, aT EARAIRHEBODOWE PL OEFBFITFEELLTVEELELLNLTVS
(Atkinson J. et al. 2010), ¥ Bz, PC B aT LHIEZE L. IED A o T Bl L 0
LWL LR 2R T Z E R E N TS (Koga et al. 1994), T 6 DIz D X,
Cui b (2016)i%. PL 28 a T Tkt L TEWEIRItEZ A L. 220, RiiEtksE h A3 5720,
B2 IRAFAERBOMIEHh D PUFA R IZa T ZEIES T A TE, ZHIZLY PLIZ«
T 26 U THERNZRBUIBILIER 2R3 & Lz,

—HARRETIE, aT IEEE N TRISERY OFIEZ TV AN TAG IZiRINL. ZOR%
Bat L7z, oT BIEERERABEDO O AMTEHAR)T 255D ABOHEBLEES R o
T=H3(Fig. 33 A). o T JEAE(E N CIRHIBILIEM 2R S o 1 (Fig. 33 B), LEs->T, k
(L) DEHEHETIE. oT 77 FTOD SGA DHLIEFRZHHT 5 Z L IXTERWVWEE X
BT ENTED, 1272, SGA(HEM L LTOHIM 2L NH 3 L 249 5)& Acr (jR%
B3 OARMT VT B R) OlbEksE» 5B LT, WH O RISAERYI(SGA-Acr) b IEHIT
WEAE e PREINS, KBS Takamatsu H(2014)1k. A7 4 >34 Rk SGO &
Acr LD RUSERIORE %, 7 aaik hch EiEPEO R Y SR B A K E VT
TV, WTNOBERIZB N T S RISERYOFBIZH LTS, TOREIZ. SGA LJEL
WG9 % SGO & Acr DRI ERMIDILHREEZ#E LTS5, ZofdEhice Fa
FURER - TBYBAEOEOEEEEZA L TWE, LEB- T, SGA-Acr IZRIZHEWIL
BAEIETED D - T & LTH, A mnzdiz, Milhd PUFA ~iiDE 2 KRY. £
DOPBILTEN 2R LIZ o itk H 5. Cui b (2016) 1&. PLOARH T aTIZh
RETEE OB M E R T LRRTND, 27D, ABFZETIE Lk U7 (2) /e HIHERE A BIR
L. oT 23R TD SGA-Acr DFTERIEZZL X, HURRILIETHITRE L 2L E A b1 D,
TO/MITOVTIRABRE LRIBHAPLETH D LB LS.

& Z AT, Shimajiri & (2013)i%. SGA & aT ZRIMIZHRM L ZME T, o T DfERZ
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HE L. 203 il S TB Y. 500 RO 80%IF EREFEL TNWET &
BHELTWS, £/, Cui 5(2016)IF FRE@)DAH=ZALIZBL., a-ba7zo—LF
) VED aT OBALYHBIRERBILICR T 20 EEHZ AT 5 & 5 i (Kim et al. 2007,
Chaoman et al. 2009)%#3%1F. ML L7zaT 2RI E(ba7zu—LOFEE)IzL > T,
INANREBILZMHFITE B LTS, LEK-T, PLEOT IV LEME b T
= ERRTHRILRIZBNT, BEhaT7zu—A250 a7 zu— L ORAR
BboTVWBZ EMEHENTVS, LAL, 2O ba7zu—nLomAkicid, ik ha
7z =T BB FEEPNETH DM, PLE FI7 2 u— N DETEMPIZIER T
(#1600 mMV)TH D EFHONTWND D, WHRDEHENREFORZIFEZITI V. —TF
T, Doert 5 (2012)i%. PE Ba-ba7zu—L¥x /) L EDKETPE-a-ba 7zl &
WHONIMAEZ BN T2 L EMSTHRALTED ., ZOBRIZ a TOFE R ZHIE L TN,
[\]3% F DR O (Doert et al. 2017)TiZ. 722V E VgL PE O IMEDIERIZOWT
MS THERLTED. TOHALaT OFAENRIZZ L2HE LTS, T WVolkziih
5. SGA H DML SGA-Acr IZX Db a T DAL, THIT X BHRLIEIEDRBI DO
kb H D, 7B, Shimajii 5 (2013)i%, MILLARWIVETH S MCT IZaT & SGA 2k
MUTESE. aT ZEHNZED LT A, fih TAG IZl&Z2RMLZSAIE. oT
Z—ERERICIEE A LD L RB 2 L2WE LTS, fih TAG TIXEMEO Iz
Acr 7o EDOT LT RHBER L, THH SGA &Kt LT SGA-Acr 2B T 5. Bk L
MCT Tl SGA-Acr 1L 3. TOHAITIX o T DRI E Wi ofz, LR T
H L. SGA & aT ORI LD fAnh TAG ORRLAIIHISND Z LIZONWT, Bk aT O
ERBBE LTS L, ZoiE bz S it AKX SGA TIER <. SGA-Acr &5 %

bbb,
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Table 5 Results of function formula and R-squared value of the acrolein’s standard curve
in triplicate.

n=3 y=ax R?
No.1 y=280.58x 0.9969
No.2 y=251.08x 0.9933
No.3 y=339.76X 0.994
3
—_ y =290.47 x
S
AR
o
©
X 1 -
(]
a
O T T T T
0 20 40 60 80 100

Amount of acrolein (ppm)

Fig. 32 Standard curve of acrolein (purity >90 (%)) at the different concentration (0-
6800 ppm). This standard curve was used for determining acrolein concentration in the
samples. Peak area of each concentration was determined in triplicate.



Table 6 Change in the Acr peak area before and after incubation at 50°C. Acr was incubated
in medium chain triacylglucerol (MCT) with or without SGA.

0 (h) 6.5 (h)

MCT+Acr 1 16762 19851

MCT+Acr 2 20137 22289

MCT+Acr 3 17892 22472
MCT+SGA+Acr 1 16768 0
MCT+SGA+Acr 2 17087 0
MCT+SGA—+Acr 3 16095 0
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Fig. 33 Effect of different kinds of reaction products on the oxidative stability of fish oil
TAG. Reaction product was obtained by the incubation of MCT alone (MCT), MCT+aT
MCT+SGA, MCT+SGA+Acr, MCT+aT+SGA, and MCT+oT+SGA+Acr.

A, oT was found in the fish oil TAG; B, aT was completely removed from fish oil TAG.
The stability was analyzed by measuring the decrease in oxygen. The data were expressed
as the mean = SD of three separate experiments.
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Fig. 34 Effect of different kinds of reaction products on the oxidative stability of fish oil
TAG. Reaction product was obtained by the incubation of MCT alone (MCT), MCT+aT
MCT+SGA, MCT+SGA+Acr, MCT+oT+SGA, and MCT+aT+SGA+Acr. The stability
was analyzed by measuring the increase in the total peak area of volatiles. The data were
expressed as the mean = SD of three separate experiments.
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Fig. 35 Effect of reaction products (A, MCT; B, MCT+aT) on the oxidative stability of
fish oil TAG. The stability was analyzed by measuring the increase in Acr and Pro. The
data were expressed as the mean = SD of three separate experiments.
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Fig. 36 Effect of reaction products (A, MCT+SGA+Acr; B, MCT+aT+SGA+Acr) on the
oxidative stability of fish oil TAG. The stability was analyzed by measuring the increase in
Acr and Pro. The data were expressed as the mean = SD of three separate experiments.
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Fig. 37 Effect of reaction products (MCT+aT+SGA) on the oxidative stability of fish oil
TAG. The stability was analyzed by measuring the increase in Acr and Pro. The data were
expressed as the mean == SD of three separate experiments.
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(SGO-Acr)iZ. Takamatsu 5 (2014)DFkzIITAR L. A& AR OFREIT B LA

ZEIC X VRS e, MO NI ERMOILFREE % Fig. 3L IR LT,

3-2-2 NhRDKEHR
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REERDITHIZ S BOWTZBALABHILL FIZR L& B Y THDS., ZnTh n=3 [Z Tt
BEfiol,

87



TN—T71
TN—T72:
TN—73:
TN—T4:

TAG 300 mg + SGO-Acr 3 mg
TAG 300 mg + SGA3 mg
TAG 300 mg+ a«T 0.15 mg + SGO-Acr 3 mg

TAG300mg+ aT0.15mg+ SGA3 mg

3-2-5 GC-TCDIZ X At

1-1-6 L WD T > 7=,

3-2-6 HS-GC IZ & 2Lk
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Fig. 38 A IXMBHEAFRDF R TH D, SGO-Acr iF SGA & iz L Tt TAG gL 24
W L7=Z &5 5 SGO-Acr DHLELIETEIX SCGA L D bV LS Z AR E ik, —Ti.
AT 1 Fig. 33 B TlX. SGA-Acr & SGA DL ZEMITHT B RIIR S W - T,
ZORBIT A7 4 v IA FEFORHH(SGO & SCA)ZKML TS EEXDZT LN TES
23, Fig. 33B T TAG TN L 72Emiiid. Fig. 38A THW=3 0 L3RR ) REEYTH
BDT, ZDHENAET B IIIHWE 2 H O FRBHETH B, LH L. Shimajiri 5(2013)
. AORRALITH$ D SGA & SGO DHUMIKIIIC X 5 BITENZ RV EHELTND
Z &2 5. Fig. 38A & Fig. 33B TR b N ImEWE. RISERP DML (SRS & M)
DEVITEE LTV B TREMED 0. AT 1 #i T L 7= SGA-Acr IZ MCT i, 50°CT
26.5 hr DEYK IS ZFT > TW5b, —Ji. SGO-Acr DfHUE 7 o o kL A THIEEIZBWT
30 min DKL EFT > TnWB, Takamatsu H(2014)DHETIiX. SGO-Acr DLEMED 1 HIH
HERENTVE AT, JIOT I v & Acr DEFMOBRFHZBWTIX 2 HBIZHIOWE I
EDODIEDEZ L ER LTS, AR 1 fiTOD SGA-Acr DF B, SGO-Acr DFBIRE X

D RWEE TRIFRRISZ D7D, SGO-Acr OFHBIRE L D & RINAHEST L. HiBILiG

PITHE 2 25 X 5 IR FRE Z R DM~ W PR L TRetE D B 2 bz, iz,

Takamatsu 5 (2014)DH 15 Tl Acr % SGA IZIRITT BBRIZ. W oK DIRMLE BT
%—Ji T, ArH LI THE L SGA-Acr X Acr <A 7 0 ERy Z—T—5UTiHM L
Bllee TOVOEERGEDD LOEWBRERITHEL L E Lo,

Fig. 38A DFERD HI%, ZDMth, o T f7£7E N Tl SGO-Acr DHIBLIETEIZ X V<D,
SGA+aT ZAMIZHEM L 254 L IREREFOHBILIEEZ RT 2 L bHL PRI 2, T2
7Z. Shimajiri 5 (2013)i% oT f#1E FIZBWT SGA D J545 SGO X ¥ bW Hi kit 2 R

LizE LTBY. ZoFEE» AWM E. oT /275 F TO SGO-Acr DHilE ksl R ix SGA
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LHRTIELS BB L PHlEI =M, Fig. 38A DFERIZZDOFHILIZE R B LD TH o=,
Fig. 38 BIXHZEMEM I Z R LR TH Y. B HNIRERIX. BEEFRO IR
LIHF—BL Tz, 72, SGO-Acr ZiRh L 72856 BRALIFAIE X Z 30 Wi H T —EE R gEm:
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30 IEIBITHIIN L Th & 2B b A3 EE & 249 200 eI H £ T, #FETERR R RO HEIZ
RERBIRIAONR P o T2, Z T THALBIGIRED Acr & Pro iITEH L. ZNZEhDEn
% Fig. 39, 40 1275 L1z, SGA RN L 7= Fig. 39, 40 ® B T, MEEERARNEWMEZ R
LTWABRL W7 r—7E 312 Acr o Pro DERIZA SN o, —J5. SGO-Acr %
WML Tz Fig.39, 40 @ A IZBW TR, MEFRBEMFRPREWMEZR L TWDRTS Acr 3% <
R L. F72. Fig. 40A @O a T 1E1E FIZHBIT 5 SGO-Acr DRI V—7TlX. WEHEEF
PRI I BEEH) 200 RFEI#% £ TliX. Acr DR ERBRB R ORI -T. ZD XS
ARG RD B, Fig. 38 A O ZIMRIBLANE Z D AT E TITR S I HIEMER o DR Z 701
MBLIX Acrizk B b0ELEEZ BN, RAMDOBILTELS Acr iIZHKRT 5 LD TR
RWAREMEDE 2 bz, ZD7®H. SGO-Acr BRI L. FHUTX o T Acr 3k
Clzrlaett b B 2 bhiz. K- T, Fig. 38 TH.H N7z SGO-Acr iRkfND 2 7 —T7IZBNT
EFEBRAFEPENMEZ R LTI 22D BT, Acr OERIT X D Refsetkal o 235 n U
TR E L TR, SGO-Acr iz e Z L. ZNITHKT D Acr AR L7z & 5 [k
HEREZHNT,
Takamatsu ©(2014)l% SGO-Acr DG Z PE LTc s, AR TIE T OARMH faith TAG

o LTS Z R 2 L ZHL AT Lz, —J5. SGA & Acr LORINIZE DB L
7z SGA-Acr IZIEHIEBILR R L O hRdr o T, SGO-Acr & SGA-Acr D fih TAG Dtz
9 BEHDENIL. SGO-Acr BHL 3 THDDITH L. SGA-Acr DR ey &2 &

BREVTHDREMDODH D T &, IR PR N TR b iz SGO-Acr 1T RE7s &
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SWWEIZL W Tedd, SGO-Acr LIFES EMZRLEZ L, REPHBELTEZD
Nz, £, Acr IRINGTEIZB I 20 HET &0, TNHBEEBLETREELEZLD
Niz. 1272, SGO-Acr & SGA-Acr WTFNDLZE S aT OFFEIZ X VIR ITIROHIIRILTS
PamR LTz, 7 IV & Acr L ORIRERMAE L S EOWBMLLENZ R T ETaT BRET
H B IR, AR TIRZOHEIZOWTHH LHITER LR, ZORIZONTE
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91



100

s

c 80

.0

i

g 60

S

g 40

o

v

e 20 -

o

o))

0 . .
© 0 100 200 300

Oxidation time (hr)

60

40

20

Peak area (x 10%)

0 :
0 100 200 300
Oxidation time (hr)

O~ (SGO-Acr) O-SGA

=@-aT+(SGO-Acr) =@—=aT+SGA

Fig. 38 Effect of the reaction product (SGO-Acr) of sphingosine (SGO) with Acr as
compared with those of SGA, aT+SGA, and aT+SGO-Acr. The stability was analyzed by
measuring the decrease in oxygen (A) and the increase in total volatiles (B). The data were
expressed as the mean = SD of three separate experiments.
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Fig. 39 Effect of SGO-Acr (A) and SGA (B) on the decrease in oxygen and the formation
of acrolein (Acr) and propanal (Pro) during the fish oil TAG oxidation. The data were
expressed as the mean = SD of three separate experiments.
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Fig. 41 Chemical structures of serine (Ser), threonine (Thre) and sphinganine (SGA).
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Fig. 42 Effect of serine and threonine on the oxidative stability of fish oil TAG without or
with a-tocopherol(aT). The stability was analyzed by measuring the decrease in oxygen
(A) and the increase in total volatiles (B). The data were expressed as the mean = SD of
three separate experiments. Each amine was added at same molar concentration.
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Fig. 43 Effect of serine on the formation of acrolein (Acr) and propanal (Pro) during the
fish oil TAG oxidation without (A) or with (B) oT. The data were expressed as the mean
=+ SD of three separate experiments.
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Fig. 44 Effect of threonine on the formation of acrolein (Acr) and propanal (Pro) during

the fish oil TAG oxidation without (A) or with (B) aT. The data were expressed as the
mean = SD of three separate experiments.
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Fig. 45 Formation of acrolein (Acr) (A) and propanal (Pro) (B) in the oxidation of fish oil
TAG after 48 hr incubation in the presence of serine (Ser), threonine (Thre), Ser + oT, and
Thre + oT. The data were expressed as the mean = SD of three separate experiments.
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Fig. 46 Reactivity of serine (Ser) with acrolein (Acr) in aqueous phase. The data shows
the peak area of acrolein (acr) after the incubation of Acr with or without Ser. The data
were expressed as the mean == SD of three separate experiments.
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109



KU SGA D fadih TAG 12X D HRIL IRz 70 LI2 b DT, Fig. 52 D(A) IXEFK AR
Zan L. (BFHEREMER Tt Z R LTWd, %7z Fig. 53-56 IZELAIIZ ER 35 Acr &
ProR%ZRLETF7T7THS,

Fig. 52 A, B2 5. Ser-ol, Phyt, SGA OHUIRINC X 58 ROENZIZ L A LRSS H
Bhol, aT EHEHLELESICIE. [aT+Serol] < [aT+Phyt] < [aT + SGA]DIET
fanh TAG O b Z D M L LTz, 728 Fig. 53-56 2257 I Y &2RM L 727 V— 7 Tldik
ALRINZ BNT Acr OEFRIHID B Sz, Phyt 1 Fig. 47 T L7 X 91T SGA LHilLD
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Butylamine (Ami) 1-Amino-2-Butanol (AmiOH)

NN HN CHs

3

O H
Serinol (Ser-ol)
HO OH
NH-
- Phytosphigosine (Phyt)
HO i
NH, OH
Sphinganine (SGA)
OH
HO ':H_;
NH>

Fig. 47 Chemical structures of 1-amino-2-butanol (AmiOH), butylamine (Ami), serinol
(Ser-ol), phytosphingosine (Phyt) and sphinganine (SGA).

112



£ 100
c
L2 80
=
s
£ 60
]
e
s 40
v
S 20 -
o
3
o 0 T T
0 200 400 600
Oxidation time (hr)
40
N
e
x 30
©
2 20
(4]
X
o
d 10
0
0 200 400 600
Oxidation time(hr)
O~ Ami ©-AmiOH A—SGA
=0—oT+Ami =@-aT+AmiOH =—oT+SGA

Fig. 48 Effect of amino alcohols on the oxidative stability of fish oil TAG with or without
aT. Butylamine (Ami) was used. The stability was analyzed by measuring the decrease in
oxygen (A) and the increase in the total volatiles (B). The data were expressed as the mean
=+ SD of three separate experiments.
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Fig. 49 Effect of butylamine on the formation of acrolein (Acr) and propanal (Pro) during
the fish oil TAG oxidation without (A) or with (B) oT. The figures show the both changes
in oxygen concentration and aldehyde formation. The data were expressed as the mean =+
SD of three separate experiments.
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Fig. 50 Effect of 1-amino-2-butanol on the formation of acrolein (Acr) and propanal (Pro)
during the fish oil TAG oxidation without (A) or with (B) aT. The figures show the both
changes in oxygen concentration and aldehyde formation. The data were expressed as the
mean = SD of three separate experiments.
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Fig. 51 Effect of SGA on the formation of acrolein (Acr) and propanal (Pro) during the
fish oil TAG oxidation without (A) or with (B) oT. The figures show the both changes in
oxygen concentration and aldehyde formation. The data were expressed as the mean &= SD
of three separate experiments.
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Fig. 52 Effect of amines having different numbers of OH group and carbon on the
oxidative stability of fish oil TAG with or without aT. The stability was analyzed by
measuring the decrease in oxygen (A) and the increase in the total volatiles (B). The data
were expressed as the mean == SD of three separate experiments.
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Fig. 53 Formation of acrolein (Acr) and propanal (Pro) during the oxidation of fishoil

TAG in the absence (A) and presence (B) of oT. The data were expressed as the mean *
SD of three separate experiments.
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Fig. 54 Effect of serinol on the formation of acrolein (Acr) and propanal (Pro) during the

fish oil TAG oxidation in the absence (A) and presence (B) of aT. The data were expressed
as the mean £ SD of three separate experiments.
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Fig. 55 Effect of phytosphingosine on the formation of acrolein (Acr) and propanal (Pro)
during the fish oil TAG oxidation in the absence (A) and presence (B) of oT. The data were
expressed as the mean = SD of three separate experiments.
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Fig. 56 Effect of SGA on the formation of acrolein (Acr) and propanal (Pro) during the

fish oil TAG oxidation in the absence (A) and presence (B) of aT. The data were expressed
as the mean £ SD of three separate experiments.

121



FH3H T I ORBILIETEIT RIS T 2/ o

eS0T PIEES

4-3-1 OB R ONGAE
1-1-1 LD LD ZEH W, BB, A VYT INTIV(s0). 7 XTI LT I (Oct),
ARV R v (Spermine)ld TN THIEHMSEM SIEA Lz, ST I v Db REE X Fig. 57

Iz Lz,

4-3-2 gD KEEL

1-1-2 & FkRIZI T~ s

4-3-3  KiBBR L DR

1-1-3 LEkIZFT > T2,

4-3-4 FTIHHB

HARMINZ 1-1-5 LBRIZ T o 720 0B 1s0 RCARL I UIEIA L ) — V%, OctizZ on
FVLEZHWBKORERZ 1o T2, HFT IV OHiBILENZ EHICHIET 5720, I
THL mol BARMEND K 9 4-1-4 THRARZX 51T 1T K7D 9.95X106 mol &
85 X O BRI LTz, 1so DD T I NIRAEIIRIFIE DR BT B E G F T
TP, Iso ITHBIES WD, AR ) — Vsl E A LEY v A 220 % S EERIC
Wz, B 1s0lZA X /=L ED F—Z L 2 yl OFMEE Lk, 32 7 VBHRIERIC
Lo fclzd 2 T TTo T BIPHIZBLRD 8 I v—7, %P TD 4 S V—T %

FF. BIEFEBHRIX n=3 12 TfTo 7=,

122



GIED|

17 0Vv—7H: TAG 300 mg

2 7V—7H: TAG 300 mg +aT 0.15 mg

37n—7H: TAG 300 mg + Iso 9.95X10° mol

4 7 V—7H . TAG 300 mg +aT 0.15 mg + Iso 9.95X 10° mol
57NV—7H': TAG 300 mg + Oct 9.95X10° mol
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Fig. 57 Chemical structures of isopentylamine (Iso), octadecylamine (Oct), spermine and
sphinganine (SGA).
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Fig. 58 Effect of non-hydroxy amines on the oxidative stability of fish oil. The stability
was compared with those of SGA and oT. The stability was analyzed by measuring the
decrease in oxygen (A) and the increase in the total volatiles (B). The data were expressed
as the mean = SD of three separate experiments.
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Fig. 59 Effect of non-hydroxy on the oxidative stability of fish oil TAG in the presence of
aT as compared with that of SGA. The stability was analyzed by measuring the decrease
in oxygen (A) and the increase in total volatiles (B). The data were expressed as the mean
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Fig. 60 Effect of different kinds of amines on the oxidative stability of fish oil TAG in the
presence of aT. The stability was analyzed by measuring the decrease in oxygen (A) and
the increase in the total volatiles (B). The data were expressed as the mean == SD of three
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Fig. 61 Formation of acrolein (Acr) and propanal (Pro) during the oxidation of fish oil
TAG without (A) and with (B) oT. The data were expressed as the mean = SD of three
separate experiments.
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Fig. 62 Effect of isopentylamine on the formation of acrolein (Acr) and propanal (Pro)
during the fish oil TAG oxidation in the absence (A) and presence (B) of oT. The data were
expressed as the mean = SD of three separate experiments.
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Fig. 63 Effect of octadecylamine on the formation of acrolein (Acr) and propanal (Pro)
during the fish oil TAG oxidation in the absence (A) and presence (B) of oT. The data were

expressed as the mean = SD of three separate experiments.
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Fig. 64 Effect of SGA on the formation of acrolein (Acr) and propanal (Pro) during the

fish oil TAG oxidation in the absence (A) and presence (B) of aT. The data were expressed
as the mean £ SD of three separate experiments.
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Fig. 65 Effect of SGA and spermine on the oxidative stability of fish oil TAG with or
without oT. The stability was analyzed by measuring the decrease in oxygen (A) and the
increase in total volatiles (B). The data were expressed as the mean = SD of three
separate experiments.
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Fig. 66 Effect of spermine on the formation of acrolein (Acr) and propanal (Pro) during
the fish oil TAG oxidation in the absence (A) and presence (B) of oT. The data were
expressed as the mean = SD of three separate experiments.
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Fig. 67 Effect of SGA on the formation of acrolein (Acr) and propanal (Pro) during the
fish oil TAG oxidation in the absence (A) and presence (B) of aT. The data were expressed
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A ~a7za—NikEORELAIDRE

eS0T PIEES

41 B
HEARIIZ 1-1-1 & RO SRR IR, WA & KO RE N,
FUBIEAIE 2 Lk TRV T o Ofh. T—HA 7— K + 7 I A LBARH X ) it &0

Eha b/ —nT3)Da. B. v. EDZNETNEH W=, (Fig. 68)

4-2 WilRDOK L
1-1-2 EFBEDFH I TIT o 712,

4-3 AR BBR LR

1-1-3 LD T o T2,

4-4 H TN

1-1-5 LILRMNTFHERIZIT 5 20 AFE T3 & oT LERICHR -T2, A TUE 2 ml %%
HWiefed, HiLAIB L O SGA IZZN £ 0.05 mg/ml & 1 mg/ml DY > 7 )VEEHE % il
8L, XFBROIWIZAMERTMZNZNC 122 DT N—T 2T e, KT N—T1XLL
TDEBYTHY., ZNZhn=B3 T TERz2IT-oT,
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17 r—7H : TAG 100 mg
2 7 V—7H : TAG 99 mg + SGA 1 mg
3~7 7 n—7H: TAG100mg+aT. aT3. BT3. yT3. 4T3 0.05mg

8~12 /V—7H : TAG99 mg +aT, aT3, BT3. yT3. 873 0.05mg+ SGA 1 mg

4-5 GC-TCD IZ & A 1#AtaFih

1-1-6 & FERIZIT - s
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iR S OB 5%

A REHUBLA 2 B L OKREHIZRm L 2R 2 Z 12 Fig. 69. 70 ITmL. &
Fig D(A)IZHiR1LHlZ SGA LOFHIRIMLIZBRD 75 7 TH V. (B) 1ZHLEILH 2 Bk TR
MUEBSD 7 Z 7 Th B, RBBALLEMEIZOWTIL. BEEEAEORIE D A THHM L 7=,

Fig. 69 B DR K V. Fali~HIRILH z2 Al TR LB, WFhola b Anl TAG i
WP TS N, PURBILANC K DIEWI R SN o7, —T5. Pl %z SGA & HEH]
WIMU7=538, Fig. 69 AITRENTVS K 5 I2T R TOHBILA THRHIBILIEYE 2R
L. fjh TAG Db Etkix. oT3 < oT = aT3 << BT3 << yT3JHTH L Rolk,
X o TYT3 & SGA DIMABDEPMBD 7 N —FITHART X YW bistk 2 R34 2 &5
bhrolz, £/, SGAIHEFTD atkd ba7zu—i(aT)é ba bY /) —i(aT3)DHi
BALTEEDENXIFE A LD o T2,

—h. K& TAG IZ& B LA AN L7z Fig. 70 OFEHETIX. HARRINT L RIzE
WAL, ZOBILLEEDNERIX. oT = oT3 < BT3 <IT3 = VT3 ¢xok.F 7.
LR Z SGA LOFHIRM L7288 b RERIBEVB IO 1., TAG DIBILZENER S HIT
) L L7z. SGA D N TOREIN TAG ORAL L EVEIZHMEMOEE LR T, oT = oT3
< BT3 <aT3 = yT3 DIFICZ DAL REMNEDR L ok, iz, KuizB»T L
LA D HARRME OPERERNT a Ao ba7za—n & b2 bV =/ — L oOHi ks
RERENIAONR P T2,

KEI TAG ~DOAFEHUIRLAI ORI E SGA L DRI ThOLE S, Higit
X — 2 OHBRILIGEE 2R U=, BRZ. SGA LOPFHTIEmWIIBILIGES R ohi, %
To. ZOMRORSIFZHMAEIME SCGA LOJHIRMT—B L, £l TAG TR bd )%
DBRNTED, AHEEFI O BRRRINZ X 20X R SR > =8, SGA LOfHITIX
BEOWBELONE, ZOREDOH/EER I E FREOHBILIEIEDM S X, aT3 ZERIFIEKR

140



HTAG LM TAG & T8 L. o = oT3 < BT3 < yT3 &Aook, MRIZEAIVE
[ EOPILIEMEZ. o B-. v-DIHIZHRBZLINTHY. ABIEOMRR LI hE
—B L7, LEXD., EX IV ENEERD X S 2higbilZ SGA LI LG, £0ht
MALTEYEDBRIFIE. HUALH AR OHIRILREITIRTE L TV B ARt R S hie, Lo
T. SGA L DMIAKDE THARYIBIL LR T 21213, BUA TRV 2R3 Hii
{EWEDERB L NWEEZ 2 b,

At TlRafko ba7za— L kU Fa Y ) = VORMRITENBE S NRh o Tz,
LA L. HlEET (2018)iF. v thkdha7zu—n & ba bz /) —Azlnihitics
WT, Fa bV /) —=ADHREDBOVIRERLIZZ L ZHEL TS, £k, o
7 (Seppanen etal. 2010) T%. yT31X aT3 & ¥ LEWimbsh iz rL., bty /
—LVROHBLANZ N7 20— L RO LD XY bENLHBIL hE AT S 2 L 2k
TV, Tk, 4% SGA LD AKDE THML L ZHLT 58, ha kv
—NVREHNLZ EBREEN, P TH VT3 OIFHAR GENTHIRILI PR OND &5

Abhd,
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Fig. 68 Chemical structures of vitamin E homologues.
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Fig. 69 Effect of vitamin E homologues on the oxidative stability of fish oil TAG with
(A) or without (B) SGA. The stability was analyzed by measuring the decrease in oxygen.
The data were expressed as the mean =® SD of three separate experiments. Each
antioxidant was added at same concentration (0.05 % (weight %)).
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Fig. 70 Effect of vitamin E homologues on the oxidative stability of soybean oil TAG
with (A) or without (B) SGA. The stability was analyzed by measuring the decrease in
oxygen. The data were expressed as the mean = SD of three separate experiments. Each
antioxidant was added at same concentration (0.05 % (weight %)).
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=g

BUE, AEEEERARER S L TB Y HEOEERITBOTRELEDO R W EMP KD S
NTW D, BIRBALIELH IR 7 & DTG EBIRD U 2 7 D3 W IRBDRE. IEIRT; D&Y
RIS MR EBROND, £/, TNOHBPRLIZREBIIA LR v /7T v R
—ALEMIN, ZNFBRADR LI KHDEFED 1 DOTH D, D7D, TNHDOWZ PRIT
L1280, BB EiT X DREREtE &AM Y B8, TREIC X SRR S E > TS,
COAEEHEIROIREIND 1 D& L TIREDOBRBRAETFOND, ZOREO—FMTHD
BOFARIGR O A RFEHUT 1T AETE RS & OB AH 5. ZD 1o, JFAEIHEEIT L D LS
PR PO BN & L TRMEROBREERE RSN, IS ERENRSINT
W5, — I TEBEEEO PRI RBR S TWAIREAH Y. EPA X DHA %D n-3
PUFA %% A LFIIMMRZNIZ Y725, ZD 728 n-3 PUFAIIEAIHBEIZ X Y HZRDE
HoNTEY., HELED, ED n-3 PUFA IRZHESE L TW S (2L EE 2015), fERERERE
PDE EPA X DHA 2% LA ITER SN TS, BT 5ICH b K
Al R0 JEIR S D GV I THERAL & W S B S TV 5, Auhz &L imABic b h
TVELDD, BWZB L Tk E LTRIEPER SN TV S, 2720 MAaho &g &
LTCOMMHIZE HITHEL <. RWZEHI 2. oW Hi LGtk 24 3 2 8 R0 bk bk ik
DB EENTVS, ZZTAMETITBERIZE SN SGA & oT DHMlASDHEIZ
X B0 ik H (Shimajiri et al. 2013)D A H =X LZMWHLPIZ L. ZD A=A L%
JET & HRRBALRS k2L TS T L2 HINE Lz,

A ALFIITER L, 851 HE T, RO 2725 4 MonliEz vy, SGA i
IZ X DHIEMERR r ~ DB ZWIREIC T D Z L2 HINE Lz, TR A 2R 5 Z
LT S N BRI OMEES R Y. SGA LRI D EDRITAETCET I ) N
RMEEWIT X DHUBLIERISYET 5 LB ATDTH D, iz, AMDIEHIZB VTR
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ST DOREZH RN A OND T LIRIEETLH LD, ZDizH. Table 2, Fig. 3
ZRENTWD K S RO B8 5 Al =37 Auh, dRClE UTREERO
TAG 7z, oT X SGA % HUIRINSD 2 WIZPEHRIM L . RO lF & & s o
M RIT & B BT IE D E LR &2 1T > 7o Z DGR, [TAG]. [TAG +aT]%€ L T[TAG +aT

+ SGAID 7 N —7THiHPxk b R BILE N, [TAG + SGAID AT %7 Al

MR I & LR TELZErED E <. AID[TAG L D S BT OEWEBILZEEA R bz,

F o, B S NIRRT X ITEHT 5 &, AMOD[TAG] T Pro & U 5617 L TERS
NBDITH L. [TAG + SGAITIH SIS D T & 2l Lz, F oA TITAIEMER o
X ORI OMAG L D IEBIIT S o T, B RITiZ. 7 I 2 eEW & FFEMR sy 2
T X DHIBALTEYE DR R & LT B (Hidalgo et al. 2003), ZD 7=, fAiHD[TAG
+ SGAITH TOHIBILN R RO N Bl 2, AR DRI X HSbd TL<H)
Wir o Pro XD 7 LTS <AL, SGA LIRS 5 2 & THMIbMEBER Lz L
HEMI U720 £ 7z oT & SGA DO fadil 2 &0 T AR TAG 126 U THR N 2 i LG
PR U, BRI L TREIZR > TWSIIRD BT AT 9 2 MHIzh R AT HE T H
LT ebRINng,
B2 mTIE, B 1RV TELRDIAN=ALORAZHIE L, FMITRINE
RN Sy X IZBI LT SPME k12 & % GCMS k&2 v, RE&Efiofz. 205
TOWVWT M DOBRALIIRHZ BT DM EE 2 T £ TOMREEAER, HIEERTITLD
FRFTICTINZ T, — AR 5 TH D POV D WS M7 a0 LG 217 - 7=,
GCMS T X B RIEDFER. FREMEM D X 1T Acr(TZ7alb A ) THHZ AP L, £
THUTOWTEALIIO0-12hr)iZ 5 H U ZOERZEE) &Mkt Uiz, ZORER. Acr 12 £l
TAG DIEALAIN] (4 hr) 2> 54T D HRRHSEYER S TH Y (Fig. 27, 29). HOREDIL
WA ELR 47 T3 B (Endo et al. 2013, Gasee et al. 1996, Uchida 1999) & #i5 ST\ 7=

. AIMDOFALITHE 5 WK BILIZ Acr PRE KBRS 2T BB X DTz, POV IF—#HY
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2% < % 30 meqlkg ZRUEM & L THIRORHLITH T DRIHIAHIT O TNS, LirL
Ritter 5(2012)i%. fAMMOIILREE POV OHBMEAMENZ & Z2REIZZET T\, Kkt
ZBWT POV # 30 ZR LIz 4 Rl H TH - 7205, ZORRIZIEBEIZ b L7z
XA Z R T Acr iIZRHIS Tz, ZOTDERBEIF RS S b, faiombicxd
% POV iHIHZ BV T AR TH D Acr DER 2B LIS @Y TRWZ &ABZ 2 bhiz,
[FIRFIZ A BERE R, B S e ABLEREMITB O TRET S AMEROJENS Acr T
HBHZLEEIVENTONDFERLR T, —HTH 1 BHIZBWT SGA DRMIZEL->T
Acr(RT=5.1)D & — 7 Dl & 1u(Fig. 1), OISR SN =72H. SGA DR
Nz & 2 P bk OB AE T DA O ER Acr ZRIE & W5 2 Tehb Thiak
L. ZORISERIHBHURILTEYE 2R T AR RBIL L TH D W S RSB T O,
ZZTH 3 HD 1T SGA IT X DHMALERIZBIT 5 LidDoStZ2GEEs o2 &2
Hi& L. SGA & Acr DKtttk Z D IS (SGA-Acr) DHLIRALTEEIZ DWW TG &
fiofe. . LREERERRENTVS SGO(THEHiEA %E 1 D%  FD SGA DXl
)& Acr DIULTH C 54 mM(SGO-Acr) ZTHL T LA TE72H(Fig. 31), H 2T Z
NFETRSINTEIHBILIEEOTEEAEZHOPITTH T E LHME L, SGO-Acr DHL
FRALIGE 23l LT SGA-Acr O RZ 8 L. 95 1 FOR 25, Acr i SGA &
HRPITIEDEE D Z LW rd o T=(Table 6). T SGA-Acr ZFBL L. fAiziiEmML T
ZOHBALTEE O B2 et Lz, LA L. SGA-Acr BFIZIZHIILIEES R S nZ
& Doy o= (Fig. 33 B)e —75T aT /#7E K T SGA-Acr ZIRMI L 728581%. oT fEHE FTOD
SGAIRM®D 7 N—T1TH M T D5ROHLIRILIGEA 7R S FU(Fig.33 A). Acr Z &8 TeFiFEME K
SFOER LM MA D T LB TE(Fig. 34, Fig.36). KL EDFEGD S IKEIZNL T SGA 1T
X B HUBILEERSIZ IV T, SGA DL AR T 5 Acr &R L. Acr ZfrET 5 & L
HIT oT fAHE R TZEDRISERDBHIRICWEDOTEEARE L LTEH 2B LM LR o
oo £, oT POBEARNRTHIEIIZEA L TOBRER, UTF220ELL2HH0IE
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WFIZEBbDEEZ LN, ZHUE. ()T BRIGHEEEMOFAEIRBICEER2 5252
L. F QR ERYPEBIL L oT 2HETE2 LD 2 DTHD, (1D)IZBEL, Cui b
(2016)ix PL D H72 5T oT I b RETEEDOREE R > T B LR TH Y, Takamasu b
(2014)25 %L L 7= SGO-Acr DEMNZ 7 0 u RV LD HIR S TRtk DY L kgl A v
BHAKIZBOWTHLREETREE LTWD, ZTOED. ABIETH b SGA-Acr I3t d
FWMEEMTH D Z LA PRSI, of OREEEEIIC X > TR I BT 5 2 L3
REERY . RITHIE BBz B 2o, £z, (2)IZBIL TiX. Doert (2012,
2017)I2 & > T PE 28 oT OERLHRLT ZA 2N E Vg & M IMAZER L. oT OFAER) 2R
TEYHPIZENTWVS, —J SGA 1T & ZHULTETEIZB T 5 Jef THFSE(Shimajii et al.
2013)IZBWV T, MCT EUAMNZ SGA ZU L ERRIT. failiDA T oT O Hniilzh diss
RENTE, ZOTEORISERYTH D SGA-Acr 1Z oT DFAERREZRTZEEZRBRLTE
. [RRHZZE OWEEAMKIL SGA Tid/e < SGA-Acr Th B hEEZ R LT,

FRNT 2 Tl BEITALSRE S B S e SGO-Acr ZH V. ZNERIEAKTH B0
et Uiz, ZOFE%E. SGO-Acr 1X SGA-Acr & 13572 o THUT L sWVE R 2R L 7= (Fig.
38 A). Shimajiri 5 (2013)DIHIZBVT. oT fEE R T SGO I1Z SGA X 1) LAIEAKIN &
WHEEINTWB, L LAKRGHERTIX. SGO-Acr 1X SGA IZH24 9 2 W Bl ki it & 7R
L7=(Fig. 38 A). —J5 THIUTEMERR r fa it i35 H L 7zB4(Fig. 38 B). SGO-Acr ZiIML =7 v
—7 T 30 IFRIHIZ LT, — R E SHFREVER T MM L 7z, %7 Fig. 39, 40 D(A)IZH
HUEL X BEBEAEPRBVVEZRLTVBRIZ22DOT Acr L ERE N, £
Fig.40 A IZB W TUIZRIMARBLAAE Z 5 F TIE—E Acr PR LK. KREHHT S
LR —EDEPREINTI L2 L, AMDOBILTEL D Acr ITHKT D DT
WEEZ O, ZDRH, SGO-Acr HPWiL R Z L, Acr Z2E CT L E o Erlfgtkds
Exibhilz, £/, THHTHB L SGA-Acr &, THW = SGO-Acr DKL DB T5

BRI > THY . SBT3 DS 2 DND, BLEA D, AR T, Jf7HrE
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(Takamatsu et al. 2014) T E iz SGO-Acr IZHIBBLIEES /R E NS Z & 2 HzITH b2
2L, ZD7. Fig. 31 IZRENS K 9 BREED SGA-Acr IZBWT biftkAtk L 5w
REVED D 205, PR LGk DFE) 3 R 5 Z &, SGO-Acr Tl b &l Z 3 I RETE A3 &
5T L. OIS ERMOFEGERRRD T L b, SGA-Acr IZIdiEMZ~T SGO-
Acr IZ X BHVEUNDILAEM b EENTEIRAMTH RS 2 bk,

BA4ETIE, TNETYLPICSNIHIBILEMZIKIZ LT, BRART IVREXIVE
gt 2 . ST 72 K0 s e il bk 2/ 45 2 L 2 H & L THER
a2z fT o7z,

ZITH AT Bl D>HERT IV THET I /O Ser kT Thr ZHWT, £
T 2R ZHE Lic. ZORE. of FAEFTHLRaLRPRSINT (Fig. 42). £k
Acr DERBIHIE R o8, Acr & DIRIGDA[REN: bR & i dr o T=(Fig. 43,44),
T 2V BREINRF VIR OO, IERITRIEOEVEEM TH D, £DTD, Ser X Thr
FHIRIZ BT D Z LB TE T, Acr & DIIEDHEE 7270 > T T DITHUBILIE A R & i
PoleBZEzZblc, £TTALX ) —NAKEHRZHNWIZKP 3R T Ser & Acr ORJEHE
DIEREFT o Toe ZTORER, 2.5 RRITIE Ser b o727 L — 7 12BN T Acr DREfFR
WA UTz(Fig. 46), HiA(1974)51%. 7 X/ BEDMIRITH T DI RIEDILE 2R T e
TEPH. ABFHTHWET I VBIZBWTHAMIH LB LIS okt BEx b,
DEDZ e, 73 /B3 AMITT 56k e LTI#EY TRWA, == a vk
IZBWTIZHEY) TH 5 rfetEB R S iz,

BEVTES 2 fiTidk. SGA Db RS ICETEREI DO E FuX LI HL., Zhick
DAL REEANDEEIZ OV TR Lz, ZZ2TEFIRUHIT, REHD 4 iTe FuFx
VIR RRIZIR Ami &L 1 fERFD AmiOH 2V, & 51T SGA HE D THE L. Z O
B, BRI BT DR, Ami<AmIOH &R & N7z(Fig. 48). AmiOH o J5hwikitkic

LD LT, MOHIBLIEEZ R LE®), b FaX T AL Etom LizBbd 2
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LW ote. EEMHEMOBEIZBOTL, HPIRIRMTORRAS SGA<AMI TH- 7%
—H T oT LOPFHTIE AMIKSGA &Rz, ZDHTH AmiOH i b RV R 2R
L. SGA X AmiOH T oT f#E FITBIF DR RPKRE K L (Fig48), 2D, B F
0 X AT K DL R EE~DIR RIT aT BPREKBEADD T LA Th oz, B FuFdFTHo
BHEICOWTHIBTE 0, RIZTALI—AT IVORELR L Fux T ikokic &k
DAL EENDRE G LTz, & RuxIdis 3 HREHRELD SCGA(: & FaF ik
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