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Study on the preparation of Antarctic krill oil with different

lipid compositions and their differences in oxidative behavior

ABSTRACT

As an emerging marine lipid rich in n-3 polyunsaturated fatty acids,
Antarctic krill oil (AKO) has received much attention in recent years.
However, the lipid composition of AKO is complex and specific, and
exploring the differences in the oxidative behaviour of AKO with
different lipid compositions is important for regulating its storage stability.
In this thesis, the relationship between AKO composition and oxidation
was investigated. AKOs enriched with neutral and polar lipids were
prepared from full-fat Antarctic krill meal, and AKOs with different lipid
compositions were formulated and evaluated for differences in their lipid
degradation behaviour during accelerated oxidation. The aim was to
explore the effect of AKO composition on its oxidative stability.

(1) Based on Antarctic krill meal, supercritical carbon dioxide
extraction and ethanol extraction were used to maximally separate the
two different polar lipids of AKO, and the process conditions were
optimised. After one-way and response surface optimisation tests, the

optimum process conditions for the extraction of neutral lipid-rich AKO
(S-AKO) were determined as follows: extraction pressure 45 MPa,

extraction temperature 45<C, extraction time 1.75 h, and the content of
AKO triglyceride (TG) obtained under these conditions was 73.68%); the
best process conditions for extracting AKO rich in polar lipids(E-AKO)
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were: 3 h extraction time, 57<C extraction temperature, 1:3
material-liquid ratio, under which the obtained AKO phospholipid (PL)
content was up to 80.19%.

(2) 11 AKOs with different lipid ratios were prepared from S-AKO
and E-AKO. The oxidative stability of the AKOs with different
compositions was evaluated and oxidation Kkinetic equations were
established by examining a number of indexes, such as the PL content,
the TG content, the content of trace components, the measurement of
oxidation induction time, and the accelerated oxidation experiments in an
oven, etc. The correlation between the lipid fractions and oxidative
induction time was investigated. It can be concluded that AKO4 has the
strongest oxidative stability, followed by AKO2, AKO3, AKO5, and
AKO10 has the worst oxidative stability. This conclusion suggests that
the highest oxidative stability is achieved when the lipid components in
AKO are present in a certain ratio. Based on the Pearson correlation
coefficients between different components and oxidation induction time,
TG, astaxanthin, vitamin A, tocopherol and PL content were found to be
highly correlated with oxidation induction time. However, only PL was
positively correlated with the oxidative stability of AKO, indicating that
the oxidative stability of AKO was mainly determined by PL content. In
addition, in the accelerated oxidation experiments, the changes of EPA
and DHA in the 11 AKOs were consistent with the zero-order kinetic
model and the first-order kinetic model, and the lowest oxidation rate was
exhibited by EPA and DHA in AKO4, which was consistent with the
results exhibited by the Oxitest oxidation induction time, and at the same
time, astaxanthin, vitamin A, and tocopherol in the accelerated oxidation
of 11 AKOs generally showed a decreasing trend, but the tocopherol

content of AKO with higher PL content showed a transient rebound
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during storage, confirming the antioxidant synergistic effect of PL and
tocopherol.

(3) A qualitative and quantitative analysis of three AKOs with
disparate lipid profiles was performed using a lipidomic approach, and a
total of 41 lipid subclasses as well as 4812 lipid molecules were
identified. VIP>1, P value<0.05, FC>2 or FC<0.5 were used as thresholds
to screen for significantly different lipids in different lipid composition
AKOs as well as the same lipid composition AKOs at different oxidation
stages. PC(22:1-22:6) can be used as a lipid marker to distinguish
between unoxidised AKO; Cer(35:3) can be used as a lipid marker to
distinguish between oxidised AKO. Differential lipids that changed
significantly during oxidation in low-phospholipid AKOs were mainly
glycerophospholipids and glycerolipids, whereas sphingomyelin-type
lipids were more prevalent in high-phospholipid AKOs. These lipids can
be used as oxidation markers to distinguish different kinds of AKOs and
for quality evaluation of oxidised AKOs.

KEY WORDS: Antarctic krill oil, Lipid preparation, Lipid composition,
Oxidative stability, Lipidomics
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[f) FRA s & 7 B ik BE 1K) PURA, S R (1 i 10 R 4L i 4= 3 FFA /7 7E F AKO
B AR I A LA 3 1

1.2.3 BiEHHm (TG, DG. MG)

G M IR R st —, JLR R H i S & 98%, TG 5
ik 95%. 1 AKO B4 B S 4%, Wil 1-1 Frow, B 1 & e 1Y) PL(48.9%)
Iy LASN, B EHHERIBCT PL 0 TG (43.7%), fEBEH /&N DG (6.2%)
PAR AR I MG(<0.1%) . 5 EE A1 FFA (<1.0%) 2% il AN 5 1 g 5 419

mAU

f TG
400 fPC
3004 |

1 DG FFA
200 | Ic 'L |

i ; PE
/I A N | R |

4] 10 19 20 29 30 35 40 min

1-1 AKO fIg Jii 41 ™!

Figure 1-1 Lipid composition of the AKO
A AKO, FWRBEURH; TG, H i =H8; DG, H —Hls; FFA, IS ENiK; MG,
P B PE, BEEEECBENE: PC, B IS IR IH B
B} AKO-TG H1 K2y SFA, HIXIFATEMAE AKO-TG A AL AR 7]

fit. Castro-Ganez PM4 AKO /318 UIR AL AN R I = AN 4) (FLL F2. F3),
H FL RE RSN TG, F2 BERS N MG, F3 FERS N PL, Hor Rl Hrix
SRS I MR ITRRA K. WFFURIL, IR AKO HEIL—J4f SFA (52.98%) 5
G 4itr, (B —M TG 4 T =& e WA, X2 T K& MUFA (35.59%)
5 TG M4 4, HHAKIT 44% TG 4 FH &4 n-3 PUFA. [k, HA AKO
1) TG #1 n-3 PUFA & EA R (11.43%), {HJE PUFA 7E TG H 0 M) iz, Xflife
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AKO ] TG TEAEFN R BRI A A E L N U5 RAE AN AR W BE . BEAT,
TER K AEAERITE DL R, TG 25 5 4 7K A W 538 1 12 20 i B 56 A= i DG MG FFA
A, X BR8N T AN FFA & &, 215 DG Ml MG (& &1
2B, 5 TG Wik, DG MAMAEE E, DG KIS T mik 64%/2
ATy, o, n-3 PUFA SRR 36.02%. X 15 DG B #& 5 % FIA
VR TR I AL AL (B2 . B4k, B8R AKO DG 5 MD & Bk T TG,
BT DG 5 MG BA AL, < CE MM iErIR sk /1y, B <8 #e)m
Hh s R, T s e A R
1.2.4 WMERKS
1.24.1 HEE

AKO IR 2 482 40~5000 mg/kg®®®, AR, 3 EZREMR R,
SBT3 M . P ARERY, R R A E R T A R, B-
E MR TOKER. MR, o FMmSE. B TINEFRES M SH Kt
BEXUEE, AT IEMAR B A AU N, TR SR TE T . 2 I IL
iy, R ER A SR e A, AT (A5 I e ) A i 5T G T S A B A
1, DRt AKO 1526 T ik 2 (R R &, 3RS 1 B AUk Rase 1
AL L R RPY, T 2R HAS e AU R T T kB K R Xiie &5
Belpp g 1 & iR e e (A-KO) 54 PL S dibih (E-KO) (i
BeE M ER, SRER AKO FFEMLITEZIET E-KO, Gigliotti 2115
B TAHFI S . (HIXFEARE AKO HIEFE R A PUEEES, X, AKO
1T AN BE 7z e T o — S8 B B R 7 BRI, A M RO L 2 SRR
VORI o 31X 0 B e AR B AR 7 B — AR OE IR m R, e RRAEAE T
AKO 1, i E AKO il fe i P 1 B DTk .
1242 HER

Yk EK E REBMIEVHEMEH, AKO THABm S ELN 7.36~26.10
mg/100 g, HHF FEL a-FE® N (14.74~22.27 mg/100 g). a4 FEE AKO
T E W EEER, AR EmE T bR E R, R RTIZR
RITEAT - Lee Z5PNE I & Fh o R AR AR I M E T AKO R HL AL
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iz —0 ot By, HEIBME R AR AKO 2B E AR 5, i Ht
FE I A A ST B 0 AX S 2H 43 AT BRI E , Bk 1 e/ Z TR I ) 4
5376 B LA T o 38 I SORE o B A0 T T AR 240 43 AT 2 M7 43 K% 4 5y
N oo B . RS R A RS A RN L R R ) e 3 R
15200, DA B4 5 AR IR 07 B A 425 i B AL e 3k AR B YT LA
KR b 6- BB — AN AR TR A BRI A B B2 b, iSRRI E B, JF
742 ROOH AIAE By R H % . BT IR, A FmEE HH ROOH His
5T, IRIHEE T AE SR AR R BT SRR . oA B B S Uk
e R HAth B RS G, A BT E IR B S, AT S IR T B B A AR =X
i,

AKO & 4% A (16.40~28.55 mg/100 g) U1, L EA —EHHEML
B 1, BEXKIGHE R, SeMfaedEnadn. FIEn", 4% A BR
R, HASE B e Juibkar. AT 4EA R A LE AKO H I HT A AR G
A 13 FNE K
1.2.4.3 &2

AKO R S BE MR A B IR2R I 4~T%, BTSSR 2%, wisH
[HHE (80~100%). 2=H W (0~18%). 24-2<5H[E ¥ (0.1~1.7%). 22-Jii & NH
EfE (6~11%). RAEAMEEE (1.1~1.5%). FHHEEE (0.5~1.7%). 24-i
JEAR R (0.1~0.4%), LAKIARPIFH S HE (0.1~0.2%) F142, Sx e/ 2 5
A RESE R T BEAR G sRIR AR Ak, FE 522K B MDA BE A BOHT 0 S5 I, X 6 {45 I T g
SKERE Y I e A, B R IR

AP R AR 58 W T KB TR] 0 it R e 9 ) A AR 5, AN FE AKO Hh,
{58 P R 5 e A R LS (17~76.3 mg/g) [, FEARN & Bk HT AL
Ae 1. BEAh, AKO TEMMAEIN L. Wk, st e zs. . S/ERR, H
[ 4 2 2 1 B AR S T A 1 22 bl I [ B 48 A = (COPs) 11, 23k il
N COPs 1§62 5 R L HNG MR R AERUR &, ARGk . A& IR 1T
PERERE . BEIRG . BB 2 rh &S, 78 AKO AR ik COPs 724
AKO il P I ANBLAT i 107 IR 1 A 2= 5 B R S84 AR S e, — D7 T, AN
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FIRR R S IR R vT DU S i e 4 4R, IRl B AR IF# AL, 75—
JTTT S K AR AU 1 ER S St 58 A A R SR, ime 6 e AR A T
AT AEDLRY BOL G KT AKO H 858 B 10 57 1 Bt S A 1 S L SR WL i PR 7
1.3 AKO & iz EMMARIK
1.3.1 AKO S IEP ERERH TR E

w EFTR, AKO RS E R, ARRIRRA S 2 m AKO A5
T7R? Xie 25 NPRELSIAS S IR AU 95748 B 22 Sk 1) i B, BF 0 1 6 25°C i
FERATRLF DL WSO AN R AR 52 20 R S BURR M 2 IR 22 5, 5 SRR TAG %
R PUFA AR F B (k) B35 T PL B PUFA. Song 5 5l 7
Ji W R 4L 7 52 4= M [FD ) PL AT TG 7E 25T 1Y BB IS 451 F il ek 10 J& (1 A A L 3
A5 A [F 4510  FF 9T R BN, K22 % PL LI PUFA ZE UL 8 JE A IS S ke,
i TG RUH PUFA T DA% PR A3 B FE 0k . G PL 784 ) EPA 784840 1R J ik 4158 1
A4k, RERN 26.9%, 1M TG AL EPA fEEALEE TUEIN B E R F% 1 38.7%, ifi
TR, TG-EPA HIHFEZR 1A 90.3%, i8] TG-PUFA Lt PL-PUFA 5 k4=
FARSAE . TMiAE AKO HIX e g 57 2548 U I B 42 2%, Song Z0®hiaid i 45k 1S
TR IECFH PR 7% U FL 8 o i ) 7 R S I R AKO HR T B 2H A AR B B A A
o SR EIR, ANFE PL 7 (Efek 18] N & AR Z= 7 8, 0. m/z707.50

([PA-18:0/20:5-H] -). 721.50 ([PE16:1/20:3-NH3] -#1 [PC16:0/20:3-N (CH3)

5] =) BT TE B G R B A K IR SR R, 58 15 RMITE4A k. A
%, miz833.49 ([P116:1/18:1-H]) -). 837.54 ([P116:0/18:0-H] -) & THI& RIE
i A7 JAIA U FR gl n . BEAMEM %], YEPA. YDHA. YMUFA. YPUFA )3
FEHH S R B, Y SFA RIS E B I B A, DU IR 5 22 78 fif 47 391 ]
2% T, M 269.67 mg/kg T F4%%] 120.00 mg/kg, 3 H AKO ig it & KI5 M Lt
FERBAF 1 R) 207 B, iX Bl RAED] T AKO AR, IF HAEIX —id fi
ANE AR AL A AR A e AR . (RN R T AKO H PL 43 FIR 5 1)
FAAia, XF TG. DAG. MAG %5 /i i 4155 A A& S4B 6/ DA 7

AKO HAEFE i PR IR A S R T 1, AN 234 PL K fif oy FRA RIS L5 A
B2 TG /KN DAG. MAG. FFA FIH . XL AN 5% 5 1 Atk i
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FLE st g RS 1R 8 /EFRY, B FRA JERIIBE IR (FA) LLEsfLIE FA
AWM, BN EATRA R & B 6 7). H B AT T TG MG,
DG 1 FFA 25 A g 51 20 70 7E AKO w35 IE M ARE ABEFT, BRI AKO
R L R 43 O S AT N 2 AT IR, IR T — AN AT 2R A 1 AKO 4
B R R, A RS AKO il fs & v HoE B E L.
1.3.2 AKO &I 2P ERERT R N

AKO MAMNIFRIE 22 KA AR RN . —Meokeih,  SEhifl vl 4 s
TR 10 S A% B e 5 0 D5 B 1 e B e 2 ) 0 S, AR 17 R FE R BBl /KA & P
WEMEEREESL, R SR 2 A R S N B I AR SR A R N TR -
fEREA =Y. AKO Mtk R 7EAE A ERTILL K& E MR AR PE &5
AKO NI S5 A7) 2 A ARG A AR s L I 7 A ik - Ji S S 74 o

£ AKO IR A et 72 o b 3 M o S A S LI j — 3% R S A 4
BELEY (o, B-AERIEE, kiR =R A=Y LT RoKAL
EN o- ZBRIEATAEYD, WA AT R EREE . PR AR A, X
KEAWAE AT BB L AT LS PE MM SIS sy 28 S L 1k Ak AR R 16 48
B, e 1-2 iR, AKO HEREIE AR BT LA ZAHLE (1) HLED A
I AKO HHfEFE S IERR R AL, T E4T Strecker [ 2 J52°% . Thomsen 2547 40°C
THEAE 9 AKO FRI 2 T Fikh Strecker FAR 4, Bl 2-FRHE T 3-FJE T
TR TFARY) . 1-HE-IH-IER RN . Ventanas S APy, 3-FRIE T REAN
2-HIE TS 47 ok B S s BN 5o IR 1K) Strecker B ™, 17 — FH & 1AL
Wik B R AR Strecker FEfRF=4). X8 Strecker FEf# =4 R REAE AKO RS
W O D, Fy AKO SHKERMEIERR, RV eimiEm. ik, Lu
g NPl PE BR8-S AR AR AL =M IR S P2 2E. Strecker FRFRF=4, 0 2-F 3E-2-
TIREERD 2-FRR-2- T, (BRI TR ER M A5 (2) Hlfl B: AEHA
W SRR RN, A SRR, Lo 2 AP A (i RA
2. FRARRAN Lys) IINZE] PL FLH P S E 60°CH#HE 6 K, AT MLELH 7 /K Ik s i)
ErEAEMIAR YK T A NSRRI PL AL, SRk 1
fREHEE UL ). HANEI T AKO 7E 40°CH; 3% 21 K BT 48  J¥
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S WY L R A7

PRI, AR H SR K RS BB R AKO AL FE R RS A 38 In. (3D AL
C: T PE HfEfEfr i, PRtk PE o n] 5 i i AL =)k AL s AL s 82, 4
BB PERERG o 72 60°CH5FE 6 RJm, RIMARAEMR K] PE FLBAMA T 2281
PE FLIR#AS ™4 T Bi/K R, 1 PC FLIBATIIA T 2 2R K PC LA A T4
B 7K I o T U5 I 7 A K IS ) B R A R R IR AN 2 PC, 12 PE. b3k B,
C HLHIHR 277 A i A AE VE IO L% . Thomsen 25 APYRF S R B, 78 AKO i it
(BN, BRZK RS B A B RN (>0.3 mmol/g) 1 SE /K I R 7= A A g A
4 h1(<0.1 mmol/g) . IX i B 7 AKO X — Foft [F] I3 Vi 125 28 = R A1 PE FA13T
PE Mt AvH & T2 25t Ab )&, it 2 Ui AKO SAbid #% ik it g =
AR TSRS . EAh, Thomsen 25 AU 25 AKO AL 72 = A
B KPR 1- 1 B-1H- A 1R 5 S e B 5 ek o X0, BEE LI EAT ., AKO
Jers A T A PUEALERER - SE-1H-IEE, S SCH T Ik B B TE
IRl HEAE AKO it F2 b ke, B,

Strecker [#fi#

[
- HIERTAEY): WA R RS i
R A RI HEWG G UG RER PR IE IR 0
NH, {e} 1 A
Y = b7z T
IR o- HIERTEDY
l e AT | :
R%T R'NH: NN:/\/Ow
wxw s " My IR v
“ i 5 41
l —C0: B C
—
T

OH R' W o[\ [\
+H:0 :—\/ [\ . \
r - ' H\’/@ / R‘/\[( S I.’/ \/KH’/
R _H R NH; i i o Lo o k/\.,-
R o

\f( ) < KM NRACHERE @ N-RAURENE  BRKIEE
Strecker B BRI

1-2 AKO A B8 1 A i 48 A8 = B 3% 15

Figurel-2 Several non-enzymatic browning reactions that may occur in AKO

1.3.3 AKO F i3 iZHauthEMEH
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AKO HIFTEAMNE B 73 A A LE I BRSNS E AT RIE A
i, AR AIEEE . Lee 2515 BT A T & AKO S I8 BRI 4 fig
AR AR S . S5 3R IL, IMA AKO 2T 53 B 2146 i 155 S A EE I
AKO AR LR B 75 5 3R, IX— I RUE B T AKO B8 Ak i i 417 B3 [+
1 F BTSSR K B

BRI, A EmYS PL AR, —F PR IEH G158 3 K IR B 1 42
Tto 76 Lee P RF forh, E M NEBTB K PR RA NS PL M
R G R R R A T K T AT R ME R A R . PL 54
B W 1 B [ 4 AR BB LR L] (DPL ) ASCR A & By 3R
FEAE LRI IR R R R KBS A O, B TR B YR PL R B RIS
PEREVE, BT A AT RE S A A B I LA S LA 3 UL R B AL, IR L
H G A AL B AR AT RE S s B AT P U iE M (2) PL X AE B B 0 A
MHIVEA . Song 220K LA PL. TG A1 EE =MEAFAE 1 DHA KR L+
JA JEAS NI A A B By & & 45 SRR, PL I R A B Bk R B N ISR = 1 37.3%,
1M EE WA TG JMAE BT IR AL BBy & &7 7l 2 PL I 3 /A1 5 &I 5L
N, Fb 10 B EEI 28 A I, X H T TG AT EE A IR 5 B HH2ERE
RTABEHERNR R, e PL M, EFM B RN (3) PL A]
AT R T I A B T 9 B8 A i B e A B 9, BE PL A PR AR B 101
FP, Doert 2 NFRULHL PE 663 o4 BEEALY, B o-F BEERFLA PE-o-
HEHERAE TN o PE-o-tE T FRAR A I J5 8 Ik 57 M A S — A BTk IV A
PE-VfiE, RGBTSR FIER o-F B/ . 55— REMIRIE 2 PE-a-E R
IS AR S — AN BREL B, ARG PE B LB ERIE SR AL o-2E B ) -

ANFEH) PL RS o-4 B By KA R R EABCR AR, B 58 K M PE 5
-7 00 B 4 e B0 Koga P8 iy, A BH WY 5 PL I HL AL B [
YEH <BE%E PE &R IMm S, 1 PC YEN—Fh el PL, AREHA o
EEB, A A BN AR M0 A4 B B T4 . Bandarra PR T o
B 0l 5 LA PL B4 G XRSHI7D T ol KGR E PR . Hrh, oA
B PE MREYIAT T S RIZON, 1 PC AT CL il B IFIVR & 0 7
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RIS T 58 N AP RN . PE R a-2E B AT RE R AE T3 e S o
[P IR A5 B 7 R BTN, SRt FE AT o T A LA
DAFEAERIG LR, i b b A 4 B 3 2 - Hidalgo %218 ¢ T PE.PC.
Lys S AR IS, x5 8 42 & By sl (TSOD RN T 250 pg o4 H
By (KRS i (TAO) HIE AR E . SR B 7R, H 0~400 ug PE. PC 5k Lys
oAb B TSO, s S 1P WA R, Wi H KR PE. PC.
Lys &b # TAO K, TAO I IP % PE. Lys MR IME MmN, m PC KR
AEEXT TAO BRI EH « X XU T, JER#E N PC B LI A RE =4
PUEALY, R o-2E B Ikt i IR R GRS T PR K TR
1.3.4 AKO IS LA

WHTATIA , AKO ARRALERE %, LA PL & &8 1 B, fEhEH TG MG,
DG. FFA ZZMRHA Sy, Mboh, EEFIFER. ER. SEZF IR
TR Ly o XS R o A e B B E A, A S B (R AR, sk 1-1 R
IXZ R B 5 815 AKO H RN A7 2B MR IR SR Brid b AR . St
WA ENE RS, F2A T KSR AR =1, 380 AKO LI E A . 1EAb,
AKO 1ER—Fgi 4 M S ERE, H AT M AR A G — 1A ik o SRR B 21
FEHL A BRI AR AT AR DL R B S I L2 AN R 2 (45 AKO 4
DHEEMRKER, BAUERT IR, NIRRT AKO IR E M &
Wl ok 7 Ao
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* 1-1 52m AKO Sk A8 & M B 4H B R &
Table 1-1 Factors affecting the oxidative stability of AKO

KR S FEm ALYl
FFA TR AL Bk B E L
PUFA {£ 3t ROOH 4=k [ = =R A A O e A
BEEEH (TGS
TR AL FAAG 2R TH] 5K 738 i 420 < e e
DG . MG)
H SR AE
S5EEmIhFESTANER; BE5E
PL FH 1k ROOH 4 i
JEB T ERHREE AR RN A BUEA
LISy PrEAALF BRBLESE; TEREHE
EH B Eia il B E BE; prEAh EEA
A Préatemgng Eia R il A A R
HoAhR Z= EREET LA AL B {2 ROOH 7 fifs TR H Hi %

TE: AKO, FIRBEIN; FRA, WFEIEITER; PUFA, ZAMEMIAENRR; ROOH, &y TG, H =fk;
B¥pG, & MG, H—Ms: PL, BEfR.

£ 1-2 0 14 ANE A SMREM: AKO FE b 554 g 5T B Faig 814183831y
LLUEZE], AKO H1f PL. IR 3. EPA 1 DHA S 885k, tTYmm4lkike
FAET, R mT DASE IR AR R B9 el ok 1E T, SRR B ZH ) AKO | H 3%tk
TARHAEZES . AL AKO (1 — 2 51 E AL & dn T B i 7R H ) L AN R

i) AKO B 3 EAAT NI 2 S an il i A 1 RGBT 7
# 1-2 RAFRNE AKO B i fig 57 41 1 B g [0914,48:33,031

Table 1-2 Lipid composition data for representative AKO samples

Eisga B
PL (g/100g D 26~81
IFEZR (mglkg D 117~970
EPA (%S ABIHTER) 11~23
DHA (% g TR ) 6~13

VE: AKO, FIMRBEIRM: PL, ®Efg: EPA, —HBETUAES: DHA, —+ WK,
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14 KIRBHAMARAS

KRR S AKO R 40 5 H A FaE TR ¢ RIB TP T, M4 fIE e A i
R P 43 A5 SR BUAS R A B AR R 44y - SR A AN TR g R 443 & &) AKO 1
R, WHES R ROANIRENZE R, JEATTIRRA S SRR E AR G .
— BRI IR R 20 2 7525, B R =R B AN TR IR BT 4L 1 AKO AR i 7E fif JB T
fifsg A EUS o R IR AL A T 22 5. Ik R R IR, R
o LE A AS [ A FR 20 A K AKO EAGAT . BRI T

(1 DA R AR A J50RE, SR F P A SR 2] 4% 35 A S R AR M I I )
Hifl AKO. Hrr, H—3HHIER CO, FERULIREUE & FF IR 1 S-AKO, 2
TP H CREAEBOE RIS SRR B E-AKO.

(2) fE#IHf S-AKO LLJe E-AKO Hb P i o2 A b 14 g i 1 25 & 1oy kil b
DAA ] L0 81 52 AL 2 2 B AN R I T 2H 43 & 1) 11 B AKO MR &R . Fr il iX e AKO
i) PL. TAG. IF &% AR BB E R AW RIS EZ R . i Oxitest
PG R R A RE TES R % AKO 7R R (WAL TS St e, i B gt
LSRR GRS AKO EALE SR 2 80 B R BRATOC R 3L @i AKO
I 2 7 5 AR e M R IAE LG & o i#E—2D R Al Schaal MEAR I fif ek
WS B B, S BT AN R ) s i R BT 5 3= AR B I 4R R
A EEANEHAE 11 B AKO A X FRABIFT 11 Fi AKO hnig il %
) EE PUFA (EPA A DHA) HISEEN 157, AARIE AL AKO ik 5
AT FPRAE LR HI 5T

(3) FIFHZET LC-MSIMS iR B 41 2 77 AR FEAN R g o L) AKO 7 ik
JE R A AR AR Ak . X AKO (¥ 5 2 BGEEAT A TR AE, M I3l SR A s B v
AKO JIEIFZH AL, 13 20 [F) it s it S i o 425 J1 3, 3Bt AKO il S fb i A2
(e AR . R 2 0801t b 5 06 (B35 1k 22 e iR R kAT i , 15 2N [ AR
H A AKO ST S AR Ic . H T X A AR R 4 ) AKO TES LI
FEP R B R AR A, I R A BT NI ZE R
1.5 KiFEHARENX

AKO {EN—Flgr X i ERL, HETx AKO BIRF A AIIN TIRfE e 15 2 A
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o M RLLL S TN T L2 58 AKO P i 2 SR K, AMUE
R REL, WORAIRY AKO BRI R AL Aok 1 I H AT
AKO MR FE LR TN T T2 AEHENE DL AR DS T, ik H AR
WAT ABLHEIAR DT IE B RGN T R, i AKO [RIIR 5T 4548 K (18
FRAR AR R, A RO AR e v, A X AKO 7E B 3 AL #2
2% MR I LA K B A 23 R A8 58 AT AT IR NBR I « AR IR IR B 78 I 1

=98

(D AR MR AKO SEMAREEIER, KR AKO MR
T B MR AL T B

(2) WHFE AKO g A i 72 rh s e T (K PR, #E3 AKO iy 222
PUFA (EPA #Il DHA) ML) /1207 2, N WIANEI AR B2 % AKO 4L 45
AT B BEEL L AL

(3) TRITIHEEA I TR AKO Al s ARH R, DL AN IR g o7 2H )
AKO TE A T 5 14 5535 25 5 MR AR A, 9 % 5 AS [R] AKO g b J52 DX il A & AKO
A AT NI FE AR BEER A
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F28  FEMRMAEFRAE ST AKO IREVE T ZL

21 5|5
AKO bR Bk T b i Rg R 4L, —Rokeit, AKO i) PL 4 &
AR E et Y, TR RS R, AR R, iR A

T 5 i R B Sl SR P AR, X S KRR T AKO IS FR- M E . 5 REH
AKO Hfy A P IR 5T 5 AR 5T 23 R ke, TN e A 7 A = v ) Ty e 1
WEBUS o A e e, RN LN T 2 A, 97K AKO 7= R FVE L,
G BRI T FRAL T REAR

HlE R CO, ZHHOERA 4. WRER A, JFEASBIRMAR S, Fiik
TG P R e B, A LI ARSI LA B i — Rl 7 2K, B AR
PRV, BT PSR 5 . Ak, IR CO, X PL HIA MR HEARIR™, H 5
HARGHUIAF AR R, ZREE RS T it AR 0 PL & &0, A st
FIFH T X ERE £ 6 AKO A PR BT SR AR AT 1 2 B S, A Il 5t
CO2 AEHL IR il o 2 A e ¥ 1 IR, T 2 BV 7R AC BRGER I 57 CO2 T2 (R
FAREIRAT e M B A B AK O SR FH TR 25 156 5 ) 17 T K 36 A6 A 7 20 1 T
&M, BEES TG MIEFH (S-AKO) 55 & PL IR (E-AKO), A AKO
IFF KA RS
2.2 EWMMBSLEE
2.2.1 ZHMRSIRF

AR BEER K B WL R R EEVEARAIR AT Tk OlE. . EE A8,
HE. &R (EikalD. HEE (s, &5, Bk, KR FERIY
KT HGEAME AT AR AR TG Ardh (G104094 =Kt HMBE) . PL A5
fh (L105732 K URMEAR )« UF 7 Zhndh (A141428). 44K A Frdh (V111674).
A E bR (T433011) TR T AR A A IR A .
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222 ZHYUFSEE

SFE220-50-0.5 Il 7t COz AHL 4% W) T g il AL A1 S B AX #5 A PR 7«
2695 1= R AH € 3 A3 W - SE [E Waters /A 7] ; Trace GC Ultra S AH € 3% {3 F- 55 [
ThermoFisher A &]; IATROSCAN MK-7S #{R 2 i3 T H AR B A 7
2.3 M FHE
2.3.1 BlaF CO, Z=RUEIRINE & d 1488 FAY AKO

o SR B AR B AR FH A N BT R A, O SRR — 8 T T AR Fa A
AR TN ZE S v, F BRI I e o o IS [) A0 A A O R b AT A . 2R
2RSS, WESE, 53] AKO HHENRR (S-AKO), MR THEFREH T /54t
o7 e i i = R RSO =35 NN LY Vi e s a9 P (Sl N 2 )R S
2.3.2 ZEREVERNE M MAERA AKO

¥ 2.3.1 $EHCZ JEFRAFEE M TR IFAR R, {3 oK Sl R e IR . )
(AL FURHAL L MR A o 35 HUHR Y o 2 IR P A QR S8, 2SBRiBi . JEvA 4k 4k
F/b & CRE e g, & IR, SR F B e 28 R OB BRIER h SR 57, 45
3 AKO MR (E-AKOD, HMUAH TR /5 PR HH T 5 SRR AR IR 5
2.3.3 FEREENENITE

i R B e =T R 5 10096 (AR 2-1)

B BRI 5E 225 TP Foleh $2HU .
2.3.4AKO F TG 5 PL & =2/INIE

i X BA T U7 i, ¥ m AR R AR T = R AR, BRI
PUAE S R T U SRR T A 0 R 2 B B BOE 35 HoK 2T TE P e
PP 1 VR VA VLT R T AR e EAT T o JR T 85 R I 6 €8 i o S TN IR €013 4 B
SCRBEATHR, BRAEEIR ALK TLC-FID 2 (il &, k¥ brifE th 2k it
BTG MIPL & k&,
2.3.5 AKO i EYIR & EHINIE

K F LC-20AT £ 4h m RO 18 A AKO HRIRERE = A 4% A
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BEATINE, i ik u e ik
2.3.6 AKO H1BRhES 2 EHINE

AKO i lg iR 4L R Agilent7820 AR (il AX /34T, 2% PHCOMR & 1y
e
237 PEAREWRMERHIZMHMK
2371 #IRF CO, RME S+ MHAERA AKO

PATG &N FEE N fabr, ZEBURAE. FHRUEME. RPN ROAEER, ®&it
FRZREERIGHEREFZA TG SR, 6 HIERICERM PL & &4
PR RIS o [ E A HUE 58 A 35 MPa. AEHUA] 1.5 h, I A CO, A HL
TP HL 30°C. 35°C. 40°C. 45°C. 50°C 3t 5 AN/K T, 25 AN ) 2K B I o 6t 42
HUAKO B 1 TG & & AIFmA . [ 2 RERUR N 45°C, ZEHU[A] 1.5 h,
A EUE S8 EE 25 MPa, 30 MPa. 35 MPa. 40 MPa. 45 MPa 3t 5 NK T, #%2
AFIZERUE XS S-AKO [ TG & & svim . [F e ZHGRE A 45°C. ZEHUE K 40
MPa, ZEUEJZEE 1 hy 1.25h. 1.5h, 1.75h. 2h 3L 5 KT, HEAE R
IS [0 AKO HHPENE BT 1K) TG & &2

R ZERI IR L, DL TG &8 (YD fENmMNAE, ZEEUE (A, %
BUREE (B). #HUE5E (C) A, {4 Design-Expert 13 HAFEAT = [H%& =
K 17 ANARIE A 0 e 9L TR
2.3.7.2 ZEEAETIRENE 2R MR FRAY AKO

PAPL & FEVPN RS, ZEHURE . ZHUN ] ZERCRNR LA R, #
THR R LI H K 0 PL S & Msem, 45 iiIRIE M TG & &4
Prife B R B A B AR Ly 1:3 (gembL). AEEUAS AN 1.5 h, #KHL
TS 43 % $% 40°C. 45°C. 50°C. 55°C. 60°C 3t 5 AN/KF, FRFAAEBUEE X AKO
eSS PL & & Rem o [ 5E ZEHORNE LE A 1:3 (gimL) . ZEHUR B2 50°C,
REEU A 4> B3R 1 hy 1.5 hy 2 h, 25 hy 3 h LK, BRAAE R [A]
X E-AKO 1 PL 55 52 AR RZ M o [ 5 AR FE 50°C AEHLA 8] 1.5 h, KRR EE (g:mL)
Al 101, 1:2. 1:3. 1:4. 15, 3 54 KF, SRAAF R AEBURHE X E-AKO
HPL & R IR .
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TR N RN HEAL 1, DAPL &R (YD 1ENMRAE, FHUE (A, %
BUREZ (B) ZHUERELLL (C) HNRE, A Design-Expert 13 fF#k47 =& =
KA 17 A58 A P e S8 T 56
2.3.8 BRGSO

SEYG AT N R BB E 3 44T, SR Design-Expert 13 1 SPSS #4174k
AT, BEMRLRKT p<0.05 FnERRE. BIRMLH IR Origin #
.

24 FR51118
2.4.1 BlmR COIRIE S MK AKO

2411 BIaF CO, IEME P MR AKO IEERIRIGEER 77

FA BRI  CO, #- I AKO YRR TG & & PL & &AL S
IR WA 2-1 s . HIE 2-1A ATRUE H, AKO HH IR ) TG & &R s
RS T s TGN, IR URRE A 45°C Bk 3 f5e e o, (B BE A AR BGIR FE 4k 4k T,
AKO FERH ) TG S FFg. 1K AT REAZ B 5 ThI 4 B 1 v mT 48 K i
FIPT R, 13 TG BRI ¢ CO VAR B, AR T2 55— 5T,
WS AEBURE TN, G SRR S B K, XS FEIK CO, WAk M7
WRRL, B2FE TG 1E B h VA AR T RE, TG EH Ve il FE 1%
1%, AFIFRERE, Rk, XERGERE UL 45°C Rt gl 2-1B ATLLE H, 4k
58/NT 40 MPa I, AKO FHPENE B H TG & & A BT s B i s o, AEAHUE
SKT 40 MPa b, PR P TG S EIEA TR X2 F b E U )3
K, COp VXS AR E X I, AE AR I R i o & A B L il TG, B
IO F), W6 2T, B3 TG SRR TR, R HUE %
40 MPa s t: 18 2-1C nJLAEHY, BEEAHUN [ FJIEK, AKO F1ifiEm i
HUZ, TG &= LA M PL SRR, (H Y AEHU (FEEId 1.75h J5 TG W& &
A R, X8 B TR R EU IR A, RInK TR T TG LASH A g o 2 e
HRIG 7 COp A iR 2, M (I PL) BEAZEH, M8 TG W&
AN TR HTAEUNTE 1.5 h Frifdbul 5 1.75 h Frgita i) TG &L
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WE R (p<0.05), [FI 25 i 2 A BN (8] i Ko S EUSCA G In DL ARG T B
DRI HESEFE 1.5 h Sy fid AL HU [A]
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Kl 2-1 S HEZAEIR S CO, 2 AKO ' TG & &, PL & & LA I 1)
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A: FERURE: B: ZEEUR5R; C: ZHUNIA]
Figure 2-1 Effect of factors on TG content, PL content and lipid extraction rate of AKO

by supercritical CO, extraction

A: extraction temperature; B: extraction pressure; C: extraction time

2.4.1.2 #BIEE

iJ‘I_! TGy

H=0; PL, 5.

R CO, IRBME & MAs R AKO BN m RIS & R 947
YGRS R, LTG A
(B). ZHUEH (C) ANHEZFE, HAT=FEHE=IKT 17 AR50 e S AL,
M 7 [ 56 PR 3R 5 7K L3R 2-1
£ 2-1 1815 F CO, $RHUE & LIS T AKO [ Wi S [ 4 36 [ 35 45 /K T

i (YY) Nfets, FEEEE (A ZREURE

Table 2-1 Response surface test factors and levels for supercritical CO, extraction of

neutral lipids rich AKOs

K A FEHLIR A /h B A& R )5 /°C C A HUE i /MPa
-1 1.25 40 35
0 1.5 45 40
1 1.75 50 45
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Wi 37 T e v 5 45 R LR 2-2.
®2-2@Im A CO R BUE & M it AKO R Wi S ] 5 56 e v A &5 R
Table2-2 Response surface experimental design and results of supercritical CO,

extraction of neutral lipids rich AKOs

U A B c %
1 0 0 0 76.86
2 0 0 0 75.66
3 -1 0 -1 68.79
4 0 0 0 76.01
5 0 0 0 76.12
6 0 -1 1 73.95
7 1 1 0 74.56
8 0 1 1 73.69
9 -1 -1 0 67.06
10 -1 1 0 68.86
11 0 1 -1 73.89
12 0 0 0 75.74
13 -1 0 1 70.29
14 1 -1 0 73.26
15 0 -1 -1 73.24
16 1 0 -1 75.66
17 1 0 1 74.62

2413 RENENSEEHNSHT

iz H DesignExpert 13 XJ 5% 2-2 545 R dtAT Z oA &, il CO;,
RECH KR AKO i) TG &5 & F &R 1 =k £ I 1 8 )3 8 A
Y=76.08+2.89A+0.4363B+0.1213C-0.125AB-0.6350AC-0.2275BC-3.25A%-1.9B2-0.
4902C2.

o [N B FEAT 7 22 0 T R (] U R B 3 PR A e, 5 SR LR 2-3
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* 2-3 lm - CO $EHUE & P L Mig it AKO 1 [l YA 45 54 J5 7 73 #r

Table 2-3 Analysis of variance of regression models for the extraction of neutral lipids

rich AKOs by supercritical CO,

77 ZERIR Ryl H HE B177 Fii P {H TE
F TR 135.21 9 15.02 55.75 <0.0001 ok
Al A] 66.70 1 66.70 24751 <0.0001 ok
B-IRE 152 1 152 5.65 0.0491 *
C-FE ik 0.1176 1 0.1176 0.4364 0.5300
AB 0.0625 1 0.0625 0.2319 0.6448
AC 1.61 1 1.61 5.98 0.0443 *
BC 0.2070 1 0.2070 0.7682 0.4098 *
A? 44.41 1 44.41 164.80 <0.0001 *x
B2 15.12 1 15.12 56.12 0.0001 *
c? 1.01 1 1.01 3.76 0.0938
W7 1.89 7 0.2695
SR 0.9796 3 0.3265 1.44 0.3560
a7 0.9069 4 0.2267
vl 137.10 16
R? 0.9862
R agj 0.9685

N ZE R BEP<0. 05)**N7%E 7k E#P<<0.01).

B R AT AL, % R EDE T R AR B2 (P<<0.0001), ERLIAH S R AL
R®=0.9862, 7% W iZ A% 7Y F] LA A 98.62% )i BMAH Y HIAEAK . 2R 8135 P 1A 0.3560,
A&, [T FE I 5 2 B R?Aq=0.9685 2 A6 704 75 4 R A% f50 47 1 S I LS
WIAE . 12 BB G IR, B T TG & & H5EEUN ] (A,
IR (B) MZERUEM (C) MK R BRI A XU RAE Y S0 2 %

(P<<0.01), B XfmipifH Y Mm% (P<<0.05); ZZHI AC. BC XfMiMNAE Y
MR (P<0.05); I A% B XFWINAE Y Sm#RE % (P<0.05), iiH
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LR TRER SR A AR S

ST R AT AR F AR/, AR RN TG & &M R B R MR IR 2E
HUNTE] (A >ZFEBURE (B) >ZEHUER (C).
2.4.1.4 Mo 2 54

iz Design-Expert 13 B th 2 B3R (058 EAE X 52 E TG & & 1)
AKO 5 [ 2 v 2 S e 7 T P OO ) 2-2.0 o 5 v 2 R 7 it T P16 47 T T
DAFS = B TR CAD AR 58 (CO I (B A 5% (C) 2 [A1 32 FLAF A 2. 3% (P<0.05),
HARR ZR A HAE A 3 . BRI TE] CAD X AKO H =83 & 520 ] 2,
HRRE (B, WiR/NRER (C).

Y: TG iit/%

' 7RI
ST 7RI
72277775 7KL
';;;/m;;"/"lo
’//////,,'

2
0059098 ¥,
IS

%, 9,
l"’, %5
iy

B: iifE/°C
Y: TGH &%

2
TR0
'>l.ll %,

I"

A: 5 [a)/h
Y: TG /%

224445,
"lll,,' 2275
,l;;l','ll"'l

C: [E3B/MPa
Y: TGE &%

A: I [i)/h
Y: TG /%

e s et e e e
LZARLI IR IA
KLZALALARLS 0.‘
’b-:¢4.

O~
P

_ C: [RiE/MPa
Y: TGE &%

B ilErC
K 2-2 =N EZE 2 HAEHN IR CO, 2B AKO F TG 4 & 2 Wi 19 %5 = 26 I/
Je ) 87 T P

Figure 2-2 Contour plots and response surface plots of the effect of interaction among
three factors on TG content in AKO extracted by supercritical CO,

I TG, H=M&&.
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2.4.15 SAETZ MM RIIIE
iz | DesignExpert 13 %1, & Box-Behnken X DL 15 2 iR 56 45 b 4T
A, MIMHEE T B E ARy AEHURT R 1.75 h, ZEEUEFE 45°C, AEHU % A8
45 MPa. TESFERENULME T TG & &EH 74.71%. KM ERA KT 3
WRIGIEIRES, TG & & SLIE N (73.6820.71) %, 28 B Sl 5 T E SE A W) &,
ZAEA AL TR I A A AKO s fig i 10 T2k
2.4.2 ZEEAFIRINE 2RI REY AKO
2421 CEEBFIRIESMMARR AKO I ERE R RS
BN R N BT BB R R T 15 AKO 1 PL 25 & (K52 i i P 2-3 TR
H1 & 2-3A FI A1, AKO 27y F1 i) PL & 2 2 BN A e g i, H.25h 5 3
h FTddRym it PL & B CREZ R (p<0.05), WAL [ H 80 R E AT
BAS, RS 2 h AR s SR BN TR RO AT | & 2-3B AT A1, AKO MR 5t 44
Gref PL 2 BB IR R ARG f s, X AT RE R B TR s AR T RIS F)
IR, T FRVF RS FE R B, S I O FR R, eAh, LR R R e
2B T m KUY, 4R R 50°C)E, PL Rk Rk 1T 22,
R ISR S0CCIE NI AERE UGS HIE 2-3C AT A1, PL & k5 iR ok
50K 2 [RPRH L 3 i 3 o, ZERRE LA E] 1:4 (gmL) ZJ5 PL 1935
®HEE, H51:3 (gmL) 15 (gmL) HEEMEZER, FikEehitt 1:4
(gmL) NEETK C BRI R L o
2.4.2.2 ZEEAFIRIE SRR B AKO HINm Rz E ik I 45 R 4
AR R LR, DLPL & (YY) Mfghs, ZEEUNTE (A). ARHURE
(B) ZEHUCENALL (C) NERIZER, #HT = E =/KPIma B 5, i S
IR R 5K W& 2-4.
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50 b 3l
Jrexi TG [ s
Wi M T g;ﬁ:::
80+ —a- mAE Lo 824 = —mww o i =Rl
a Fos
Fso
79 4 b b Feo h
T, 55 81 .____/-l
~ ¢ Lso = [ = 24 53
211 9 a £ Fso 8 §
~ Fd5 =~ ~ 80+ g )
7 _qo"g 5 PeE 3 s
& [3S8 0 794 FisfE g 804 =
78+ LsoiE 4o Lo &
b L& (= =B
- 2 784 [ 5
Loo o 4 2
7 Fis 774 Fis 5
Lo L0
Toke ¢ d C ¢ ab i rs b ks L ¢ 5
oL - cd- hu- ] -_0 05"' AR — LR — e — [ﬁ,‘.(d
1 2 3
W1 ¢hy B (O Hth (&l

Kl 2-3 %P FX CEFEAISEE AKO H1 PL & 8. TG & 8 LU IR BT B 1
UM A ZEHUN TR B: AEHUREE:; C. ZKBUBHAEL
Figure 2-3 Effect of factors on PL content, TG content and lipid extraction rate in
ethanol solvent extracted AKO
A: extraction time; B: extraction temperature; C: extraction material-liquid ratio

W TG, H=M8; PL; ®ilg.

R 2-4 CWEFERUE S AR AKO [ M M T R 56 R 2R 5 K CF
Table2-4 Factors and levels of response surface test for ethanol extraction of polar

lipids rich AKOs

KP A FEHL A /h B A B £ /°C C R HURHA L /gimL
-1 2 50 1:3

0 2.5 55 1:4

1 3 60 1:5
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Wi 37 T e v 5 45 R LR 2-5.
R 2-5 LWEFEAUE GG AKO [ A S T S5 B T 2 45 R
Table 2-5 Response surface experimental design and results for ethanol extraction of

polar lipids rich AKOs

i A B c i

1 0 0 0 81.32
2 0 0 0 80.41
3 -1 0 -1 77.84
4 0 0 0 79.42
5 0 0 0 81.85
6 0 -1 1 77.71
7 1 1 0 78.67
8 0 1 1 77.93
9 -1 -1 0 75.96
10 -1 1 0 77.23
11 0 1 -1 80.35
12 0 0 0 80.83
13 -1 0 1 78.39
14 1 -1 0 76.55
15 0 -1 -1 76.50
16 1 0 -1 79.8

17 1 0 1 79.81

2423 {REMENSBEHMSH

iz i DesignExpert 13 #4543 2-5 545 R AT 2 Jolal Hal &, 15 L EF R L
Hokm AKO i PL & &5 & B &M =k 2 0| 5B :
Y=80.74+0.6762A+0.9250B-0.0762C+0.2AB-0.1475AC-0.9BC-1.42A%-2.27B2-0.37
12C%. xR RY AT J7 25 40 A0 )9 SR B0 PG 6, 45 L3R 2-6.
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26 OEFREHUE SHMENR AKO [al A 5 72 7 B
Table 2-6 Analysis of variance for regression modelling of ethanol-extracted polar

lipids rich AKOs

77 ZERIR ST A H HE Bi77 Fia P1a TE
A 47.14 9 5.24 9.06 0.0041 b
Al A] 3.66 1 3.66 6.33 0.0401 *
B-IRE 6.85 1 6.85 11.84 0.0108 *
C-RHE EL 0.0465 1 0.0465 0.0805 0.7849
AB 0.1600 1 0.1600 0.2768 0.6150
AC 0.0870 1 0.0870 0.1506 0.7095
BC 3.24 1 3.24 5.61 0.0498 *
AZ 8.51 1 8.51 14.71 0.0064 *x
B2 21.67 1 21.67 37.50 0.0005 *x
c? 0.5803 1 0.5803 1.00 0.3497
W7 4,05 7 0.5780
SR 0.6940 3 0.2313 0.2761 0.8407
a7 3.35 4 0.8380
vl 51.18 16
R? 0.921
R agj 0.8193

HNZERRE (P<0.05); **NZEREE (P<0.01).

BT, Z R A A AR 2, R P=0.8407 AR, UiHHiZ
AL 5 S PRAB DL & BT AL AR 5% R % R?=0.921, RIZMBAS AT LLARARE 92.1%
Y {1754k . R?aq=0.8193 R HIMAL 5L pRAE WAl AR T, BUfth B T PL &
G AR E] (A) ZEEURE (B) MIZEHUEHRLL (C) MO8 R, BB —IRI A,
B XM NAE Y FAMA R 2 (P<<0.05); 22 B3 BC XM MAH Y 52118 2 (P<<0.05);
TR AL BEXTIRRAE Y M R (P<<0.0D), UEHMEE RS, F Y
IR /INT Sl 25 R BT Y AESEMA RN, AR ZEBUREE (B) ZEHUES
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] (A FIZERCRHREE (C).
2.4.2.4 WRIESHT

iz Design-Expert 13 BRI & 53R 2 8] 22 BLAE S s PL & & 10
AKO FE M [F) 5 e 2 S i 7 B T ], OO T 240 Sk 25 vy 2 Ry 7 gy T 347 40T T
DA IR (B) AIRHELL (C) ZIAAZHAEHE# (P<0.05), HALKZRMA
HAERANEE . BEERBE (A B (B) X PL & &EEmRHE, R/
Rk (C).

Y: PLE /%

B: ififE/°C
Y: PLE /%

A: Wi/
YPL 5 /%

e st et
'ﬂ”' s SR
T 77 (LLZALIAL L
¥ 1
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gu,
L'5\“
‘iB:iﬁ'M‘:'EPC H )
Bl 2-4 =R ZMAZ AR OGBSI AKO HB PL & 552 (1) 45 5 28 B K i B

T &
Figure 2-4 Contour plots and response surface plots of the effect of interaction among
three factors on PL content in ethanol extracted AKO
E: PL, W
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2.4.25 mETZEMHTUNLIME

iz ] DesignExpert 13 %44, % 4 Box—Behnken X 15 21 ()96 45 B HE4T40
ot B AR AT Ay AEEUNTA) 3 h, ZEHGRE 57°C, ZHUEHREL 1:3,
FERRAERE LA E R 7 PL 5 &M 80.31% . K IR A4 6 1 32E4T 3 YR ERIE IR,
PL & Es2I{E 7y (80.1940.68) %, FRHISLIME S TN E AW &, SR ATH]
TIK LB AKO Mtk g BR 1 T 2k

2.4.3 FAFRRMEANEIRI AKO RS BR4E AR

AR b o PR 2R 5 e 1 T R 56 AR A IS 1) B L 2 S O AT IO i 4%
RR PR AKO, 73708 E SRR BT E-AKO s & R PEAR ) S-AKO.
S Al AKO [ 32 B B 40 4y EATRG I, 40k 2-7 Fm.

HR A, SR S COp ZEHUAFEI (Y S-AKO i, & 2 Hh M I 7 11 [ b

EEBFEMING R, 44K A AWM. X8 550580 T M AR R )
etk o 1A MERE R A SRS BRI & S AR PE AR (¥ E-AKO i [ fi i
By o B, (R E&AFE R PUFA, W1 EPA fl DHA. PUFA Xt AMEEAHT
i, BEIfg, T O A B I ThRE, AKO MM R K £ 454 EPA 5 DHA,

— 7l B CRAEAE FH (VB E I i PR
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% 2-7 S-AKO 5 E-AKO A1 3= H ) fig i 40 45

Table 2-7 Major lipid components in S-AKO and E-AKO

& S-AKO E-AKO
(CECY 40.8120.56 58.370.69
PL (%) 1.7240.02 80.1940.81
TG (%) 73.680.83 0.1440.01
IFEE (mglkg) 74.9141.10 3.2940.09
BB (mglkg) 44.960.18 4.2241.28
giE R A (mglkg) 448.3142.12 221.551.74

NEWIMRALEL (%, wt)

14:0 14.83+.82 4.1340.21
16:0 21.52+.45 26.2440.88
16:1 7.1340.12 2.1740.11
17:0 2.6940.01 0.6140.02
18:0 1.314.03 1.0740.01
18:1T 13.24+1.08 7.214.01
18:1C 7.884).89 7.0740.42
18:2C 2.5940.59 2.2640.11
18:3n-3 2.640.17 2.2940.05
20:1 0.5240.02 0.3940.01
20:4n-6 0.340.03 0.6940.04
20:3n-3 0.540.05 0.4540.04
20:5 7.684).12 20.7440.05
22:1 0.264).06 0.714.01
22:6n-3 2.2240.2 11.4340.08

F: S-AKO, &R B rE b iR, E-AKO, & & et ig i i e AR R o PL,
WEfg: TG, H =&,
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2.5 KB

AR EE DL R AR MR A JEURE R FH R A5 R BUE ) AR & P ER Y S-AKO
TR EARAENR BT ) E-AKO . K 5 LR 3R S A I 256 73l L AL 2 HL S-AKO
A E-AKO HIIM L LZ 54, FHAillmfFh AKO By TG, PL ME & & .
ZERIN

(1 it B R ZARE DA S BT AR A RS, JREE & AR . BERESSIN R, i
ST AR MR S-AKO [ L%y RHUKHMR 45 MPa. REHURE 45°C. AKHL
I} E] 1.75 h, fEIZ561F T Frf3uR TG & &4 73.6840.23%; 42l E-AKO 11
T4 N REBURAE] 3 h, ZEBURE 57°C, ZEBCRHELEL 1:3 (gmL), 7Ei%%Mt
TR PL & &Sk 80.1940.81%.

(2) S-AKO HIFE R B . 44FK A KIS RSN 74.68 mglkg-
44.96 mg/kg. 448.31 mg/kg; E-AKO HHIFER. £FM. AR AT ES
514 3.29 mg/kg. 4.22 mg/kg. 221.55 mg/kg. S-AKO o IR )& o e
T E-AKO HTE T &

(3) LIk bl FAbEE, FISEHL AKO H e i o 55 A5 1 i o i KRR JEE 1 4 9
FRIRG FE COL XA L EHREAT/E N 43 B AKO ANRIRR M Lo (8 R0 %, BRI T
I JE AKO 1R ORfE € T R I B EANE, R 5 S0 TSRt 1 SEa J50k .
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$F3E  AKO EEREAMIHIUREME Y

31 58

AKO JIF T 2 2% » AN [R) JEURE R LA B 4% 5 6 I L L 2B 2 350 AKO 77 i
WAL 22 5 o WIS AL e L T, 0T [E RSS2 R AKO 1) E B4R
WAT AR B E R — R, WA RS . 2T, R AR g
JRZH T AKO 14 R TE B Bl A AR IR IR 5 25 248 AT 9 72 S vt ) BH BN SEUAL
MUt A R EZERE.

AEE DU 2 ZHHUK S-AKO Al E-AKO AJEMRL, P 148 — g Ll gt AT
S, MW 11 MARFERFR AR AKO 14 & . /EB# 11 Fi AKO fig B 4Lik (i
TG. PL. IFHHR. A EMAGEER A) FIEEAE L, @il Oxitest 115 2% MA &
AL 5 ST, JEOEFUIR R A 7 & B 5 AL SRR R, 453 Pearson AH
KEH H— D@ A A S5, Wl 11 Fh AKO 1 (EPA. DHA. i}
Ha AEMMAER A WEMLERES: @3 11 FORFEIRRA R AKO
] EPA. DHA KRS 1 #8, NA IR AKO 4L 553817 R it
IS .

3.2 MRERE
3.2.1 KR

SRR JE A BER FH 85 — 5 TR 1 40 B3R B T R AT IBOR A il %% . B AKO
JERE (il E & A BRI S-AKO FE & M AR T 1) E-AKOD B 32 EE 41 Rk
* 3-1 s
3.2.2 EEGHF

A 2.2.1
323 LWRE

[ 2.2.2.
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*® 3-1 Wt AKO JE A RE 3 2 T 5T 4H Ak

Table 3-1 Main lipid composition of AKO material

& S-AKO E-AKO

PL (%) 1.7240.02 80.1940.81

TG (%) 73.6840.83 0.1440.01
IFEZR (mglkg) 74.9141.10 3.2940.09
ABF® (mglkg) 44.9640.18 4.2241.28
#eEZ A (mglkg) 448.3142.12 221.55+1.74
20:5 (%) 7.6840.12 20.7440.05
22:6n-3 (%) 2.2240.2 11.4340.08

E: PL, BEflE: TG, H=PM; S-AKO, & & PEfa M rkmiiimh; E-AKO, & &ikItiE
IR () R AR B T o
3.24 XWFHE
3.2.4.1 NEIBEFERAY AKO R RAIE
XF 55— EAF B AKO BN B AN o vl 5 4% B3 3-2 EAT RIS, IF%FSEbR
Ji S5 R 1 25 i B R B AT I, 153 11 AR S BT 2 R AKO 4 % .
3.2.4.2 TEIFEFREARHY AKO BILERL ST
(1) 11 AKO H TG & &M PL & &1 &
A 2.3.4.
(2) 11 % AKO H fig i 5 4H B Pl 5
A 2.3.6.
(3) 11 Ff AKO Hr s &4 ot & = i U
A 2.3.5.
3.2.4.3 IN[ERERA R AKO S LiESET BRI E
FETAFREL 8 g AKO BEfH CRERfIE 0.0001 ), HIATUN Oxitest £ 5 & ALAL 1)
FESELTR, 7EIRFE 90°CHI 0.6 MPa 23S 77 Il s 840 15 ) [
3.2.4.4 TEREFRAM AKO BIBFE IR S L SLI6
11 B AKO 7p3%T 50 mL AR ERE S, PR IE N 30 g, fiEdia,
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BT 50°C, 50%ie 5 A IE IR IE IR TR A kA, BERE 6 d K5 EE—Ff AKO B —
SURE T A T--20°C, AR RE 2 TR b
(1 AIFFRFRH B AKO i A f2 b, e & & (e
A 2.3.5
(2) AFEfFARK AKO FAEFEH EPA F1 DHA S ALE) I 2R ST
11 MAS A R S 4L B AKO AL A i EPA AT DHA 1A E) 7 A AL 4 1
DL A AT
Y5 1% : C=Co-kt (230 3-D
— 9 /1%« In(Cy)=In(Cy)-kt (AR 3-2)
A, Co AVIBVEMPIIE S &, CONEME t IR & &, kK AEL
AL
#* 3-2 G/ AKO it & L1

Table 3-2 Proportion of AKO allocation

FEm 5 E-AKO (%) S-AKO (%)
AKO1 0 100
AKO2 10 90
AKO3 20 80
AKO4 30 70
AKO5 40 60
AKO6 50 50
AKO7 60 40
AKO8 70 30
AKO9 80 20
AKO10 90 10
AKO11 100 0

H: S-AKO, & &R R R RIARBEER I E-AKO, & AR ME IR 5 R B B v
3.2.45 HiES R
B 0408 DI s iR 2R, 158 SPSS 19.0 B4 Xt £ #:47 7o #r ik
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M, RHIJTESHT (ANOVA) X B #Uth (1) 2 1 AT VP, p<0.05 B LK
e o) B B2 A I Origin 431

33 ERE

3.3.1 TNEIRER4EREY AKO HILERR 53 #fr
33L1TGRES5PLEE

B 3-1 AT, 11 F AKO FefbH, AKOL & & e IR MENR & &
(80.1940.81%) FHARAKHI MR & & (0.1440.01%), AKOLl & &
PENR & & (73.6840.83%) HEHRANAIMIENR T & & (1.7240.02%). AKO6 ik
PERER (31.44H1.17%) 59 AR & & (36.0841.01%) ZJIA K. M AKOL 2|
AKO11l, TG & &KIENY, PL & ERIENK. 11 Fh AKO IR £ 517 & H i
HIbRAE, AT LUME AR ASF IS 4L AKO B ALAT NZE R IR R, HEAT3E—2
B 5T o

(%) 90

80

f o

}—*—{U‘

704

o

60 C
50 d E
40 € F

30 Gl

20 H h

10

0

3-1 11 AR 8 4L 1 AKO () TG fl PL & 2 L
Figure 3-1 Comparison of TG and PL content of 11 AKOs
H: AKO, mMtkiiFm; TG, H =& PL, W§AR.
3.3.1.2 BERHBALA R
H# 3-3 A/ %1, M AKO1 F| AKO11, SFA Fl MUFA & &2 n, 5 PL

S RUU R AR A . X & BT AKO 1 SFA T MUFA k£ 5 TG 44,
AKOL 3| AKO11 H*, TG ZEZMHGIN, KA ) SFA A1 MUFA K& &1 2
DLZEWT N % . Castro-Gamez 26 NP7t kB, AKO i —Ff SFA
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(52.98%) 5 TG &4, WAk, &AM TG /1R aWMe), XEHTAKX
M MUFA (35.59%) 5 TG #Hi4:& .

AKOL H & B iR LY PUFA (38.0541.24%), M./ EPA fll DHA & &
53314 20.7420.05%F1 11.4320.08%. ). AKO1 3| AKO11 [ PUFA [ & 1% T
PEA, b EPA, DHA &S WBHTFEIC, 5 PL &ML 2 0AHE F ARk
fash, X T AKO H PUFA, 4 EPA Fll DHA, KZ 454 7E PL 4> 7458 F.
BRI, & PL A AKO Hai 8 5 38 A i 1) PUFAG 10 AKO F HR % i o U 45
&/ PUFA, 13 3-3 s, AKO11 th PUFA [ & 16.3440.04%, Jth
EPA il DHA [ & &1 7.6820.12%7F1 2.2240.22%.
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# 3-3 11 FhAS IR 5 24 B 1K) AKO (1 I 197 B8 R 2H e (%, wit)

Table 3-3 Fatty acid composition of AKO with 11 different lipid compositions (%, wt)

iy e AKO1 AKO2 AKO3 AKO4 AKO5 AKO6 AKO7 AKO8 AKO9 AKO10 AKO11
12:0 0.0520.00' 0.086.03' 0.1020.01' 0.1340.03" 0.1540.15° 0.1820.17' 0.2040.12° 0.2240.12° 0.2520.05° 0.2840.27° 0.3020.30°
14:0 4.1340.21" 5.3140.28' 6.5140.46' 7.7540.67" 8.480.60° 9.8040.70" 10.9440.91° 11.8540.59° 12.9140.94° 13.9840.96" 14.830.82°
15:0 0.3420.01" 0.3520.16' 0.3720.27' 0.3840.19" 0.4040.04° 0.4240.12' 0.4340.24° 0.4420.15° 0.4620.27° 0.4820.48" 0.5020.50°

26.240.8

16:0 8 25.1520.56" 24.620.95° 24.230.58° 24.1340.21° 23.840.81' 23.3040.32° 22.9740.11" 22.620.60' 22.0740.07) 21.5240.45"
16:1 2.1740.11% 2.7240.67) 3.2840.27' 3.8540.82" 4.1940.19° 4.7640.78" 5.3640.36° 5.8020.66° 6.3240.27° 6.7540.76" 7.1340.20°
17:0 0.6140.00% 0.850.89' 1.080.12' 1.300.35" 1.4740,519 1.7740.74° 1.9740.00° 2.1340.11° 2.3740.41° 2.5740.56" 2.690.71°
18:0 1.0740.05* 1.0140.15% 1.1140.13' 1.130.18' 1.13+1.18' 1.1920.21" 1.2020.21° 1.2240.19° 1.2530.22° 1.2140.25° 1.3140.33°
18:1T 7.2140.01% 7.9620.26' 8.650.81' 9.3140.46" 9.8140.02° 10.680.54" 11.18+40.23° 11.6940.57° 12.3140.42° 12.8640.77° 13.2440.18°
18:1C 7.0740.42° 6.8740.27" 7.0640.21° 7.1540.29" 7.340.47° 7.5640.42 7.4840.53° 7.5440.57° 7.6440.78" 7.8040.75% 7.8840.89°
18:2C 2.2620.11" 2.2440.27° 2.2840.29' 2.3340.33° 2.3640.37° 2.4140.40° 2.4530.45™ 2.4820.47° 2.5340.53% 2.5740.57° 2.59+40.59°

18:3n-6 0.1920.02) 0.2020.01' 0.2140.01" 0.2240.02° 0.2320.03" 0.2440.04° 0.2520.16° 0.2640.16° 0.2740.07° 0.2840.18" 0.2926.09°

18:3n-3 2.2940.15' 2.2440.22) 2.2940.27" 2.3440.31° 2.3620.39" 2.4340.41° 2.4720.46° 2.4940.5° 2.5440 57 2.6440.63° 2.6440.67°
20:1 0.3920.01' 0.3920.02' 0.4120.02" 0.4240.04° 0.4420,04 0.4640.07° 0.4720.09° 0.4840.09° 0.5020.05° 0.5020.01° 0.5240.02°
20:2 - - - - - - - - - - 0.1240.04°
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&
4R 3-3
iy e AKO1 AKO2 AKO3 AKO4 AKO5 AKOB AKO7 AKO8 AKO9 AKO10 AKO11
20:4 n-6 0.6920.04° 0.6220.09" 0.5840.07° 0.5440.03° 0.5140.09° 0.4520.07' 0.4320.03° 0.4020.04" 0.3740.05' 0.3240.13' 0.3020.03
20:3n-3 0.4520.04° 0.430.38° 0.4440.23" 0.4520.13° 0.4440.41° 0.4220.25° 0.4640.26° 0.4740.35° 0.4840.25 0.470.18° 0.5040.25°
20:5 20.7420.05° 17.4620.07° 15.9040.15° 13.56:40.40° 10.6640.04° 9.8820.14' 9.0920.05° 8.8820.06" 8.530.05' 7.7340.12) 7.6840.12)
22:1 0.7120.00° 0.6520.08" 0.6020.42° 0.5640.28° 0.5440.12° 0.4820.50' 0.4420.44° 0.3920.41" 0.3520.34' 0.2920.30' 0.260.16"
22:6n-3 11.4340.08* 10.2940.08" 9.5240.29° 8.2640.05° 7.5640.20° 6.4820.27' 5.3140.12° 4.3620.13' 3.5020.08! 3.2740.03' 2.2240.02
Y SFA 32.4440.63" 32.7540.33 33.7940.49' 34.9240.49" 35.7640.60° 37.1640.27' 38.0440.24° 38.8340.13° 39.8640.52° 40.59+0.51° 41.1540.24°
¥~ MUFA 17.5540.38" 18.5940.52" 20.00+0.51° 21.29+0.21° 22.2840.45° 23.9440.31° 24.93+0.11° 25.940.41% 27.1240.24° 28.2040.24* 29.0340.41°
T PUFA 38.05+1.24° 33.48+1.42° 31.224.15° 27.7040.83° 24.1240.14° 22.3141.43" 20.4640.53° 19.3440.21" 18.2240.19' 17.2840.33 16.3440.04"
¥ PUFA(n-3) 14.17+1.43° 12.96:41.35" 12.2542.40° 11.0520.42° 10.360.82° 9.3340.16° 8.24:1.63' 7.3240.25° 6.5241.35" 6.3040.33' 5.3640.14)

TE: SFA, MR

MUFA, BAMEFINENTER; PUFA, ZAMAIISHIR; PUFA (n-3), n-3 ZAMHEIIER; “—”7, KiH.

37



S MW N e VAT

3313 WMEWRK

B 3-3 2y 11 RO A A B ALK AKO ik e 5 (A € 1, 18] 3-3A A
HFF R IAR IS, (FE RO 4 min 24 g, 5 RS EMN AKOL 3
AKOLL B Ttvar, Bl 3-3B A& Moy VA (i I, iy W] AR & 1 237 7 miin
A g, EEE S BN AKOL $| AKOLL iZ#Hi T, B 3-3C N4ErE & A Ml
MIEOERE, hEE AR A ROTE 4 min A4 HIE, 45 R A S EM AKOL
F| AKOLL B FFim . MR 2. AR B MAI4EE 2 A 78 11 Fh AKO g4 Af s —
2, B AKOL A& /b IR 2% (3.0120.26 pg/g)~ ZE B F (221.1740.41 pg/g)
M4 R A (4.0840.17 pg/g), FEFEMMSn 5 ZHT I, 78 AKOLL & A & Z 1
N2 (77.0441.24 ng/g). H B (448.1645.12 ng/g) A4 R A (45.0840.13
ug/gd. 11 Ff AKO Z [HfE s S = A5 11 fh AKO Z[a] TG 481k
SRR, 5 11 Fh AKO Z[8] PL (7840 S HUA R i s . Rk AKO
R R A, 30 3 P R B O B R b . X — 58 5 Xiel' i it —
., Xie KA =HHREGE, HRIAHE. Chefl Z B AIRBAT, S =R g
Ir I AKO BEATIEFEIE R I Forh PIBEE IR AU A-KO Ht PL AT n-3 PUFA & & i
ik (2.32%), HE KT 2 (EFE &R 505.00 mg/kg. 4= H Ml 29.39 mg/100
g 42452 A 34.32 mg/100 g. fH[EEE 27.95 mg/g). {#H ZEEHRELK) E-KO
RUETFAERE Ry, B PL (59.52%) Al n-3 PUFA (41.74%) & . Mok
PRI H-KO iy PL AR 45 i, HAR & Tk MR AR 300 o 4 5
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1.0 —— AKOL1|
A —— AKO10
—— AKO9
—— AKO8
08 4 77.04+1.24 pg/g  AKO7
. - O o —— AKO6
—— AKO5
55.64+3.01 pg/g  |—— AKO4
—— AKO3
0.6 —— AKO2
47.06+1.43 pg/g —— AKOL
2 M 41.2440.29 pglg
0.4
Y \ 36154028 pg/g
/L 34.15£1.51 pg/g
0.2 N 21.7441.46 pglg
15.880.53 pg/g
9.540.43 pg/g
5.18%0.10 pg/g
0.0 3.010.26 pg/g
T T T T T T T T
0 1 2 3 5 6 7
T (min)
B 16— —— AKOL1]]
—— AKO10
—— AKO9
144 —— AKO8
448.16+5.12 pglg —— AKO7
e —— AKO6
. —— AKO4
404.89+4.01
uee —— AKO3
—— AKO2
1.0 H —— AKOL
379.3143.63 pg/g
2 0.8 4 ” 362.65+ 1.29 pglg
0.6 357.21+2.24 pg/g
j\ 30834+ 6.63 pglg
0.4
257.28+2.54 pg/g
024 232.1742.39 pg/g
’ A 224.19:0.24 pglg.
A 223.530.63 pglg
0.0 4 201172047 ng/e
T T T T T T
0 2 4 6 8 10
T (min)
C —— AKOI11
34 —— AKO10|
—— AKO9
—— AKO8
45.08+0.13 pg/g —— AKO7
—— AKO6
41.40+0.44 pg/g ——— AKO5
—— AKO4
24 —— AKO3
34.4241.05 pg/g AKO2
—— AKO1L
30.64:0.22 pg/g
?( 29.42+0.81 pglg
14 i 23.94+0.72 pg/g
_/_j\ 17.92+0.54 pglg
A 14.13+0.47 pg/g
A 10.97+0.55 pglg
8.2320.77 pgle
04
2.0820.17 pg/g

3-2 11 P AN [E g i 4 Bl i) AKO th i &= 4 i i) HPLC & . & A:

T (min)

LHEE: BC: 4R A

LI B: a-

Figure 3-2 HPLC graphs of trace substances in 11 AKOs. A: Astaxanthin; B:

a-Tocopherol; C: Vitamin A



S MW N e VAT

3.3.2 AKO fE 4R S IR EMAIHE LM
3.3.2.1 FEIFEFRB AT AKO FLIEFHTE]

Oxitest {2 i A i Bl iz I B il S A A e I alA, BT i iAo
BHEAE L, HHEASERNALFESH I, % 34 5 11 AR
Jlg R L) AKO 22 Oxitest ASCII 015 21 S AK 175- 5 I T] 5 S804 175 3 I TR RS 1 B 4
WA EYERRLT . PR, AKO4 ST SRR, R EA RS LR
ENE, HCS AKO2. AKO3. AKOS5, %465 3 [l 5 & (1) /2 AKO10, 569
AKO10 HE A AEE M %= .

— MR PR R IR I IR AR R PR R T I E R R, (AR 3-4 7]
B, SEMERSRER AKOLL. AKO10 1 AKO9 LA e AT Al
AKO 1R BRI, RS R BB R 1Y) AKO AR F 41 e i i s Ak g
HIX A FRE X L B AR R HUARR T, RRAE AKO FALHTIHIX LE A

IR AR T, RIS AKO H AR 4 5 AKO Ak Fa e 1 (1 Tk
BTINE R, 4E R ARAETR. BEFRICAY, BT AKO HH) PL K4
AREAR TR, BRI PL B m A RE PRt s o (AR & RnT 1, 5 PL
B i) AKOL AR E VTR AN e B m i), SRR e e iR m R 2 2 47.534.17%
PL 1 17.981.21% TG HJ AKO4. ABFFRFN N, 2 AKO a4l N—rE
HBIfETERS, SRR EEA RRIA B . X2 BT AKO F AL S 4, 1X
LG IR 5 2H 3 AL B ORI B U, 2 e AT R A LR N 22 7 A e
AT RIER, R ANAR e m
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% 3-4 11 FhAS[H) AR i 4 e AKO [ AL 5 S 15 T

Table 3-4 Oxidative induction time of AKO for 11 different lipid compositions

B AL S IE] (h)
AKO1 4.2440.05'
AKO2 6.4140.06"
AKO3 6.6340.06"
AKO4 7.6540.12°
AKO5 6.0320.14°
AKOB 5.0210.23°
AKO7 5.4740.34¢
AKO8 3.4140.149
AKO9 2.9640.26"
AKO10 2.9140.24"
AKO11 3.554).2¢

TE: AKO, RIREREIRI .
3.3.2.2 BERER S EWIESETEIME L MERE

N TR 735 Oxitest S ALASE R B B HIFHIRNE, ME T AR B>
Z a1y Pearson i3 ZH(PCC)™. HiHatnsk 3-5 fian. 4 PCC i pfl, KM
TG. IFER. 4EK A EHBA PL & E4S AKO AR E R, H
WA PL 5 AKO It A L RE ) 2 IEAHSR, Hil] AKO HIHTEMRE U 2 PL &%
BuE. XEMTPLATLL: 1. BASBE T 20 RAEFERERNIERITEA
a1 S P ! & T E i R VAR K 3 I N SR G L VAR
HAMRPEAFIE T, AR P ENE, (HHAE G IR
R ABABUEAAE o BT AR AR PEAIRI 2 B8 S A6 252 B B RIS R AR
731, MR Oxitest 46 & B A RN B Ao e REL PRAbRUER S —,
M- FERE R 5 PL HGAE RN AKO A AR € P K sT ik I 1A i 2R AE
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R 3-5 AKO A AL E ME 5 T 24k 22 i 3% & 1) Pearson 2% & #((PCC)

Table 3-5 PPC of oxidative stability of AKO with the main chemical components

TG PL IFEER FEERA B

LB EF -0.707™ 0.614™ -0.696™ -0.701™ -0.766™

T PAZEREEP<0.05); **NZERFHKEEP<0.01).
3.3.3 I [EIBEFRAR AKO BIINIRE L SELE

3.3.3.1 NEIBEF4ERL AKO MiRE LT 2+ EPA 5 DHA H)ZE{L
EPA 1 DHA J& AKO #EZ ) PUFA, RIBFEMNEERY), ERMLT
PR B AR T] DL B Y AKO I 253847 9. iR4E EPA A1 DHA T S AL 72
RN, WEBHEMIN T E - REANS) )1 IR K 3-6 FEK 3-7 43
Al 11 FhASTE] i 5T 4L R i) AKO ki #2rh EPA FI DHA 4L B /) 218
£ERR I, EPA Fl DHA 1E 11 Ff AKO 1 [ZRLTF & F 5 )1 Al — 2%
Eh TR, R LU R AT, — BN A S R, XS Xie &
B 78— 8 8 b — BN i R R R, B (K fED, ATk
(AKO11-EPA) >k (AKO1-EPA), k (AKO11-DHA) >k (AKO1-DHA) iiiH
AKO11 " ff) EPA 1 DHA P& AR =T AKOL, Rl TAG JEXAFLER] EPA I
DHA Afbif % m T PL JEAAF/E EPA Fl DHA. Bb4h, EPA 1 DHA 7 AKO4
HREAGE R RS, 23l k (AKO11-EPA) Al k (AKO11-DHA) ik 0.167 FI
0.296 fi5, Ltk k (AKO1-EPA) fil k (AKO1-DHA) 1k 0.13 il 0.147 fi%. EPA Al
DHA 7E AKO10 H 45 i i i, k (AKO10-EPA) 43 il b k (AKO11-EPA)
k (AKO1-EPA) 1 k (AKO4-EPA) 5 1.083. 1.130 A1 1.3 1%, k (AKO10-DHA)
ML k (AKO11-DHA). k (AKO1-DHA) #1k (AKO4-DHA) & 1.097. 1.956
F12.25 fi5, U] EPA F1 DHA 7E AKO4 A b R e TR i, T 7E AKO10 H 1)
AR E 2
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R 3-6 ANFEIARFZL 11 Ff AKO 1) EPA S AL R (1 AL B0 77 A A5

Table 3-6 Oxidative kinetic modelling of the oxidative degradation of EPA in 11 AKOs

P A BN T AR JitsE R?
—REMBN 1% InC,;=-0.023t+0.009 0.939
AKO1 TR AT F12E C=-0.467t-0.247 0.924
—REA BN 15 InC=-0.022t+0.023 0.933
AKO2 FREMT F12E C1=-0.415t-0.845 0.895
— A HN T15 InC=-0.022t+0.009 0.924
AKO3 TR AN 1% C+=-0.398t-0.955 0.882
— AN T F INC=-0.02t+0.024 0.928
AKO4 FRAMNB) )% C=-0.356t-0.747 0.889
— AN T % InC;=-0.023t+0.005 0.930
AKO5 FRAATN 12 C;=-0.373t-0.465 0.903
— A HN T15 InC=-0.023t+0.018 0.919
AKOB FHEMFNTI¥ Cr=-0.361t-0.046 0.913
— AN 1% InC=-0.023t+0.013 0.905
AKO7 TRAMNB) )% C;=-0.327t-0.159 0.903
—REEME) S InC=-0.023t+0.002 0.932
AKOS8 FREME) I1%: Cr=-0.309t-0.301 0.918
—REEME) S InC;=-0.025t+0.006 0.911
AKO9 FHEMHNTI¥ Cr=-0.283t-0.377 0.874
— AN 1% InC,=—0.026t+0.025 0.908
AKO10 FREAHN T1% Cr=-0.282t-0.592 0.863
— AN 1% InC=—0.024t+0.018 0.920
AKO11 TR AN 1% Cr=-0.244t-0.426 0.885
H: AKO, mtRBEIRM; EPA, ik HMEGREL.
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% 3-7 ANFINR AL 11 A AKO Hrit) DHA AL B AR I AU Bl ) A5 Y
Table 3-7 Oxidative Kinetic modelling of oxidative degradation of DHA in 11 AKOs

FE A sh SR e R?

— A B InC,=-0.034t+0.068 0.971
AKO1

ERAMND) 1 Cr=—0.272t-14.967 0.981

— AN 1% InC,=—0.032t+0.106 0.906
AKO2

ERAMND) 1 Cr=—0.246t-13.422 0.909

—J BB )1 InC,=—0.030t+0.082 0.929
AKO3

FHEAB 12 Cy=-0.222t-13. 243 0.926

— A B )1 InC,=-0.029t+0.079 0.903
AKO4

FHEALB 1% C;=-0.186t-13.785 0.904

— A B )1 InC,=-0.033t+0.096 0.941
AKO5

e N PRSI WAL C;=-0.183t-13.651 0.934

— BB )1 InC,=—0.034t+0.089 0.923
AKOB6

ERAMB) 1% Cy=-0.162t-14.023 0.905

—F BB )1 InC,=—0.039t+0.103 0.909
AKO7

ERAMND) 1% C;=-0.147t-13.234 0.889

— A B )1 InC=-0.04t+0.090 0.921
AKO8

ERAMND) 1% C;=-0.121t-13.287 0.887

— BB )1 InC;=-0.042t+0.15 0.901
AKO9

ERAMB) 1% C=-0.099t-11.239 0.881

— e B 1% InC,=—0.043t+0.534 0.907
AKO10

BHEAE) 1% C=-0.097t-11.239 0.865

— R EMBh 1% InC,=—0.041t+0.129 0.929
AKO11

FHA B )1 Cy=-0.061t-11.239 0.902

H: AKO, FMRBEIR; DHA, —+ —Bk/NIGHR.
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Figure 3-4 Degradation trends of astaxanthin in 11 AKOs during oxidation for 24 d
FH B 3-4 T, TESEULHIIN, AKOLL Fh & H Bk IR =, U &= M & SRR
D SR UCHRIR, AKOL HH & B BARMARNE £& & . BEEMREIIIN, B AKO F &
RS 2 & B PR E BB R BRI A B (55 24 d). 7RSS 6 d B, AKOL HH AR
KR 258, WHIZESLAT 6 d I, AKOL /B HJHRTT & Tk AL b, RIp B
filke 4 P IR T 35 th B BRI . AEELEE 12 d I, AKO2 1 (IR T 25t 58 4 B AR AN RE Y
R E) . fEEAES 24 d B, 46K 240 AKO FEM T EARK I ZIIRE %, RA AKOLL Hid
EA DRI 2 FTA IR AR 7 2 (R R AR A AR B, B AN AKO 1 iR B 4 et ]
SR 3R IR U B AR AT R B 22 b
TEEAATIART HR T 2R 10 235 T P T g2 i IR R AE AKO AL FE A, 7 i g 4 &
BB FI AR S AL R T o Song Z5EMEII T AKO £ I3 6] (R 47 7 2 AR AL,
075 2% (15 B A 269.67 mg/kg B 120.00 mglkg, R RS EPGE FRERY], (FHR4E
AKO B F i 7824 7SR, MRS T AKO AN A k. Wang 2077 75
THIFERZEE, fERIN TR E)E B T 1 AKO Y, FUEILIER S &K 105 B BE % il i )
ROMER TR AR, RPN (3L WiPRMENEIAE N R BRI B BE RO AR . 3 150 B e A 1
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WRIR T &2 — M SR IR S I, & RBAFET AKO 1, AftE AKO GG &
PR T BR DTk
3.3.3.3 INEBER4ERL AKO TiRE LS IZh4EEZ A Tk

50 —m— AKOL
—&— AKO2
—A— AKO3
45 H —w— AKO4
—— AKO5
40 —€— AKO6
—»— AKO7
1 —8— AKO8
35 —&— AKO9
—&— AKO10
S —@— AKO11
= 30
3
I8 25
4
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>
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3-5 11 it AKO g/ 38 A fEH L 24 d 2L 78 1 B A ofa 95

Figure 3-5 Trends in the degradation of vitamin A in 11 AKOs during oxidation for 24 d

W 3-5 s, 4eE R AMEN—FIFE AKO FAZETE IR IS IR, 75 AKOLL HF &
B, £ AKOL PHIEERIK, B S IRKIGER. 72 AKO IEELE R, 44
R A NS EAAAELAT EIZHERRES . KRR T44ER A fE AKO Aibid i
TENPUAAT A SRR . (R A s T 4R R A AP LIEE,
N TR AR, DH7T 17 4erE R A SOE R T e IR PR A 4o B9 P sf A A . B
fift BT [B] R RE G, 28 AT B B Je 4E R EE , A B (A 60 min BLJE, 2 H
AR A G S . AR th A IngEE R A R EAE 0.0003~0. 0015
ma/mL G IR, Skl A 2 AR W R BT A RICR . X T 4EAE R A TR IH I
RIEERTEAT, SAE S B BELS G, R E SKFR TR 4R R A RE LS
WRERHTHAER A ZESA B-AIERHA 2 5 2-FET B RKA R — i, |
B G, TS T AL Py T Ak S R R R A T EL A R A SR R
ARG SLHESE, REs A Ruh i KA ST AL S B P AR R RS R B E R IR SR
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A A RS, Bk A B 4 B
3.3.3.4 A EBERAER AKO MIRE L TIEHE BEIRIZT X

500

—a— AKOL
—8— AKO2
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Figure 3-6 Degradation trends of tocopherols in 11 AKOs during oxidation for 24 d

nEl 3-6 Frow, AEEMEN—FE 2 YR AE TR AKO 4 5 AL IS 78 h 5 ILZ A
RIS . 20T 12d, FTA K AKO BEARA AT Y EE TR, AR ENTTEL
WAL BEfR . (E25 18 d I, AKO7~AKO11 HE EMy4k4: FF%, 1 AKO1~AKO6 Ff i
A B IR 158 12 d DRI IS ISR, X AT REZAEIX 2 AKO R4 T PL 54
BEPUEA I FERLN, A WA, SRS BN,
3.4 KRB

AT DS B A AR IR S AR Y S-AKO e S AR LR 5 E-AKO AZEkR
SECHIAS 11 FORFREFALS AKO (fr 4oy AKOL~11), sz Ak it ie), AL fe
JRALSY (TG, PL. WFH & ABFWMAMLEAER A FEHT & 41505 EA0IE S a2 18] frIAH 9%
P, Rl IR A SRR T 11 B AKO EL B AT A ZE e, S50 INF:

(1) I AKO1 2] AKO11, TG Mifsii i i) & BBy, PL AT PUFA HI& &EIZH

. AR T I T E 45 R R, AKO4 A I K, HMy AKO2., AKO3.
AKO5, A2 AKOL0, #iEH™ AKO iR 2 90— € LLBIAEAERT, AARE A
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REIA B ey o HE— BT AR A5 5580 I T 2 ) PCC, KIL TG, IFFH &
giER AL EFmHA PL RS AKO A bFsE @ BEARSG, (H A PL 5 AKO IHiE L
fE 1 2 AR,

(2) TEIEE TR, EPA Al DHA 7£ 11 Ff AKO " AL FF & Z ) 5 11 2R R F
— BN SR T LA R ET A, — B Eh ) B ALART  E L K, FTA
AKO11 H1 ] EPA Fl DHA [ BF Al FE = T AKOL, B TAG F 204775 1) EPA il DHA %81k i%
T PLERAFEN) EPA fil DHA. L4, £ AKO4 1 EPA 5 DHA K I AR AL,
B T HoAf AKO 1T 5, EPA Fl DHA E AKO4 A kMg . 1X5 Oxitest & fk1%5 T i
]2 I SR 25 SRR L, X BEEATE 11 Fh AKO 1A &, AKO4 A BT a A Ra e

(3) 7£ 24 d KA, HAREMIIBIING R, 4845 A ATk
EIFREE, A PL RGN AKOL~6 A BB & BAEE 18 d B 2IEEI A A,
X5 PLAMEEBMEAMEAE S, ELT PL SAEEB AL FEEM.
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FA4E  MESERITIEXAEIE AR AKO 5 RS RS20

41 518

AKO HEIRAL R 2%, BUR BUE BcAT 2 Gisth i 70 Hon s AL B iR 25 28 (A G ARE - Bl
PR EELE AR R AL T [ WA T AR AR AKO fE AL FE R, LRkl R 1A A A i, (B TE I
MR TR A IRBZH %R — M T and & ITHR, RGTEMETFE &
Fig S 20 -5 Rk AL ORI TR, BRI R R 2 7 R R A I R AR ) R . AR EE DA
55 3 WA 11 M0 AKO HH i) = flig it 22 =k 1 AKO Jy )5k, B AKO1.AKO4,AKO11.
Hep, AKOL & & PENgIR, AKOLL & SR MRS, PRl g2 Sk, (R fhsf =5
fRIZE I8 AT A, AKOA HA T 1A i T R I =l AKO A bE T oAt JURP R A 505 1 5
. AR ENEHHM SN HPL. MPL A1 LPL. %GR 2H 2 7 3 I I 5 3 #r ik = el
AKO TENNE A7 24 d BRI A RE AR Ak, ik 225 22 SR, VB % 1 AKO JEZs i o 1) A
JFARIEY), FH U =R FE TR AKO Eb i R % R
4.2 MR SRR E
4.2.1 a5

Ol R, WEE, WERUT BB TRTHT .
422 NFE5EF

LHP-160 fHRIEIRH: 7240 (il =R EBFAOGERA IR AR IGIE &8 &0l (Eppendorf
5430R); Q-Exactive Plus i1 (Thermo Scientific); UHPLC Nexera LC-30A j = XU AH
g (SHIMADZU).

4.3 SR FFE
4.3.1 HARRHIE

A2 T IFEA NS 3 2% 1) AKOL: AKO4; AKOL1, 43405 #3845 A LPL;
MPL; HPL.
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JRIEREA (QC) Ml #%: “EEHS 4 AKO FEAIE AN QC FEA . QC REAANH Tl
SE JEFERTACERIRES ST (il - R 40, W SdERF IR AR S F2 e, T oP A AN S
4.3.2 AKO HIINIRE &

FIFH Schaal HEAE s S AL I2: 0 T B AKO 76 3N M. K AKO B T ¢t ke i
Hr, FEMEIRAERE (50°C, 50%rh) (35 FR A8 AL 24 do RERE — By [A] U B AR 5 7R 4
AL E . HRITEAEE 0d. 6d. 12 d. 18 d f1 24 d X 5 /N R B MAE Ok HH L HE 3E =
) AKO, fi#if7T-20°C [ UKFE H AFAG I .

4.3.3 HATLIESE

FERE S I IK S PIAR B B T304 FR B2 e VR 2, I IEL/K V8 PR 75 20 min Ji5 290> 15 min,
HCEEAENAR. AT 90% 5 N EE/ L5V, BL 90 pL #5.0> 15 min, U EIEERE BT
434 BIg-RIESH

B F: C18 thilhAE, JHE N 300 uL/min; FEIE A 45°C. MBAHAR A: KB
W (ZJE:7K=6:4, vIv) +0.1%F R+0.1mM HIRE, B: LR AEVER (LI RN RE=1:9,
vivV) +0.1% HR+0.1 mM HERE: . BEEEVEMAEF W R : 0~3.5 min, B 4ERF{E 40%; 3.5~13
min, B M 40%ZE AR 75%; 13~19min, B M 75%ZEPEAE4L % 99%; 19~24min, B 4
FELE 40%.

A FEAZ UHPLC 4 5 KA Q Exactive &% {X (Thermo Scientific™)
BEAT SR Ao MR BRAr RIS A S AT L, BT A R AR Bk ARG R
£ 10 M EE (MS2 scan, HCD).

4.3.5 IBDITRIE

KFH LipidSearch AR5 707 MR 70 FREAT I WEARER, RS E (Z4isse)
SENLER . X LipidSearch 42 HU4S 2 (8 B S #AT IR VEAT, 8IS AT AR i Bl
AT NIRRT MR R BT R T 2 R T

s oy A R R R PR A G = F S RE R = T & 5K
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ZERS 7
4.4.1 AKO e BBV EUR RREITN

K %:T UHPLC-MS/MS A g i 2
TR . 38 I A AR A AR e
T PP o
&R,

SISV B o ) R

Tk, X =F AKO ) QC FEM AT 7 IEAE

EPEREAT 4

K 4-1 4 QC e IE B F150 BPC HEE K%, & 4-2 Jy QC FEfh S 74 BPC

RT-0.00-24.00 e
100 163 466 547 g o uones
114 207 ase
7 606 680 820 14147 1592 1558 1805 o, FTMS + p ESIFull
B33 947 s
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503
200 0000-
106 192 500 & \q‘ J s 12 20 o M{ 9 0000] MS
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s TES NL 9 01ES
2 100 1566
5 114 Base Peak F
H ©em s1s 97 1515 | 1605 167 FTMS + pESI Ful
g “?E “ 1 ) fesef 945 14.16_ 1500 A o
%07 i ’ ‘ 1380 ﬁ [200.0000-
3 mb = 238 f\ 425 |l' UJL\J K "n“ U‘ MN"\ h\ ”\Zb e ﬂ'uM Wi ”k W m\m% e
g Joso] | \J _, Wl i L 1798 1867 1957 2027 2162 2223 2351
“ 100 11a 0 -
1 551 5
I Dzsosw 19 819 902 , 1514 25 1607 1673 s
173 946 |
0 405 Rn \‘92 © f‘ l"L‘u L lk fy ‘11 | ,1(?;;) joss 3f26 ’U H ” J 0
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4 F A IE BT o [
4-1 QC [a]u} 12y R T BPC =i ] 175
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NL 207E9
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116 - FTMS - p ESI Full
5 726 s
50 246 5.48 600 6.02 [ 1017 1930 [200.0000-
11.38 1600.0000] MS
J‘\jfj}\)\ o M?”? 1271 1367 1542 1618 1680 1756 1017 2039 2078 2006 2242 2308 QCT
. L 21489
£7003 116 Base Peak F
2 o351 FTMS - p ESI Ful
5. \ 721 57, 008 ms
< 50 - . 548 594 4 681 ‘l 818 f\l m|5 1040 ”H [200.0000-
H 1 B ﬁ 1800.0000] MS qc2
[ sm \ .
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Figure 4-2 Negative ion mode BPC overlap mapping of QC samples
P s A A A H VI ],
J i B AN PR BRI (A AR L
FEAN R Pe A AR FIAE N, AXASHI(E S
Bt

4.4.2 AKO BEBUEE M E ST FAE RAC R o4
KRG INKIEE, 20508 H K
(glycerophospholipids, GPs). #if53%5 (sphingolipids, SPs). [EEZE3E (sterol

1 I O B B [ AT e 50 P — B8, IXR ] 40
FasE VR, SR Al B ALY

( glycerolipids, GLs) .

WP FRRIER) SR EE. IR, & QC FEAM il
SURTIDRENAEES N

Em|

A ELEEAT A

’

H i i 2K
lipids, STs).

BT RS (fatty acids, FAs). Z#&EERR 25 (prenol lipids, PRs). #fig3S (saccharolipids,
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SLs) FIZI LI (polyketides, PKs) B, AEANK I AT LUARE Sk 1 A [H 41 43 AN ]
MRS, A 02K SCHE T BB 0 AT B2 AN K B2 AN [F] 2 AN BRI RE B 701, E A R 1 B 26
WEMKE-R-50F = H o R R

A S5 UHPLC-MS/MS R R 51 7 77 12 S L 3 5E 41 g 5T 2K DL Je 4812 Fiifig ot
3T . MRE Gerhard 2 NP AL Lipid Maps 3 B TR i 4812 FIE 4 170 Bk,
T — R AAFE /N, i 4-3 FR.

Class |

AcCa ( 0.44% ) [ wpaco2m) PIP (0.6%)

Cer (3.43%) [ wpe(asw) PIP2 (0.29%)

CerG2GNAc! ( 0.58% ) LPE (0.81%) PIP3(0.06%)

CerGIGNACL (0.15%) | | LPG (0.19%) PS(3.78%)

CerP (0.17%) ] LPI(0.25%) SIE (0.02% )
| cne(015%) [ tps008%) SM (1.08%)
| cL(e23%) | Mo (0.23%) SPH (0.02%)
| co(006%) | oanFA(0.69%) SPHP (0.02%)

DG (9.58%) | pa(168%) | sT(017%)
| Fago1ms) | P (1856%) SE (0.06% )
| om3(039%) [ pe(939%) TG (22.94%)
| Hexacer (2.99%) | Po(37m) WE (0.64%)
| Hexacer (2.97%) | phsm(0am) 2yE (0.37%)
[ Hexacer (1.02%) | Pigaseae)

Ci

lass Il
sps(04as) [l GLs(023%)
sps(3.43%) [l Fas(069%)
sts(oses) [ GPs(168%)
sts(oss) [ Gps(1856%)
sps(0.17%) [l GPs(9.39%)
sts(01s%) [l ops(37%)
ops (6.23%) [l SPs(037%)
PRs (0.06%) [l GPs(362%)

I cisqossw) [l cps(o.6%)

B rascoarse) [l cPs(0.29%)
sPs(030%) [l GPs(0.06%)
B ses(299%) [l cPs(3.78%)
B sPs(29m%) [l sTs(0.02%)
B ssc102%) [l sPs(108%)
B cpsco2rse) [l sps(002%)
B cps(assw) Jl sts(0.17%)
B crsosis) Il sTs(0.06%)
B cPs(0a%) | GLs(22.94%)
B ops(o25%) [ Fas(0.64%)
B cps(oo8s) STs (0.37%)

K] 4-3 AKO A lg o 25 AR R0 H 4 b

Figure 4-3 Percentage of lipid subclasses and macroclasses in AKO

B SRR AR T BT AKO FE SR A ST I-GA IR K2, AHE 72 MEIIERSE (FAs,
1.49%), 1576 NMHHEGS (GLs, 32.75%), 2468 AN H iHEfE25(GPs, 51.29%), 3 224
BEfAfESE (PRs, 0.06%), 35 MMFEARZE (SLs, 0.72%), 621 AM¥EfE3E (SPs, 12.9%) #1137
ANEREARZE (STs, 0.77%). B REXAHE—L - AWML, WHNAFR: FAs HH
AN (FA FBRITR . OAHFA SREEAEIT IR . WE B IY)); GLs 1 =AMk (MG H
M—lE. DG Hi =5, TG Hili=M8): GP s H TN (CL CRENE. LPA % LB
2. LPC WA IMLBEARBEANTN . LPE ¥ ML BEARM: LBk, LPG v MBS AEIE H ity LP1 ¥ e fg
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BEAULEE. LPS MW IMBENRN 22282 . PA BEIRIL. PC BENIRNGIEGL. PE BENIEN: CREi. PG B
JEEEH M. 3 F PI (PIP. PIP2. PIP3) BEMRMLVLEE. PS BElEHt22 2R ): PRs A — L
%% (Co 4l ); SLs 1 H P2 (CerG2GNAC1/CerG23GNAC2 Wi ikl B4 &2 k% ); SPs
1 11 MK (AcCa IR PG Cer M BERK . Cerp BEER A B . GM3 & 1T H IF
HeX1Cer/HeX2Cer/HeX3Cer JLFf CHEFH W% phSM HEY)HZEE. SM #HMEE. SPH
ZNE. SPHP B ZNT): STs A FL 3 (ChE H[FEFERE . ZyE B EEERE . SIE 4 K%
Fig. ST #illE. StE &8 ERE). AKO [FIfE ALt LT HAh e 5 JEw £5, W, fh3
B 2L 0 A 7l A S A 98 R IR R 20 1A 10 RO, 1 B K BRI i A A
A5 1179 FhHg IR 2> TR0 35 FHAESEAR R AN OG0 1) #a 3o S A 43 B SIS R AT 1433
PR 575 T AR TR 1) AKO FF i A s JERT I 41 Bl S5t M2 LA Je 4812 Rl 5 1.
PAEZE U] AKO IR FTZH BT & 20, AU AKO FIEFRIME RN, XEEE R IE
JRZH AR 5B AKO 8L 57T I 2 AL
443 1K, . SHESEMN=M AKO SXATHERERES
4431 ZMHREN AKO F BT XFEFRESE LT

73S LPL. MPL. HPL =FBar i 22 2L AT (7054 508 LPL1. MPL1. HPLL),
Forp % M SR 28I B B S L], BB T =R BT v v % S 2 AR R o R IR R A A A
i, Qi 4-4 FEoR I it =l AKO MR R BT 45 58, B A s & 2 T 1% 00 028 8 )5

B 4-4 (A) LPLLER WK H 4 (B) MPLL B TEKEH 4L (C) HPLL g WK H 4

cL LPC St pPs GM3 Cer pj

HeXaCer 2% 2% 2% HeX1Cer 2% 2% 2% 1%

A

&

PE
3%

B

tk
Figure 4-4 (A)Percentage of LPL1 lipid subclasses (B) Percentage of MPL1 lipid subclasses (C)
Percentage of HP1L lipid subclasses

HET I, LPLL SRS TG (44%), HVCH PC (22%). MPLL H 5
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[ TG (33%), PC (24%) HEIZILT TG, 7F HPLL & &R E A PC (43%), Hik
N SpHP (12%). HEFEHE 55 H, GLs 7€ LPL1. MPL1. HPL1 F & &0 5N
50%. 40%. 10%, GPs 7£ LPL1. MPL1. HPL1 {8505 36%. 42%. 55%. Bfith
PR BT e =R g R B, AR AR R A R =M T B . X =
MR =5 AKO H11f) TG 5 PL =S —50, Ui 78R fEdk. A
PR T AR E AR e P, T 4 R o 75 AR UK AR VR A7 — BRF 8], 5 5 48] 4% (R R
R . 3 AKO FE-20°CIRIUKAR rH i 58l 10 I [ A AT R R AR T G248 RSB A K A S
AR SRS E RG2S, b, AT =FRN T RN R F3
GRBAGER . —BoRYE, WIMBEARIE N —F0 PL AR R4, TERSFAGI AKO Hiff
SRR, W M \CTIEHEEEUY) AKO HE) LPC (14 &8 0.79~1.16%. &)
2t N ISISE Y o OB il vk 45 AKO Hhf) LPC 28 2.6%. 1T HPLL H iV I B G 7 6%
DA (Hidr LPC 4 3%), HEBEEACSKHLH MPLL A1 LPLL 3 73 AT 2] 7 2%41 1%
v LB, BB 71X =Fh AKO FERTEVKAS T f#580 , PL T RETERENREGMIVER T RAET
AR RS, X PG FE-20°CH BB 1R S ivE 1, HEIfT 580 AKO 343 A8 i 1) e At LA K%
HAT R AR, AT A AR 3 AKO FF 1 IR BT 75 5 58 = & LUl kA B AN IR o

B T G GLs A1 GPs 4, 7EIX = FlliFil spit R T $BER Sy, ZyE J&— R Rk i
B, £ ZFPAR R Sk AL, (H X S A H ATE AKO BT RfF ST il . 78 HARBHE 78
A, AKO H R B BN E R . £ KB 22- A E R . AR A .t =
P AKO FI B, LPLL 5 MPLL A (#30AR i 4 i AR B, R & i AR (E & B
T 1% RS, MPLLAXLE LPLL 2 1 —#f SM. SM & —FEHmER, AU — R ik
fg, R —AhiE S TR TP, 5 LPLL A MPLL EL#ESk, HPLL thé& AR M
SP 1 ST, WifE HPLL H & & 58 58 =58 —Ff SP (SpHP, 12%) F1—Ff ST (SiE,
11%). Hr1, SpHP ¥ FE e 2 A R (EH oA mmtieE 5201, TR 254
HIhfel, SiE JEAATAYAMEREY T, H& AR, mEREEEE. iR
RSP, H it AKO FRR4L3E B L F B4 T PCy TG BURMIRR ALK, EAZR
Bl AKO 1, JUH HPL & 5 b Bilft) SPs A1 STs, HAE#E T TG W& 8. hTWm
AR E HAE T, R KA SPs A STs s 74 AKO HISEAL AT A R, X — [ A
GIEE YL
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4.4.32 ZFRENK AKO KRB REFHIES THIT 7R
(1 ER o
FERA T (PCA) S —FhIE M B R AR R A 22 4E G0t 4 W 59509, S@id PCA it =l
AKO i (LPL1. HPL1 A1 MPLL) F AR5t 4 e s B AT 2o e 4k o #fr, W RASE 9 B
MEE S| LPLMPL AT HPL 3% =i 22 57 FE K/ o 1] 4-5 J9iX = Fift AKO i) PCA 7373 & .

2D PCAPlot

Group
§

12.329%)

¥ M

PCL{ERESH)

4-5 LPL. MPL. HPL [fJ PCA 43 #1¥
Figure 4-5 PCA analysis of LPL. MPL. HPL
R A R TR B PR B 3R R T SRR A 2 RN R AR AP 22 53 K/ BE B, AR
i, ATLAEER], [FA AKO ZIAIA B B3RS AT AKO, B LPL1. HPL1 Al
MPL1 =%t AKO Z [a]lI7E PCA 1545y B W11 7 e, HE5H A RENR .
XU = AKO 18 5 28 i 2 B S DX 3o Ak, 35— 32 plisr (PCL) FHEE — 4 (PC2)
R DTRR AL B 96.17%, KWIAILE B wm, ZAEGt et Rl s, ardkirit—2m
A
(2) 1EAZ e/ 330 3 o3 Wt
PCA HALA IHEA RE BB AN BN A &7, AR TR ZE AU, ATLAESLIERS
fsse /N — T A 31 (OPLS-DA) F3 Mt ], 48] 4-6 Ffr~, OPLS-DA #ifdrh, =
it AKO 73 B BH i, Ui B OPLS-DA FJ BAA 21X 73 LPL1.HPL1 F1 MPL1 iX =Ff AKO £ i,
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Figure 4-9 Screening results of significantly different lipids
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Figure 4-13 Screening results of significantly different lipids
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Figure 4-19 Differential lipid metabolite volcano plots
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R 4-1 =FF AKO Jinidk &AL e 2= = AU ) Bl Se it 3R
Table 4-1 Summary of the number of differential metabolites during accelerated oxidation of the

three AKOs

AKOFI% %R BESFWANE THNE LENE

6d vs 0d 1168 607 561
12d vs 6d 978 456 522
LPL
18d vs 12d 961 486 475
24d vs 18d 693 336 357
6d vs 0d 986 378 608
12d vs 6d 932 640 292
MPL
18d vs 12d 959 551 408
24d vs 18d 1055 398 657
6d vs 0d 1837 1381 456
12d vs 6d 1135 625 510
HPL
18d vs 12d 984 597 387
24d vs 18d 1531 862 669

Z55 1 4-19 FIER 4-1 XFEERTDAE H, AREFZA S AKO A B R EHR RN Z
FEVERN S 2 TERPRIRE S P, LPL IS AT 6 d b R v BE 2890 5 i 840 BE R 2 s MPL
AR G — B B (B8 18 d~28 24 d) AR, RSB AR] e T IR IR A2
HPL A6 2, 1 6d AR5 6d IR TR MBCARIZL. XA FE R AKO # il A A0id
FERT A, HPL fE%L 24d i ierh, HA a5 2k 5 A A b LPL A MPL #2121

BT REZERETE S, N TPk e 535 2R B, % =M AKO AR+
PRI A LU A 4 Hh ) S 3 2 5 B TREA T VR R 3, e R A — ST B B AR e i 2 3 1 AT 20
JEBT, 3 4-2 o
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# 4-2 LPL. MPL. HPL % fb ik #2 F0 A [F] By B B 2 722 AR IR i (5 2

Table 4-2 Significantly different metabolic lipid information at different stages in the oxidation of

three AKOs
FEm 4 AR B . 2 e R o VIP Log,FC FEE
DG(18:1/24:1) 1.146655 19.06659 1
Cer(36:3) 1.146437 18.7183 1
LPA(16:1) 1.140633 17.41049 1
CL(17:0/15:0/16:0/16:0) 1.133296 17.29133 1
0de6d TG(27:1/12:4/22:5) 1.125228 15.66312 1
TG(12:1/6:0/14:2) 1.147665 11.50694 1
DG(16:0/14:0) 1.124331 10.92856 1
LPE(20:4) 1.147898 -10.8698 !
CL(75:2) 1.099791 -23.2474 !
PS(10:1/10:2) 1.08888 -26.0099 !
PS(10:1/10:2) 1.15537 22.36503 )
CL(75:2) 1.176125 18.52584 )
PC(8:0/6:0) 1.176359 9.475436 )
LPC(14:0) 1.176363 9.298427 )
6 412 d TG(53:15) 1.171386 -11.6966 ]
PE(20:3/16:0) 1.171836 -17.243 !
CL(17:0/15:0/16:0/16:0) 1.162099 -18.9546 !
CL(22:6/20:0/18:1/22:5) 1.165626 -20.7205 !
LPL PI1(16:0/18:1) 1.175386 -20.8465 !
CL(68:8) 1.170078 -22.9206 !
CL(68:8) 1.093472 20.72714 1
CL(17:0/15:0/16:0/16:0) 1.134283 18.54663 1
CL(22:6/20:0/18:1/22:5) 1.150659 18.3996 1
PE(20:3/16:0) 1.144345 16.65449 1
12 4-18 4 P1(16:0/18:1) 1.117972 15.60792 )
PE(18:1/18:1) 1.147196 -13.2505 L]
PI1(20:2/20:5) 1.150833 -18.4462 !
PIP(56:4) 1.150765 -18.7247 !
PS(43:5) 1.139441 -19.036 ]
TG(16:0/13:0/22:5) 1.135268 -20.1487 !
PIP(56:4) 1.149981 21.38248 1
TG(16:0/13:0/22:5) 1.151109 20.00788 )
18 24 d P1(20:2/20:5) 1.14612 19.17697 1
PE(18:1/18:1) 1.150045 12.6291 1
CL(17:0/15:0/16:0/16:0) 1.133438 -17.6212 1
LPE(18:2) 1.150965 -18.7763 1
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PS(10:1/10:2) 1.150353 -19.2872 ]

PIP(36:1/16:0) 1.149258 -19.6295 !

PC(14:022:4) 1.13318 -20.5405 !

CL(75:2) 1.144096 -20.7275 !

PC(17:0/8:0) 1.117447 15.1212 1

DG(22:5/11:2) 1.119634 12.94323 1

PE(16:0/20:5) 1.118578 9.958218 1

TG(16:0/6:0/12:3) 1.118675 9.555383 1

0de6 FA(22:6) 1.121449 8.952369 )
PA(37:5) 1.117207 -9.01444 ]

CL(73:7) 1.105867 -11.7192 ]

CL(89:19) 1.094179 -13.5799 !

PC(34:5) 1.10476 -13.9086 !

PG(16:1/16:1) 1.106217 -16.6081 !

PC(34:5) 1.10238 18.59484 )

PA(37:5) 1.109228 9.358389 )

CL(73:7) 1.086612 8.836109 )

PC(28:1) 1.112572 7.551672 1

6 o124 PC(32:0) 1.112089 -7.63695 ]
P1(29:1/18:1) 1.112584 -8.88125 ]

TG(12:1/10:0/22:6) 1.112647 -9.67866 ]

TG(12:0/10:3/18:0) 1.10134 -16.9097 L]

TG(6:0/12:1/14:3) 1.097486 -16.9606 !

MPL CL(21:0/22:3/16:0/22:6) 1.094368 -17.382 !
CL(21:0/22:3/16:0/22:6) 1.091818 20.04768 )

TG(12:0/10:3/18:0) 1.093696 15.92367 )

PG(16:1/16:1) 1.104593 15.68072 )

CL(89:19) 1.10387 15.52049 )

12 o184 TG(6:0/12:1/14:3) 1.08838 15.31273 )
TG(12:1/10:0/22:6) 1.105358 9.176349 )

MG(20:4) 1.10554 8.664771 )

DG(18:0/20:5) 1.105544 -8.26517 !

DG(40:3) 1.094058 -16.6409 ]

Hex3Cer(16:2/22:6) 1.104652 -18.8425 ]

Hex3Cer(16:2/22:6) 1.096119 20.57926 )

DG(40:3) 1.084453 15.8752 )

TG(20:5/17:1/20:5) 1.095693 13.49055 1]

L8244 Hex1Cer(24:0/20:5) 1.096885 7.532104 )
PE(24:1/22:6) 1.067605 6.517789 )

DG(25:5) 1.096652 -8.14672 ]

CL(18:3/18:1/16:0/22:6) 1.096746 -19.5649 ]

TG(12:1/6:0/14:3) 1.096845 -20.5842 ]
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DG(12:0/18:2) 1.096196 -21.5038 ]

Cer(42:2) 1.021129 23.23151 )

LP1(16:0) 1.021427 20.18898 1

LP1(18:1) 1.021477 18.10497 1

TG(10:0/10:2/20:5) 1.021455 16.14115 1

TG(18:4/18:1/20:5) 1.020179 -17.9046 !

od-ed OAHFA(22:6/16:0) 1.015789 -18.1961 ]
PE(16:1/14:0) 1.021458 -19.2162 ]

Cer(36:3+20) 1.021511 -19.7431 ]

TG(20:5/10:3/12:4) 1.0216 -20.2788 ]

Hex1Cer(38:6) 1.0214 -20.8887 ]

TG(19:0/20:5/22:6) 1.040772 23.1145 )

TG(20:5/10:3/12:4) 1.042567 19.85073 )

Hex1Cer(38:6) 1.042328 19.82658 )

OAHFA(22:6/16:0) 1.03704 19.02366 )

6 de12 Cer(16:2/25:2) 1.035183 -17.5195 ]
TG(20:3/10:3/11:3) 1.040859 -18.6284 !

PG(32:3) 1.041877 -18.6814 !

TG(42:7) 1.041975 -18.9509 ]

PE(15:0/20:4) 1.040162 -23.5375 ]

Cer(32:0) 1.041963 -24.1858 !

Cer(32:0) 1.046704 23.90456 )

PE(15:0/20:4) 1.044567 21.96053 )

TG(4:0/11:4/23:0) 1.046828 20.88494 )

TG(42:7) 1.046807 20.24715 )

HPL 12 d~18d TG(20:3/10:3/11:3) 1.045227 16.8905 1
PG(32:3) 1.0464 16.34343 )

TG(8:0/10:4/20:5) 1.046825 -17.9539 !

TG(12:0e/10:3/22:6) 1.047083 -19.2229 !

TG(4:0/10:3/16:0) 1.045992 -22.8969 !

TG(4:0/10:3/16:0 1.052619 22.50688 )

SM(20:1/24:2) 1.053903 17.99679 )

CL(18:4/22:6/22:6/22:6) 1.052698 16.35397 )

DG(18:4/14:0) 1.053301 16.05334 1

18 d-oad TG(8:0/10:4/20:5) 1.053258 15.26751 )
Cer(17:0/18:2) 1.031826 -15.6644 !

LPE(18:1) 1.047147 -17.1465 ]

LPE(20:4) 1.04778 -18.8073 ]

PS(40:7) 1.052971 -21.3377 ]

TG(19:0/20:5/22:6) 1.053051 -24.5805 ]

IR R, O =F" AKO HIEMIERE, GP M EEERIFHAERS,
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B, 7ELPL (1 24 d A R, BB K EEZRIRRAZ N GL Ml GP. HIEAMY]
W (a6 d, GL AR E NEE, 6 FEE LM H 4 My GP, Hp
FEWIFN TG AW Fh DG, KEZHMZNEAPENIIE . X/EH T LPL A5 & A Sk B 1 ik
JJsT, RN A S AN AN IR LS S k. 7E MPL 1 24 d b RE T, AR IbEL
KHE 2RI Z 1oy GL A1 GP. fEAAHTH], MPL i) —7Ff FA B4 DHA (22:6) 3%
PR3 B, [ PA(37:5). CL(73:7). CL(89:19). PC(34:5). PG(16:1-16:1)%& L
F RS XRAREE N T AT, BRI ZRI PL /£ — R AN BiBE IR T 4o id A=
JRARPESRIERE TR, FECNBFIR TR K &=, 7£ MPL UG5 I, AP SP AY ik
R AR EIAPIS Hex3Cer(16:2-22:6) 1 Hex1Cer(24:0-20:5). 5 LPL A1 MPL LbiEsk,
HPL %84k 24d 3 72 o 19 S8 35 22 e IR ISR I R SR 22 B T GP i GP 4b, ie B L 11 SP 2%,
un Cer(42:2). OAHFA(22:6-16:0)-H. Hex1Cer(38:6). Cer(16:2-25:2). SM(20:1-24:2)%%, %
Hh i HH PRI A I 2 7 R i T T DR [F R AL AKO AL 72 R B 7E A b i
P
45 REING
K F UPLC-QTOF-MS X I3 24 d IR AKO JEAT T ¥R 1M fig ST 4H 5 70 A, %08 1
41 F i S5 2 DA K 4812 i i 3 -
(D FEAF AR AKO LA AH R AR 4L AKO 7EAS Al AL B 1) i 35 22 53 iR
Jit. AALEE O d FALER 24 d I =F0 AKO 43Ikt 1 VIP (B HFRT 10 1 25 2 R I ot
HApSEAGEE 0 d B VIP B KRR T PC(44:7)|PC(22:1-22:6) F] {E A X Al Atk AKO
(LPL1.MPL1.HPLL) Z [AJHI AR BibRicH): EALEE 24 d I VIP {H & KI5 7 Cer(35:3)
AR NX HI4%E AL AKO (LPL5. MPL5. HPL5) 2 [&] g Fkric 4.
(2) F3 iRk =Fh AKO M A6 8 &N B A bR ic s, B — S B
B B35 T 10 R g 5, 7T LAWL 3] LPL M1 MPL A8 1k 55 25 1) 22 53 I5 5 32 224 GP I GL,
1M HPL AU 2 45 2 1 SP 2 (1) 42 25 22 53 i i, 0 Cer(42:2).OAHFA(22:6-16:0) Hex1Cer(38:6)
Cer(16:2-25:2). SM(20:1-24:2)%, Fox T ANFEEHT AKO I8t i B AR 40 22 5+
(3) XEEAF G AKO Z A1) 2 SR, DA IRl AKO 4l Ak i i p i 2
ZE SRR, RIES S AKO 5L I IR R bR 104, e AN | I T 4L 1) AKO 4R
WS AR AR 2 R, TS F AR B2 A AKO PRSI A K o 52 DA .
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EE FEHARSRE

51 FELHR

(1) Zid s R AR LA KA R AR AR, 5 f A PR AKO ARHEf R 1Y) T 21 %%
9. AHUESR 45 MPa. ZHBURE 45°C. ZHUNTA] 1.75 ho {ERAERBURAE T Frigir
TG &8N 73.68%. MFik L 24 nd SR R SLi S N i, e s iUE & AKO itk
AR T 240 AU 3 h, ZEHURE 57°C, FECRRKLL 1:3, ERERIAM TS
PL & & miA 80.19%. Zoid DA FAbEE, WsHl AKO H IR ot 5 A% P g o dme KRR B2 10 79 B
HI S CO, ML Z SR B AT 15 870 B AKO AS[RIRRME R (07 R0, A RT3 E AKO
TR PR £ R 1 B AR

(2) PAE—EB5 Frl PR AR L) AKO A Jik), ERCEA AR ISR ALK AKO

(fir4 N AKO1~11). M AKO1 #| AKO11, TG FIfE Mo K& 2iXJ0# s, PL A1 PUFA

(& BB OE IR . A 10 ORI 4L R ) AKO 28 Oxitest 4GRS 2 A AL IE S E], 775
H, AKO4 IHA HGRI AT E . IR R SR /12 i PCC, K TG,
MER. 44ER A EFHA PL &= S5PELR I EM XK. HAH PL 5 AKO 1t
EALRE S R IEARSG, VLW AKO [IFTAGAE 77 £ 2 PL S e .

(3) 11 Fh AKO HEAT IR A AL L5, K IL EPA il DHA 7£ 11 Ff AKO F AR LT &%
QBN AR — 5 1 A A . 8 PR A R R, TR AKO1LL 1Y) EPA AT DHA
(I BEffd B T AKOL, H AKO4 1 EPA 5 DHA R ILMEAE R AL, BLBHAN T HAb
AKO M5, EPA #1 DHA 7 AKO4 H L8 . IX 5 Oxitest AL 75 3 I 1A) I L SR ) 45
FAEL, X PLEALE 11 Fh AKO R R, && 5% PL &S — e ME s & 81 AKO4 (1A
ARIF R R E . BEAh, 16 24 d N A fE T, BAANTIRIEE R, 484
= AFVEE a2 RS, HPL S EE I AKOL~6 Rl AL By & B/EEE 18 d I
RIS ER, X5 PL A EEB M EAMERG R, UESET PL 54 Fmyia i mrE
H

(4) TRk ANFEAR AL AKO LR ARIRINE BT 2H % AKO 1E A [R] SEAL Fr B 535 72 5+l
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Jii o He AR AL S O d B VIP B B oK I i 5 70 T PC(44:7)|PC(22:1-22:6) AT 1 2 X il A S 4L AKO
(LPL1. MPL1.HPLL) Z B iEBibric s SAA0ES 24 d I VIP (A& KR 5 731 Cer(35:3)

AYENIX A% AKO (LPL5. MPL5. HPL5) Z[HFIfEHARICY). Ak 24 d e, W
X3 LPL A1 MPL H 224k 35 (1) 53 g Joi 32 %9 GP Rl GL, 1 HPL NI 24X 2 (1) SP A4 %
SRR o
5.2 BlFT=

(L VBN T AKO R 7 5% Fa e WA G, BRI IR 4L AKO &
WAT RZE ST

(2) MHE R 22 (1 £ FEART S R W P i R 2E R AKO AL R R R g S AR (b 25 57, 1]
PR AN IR 2 U AKO AT R 1 X 0, it — 4 R LA 5B LI B0 T 3R K
1 -
53 RE

(1 fERFFE AKO IR A5 58 AR BRI R R PR AR, RO N £ 2
FIMS RIS T 3 A EOC R, Ja SRR AT I AKO 4l A3 Fi Hh 2 i i 2 1 25 8 i 72
AR R AR A AR . s AR R T 440 (1) AKO A b A e PR 2 M R AL

(2) AKO s 44k 5 R A UV 0 e S AN [ i B 4 1 AKO %84k 5847 IR 22 57
LR B LA AKO & B M AR I =0 70, BE—2D %t AKO Ak i R Hhisd K AR gt
AT IRANIRDY -

74



TR 2 A 18 3

S22 3R

[1] Candeias R, Teixeira S, Duarte C M, et al. Characterization of polymorphic
microsatellite loci in the Antarctic krill Euphausia superba [J]. BMC Research Notes,
2014, 7: 1-3.

[2] Atkinson A, Siegel V, Pakhomov E, et al. A re-appraisal of the total biomass and
annual production of Antarctic krill [J]. Deep Sea Research Part I: Oceanographic
Research Papers, 2009, 56 (5): 727-740.

[3] Reid K: Commission for the Conservation of Antarctic Marine Living Resources
(CCAMLR): implementation of conservation of Southern Ocean marine living resources,
Governing marine living resources in the polar regions: Edward Elgar Publishing, 2019:
30-42.

[4] Phleger C F, Nelson M M, Mooney B D, et al. Interannual and between species
comparison of the lipids, fatty acids and sterols of Antarctic krill from the US AMLR
Elephant Island survey area [J]. Comparative biochemistry and physiology. Part B,
Biochemistry & molecular biology, 2002, 131 (4): 733-747.

[5] Castro-Gdmez M P, Holgado F, Rodr guez-AlcalaL M, et al. Comprehensive study
of the lipid classes of krill oil by fractionation and identification of triacylglycerols,
diacylglycerols, and phospholipid molecular species by using UPLC/QToF-MS [J].
Food Analytical Methods, 2015, 8: 2568-2580.

[6] Fricke H, Gercken G, Schreiber W, et al. Lipid, sterol and fatty acid composition of
Antarctic krill (Euphausia superba Dana) [J]. Lipids, 1984, 19: 821-827.

[7] Xie D, Jin J, Sun J, et al. Comparison of solvents for extraction of krill oil from krill
meal: Lipid yield, phospholipids content, fatty acids composition and minor components
[J]. Food Chemistry, 2017, 233: 434-441.

[8] Tandy S, Chung R W, Wat E, et al. Dietary krill oil supplementation reduces hepatic
steatosis, glycemia, and hypercholesterolemia in high-fat-fed mice [J]. Journal of

Agricultural & Food Chemistry, 2009, 57 (19): 9339-9345.

75



TR 2 A 18 3

[9] Wijendran V, Huang M-C, Diau G-Y, et al. Efficacy of dietary arachidonic acid
provided as triglyceride or phospholipid as substrates for brain arachidonic acid
accretion in baboon neonates [J]. Pediatric research, 2002, 51 (3): 265-272.

[10] Bonaterra G A, Driscoll D, Schwarzbach H, et al. Krill oil-in-water emulsion
protects against lipopolysaccharide-induced proinflammatory activation of macrophages
in vitro [J]. Marine drugs, 2017, 15 (3): 74.

[11] Hals P A, Wang X, Xiao Y F. Effects of a purified krill oil phospholipid rich in
long-chain omega-3 fatty acids on cardiovascular disease risk factors in non-human
primates with naturally occurring diabetes type-2 and dyslipidemia [J]. Lipids in health
and disease, 2017, 16: 1-16.

[12] Zheng W, Wang X, Cao W, et al. E-configuration structures of EPA and DHA
derived from Euphausia superba and their significant inhibitive effects on growth of
human cancer cell lines in vitro [J]. Prostaglandins, leukotrienes, and essential fatty
acids, 2017, 117:47-53.

[13] AR, B IRMEE, W79, 5509 AR UR i SRS E I R T VAR LR D).
£ R4, 2023, 44 (15): 310-320.

[14] Fuller | D, Cumming A H, Card A, et al. Free fatty acids in commercial krill oils:
concentrations, compositions, and implications for oxidative stability [J]. Journal of the
American Oil Chemists' Society, 2020, 97 (8): 889-900.

[15] Lu F, Bruheim I, Haugsgjerd B, et al. Effect of temperature towards lipid oxidation
and non-enzymatic browning reactions in krill oil upon storage [J]. Food Chemistry,
2014, 157: 398-407.

[16] Shahidi F, Zhong Y. Lipid oxidation and improving the oxidative stability [J].
Chemical Society reviews, 2010, 39 (11): 4067-4079.

[17] Hellessey N, Ericson J A, Nichols P D, et al. Seasonal and interannual variation in
the lipid content and composition of Euphausia superba Dana, 1850 (Euphausiacea)
samples derived from the Scotia Sea fishery [J]. Journal of Crustacean Biology, 2018,

38 (6): 673-681.

76



TR 2 A 18 3

[18] Ali-Nehari A, Chun B-S. Characterization of purified phospholipids from krill
(Euphausia superba) residues deoiled by supercritical carbon dioxide [J]. Korean
Journal of Chemical Engineering, 2012, 29: 918-924.

[19] Xie D, Mu H, Tang T, et al. Production of three types of krill oils from krill meal
by a three-step solvent extraction procedure [J]. Food Chemistry, 2018, 248: 279-286.
[20] Gigliotti J C, Davenport M P, Beamer S K, et al. Extraction and characterisation of
lipids from Antarctic krill (Euphausia superba) [J]. Food Chemistry, 2011, 125 (3):
1028-1036.

[21] Lu F, Nielsen N S, Baron C P, et al. Marine phospholipids: The current
understanding of their oxidation mechanisms and potential uses for food fortification [J].
Critical reviews in food science and nutrition, 2017, 57 (10): 2057-2070.

[22] Xie H, Yin F, Liu Z, et al. Oxidation Kkinetics of polyunsaturated fatty acids
esterified into triacylglycerols and phospholipids in dried scallop (Argopecten irradians)
adductor muscles during storage [J]. Food & function, 2020, 11 (3): 2349-2357.

[23] BW &, %, ok, 5.8 & o-3 2 AR R 0 e Ik 22 & R 1) % T
ST [J]. LT AT, 2022, 44 (06): 599-605.

[24] Song J-H, Inoue Y, Miyazawa T J B, Biotechnology,, et al.Oxidative stability of
docosahexaenoic acid-containing oils in the form of phospholipids, triacylglycerols, and
ethyl esters [J]. Bioscience, biotechnology, and biochemistry, 1997, 61 (12): 2085-2088.
[25] Chen B, Mcclements D J, Decker E, et al. Minor components in food oils: a critical
review of their roles on lipid oxidation chemistry in bulk oils and emulsions [J]. Critical
reviews in food science and nutrition, 2011, 51 (10): 901-916.

[26] Choe E, Min D B, Safety F.Mechanisms and factors for edible oil oxidation [J].
Comprehensive reviews in food science and food safety, 2006, 5 (4): 169-186.

[27] Waraho T, Mcclements D J, Decker E. Impact of free fatty acid concentration and
structure on lipid oxidation in oil-in-water emulsions [J]. Food Chemistry, 2011, 129 (3):

854-859.

77



TR 2 A 18 3

[28] Aubourg S P, Agriculture. Fluorescence study of the pro-oxidant effect of free fatty
acids on marine lipids [J]. Journal of the science of food and agriculture, 2001, 81 (4):
385-390.

[29] Mistry B S, Min D B. Effects of fatty acids on the oxidative stability of soybean oil
[J]. Journal of food science, 1987, 52 (3): 831-832.

[30] Miyashita K, Takagi T. Study on the oxidative rate and prooxidant activity of free
fatty acids [J]. Journal of the American Oil Chemists’ Society, 1986, 63 (10):
1380-1384.

[31] Dobarganes C, Marquez-Ruiz G, Velasco J, et al. Interactions between fat and food
during deep-frying [J]. European Journal of Lipid Science and Technology, 2015, 102
(8-9): 521-528.

[32] Mistry B S, Min D B. Prooxidant effects of monoglycerides and diglycerides in
soybean oil [J]. Journal of food science, 1988, 53 (6): 1896-1897.

[33] Lambertsen G, Braekkan O, Agriculture. Method of analysis of astaxanthin and its
occurrence in some marine products [J]. Journal of the science of food and agriculture,
1971, 22 (2): 99-101.

[34] Higuera-Ciapara I, Felix-Valenzuela L, Goycoolea F, et al. Astaxanthin: a review of
its chemistry and applications [J]. Critical reviews in food science and nutrition, 2006,
46 (2): 185-196.

[35] Zhao T, Yan X, Sun L, et al. Research progress on extraction, biological activities
and delivery systems of natural astaxanthin [J]. Trends in Food Science & Technology,
2019, 91: 354-361.

[36] Xie D, Mu H, Tang T, et al. Production of three types of krill oils from krill meal
by a three-step solvent extraction procedure [J]. Food chemistry, 2018, 248: 279-286.
[37] Gigliotti J C, Davenport M P, Beamer S K, et al. Extraction and characterisation of
lipids from Antarctic krill (Euphausia superba) [J]. Food Chemistry, 2011, 125 (3):
1028-1036.

78



TR 2 A 18 3

[38] Lee J, Fujimoto K, Kaneda T. Antioxygenic and peroxide decomposition properties
of antarctic krill [Euphausia superba] lipids [J]. Bulletin of the Japanese Society of
Scientific Fisheries (Japan), 1981, 47 (7).

[39] Kamal-Eldin A, Appelqvist L A J L. The chemistry and antioxidant properties of
tocopherols and tocotrienols [J]. Lipids, 1996, 31 (7): 671-701.

[40] Yamauchi R, Kato K, Ueno Y J L. Formation of trimers of a-tocopherol and its
model compound, 2, 2, 5, 7, 8-pentamethylchroman-6-ol, in autoxidizing methyl
linoleate [J]. Lipids, 1988, 23 (8): 779-783.

[41] Gordon M H, Magos P. The effect of sterols on the oxidation of edible oils [J].
Food Chemistry, 1983, 10 (2): 141-147.

[42] Sims R, Fioriti J, Kanuk M. Sterol additives as polymerization inhibitors for frying
oils: Wiley Online Library, 1972.

[43] Tou J C, Jaczynski J, Chen Y-C. Krill for human consumption: nutritional value and
potential health benefits [J]. Nutrition reviews, 2007, 65 (2): 63-77.

[44] Otaegui-Arrazola A, Menendez-Carrefo M, Ansorena D, et al. Oxysterols: A world
to explore [J]. Food and chemical toxicology : an international journal published for the
British Industrial Biological Research Association, 2010, 48 (12): 3289-3303.

[45] Guardiola F, Codony R, Addis P, et al. Biological effects of oxysterols: current
status [J]. Food and Chemical Toxicology, 1996, 34 (2): 193-211.

[46] Sottero B, Gamba P, Gargiulo S, et al. Cholesterol oxidation products and disease:
an emerging topic of interest in medicinal chemistry [J]. Current medicinal chemistry,
2009, 16 (6): 685-705.

[47] Barriuso B, Ansorena D, Astiasarén I, et al. Oxysterols formation: A review of a
multifactorial process [J]. The Journal of steroid biochemistry and molecular biology,
2017, 169: 39-45.

[48] Song G, Wang H, Zhang M, et al. Real-time monitoring of the oxidation

characteristics of Antarctic krill oil (Euphausia superba) during storage by electric

79



TR 2 A 18 3

soldering iron ionization mass spectrometry-based lipidomics [J]. Journal of agricultural
and food chemistry, 2020, 68 (5): 1457-1467.

[49] Zamora R, Hidalgo F. The Maillard reaction and lipid oxidation [J]. Lipid
Technology, 2011, 23 (3): 59-62.

[50] Hidalgo F J, Zamora R, Chemistry F. Strecker-type degradation produced by the
lipid oxidation products 4, 5-epoxy-2-alkenals [J]. Journal of agricultural and food
chemistry, 2004, 52 (23): 7126-7131.

[51] Thomsen B R, Haugsgjerd B O, Griinari M, et al. Investigation of oxidative
degradation and non-enzymatic browning reactions in krill and fish oils [J]. European
Journal of Lipid Science and Technology, 2013, 115 (12): 1357-1366.

[52] Ventanas S, Estévez M, Delgado C L, et al. Phospholipid oxidation, non-enzymatic
browning development and volatile compounds generation in model systems containing
liposomes from porcine Longissimus dorsi and selected amino acids [J]. European Food
Research and Technology, 2007, 225: 665-675.

[53] Lu F, Nielsen N S, Baron C P, et al. Impact of primary amine group from
aminophospholipids and amino acids on marine phospholipids stability: Non-enzymatic
browning and lipid oxidation [J]. Food chemistry, 2013, 141 (2): 879-888.

[54] Lu F, Nielsen N S, Baron C P, et al. Oxidative degradation and non-enzymatic
browning due to the interaction between oxidised lipids and primary amine groups in
different marine PL emulsions [J]. Food Chemistry, 2012, 135 (4): 2887-2896.

[55] Bandarra N M, Campos R M, Batista I, et al. Antioxidant synergy of a-tocopherol
and phospholipids [J]. Journal of the American Oil Chemists' Society, 1999, 76:
905-913.

[56] Koga T, Terao J. Phospholipids increase radical-scavenging activity of vitamin E in
a bulk oil model system [J]. Journal of agricultural and food chemistry, 1995, 43 (6):
1450-1454.

80



TR 2 A 18 3

[57] Wang X, Chen Y, Mcclements D J, et al. Recent advances in understanding the
interfacial activity of antioxidants in association colloids in bulk oil [J]. Advances in
Colloid and Interface Science, 2024: 103117.

[58] Doert M, Jaworska K, Moersel J T, et al. Synergistic effect of lecithins for
tocopherols: lecithin-based regeneration of a-tocopherol [J]. European Food Research
and Technology, 2012, 235: 915-928.

[59] Weng X, Gordon M. Antioxidant synergy between phosphatidyl ethanolamine and
a-tocopherylquinone [J]. Food chemistry, 1993, 48 (2): 165-168.

[60] Shimajiri J, Shiota M, Hosokawa M, et al. Synergistic antioxidant activity of milk
sphingomyeline and its sphingoid base with a-tocopherol on fish oil triacylglycerol [J].
Journal of agricultural and food chemistry, 2013, 61 (33): 7969-7975.

[61] Ahmad I, Alaiz M, Zamora R, et al. Effect of oxidized lipid/amino acid reaction
products on the antioxidative activity of common antioxidants [J]. Journal of
agricultural and food chemistry, 1998, 46 (9): 3768-3771.

[62] Hidalgo F J, Lech M M, Zamora R, et al. Effect of tocopherols in the antioxidative
activity of oxidized lipid— amine reaction products [J]. Journal of agricultural and food
chemistry, 2007, 55 (11): 4436-4442.

[63] Akanbi T O, Barrow C. Compositional information useful for authentication of krill
oil and the detection of adulterants [J]. Food Analytical Methods, 2018, 11: 178-187.
[64] REFT. FKBEIRM S AR T 25 [D]. KiE: KiE Tl K%, 2014,

[65] XIZ=Mi, MRih, FILK, 5. B B BEEN il 8 0 gl a6 S FL B e b [91. K e
%, 2022, 46 (03): 457-465.

[66] f7;. wa Ak ik b vih 1) o 2 ) 26 M DO RE VAT [D]L 75 1L Fg K57, 2019.

[67] /XA 10 . T A WA b o0 0 1) 4 K B i 5t 0 [D]. K K& Tk K2, 2019,
[68] RWESz, MAILE, B&XuiE, &5 m N EELAE IR CO, HEIMEZEN M T Z
[J]. HE M, 2017, 42 (07): 15-18.

[69] SREM, 5K, 4], FRAKMFMEERF CO, EIMTZMMA [3]. il
fig, 2019, 44 (12): 20-24.

81



TR 2 A 18 3

[70] EIHH, Kk, ks, F R mRRTZ0iE 0. g8 R 5Tk,
2016, 37 (04): 105-107.

[71] Cavazza A, Corti S, Mancinelli C, et al. Effect of the addition of chili pepper
powder on vegetable oils oxidative stability [J]. Journal of the American Oil Chemists’
Society, 2015, 92: 1593-1599.

[72] L&abli M W, Bruttel P. Determination of the oxidative stability of fats and oils:
Comparison between the active oxygen method (AOCS Cd 12-57) and the rancimat
method [J]. Journal of the American Oil Chemists' Society, 1986, 63 (6): 792-795.

[73] xIBH, EHF, Wik, 5. 7 Ma iyt LEgiE vk 31 hE
Mg, 2017, 42 (10): 63-68.

[74] Yoshida K, Terao J, Suzuki T, et al. Inhibitory effect of phosphatidylserine on
iron-dependent lipid peroxidation [J]. Biochemical and biophysical research
communications, 1991, 179 (2): 1077-1081.

[75] Hidalgo F J, Le&h M M, Zamora R, et al. Antioxidative activity of amino
phospholipids and phospholipid/amino acid mixtures in edible oils as determined by the
Rancimat method [J]. Journal of Agricultural and Food Chemistry, 2006, 54 (15):
5461-5467.

[76] Cui L, Decker E, Agriculture. Phospholipids in foods: prooxidants or antioxidants?
[J]. Ournal of the Science of Food and Agriculture, 2016, 96 (1): 18-31.

[77] Wang Y, Liu Y, Ma L, et al. The oxidation mechanism of phospholipids in Antarctic
krill oil promoted by metal ions [J]. Food Chemistry, 2020, 333: 127448.

[78] BRI AL, AN, i 2R, S5 N D0 A AU GE 2% 1 T v o T A 5 ik BT 4R
T2k [9]. H B Rk 224, 2015, 30 (08): 68-73.

[79] &, HEM, LMK, S 44K A SLEAIRILE [J]. shE 7= %k,
2015, 27 (12): 3671-3676.

[80] JAMI . R %t o ft S8 A B BF 075 08 K 400 1 42 A i 5t S AL B 78 D13 e < o B AR
AR K 2, 2022.

82



TR 2 A 18 3

[81] Liebisch G, Fahy E, Aoki J, et al. Update on LIPID MAPS classification,
nomenclature, and shorthand notation for MS-derived lipid structures [J]. Journal of
lipid research, 2020, 61 (12): 1539-1555.

[82] #h#EFH. T AR 41% UPLC-QTOF-MS (4 7 H AL A #F 78 [D].2LFH:
TEFHAR ML K 52, 2022,

[83] M WA K. WS I AS [E] W B Al 0T B N AE AR 7 It RE L P BT A T AR W 2L A ) S
[D]. BN 53N K27, 2022.

[84] ZMEdw, XI/NT5, ZdE, & A A A B BB AR 5 i o 4L e 2 = o i [9].
Mg, 2022, 47 (12): 90-96.

[85] #A®N, aviddl, &K, KK R DB GENE AL B i e AR B AR B S ) % i Bk
RE 4y ¥ [3]. & & EF2, 2019, 40 (12): 92-97.

[86] KA 5. AhJA ML Cer. SPH M SM & & 5 4 Yk I T A JE VI ARURE 4 4 5% 1k
WEFT [D].H R H il A B 25 K5, 2022.

[87] sk H, ZF4), L, 5. B AN -1-BER WA et & [Cl. 2023
FhEAHESENER R EVRAS RS W BB R R & R ML 20
J IR LK 2%, 2023: 2.

[88] WRiR-¥, Wils, sk5, 5. B-7% & B 0928 B D) 58 S LA W A= 7 o 1 2 H BE 5
g [J]. shWE 3754, 2022, 34 (05): 2721-2731.

[89] Nemeth M A. Multi-and megavariate data analysis [J]. Taylor & Francis, 2003.
[90] E3ET. = WA KR D0 5 % v g 39 1) XU 2 B 5 18 ot A O BF 78 [D]. 3 58 A7 ]
T K5, 2022.

[91] R ¥, sRIBEHE, IR, 5500 & B e 4 44 i o7 AF gl 2 0t 58 [J].
KA R K222, 2014, 20 (04): 260-263.

[92] & 5. B 2B ANOG VB IR A I W ke vk K T AR 4 52 0 B [D]. 2021,

83



TR 2 A 18 3

BUEF LA & REVFARILX

F—AEE, FEARBEIR AN F B B BT R E 2 A4k [J/OL). R [El 3 i, 1-18[2024-03-27, ¥4
2515 /& ].https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240090.

BAEE, MR B E FRAE R I D Tk R [3/0L]. H [ A, 1-17[2024-04-11, 4%
J].https://doi.org/10.19902/j.cnki.zgyz.1003-7969.230446.

84



TR 2 A 18 3

Bis

B AAR, IR =F LR A O AR TR, Wl REE NS A
BBt RSN TESE, BT HCE NI, BAFLINKES . WMk
i 265 1 35 Bl LA R R N R S

B, REROBERN I ——H R BER 5 EE40 . P02 A%, =i
B NEATT KR B TAE XU 2 7 ST B RE, IR HBIR G AN A . A SCHIT
FOT LS. WOOE H KHE . HEZREMKTER, B SCWRE REBSUER, #1532
TR ABUNTE T AR LT ) FR A A7 I E LA R S AR

BeAt, L EE R B BT AR TR TR R — M m . ERM . TKEESE,
TEAR AT BRI SC O, AT SEB0 PR B i — IR — IR, AR Sk 422 i 58
FE. L,

e, FIE R IR NN AT I SRR AR SRR — R R 3) /1.

R BERE B, EKE, k2. mTARNTWKY &k 5%
HRERG, SCHPMAETEZARZL, BIESMER, FHG THIHRIE. WLMBrS2]
B a5 — B, (RS REA SN, IR, TG Sai1T, rBCE RIdED.

LAl
2024 45 A 30 H

85



