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V5 IS AR D0 AR B SR o, SRS TR J3E X Pl
PR AT PL Y B R AR AL A S0

1 MESTHE

1.1 MRS

el e A A 9 P A R 3 T M B AT A )
e, JFT-80°C f&fF, T 202048 H 17 H”,

IR TKZBE . CRROEE ., EEkE. W
P A (5 M K 1 R T R 28 T2 R ) A BRA D 5
SIFT IE BERE . VK Z R AN FR R I S T R T ok
[ e 5w | P 7 O N S o | W =1 02
BEAL AR A 32 F b5 | RSB AHE A R AR kg
1) 14% = HALT-H BE . 1,2-00 =+ Rk i 5 -Sn-
H I -3-w B AEBRCRN 1,2- 9 BBk -Sn-H- 30 -3-#E B 2
P Jg W) K - 3 BTy T A AR 0 AT BR S
Cleanert NH, 2 N % [ #H % B A (500.0 mg, 3.0
mL), K F KB AREHE A R A

12 LA

RE TR 485 6 4o B 5 AT A AL fdi Fi 4.0 mL
1EC BTG 1L Cleanert NH, & PN FE [E A7 A HUAE (500.0
mg, 3.0mL), KHAFA 1.0mL, #EH 10.0 mg/mL
A IE & e B B AW LA 3 1.0 mL/min #E,
4.0 mL 1EC %e-Z M (85 : 15, 1RFLH), 4.0 mL 1E
CbE-Z R TR (15 ¢ 85, IRFILL) Fl 4.0 mL 2% -
BRI (20 98, R WYk, M 3.0 mL
MIIEC el , 585 PL VAR, AR DRI,
AMRZERT, HIECKHERZ 1.0mL, #1754
53T o

Z: 18 GB 5009.168 H1 i i 2 i H g 4k 75 1k g
Aok, 7E&A PLBPENGW H im A 2.0 mL 0.5
mol/L NaOH H B, LRI B Etar, 80 °C
K LR, ERMETE R . IR e g L i
A 2.0 mL, 14% = ALINH BEE R, 4k2k i
2min, IR, MUKW LECR B, M)
R MA L5 mLIECKE, #HE 2 min, TH
FEFEREBUAKZE 10 mL &0 %, InAK
247 0.5~1.0 g TOKBREREN, W€ 1 min, F#ES min,
W L RV TRE 255 1.0 mL Z RS T AR E

fe B m € il Agilent 7890B GC (7l
Xt g 7 R 1) AL AN B A T A, gk SR
A A SP2560 E4H4F (100.0 mx250.0 pm=0.2 pm);
HERE DT HERE RS S 220 °C, HEREEH
1.OuL, 2R 20 1; HAAHAS . K.
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KB 10 (FID) &l #% . FHIRFE P 4 120 °C
#EFE 9 min, L) 20 °C/min FHEZ 200 °C 4E4F 5 min,
B J5 LA 3 °C/min FHE 2 230 °C 4 10 °C/min. 5
15 T2 VT 3 1o L 5 A4 B O () RN o R S, 9
A 35 P bR A X U RO TG T R 7

B A8 IR LR o ) T el srh KR
R (1.0£0.1) g 14 T Bl B 91 2% B ) A 20
[ — e S 43 18 3 00, 4300 T IEE B 1Y 4 °C PKAR
25 °C 11 55 °C Bt ORFE 21 d, RFFW 3 d BL—IK
BE S, DU A [R) 96T A B B 9 b PL Y
T,

HAELIE LI HE N 3 WCOEATR I,
B 3R Ry O B9 {H 45 HE 2% (meantSD), I fifi
SPSS 16.0 3 AF#E 47 B PR 3R 7 22 73 Al RB ST ¢ K 9
I3, P<0.05 FRfETE R E 2R

2 4R
2.1 [EMEZFEEREHMRL
PR AT £ BT IR AL RPN

[RGB A AR T30, DR e 5 B ok A ¥k A e 2 ok
il ANEPPERRFREEECK .. 4R-&
ik (2:98, PRFILL), IECke-2 MR MHE (15 ¢ 85,
L), IECkE-2 8k (85 : 15, IRFALL) A& fs-
SENEE (2 0 1, B B TAS [F 2 B AR 5T A o
Ve (& 1), 255K, IEC k-4 Bk (85 ¢ 15,
PRBLLE ) v] FH T Ve H i =8 (TAG), T A5
HAAE B A ENE ; 12 0E O ke-L R 4T (5 ¢ 85,
RFRLL) MR- ORI (2 ¢ 98, IRFRLL) Wk
Wi, PRI R B TAG. Hih —H5 (DAG).
Hil—ME (MAG) Fl TAG. DAG. MAG FIji# & ik
iR (FFA), HMIECkE-L R MR (15 = 85, K
) 1E 0 DAG 1 MAG Mk UER , O FR-C Bk
(2 : 98, KRB M5 FFA B9 BET ; 1M 1E C k¢
- AEE (2« 1, FEL) #77# TAG. MAG.,
DAG. FFA Fl PL YRR, Haf4E PL 1Y 3E
BRI, BED-RNEEQ 1, KR Bk,
T LA Je YRR IE C e PL BYBEIGIA T . DA 52
R IE C be-2 B (85 - 15, AR, -4
R TR (15 = 85, AR FlLMR-LBEAW (2 ¢ 98,
TRFLEL) VE kU, M AE O BefE b PL B3k
I

BAFERARK LT Ee LB
B, AR AHZE BOH: (500.0 mg, 3.0 mL)
B 7 FH AN [R) 5 A BB R (10.0~30.0 mg) (A
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120 r C TAGs [ FFAs
[ DAG&MAGs [l PLs
100 | — M
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recoveries

40 |
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1 2 3 4 5
ANTR] I R 77
different eluting solvents

1 SRS PL oh S AR ER [E U R A 3200
L ECk-&Rk, 2. ECH-2R LB, 3. ZBR-Lk, 4. & 0i-7 N
W, 5. IECkE

Fig. 1 Effect of eluent solvent on recoveries of

fatty acids in PL

1. n-hexane-diethyl ether, 2. n-hexane-ethyl acetate, 3. acetic acid-diethyl

ether, 4. chloroform-isopropanol, 5. n-hexane

e, MRS R PL IR ITRR OS2 an & 2 s, Xf
FAHEZ RN 500.0 mg (1 FAHZEHAE, 24 EAERE M
10.0 mg#E =5 %) 20.0 mg i, PL H 4% I iR & & ¢
AR (P>0.05), 4 LEAEIEINE 30.0 mg i,
PRI (C16:0) [ S/ 2 3.33%+0.27%. MM
R (C18:2n-6)M & w870 & 0.34%+0.04% . —fik
FHIG R (EPA) B & Bk /D> 2 4.70%+0.14% F1 =+
RN H R (DHA) 1 F B0 E 2.11%+0.29%

[ 10.0 mg %a
[ 20.0mg }
6 I 30.0 mg
a a H
S 54 k b
g S a,
41 8 da
a b
2L
0
8
ENE LY
different fatty acids

2 #EAREX PL HEHERSENTM
L AEERR, 2. 05, 3. B8R, 4. R, 5. WM, 6. AR
1%, 7. T HBRIGIR, 8. —+ THONIEER: FIR
Fig. 2 Effect of column capacity on content of
fatty acids in PL
1. C14:0, 2. C16:0, 3. C18:0, 4. C18:1n-9, 5. C18:2n-6, 6. C18:3n-3, 7.
C20:5n-3, 8. C22:6n-3; the same below

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

JE W5 R & 2 5 2 AT AR b & A B 3 BRI (P<0.05),
R, % TFAEZHE N 500 mg 09 BEAHZEBUE, ok
AR 20.0 mg, BETASSEIAUE SmARNTIR & i
454 GC-FID JIrig sr i, £+ 500 mg [ AH 25 HL
FERT LA Je SR

HBLARAR FHEORFEATE O bext PL A
JIg W 2 & s 2R (18] 3). 4 IE C e IR ER 2.0
mL 3 hn 2] 3.0 mL i, f5 05 B8 & & W2 M
(P<0.05), 4 YEBEBAMAFLM 3.0 mL 3% i £ 4.0 mL
I, e TR Y 3 G W AR AR (P>0.05), ILET
PL Y& B0V H 3222 10 i 7 R A W2 5 R (C14:0) 19 7%
H40.47%20.04% . C16:0 FURHECN 4.24%+0.38% . fifl
JIRFR (C18:0) MIEEN 0.60%+0.05% . 1R (C18:1n-9)
FIE N 2.81%+0.10% ., C18:2n-6 [N 0.46%=
0.07%. PR (C18:3n-3) F &N 0.23%+0.04% .
EPA &N 6.09%+0.19% FIDHA ISR 2.71%:
0.28%. P, kT 15 3G R b X SR Y s
FEAS FH 500.0 mg [ AH A€ HUH: A 20.0 mg B %
WRS A, ] 3.0 mL (4 1E 2 BE R R PL AT LA
JEMFREK
22 FHETEN

H A B EAEEAEE il FeRA
K 25 BERZ T AT VRN, R IR TS WA AR e B0
1,2-30 - i I -Sn-H i -3-B e AR A FN 1,2-—
T E-Sn-H T -3-B Bk £ B R AR by B o 8 0 21 RS
AR B A v 2 2 [ AR AS URE X PL I 3 BS5CR . H
PR 5 R — R INTISE 0.03. 0.07 F10.10 g/g 3 M
v BE 0 T AR B R ol BRI 6 A AT AR A

[12.0mL
[CJ3.0mL ad
6 | Ml 40mL
aa bl
SEar i
il
&1 8 aa la
5 b
b
pad bl pdd paa
0 ||
1 2 3 4 5 6 7 8
AN IR R
different fatty acids

B3 SRR PL RSB & A0
Fig. 3 Effect of elution volume on
content of fatty acids in PL
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H [ 2 %4 3 d A 0.03. 0.07 #10.10 g/g
3 AN e 1) T A B AR AR I G 1 o e 1 BT
N, AR RN ARG . 1,2-00 T AR I A

Sn-H i -3-B B H A% FN 1,2-— 3 Bk -Sn-H- 7 -3-B ik
T B 1 [0 Wi 2R AE 84.22%~94.45%, K B BE AF
0.79%~6.09%, % 7 3 e T ik .

Tab. 1

&1 #EHMBERBEEYEER

Intra-day and inter-day recoveries of phospholipids

H P ECE % Sl D&
intra-day recoveries inter-day recoveries
0.03 g/g 0.07 g/g 0.10 g/g 0.03 g/g 0.07 g/g 0.10 g/g

R IR T 4 T T LG 90.85+3.60  92.01+2.04  91.50+2.16 89.04+2.48  88.46+6.09  90.80:+0.79
Distearyl phosphatidylcholin

1,2- 3k -Sn-H Ji -3- B Ik 2 B2 86.93+4.05  91.86+1.76  92.70+4.53 84.22+2.85  86.83+4.65  93.08+5.03
1,2-dioleoyl-sn-glycerin-3-phosphoethanolamine

1,2-30 -+ BB 3 -Sn-H- il -3- B Bk FIE Bt 93.86+2.41  88.85+2.73  92.13+3.20 94.45+1.73 92344520  90.61+2.71

1,2-bis-docosanoyl-sn-glycerol-3-phosphorylcholine

A 2R KR (LODs) &4 #Hr
Wy Re BRI Y e/ INMEL, AT AT 3 AR AR MR LA
SE R (LOQs) A& 7 Hr e vl & 1Y d5e/ME, ]
i 10 FEEME TR, W 2 FR,  C14:0 AYHRAIK
G HBR A 22.84 ng/g, C16:0 FIFAGKE HIBR A 25.64
ng/g. C18:0 iy flAs i BR y 28.45 ng/g, C18:1n-
9 A A A4S Y BR My 70.62 ng/g, C18:2n-6 A4 i A
HFR M 70.11 ng/g, C18:3n-3 [KHARAS H R A 69.61
ng/g, EPA BY&EAILK: i FR 4 75.61 ng/g Fil DHA fY
AR HBRA 82.12 ng/g.

*2 HBNRFIEER

Tab.2  LODs and LOQs ng/g

HENIER  fatty acids LODs LOQs
C14:0 22.84 76.12

C16:0 25.64 85.47

C18:0 28.45 94.83
C18:1n-9 70.62 235.38
C18:2n-6 70.11 233.70
C18:3n-3 69.61 232.03
C20:5n-3 75.61 252.04
C22:6n-3 82.12 273.74

2.3 [EHEZEU A T e ma AR BT

W 3 fiw, Bt pa iR PL H SFAs,
MUFAs Fl PUFAs ) % & 43 5l h (54.42+1.12),
(28.51=0.30) F1 (97.26+3.91) mg/g. i 7 M B JF
PL ' SFAs+ % /& C16:0 fil C18:0, PL ' PUFAs
F % J& EPA Il DHA,

RGIRE A 55°C, 21 d WG, 4%
R 0d 4 in3] 12d i, PL H SFAs. PUFAs
1 MUFAs i Z /0 (P<0.05), 2407 21d J5, PL
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1 SFAs. PUFAs il MUFAs # 45 0 K43 I FEAK T
28.74%. 49.18% F145.03%. FHULTTH], f#HGT
FPEGARBEARING PL o SFAs. PUFAs 1 MUFAs i
AR Z AT R 52 0 . PL H SFAs. PUFAs
H1I MUFASs 19 2 [ 25 758 B[] £ 385 i 35 3k 21>
AIRE R TGS AR, PL &4 T KA 4E AL
Manat 55" SEFEVD T A5 RIAE R, 15d
FIIEE S V0 T farp i PL S FRAIK. SR, 7E21d
f) i K 2k FE b, A G IR BE AE 4 °C il 25 °C B
SFAs [ 8% A W78k, MifE 55 °C Ik 12 d
A IREZ F] SFAs & 2 ) 3 N R . 26t 21 d
JG, MRBEEH 4 °CHhnF| 25 °)CHF, PL # SFAs,
PUFAs 1 MUFAs 8’ T 8.96% . 3.76% #19.70%.
gk B 4 °C ¥4 %) 55 °C i}, PL 1 SFAs,
PUFAs FIMUFAs J#Z°129.41% . 28.23% F140.47%.
FHUL AT, GGt 78 R A R A9 PL rf SFASs .,
PUFAs Fll MUFASs 1Y 7% 5 48 16 52 fiff Jei il 1 52 0]
1€ 4 °C f1 25 °C {75 ' PL ' SFAs. PUFAs I
MUFAs 19 7 12 AR AL T7E 55 °C I i &
o ARSCEG U PR B T 2 PL A AL
KA, F2PL BINRIIIR & /b, MEKR =
AU G T IR SE TR T R S PL AL

3 45

A AR . BRI RN IR R R
S B AR T PL AR BRI A U i o TESRAR
U, AT ER IR PIBCRTE 84.22%~94.45%
2, WS EALE 0.79%~6.09% Z ], PL RIS iR
[ K Y BR h 22.84~82.12 ng/g, EE BN 76.12~
273.74 nglg. LA T 41 B 5 e A 1 AR i e Y
PL Jf- I 22 JC AR W R & &, 3@ 21 d VS

R E K224 F 7/ sponsored by China Society of Fisheries
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3 OEERBENT RS PL RV EEARRAEL

Tab. 3 Main fatty acids in PL in Antarctic krill oil during storage mg/g
Jig iy 4°C 25°C 55°C
fatyy acids 0 3d 12d 21d 3d 12d 21d 3d 12d 21d
C14:0 4.80£027°  4.38£0.22°  431+0.17° 4.75+022" 4.7440.06" 4.42+0.09" 4.31£0.04°  4.65£0.09™ 3.66+0.13 3.43+0.25
Cl16:0  43.52+1.58" 43.06£0.30' 41.98+1.37° 44.26£9.36° 43.84+1.35" 40.92+0.57° 39.7342.96" 39.29+5.42" 33.09+0.37% 29.33+1.18°
C18:0 6.10£0.24"  6.07£0.48  5.90:0.78" 5.93£0.35"  5.93£0.52" 5.96:0.86" 5.98+0.07°  6.27+0.94" 5.49+0.28  6.02+1.01°
C18:1n-9 28.51+0.30° 27.95+0.74° 22.04+0.87° 20.19+2.31¢ 23.20£0.24™ 22.22+0.67° 19.43+0.16% 24.30£0.27° 18.19+0.46° 14.49+0.47"
CI8:2n-6 4.50£0.15%  4.43+0.52° 3.98+0.47% 3.90£0.29%  4.20+0.08 4.85+0.65° 4.09+0.24™  4.41+0.47° 3.78+£0.06® 3.62+0.25°
C18:3n-3  2.17+0.12°  2.39+0.14°  2.16+0.03" 1.89+0.40% 235+0.24" 1.56£0.13% 1.61+0.19%  2.43+0.20" 2.27+0.08" 1.49+0.22¢
C20:5n-3 63.02+2.64™ 64.62:+10.11* 60.12+2.12% 59.08+3.26™ 55.19+1.54% 60.20+£2.12"° 52.36+1.63°  69.19+1.51° 38.43+7.09° 30.73+2.08°
C22:6n-3 27.57+1.85" 29.44+2.75" 28.06+1.47" 24.92+2.97% 25.76+2.87" 20.44+1.46" 23.04+1.21* 30.61£0.05" 27.11+2.51%* 17.62+2.43"
SFAs 54.42+1.12°  53.50+0.66" 52.19+1.57° 54.94+4.23* 54.51£1.75° 51.30£1.07° 50.0242.90°  50.20£6.27" 42.25+4.03" 38.78+1.65"
MUFAs 28.51£0.30° 27.95+0.74° 22.04+0.87° 20.19+2.31° 23.20+0.24% 22.22+0.67° 19.43£0.16* 24.30+0.27° 18.19£0.46° 14.49+0.47"
PUFAs  97.26+3.91™ 100.88+10.84% 94.33+3.87" 89.80:6.80" 87.50+2.28% 87.04+2.99% 81.09+2.87* 106.63+14.77* 71.59+9.51° 53.46+0.38"

T RS PSR LU I Ebr 22 30K (n=3); FT)RARA /NG TR Z 7 i3 (P<0.05);  SFAs. WATISINIR, MUFAs, B AVEAfE
JIilR, PUFAs. Z ANMUAIEITR
Notes: the experimental data in the table are expressed as "mean + standard deviation" (n = 3); in the same row, values with different small letters
superscripts mean significant difference (P <0.05); SFAS. saturated fatty acid, MUFAs. monounsaturated fatty acids, PUFAs. polyunsaturated fatty acids

PL BUS B B & = b o gt R T gt [5] Takaichi S, Matsui K, Nakamura M, et al. Fatty acids of
WF I 9 PL 7 SFAs. PUFAs Fll MUFAs i) & & 78 astaxanthin esters in krill determined by mild mass spec-
555 s ] 60506 1Ly 4 trometry[J]. Comparative Biochemistry and Physiology
Part B:Biochemistry and Molecular Biology, 2003,

. NN \ , 136(2): 317-322.
(AR AR SR S i 22 9 a7 %) [6] WangY C, Wang S S, Wang J F, et al. Preparation and
anti-osteoporotic activities in vivo of phosphorylated

S5 3Rk (References): peptides from Antarctic krill (Euphausia superba)[J].

[1] XITH, XA, X B, 5. 5RBEIF 0 TR R @ TR LA Peptides, 2015, 68: 239-245.

Bt 2 APV (0], B B, 2010, 31(17): 443- [7]1 Winther B, Hoem N, Berge K, et al. Elucidation of phos-
447. phatidylcholine composition in krill oil extracted from
Liu L, Liu C C, Zhao Y, et al. Recent advances in the Euphausia superba[J]. Lipids, 2011, 46(1): 25-36.

healthcare function and food safety of Antarctic krill[J]. [8] ChuFM, Wang D, Liu T, et al. An optimized cocktail of
Food Science, 2010, 31(17): 443-447 (in Chinese). chitinolytic enzymes to produce N, N ’-diacetylchitobi-

(2] SRAER], TR, e e, <. e WA 2 A e )0 7% ose and N-acetyl-D-glucosamine from defatted krill by-

1k B ER 1 0 6 R T D). K7 SR, 2020, 44(11): products[J]. International Journal of Biological Macro-
1893-1902. molecules, 2019, 133: 1029-1034.
Rong Y L, Wang Z H, Zhou T T, et al. Cold-adaptation [9] SunD W, Cao C, Li B, et al. Antarctic krill lipid extrac-
and structural prediction of carboxypeptidase from ted by subcritical n-butane and comparison with super-
Euphausia superba[J]. Journal of Fisheries of China, critical CO, and conventional solvent extraction[J].
2020, 44(11): 1893-1902 (in Chinese). LWT, 2018, 94: 1-7.

[3] Commission for the conservation of Antarctic marine [10]  Tou J C, Jaczynski J, Chen Y C. Krill for human con-
living resources. Kirill fishery report 2018[EB/OL]. sumption: Nutritional value and potential health
[2019-04-03].https://www.ccamlr.org/en/document/pub- benefits[J]. Nutrition Reviews, 2007, 65(2): 63-77.
lications/krill-fishery-report-2018. [11]  Yu Y, Liu X F, Miao J K, et al. Chitin from Antarctic

[4] Santa Cruz F, Ernst B, Arata J A, et al. Spatial and tem- krill shell: eco-preparation, detection, and characteriza-
poral dynamics of the Antarctic krill fishery in fishing tion[J]. International Journal of Biological Macromolec-
hotspots in the Bransfield Strait and South Shetland ules, 2020, 164: 4125-4137.

Islands[J]. Fisheries Research, 2018, 208: 157-166. [12] Wang Y C, Wang R, Chang Y G, ef al. Preparation and
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Optimization and application of the method for determination of the fatty acid
content in phospholipid from krill oil

WANG Shimiao '?, YANG Chunyu ’, ZHAO Qi ", LI Jian?

(1. School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, China;
2. National Engineering Research Center of Seafood, Dalian Polytechnic University, Dalian 116034, China)

Abstract: Due to richness in essential amino acids, phospholipids, astaxanthin and omega-3 polyunsaturated fatty
acids (PUFAs), Antarctic krill (Fuphausia superba) which was abundant and had high nutritional value was con-
sidered to have great development value. At present, the analysis of fatty acid contents in Antarctic krill and its
products mainly focused on the determination of total fatty acid contents. Owing to the effect of bioavailability for
PUFAs in different esters, it was necessary to accurately quantify the content of fatty acid in different types of
esters in Antarctic krill and its products. In order to clarify the content of phospholipids (PL) fatty acids in Antarc-
tic krill oil, a gas chromatography analysis method for the content of fatty acids in PL in Antarctic krill oil was
established based on solid phase extraction. After optimizing the various conditions of the impact analysis, under
the optimal conditions, the recoveries of the standard addition measured by this method were between 84.22%-
94.45%, and the intra-day and inter-day precision were between 0.79%-6.09%. This method was applied to meas-
ure the changes in the content of various PL fatty acids of Antarctic krill oil during storage. The results showed
that the content of PL fatty acids decreased during the 21-day storage process, and the degradation rate increased
with increasing temperature. The present study provided methodological support for the study of lipids in Antarc-
tic krill.

Key words: Euphausia superba; phospholipids; polyunsaturated fatty acids; solid phase extraction; gas chromato-
graphy
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