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BAEWL, ZERHT s, mAR, BkEY
(1. TUERAEH2ERE, WL T 315211 2. WHENGHEREZEMFRE S TR, (LR F5  266003)
WE: Joamsirn i Re, LRXAEEENMEL2BHETR R4 2, AR
HEMATE S AR E L/ G ENTRERNEHRARATHERAR. 2R Er: OF
Wk PR £ E, KBS EEE 11.37%, UM =6, s efrBEmem -y £, HE
BAERMK, QUEEF®REESN C16:0, C18:1n-9, C18:1n-7, C20:5n-3 F1 C22:6n-3, H
C20:5n-3 #1 C22:6n-3 & B FERT B & B 09 30.67%, X A B MBI ERR FaL ARG W E
FM AT RN OF B He Tt B B B8 41/ 2= 7 . %, JH B B2 B 0 o o = B 7 18 A g B R
FRR A AR BN EE TS BBk (P<0.05); MikE B mskE o %
T fle B we, W25 48.50%F 49.96%, T T AE B B B Fr H d = EE By 13.11%F¢

24.36%, FH 1 F % (P<0.05).
KEIE: HARE AR R AR R
hES%ES:Q5915.5,5917.4

T B T O 3 A 48 9 A K B R (Euphausua
superba), N—RZAEE TR T2, T8
K 3 W 1] (Arthropoda), %Kk H 44 (Malacostraca),
BE4FAl (Euphausiidae), BT /& (Euphausia), & HiER
RO B AR R B B AR R 2 —
FAIBEARBRAE M AE S RGP B AE M Z 4, W
KA FEME AR, 55T, 55 525
LEFSY, HABKRNIT RIET], Wi H #5522
Prat 2 iy 560, ILAE HAS | HIRB 55 [ A0 H
kAN B B AT R A AR BT A T & b
] 2 U8 v AR BBAE AR 471 Sy Je e v M e T 1) 3 2 b
Kz —, JFEUG T —E ikl

H AT, FEPR b 3220 e AR AR A i i 4
R — R FRAR A AN (B A DR A S B B RV )
A E Al TS A0 AR B B £l EL I PN A ) e A A
M T 245 R . 0 E R A RS
WS, (6 FLRR BT A RIS s A b, A ot B 43
(4 i TR LS B 43 A o A AR 1) AR5

Yis HER: 2011-12-06 & BHA: 2012-03-05

XERFRARRD: A

X e AR Tl A A3 114 R 3G i 43 LA B AN ) g S5 ) g s 7
RT3 0T, LA B AR B AR 1) B 52 DA AR
KRR S IE R R Y BLE SR A S KA
1 MRS
1.1 HEE5E

AR S A G £ P A W AR S R 22 500K T,
A 0.2%AK N B MR 1 h, B0J5, W4 EFIE
Yo 32%, W% TR LR I AR ) B H AR 7K
PR oL, BRIy RiE B E, JRERT
-30 ‘CYKHH.

37 FOARWITR BRI AR . iR DR H R TR AR
A 3,7,11,15-P8 F 375 Be 2 FH A o o U 1 36 [
Sigma A H]; WRE RARAESM A F7EE Dr. Ehrens-
torfer /Al JH [ i) G A0 H 0 =R & e
et A A A RHE A BRA EL 2 2P R
M GF254 W+ Sifgvefb 1. HEE, &5, EC
ot S T R HE TR WAk 2 10 A ]

BEIE : F#INEFH SR TRE I, WA S AT L ARFE I7(201105029); [ BREHE A VEIF H (2010DFA31330); 9 K2 F

FoEWEE R IL 4
BIAES : B2 K, E-mail: xuech@ouc.edu.com
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8 1 BRIV, 5 Al i g BT K s e 4 i o0 Mt 1257

6980N FIS A TEAL . 5973 BRI 1100
TSRO AR 5L 3518 Agilent /A F]; Laborota
4000 efficient igh% 7€ & #%: i [E Heidolph 22 #]; 721
L ) 2= e W1y S o Y /N
12 XWHE

HREREL WU 10 g mIWEBEERRY, ImA 20
mL ZEIKIE T K, FH 400 mL S&5-HEEQ : 1,
VIV)IR AV S 30 min, FFiR4E 24 ho il U85, U8
FH 175 TR 0.9% S AL BV e i, B 20 <
R E . WEEEDZE, FFHICKE R T,
IR MRS e, A5 RIS RIR

BEESENE K EIETRR-mE RIES
W41, viVIETTIEA, RS bk D e S g
H AR &l

JEEEBMEH=BESE2NE  KLIEHA
DI IEIFEZ T 100 mL, B— SRR DT 7R,
W T MR, 4 e U B g v i I ]
i =EE S .

HEERBREENE BB RSV R
2200 T, 1 4 mL IEBERERS AR, A 1 mL A8
Fig 2 050 (Sl PR AR S W, FHNLRE A pH £ 6.1), 7
SRR, BOBCEJZAPUAET 710 nm @ HOE
BE, IR b i 2 RE R 1 i

NEREENE 2 SCHR[15]89 5 vk 4
A ZE U, B A e A 2355 A Bl o o

ENC kR MR IEC bR, R
W2 R T il s AR IE Bl 4y o A -
(121, vivyBIFZS At S BIRTFIE R, DIBR Kt
LY. AR SRR, IEC - L k-vK Z R (80 ¢
19 2 1, viv)ETT R 2, I B S B AN [R] g ot
BT

FERRER 2 471 (1) PRSI ERIL . BUE G A
WA AN R S O RERC K, A 1 mL 10%¥K
WRER-H B, T 60 C/K¥E I ERAL 15 min, %
HIFMAIECE: 1| mL &%, #ESZE, B

WHE GC/MS 437, (2) Eigac14. HP-INNOWax
LB (30 mx0.32 mm=0.25 pm), H2i%S
KA, RAEERE, T2 54 kPa, Ui tth
25 1 HFFEIIIRIE Jy 230 °C, KM EHIEIE H 250 C,
HRLL 3 °C/min |1 120 CFH31 210 C, Ff7E210 C
TOREF 10 min, #EASSHTREFRN 40 min. (3) BT 5%
., GC/MS $T1RJE 280 °C, EI &5 715, LB hERt
70 eV, BFIEILA 230 C, HHEM 2. 84 /s,
JEFHTE R m/z 50~500 u.

WAL FIJH SPSS 18.0 /X BE k4
Geitor i, Bl DR EZE oK, R AL
T 253 (ANOVA, Tukey K560)7E4T i & HEAG:
5%, FF>KH Duncan FGikidEq 1 5L R 1 2 8 L AT,
P<0.05 WZEHF R
2 HR5R
2.1 TEREBEENHAE BRA MK

BRI A B B2 A T3R8 1. SR 1 AT LA
A E B R H A E R S R as 11.37%, R
R BEAR A T T E WAE BT s, HO R AR A
KRR BT LA H I =5 (41.92%) . BEHE(33.16%)FijT
BIRMTR(17.61%) k£, =& b& i #RIE & &
90%LA I, 2 FE BRI A BT Y Sy TR
fi] e R 7 28 A A, A R IR
1.44%71 0.15%.

2.2 RPSRERAER LA AX 4

A PR Ay A5 B P I TR 261 308 5 A 1 o %o
HEFBCHR A 2%, () I 45 4 DR 0 5 - (JL 0 5 7
m/z74 N EEER TR IR, m/z55 N B IR T IR,
m/z67 Jy ZWEIENTIR, m/z79 =4 I UL FZ A
FIRR IR )53 25 S5 FRAE 25 LA K g 17 1R H g
HUEITF Y BCL B Tt o7, I 4izide i
BUH—F e i, /i e 45 /9 TR 2; [
S N 77 R 2L S 1) A B T € R R R 0 2
kS HI UL E 1 RTE 2,

R 1 FIREBETR A RS BRLE R (n=3)
Tab. 1 Lipid compositions of Antarctic krill meal (n=3)

R BUS > SIE Hh =g Bl WER IRV ° LI [ e © IR 2 °
lipid components total lipids triglycerides phospholipids free fatty acids total cholesterol astaxanthin
/% contents 11.37+0.54 41.9243.76 33.16£0.91 17.61£2.25 1.44+0.17 0.15+0.02

TE:a & THEI b AR
Notes: a. as % of dry weight; b. as % of total lipids.
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&2 FAREETR S R AN 4 B BE BB 4E A (n=3)
Tab. 2 Fatty acid compositions of lipid components from Antarctic krill meal (n=3)

Hg V5 R g JHEL ] e i it = e Ui B Ng R wERE
fatty acids total lipids cholesterol esters triglycerides free fatty acids phospholipids
Cl14:0 8.27+0.35° 17.62+0.83" 11.70+0.46" 4.81£0.27° 3.1240.14°
Cl15:0 0.38+0.05° 0.57+0.04* 0.51+0.03" 0.34+0.05° 0.36+0.03°
C16:0 20.78+1.12% 22.71£1.31° 21.27£1.16® 19.24+0.86° 22.55+1.39*
C17:0 0.46%0.03" 0.51+0.04™ 0.48+0.02° 0.47+0.06° 0.58+0.05°
3,7,11,15-TMHD 1.29+0.08° 4.22£0.27° 3.08+0.17° 0.44+0.05° 0.61+0.04¢
C18:0 1.59+0.06° 1.85+0.12° 2.29+0.21° 1.33£0.09¢ 1.61£0.11°
Cl4:1n-5 0.15+0.03° 0.320.05° 0.23+0.04° 0.11£0.03° 0.13+0.02°
C16:1n-9 6.03+0.18° 11.15+0.39° 8.88+0.32° 4.30+0.17¢ 3.18+0.17°
Cl16:1n-7 0.4440.06° 0.58+0.04° 0.46+0.07° 0.46+0.03° 0.220.05°
Cl18:1n-9 10.74+0.27¢ 17.52£1.07° 15.46+0.79° 9.17+0.56° 7.45+0.23°
C18:1n-7 7.16+0.31° 7.38+0.35° 6.83+0.43" 8.35+0.49° 5.89+0.29°
C18:1 0.25£0.04° 0.26:+0.07"™ 0.35+0.06™ 0.36:£0.05° 0.30£0.04%
C20:1n-9 0.86=0.06" 1.09+0.08 0.910.11° 0.67+0.04° 0.69+0.05°
C20:1 0.35+0.04° 0.46+0.05" 0.52+0.04° 0.34+0.03° 0.30+0.02°
C22:1n-9 0.91+0.05° 0.48+0.07° 0.45+0.03° 0.82+0.07" 2.00+0.13*
C22:1 0.24+0.03° 0.17+0.03° 0.110.02¢ 0.15+0.03° 0.34+0.05°
C24:1n-9 0.30+0.06° - 2.10+0.09* 0.14+0.02¢ 0.7140.04°
C16:2n-4 0.500.04° 1.02+0.09* 0.74+0.06" 0.360.04° 0.19+0.03°
C16:3n-3 0.22+0.03 0.30+£0.04 0.25:0.04 0.22+0.06 0.24+0.05
Cl16:4n-3 0.63+0.07° 0.82+0.11° 0.60+0.03° 0.22+0.03¢ 0.26+0.04°
C18:2n-6 1.87+0.11° 1.37+0.15° 1.45£0.07" 1.83+0.12° 1.60+0.09"
C18:3n-6 0.17+0.03° 0.34+0.05 0.280.05" 0.24+0.05" 0.18+0.02°
C18:3n-3 1.08+0.06° 0.89+0.07° 0.98+0.13" 1.47+0.09° 1.43+0.08°
C18:4n-3 2.52+0.15" 3.02+0.21° 2.51£0.21° 2.53£0.17° 2.47+0.13
C20:4n-6 0.50:£0.04° 0.12+0.03¢ 0.30+0.05¢ 1.07+0.09* 0.74+0.06"
C20:4n-3 0.38+0.02° 0.19+0.04° 0.19+0.04° 0.49+0.06" 0.49+0.04*
C20:5n-3 18.89+1.27° 3.03+0.14¢ 10.76+0.42° 26.78+1.29° 24.38+1.53"
C22:3n-3 0.68+0.05° 0.26+0.03° 0.26+0.03° 0.64+0.07" 1.32+0.07°
C22:5n-3 0.56+0.03¢ 0.19+0.05° 0.25+0.04° 0.71+0.05° 0.910.06°
C22:6n-3 11.78+0.36" 1.58+0.12¢ 5.79+0.37° 11.96+0.53° 15.76+0.72°
>'SFA 32.78° 47.47° 39.33° 26.64° 28.82°
SMUFA 27.43° 39.41° 36.31° 24.86" 21.21°
YPUFA 39.79° 13.11¢ 24.36° 48.50° 49.96°
EPA+DHA 30.67° 4.61¢ 16.55° 38.74 40.14°
n-3PUFA 36.74° 10.28¢ 21.59¢ 45.02° 47.26
n-6PUFA 2.54° 1.83¢ 2.03° 3.14 2.52°
n-3/n-6 14.46° 5.62¢ 10.64° 14.34° 18.75°

W AT B bR A8 AN TR B Y P I ) LA 1 # 22 5(P<0.05); TMHD, DU HI 3E+ S 4E0R; YSFA, 1RFIIE T IR S YMUFA, BN

TGP R SR YPUFA, ZAMIFINRINIR St ; <=, FoRARA

Notes: Value in the same line without the same letter on the superscript are significantly different (P<0.05); TMHD, tetramethylhexadeca-
noic acid; Y SFA, sum of saturated fatty acids; ) MUFA, sum of monounsaturated fatty acids; ) PUFA, sum of polyunsaturated fatty acids;
“--”_ not detected.

B AR SR A AR B A €03/ o ] v 3y
Brise i 30 FhEL HIBIGR, i C14-C24 JENTTRZH
W, L Cl4:0, C16:0. Cl16:1n-9 . C18:1n-9 .

C18:1n-7. C20:5n-3 1 C22:6n-3 K F; HPZ A1
FRGIHER A 39.79%, = TR FIIE i R (32.78%) il
FURMI IR IR (27.43%) 0 7E % 5E HIK) 6 Fhif Al
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1 FatRusANR 2 AR BERABER A ALY GCIMS BB FREIEE
Fig. 1 Total ion chromatogram of fatty acid composition of total lipids from Antarctic krill meal by GC/MS
1. C14:0; 2. Cl4:1n-5; 3. C15:0; 4. C16:0; 5. C16:1n-9; 6. C16:1n-7; 7. C17:0; 8. C16:2n-4; 9. 3,7,11,15-TMHD; 10. C16:3n-3; 11.
Cl16:4n-3; 12. C18:0; 13. C18:1n-9; 14. C18:1n-7; 15. C18:1; 16. C18:2n-6; 17. C18:3n-6; 18. C18:3n-3; 19. C18:4n-3; 20. C20:1n-9; 21.
C20:1; 22. C20:4n-6; 23. C20:4n-3; 24. C20:5n-3; 25. C22:1n-9; 26. C22:1; 27. C22:3n-3; 28. C22:5n-3; 29. C22:6n-3; 30. C24:1n-9.

4
1 RN I
ion 55 PR R
ion 67 ki HE
ion 79 L E 2 ARG R
24
!
| 29
14 ' 1
|5 |3| ! J
' 19 I
3 6789 nlzill(1 L 20 ’ ﬁ
2 0 | ! < 2 27 |
el b b ..LJ_,I'S.E,A_,J(_’.._L k. -’.gli’l ]?._L_.L.._ , 32 .zaz 23 '535 Al 3? “I3(}.
8 10 12 14 16 18 20 22 24 26 28 30 32 34 min

B2 FatRisaes 2 AsAERABERLAR Y GCIMS BB TR &g E
Fig. 2 Base-peak ion chromatogram of fatty acid composition of total lipids from Antarctic krill meal by GC/MS

Witg, VA ESEFARIER C16:0(20.78%)F1 C14
0(8.27%) K F; FH&A 3,7,11,15-WH 3+ Sk ig
(3,7,11,15-TMHD, 1.29%), 2B mEIRx} 2 %
BRI E R BT — 2 A RAE R, Bt 2 3k
T FIRE 17 R Sy e W B A 1 R I B T R, 2 v A T
U DX 1) At £ 8 DL 2K g i e 4L % 1 — > T A
A, DR RT sk S ) e AR T R A G R B ™ i R
HAM— A EEARE0 SRR 11 Fh, LA
C18:1n-9 (10.74%). C18:1n-7(7.16%)F1 C16:1n-9
(6.03%) 8 F; ZAMMIENR 13 Fl, TE K
C20:5n-3(18.89%)F C22:6n-3(11.78%), W s
HEIA 30.67%, H C20:5n-3 SiEFHEHT C22:
6n-3, C20:5n-3 Fl C22:6n-3 1 AFIBH 4K E
BT RR, AT R ARG . B0 i
R RN I e S T2k, TR L i S 5 A IO i 7 %

PG 0 2 R 212 R A A LT 22 AN A D R
Pl n-3PUFA N, H n-6PUFA &8 AHXTEAR, 7
BRI N 14.46, %55 H9 n-3PUFA/n-6PUFA HAH,
REfCUE T ZHNNAE . b O 40 RAT A I ™ 2 DA
T A0 AT G VR 25 G A I R 2 B 4
BT W, m AR BT A 7E AR B T A TR A 1 B SR
fH, AR ARG A sl ik v 28 i Fig
i 11 T BRI
2.3 AERERBERAERE B 9

TR Ay R i e G A 2 2 A i 4 R
IEERE . T =R . WS Ae i R ABERE, 4 FhAE T
B4 26 Y g AR A BRI SOME G i/ i o B, LR
R4 T35 2; Horb iR e AR i 1 DR I R 21
BRI S 1 DL 3 AT 4.

http: //www.scxuebao.cn



1260 Ko

S

36 &

4
13
5
14
9
8]\ .
3

2 i JURZ Aoy
8 10 12 14 16 18

19
bl

16
sz P
20 22

24
29
22 23l 252627 28K
8 30 3

2 2 2 2 34min

E 3 FatREEATH B EIEZEE S BAER LA RR Y GC/IMS BB FRBILE
Fig. 3 Total ion chromatogram of fatty acid composition of cholesterol esters from Antarctic krill meal by GC/MS

24
4
29
314
1
1 16 e 25
12 18 27 g8
s 3 szsoo B Bl 20m 22| e 3o
h 10 12 14 16 18 20 22 24 26 28 30 32 34 min

4 FArRERETA RS B AT ERLA AL HY GCIMS BB iR B IEE
Fig. 4 Total ion chromatogram of fatty acid composition of phospholipids from Antarctic krill meal by GC/MS

AT HR s o 3 =1 | T8 B M T R AT
H N 30 AR AR TR, T JIE R v ASAS
H 20 A, RGN Y C24:1n-9 .4 R T B4R FIAS iy
TRLHLHLL C14:0 F1 Cl6:0 N, Hh Cl6:0
(19.24% ~ 22.71%)E R E LR ARG IR, H 2w
XPRRE, ANIE g ) A AR = R AR/ T C14:0
(3.12%~17.62%) % A8 A A K, H7E IH ] e 5
=B &R Ah 17.62%F1 11.70%, &
T B PR TR () 4.81%F1 3.12%, HA B#
25 5 (P<0.05) . [F]EF A Ay i A 98 AR R 21T A 37 7R 1)
3,7,11,15-TMHD, H: 7 0 [ fis fi A -H 3 =6 iy
FRIN 4.22%F1 3.08%, JRUC i T SR
RN 0.44%F1 0.61%, HA B 22 57(P<0.05),

4 FhRg B BN M6 AR B R L C16:1n-9 |
C18:1n-9 I C18:1n-7 K ¥, H:ff C18:1n-7(5.89%~
8.35%) Fr AN RFRAE; 1M C16:1n-9(3.18%~11.15%)

HI C18:1n-9(7.45%~17.52%) S i shig K, HAHTE
P R H Y =g C16:1n-9 1 C18:1n-9 [ 73
WE T EERMEEE, LAREER
(P<0.05).

EZ ARG iR 7 1, BAEEERELL C18:4n-
3 1 C20:5n-3 Sy 3 Wi = RE L SR TR AN
JEMHILL C20:5n-3 F C22:6n-3 A ¥, [Fl},4 Fljg
B R AE C20:5n-3 1 C22:6n-3 fafe A K KL
5, MR R R SR 4.61%, BB EIRT
Hh =5 (16.55%) . i 23 i 7 1R (38.74%) Fl i i
(40.14%).

WP 4 BRSS9 EEERR TR LA B
R B L ] e AR 9l R A 0 i U R R AN M
FURR 7R Sk 3, L F b i o 00t 55 M I TR R ol
I ;i 125 M 7 T AN B M D) LA 22 AN A B T 1R O 2,
HEZ AR g DR 43 51 5 R iR B i 1 48.50%
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F1 49.96%. FR AR Hh i 25 A IR 1 2 ki,
diSIE 17.61%, HILARMIRRA N SwEAsAHIE, &
A e AT A v i 25 O O T S 1) SRR T g 7
Kt RIS BERR I Z AN AR IR, F55E n-3 Al
Z ARSI R ) 5 i B 25 i BT (P<0.05), %
HEEIE 2 T &£ 2 MM, THE C20:5n-3
H1 C22:6n-3 45 n-3 BIZ N AFIAG TR -
3 4hE

FRBEIT R A & ARy, BEELLH
=R B A R AR IR N S, IR R Y A
i%; HMBEE & C20:5n-3 Fl C22:6n-3 %5 n-3 K%
ANHFNRR TR, 2 B e AR Bl A 493 7 B 53 T LA
R B SR E T R0 T, AT R ARG & i
SR C20:5n-3 £ C22:6n-3 ZEIhAENEZ A
FUE 7 IR 1) TR R AR BB 4 B T A 43 7
BE TR 20 B b BAT 3R 22 S5, MR e i R0 H v =
it A R U7 R SR A A 0 i U IR Sk =, T i
i Wi T2 A g LA 2 R ARFIIG DR o0 32, ELIENR &)
T a2k n-3 BIZ ARG IR . ABE5E A B R AT
KRR BUE IR AN L Z85 R LA SAH DGR BT i i)
TEEPRAE T — & SR
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Lipid classes and fatty acid compositions of Antarctic krill meal

LOU Qiao-ming'?, WANG Yu-ming’, YANG Wen-ge', XU Da-lun', XUE Chang-hu*°
(1. School of Marine Science, Ningbo University, Ningbo 315211, China;
2. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: The lipid classes of Antarctic krill meal were analyzed, and the fatty acid compositions of dif-
ferent lipid components were comparatively studied by gas chromatography/mass spectrometry (GC/MS)
after preparation by thin layer chromatography and acid-catalyzed esterification. The main results were as
follows: (DThe lipid components were abundant in Antarctic krill meal, and the content of total lipids was
up to 11.37%. The total lipids were primarily composed of triglycerides, phospholipids and free fatty acids,
while the total cholesterol content was low. 2The predominant fatty acids of total lipids were C16:0,
C18:1n-9, C18:1n-7, C20:5n-3 and C22:6n-3, and the total content of C20:5n-3 and C22:6n-3 reached
30.67%, which indicated that Antarctic krill meal had the high nutritional value and great potential for de-
velopment in lipids. 3 Significant differences were demonstrated among the fatty acid compositions of
different lipid components. The saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA) of
cholesterol esters and triglycerides were significantly higher than those of free fatty acids and phospholi-
pids (P<0.05); whereas the polyunsaturated fatty acids (PUFA) of free fatty acids and phospholipids were
48.50% and 49.96%, respectively, and were markedly more than 13.11% in cholesterol esters and 24.36%
in triglycerides (P<0.05).
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