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1.2 REH*
12,1 B Tl Rim g i, LRy
FFENT , 2Ry Rl B K T 4°C kAR T
1.2.2 HEReeRm A he- ke
B 10 g My, A 200 mL 5 H g — FH SR B ( 2
1,vev) AR 30 min, IR 3 hy S L SRR
50 mL 0. 9% AL AR TR VE I 0 2 W A B2
FATG/K B BRAN 14 DR e 45 45 B B

EC - B FREL 10 g AR, A
200 mL IECfe- R A BR AW (3:2,v:y) @A R
30 min, }i2 45 3 ho FhUESS , UM 80 mL 5% R &
W2 WE IE O e 2, FH TG /K B R B Tk, Ui
JER 445 BT g o

FRR T Y R 10 g MRS L ARV A
60 mL I [E A1 200 mL FF 3L 40T JE ik, 48 75 3R ¥ 30
min, JEE4E 3 hs k)5, BERA 50 mL ZEIB K B I% 4>
2 AR IR T SR 2, TG KB R A 1, I8 R vk
ARAS BT R o

R ARG TR 10 g ¥ by , B A DR AL L H
100 mL £7 i BEC FEFE 30~60°C) F 75°C fn#ihiii 3 h;
FPELE A A T P R 280 R e 4 15 2T IR o
1.2.3  WESMLATA  SHBETRUI Y [rk. AR
10 mg WA BE INA 1 mL 10% ¥R B2 - H B i, T
60°C /K H H R AL 15 min, BAIJE A 1 mL 1EC bR
W S E ARG B I GCMS 2.

1.2.4 Jekreiem ka4 HPANNOWax A 9t F
A FE( 30 mx0. 32 mmx0. 25 um) , HS KB 4K,
R HE A, R 7 54 kPa, 233t b 25 < 1; fEAE TR
230°C , K 23R BE 250°C , LR LA 3°C - min~' il TH LK
R 140°C F+E 210°C , I TF 210°C {545 7 min, &A%
Hrit # 4 30 min.

Jig 25 GC-MS £2 1 280°C ,ET B &,
BBEE 70 eV, B TR IR B 230°C, £4 JE ) 2. 84
Wes™ B AEEE m/z 50~ 500 u.

1.3 HEHSH

BRI AT E 3 W, I SPSS 18. 0 AR (4%
BARIEATE T3 AT , BE DO BE bR 25 2w R
FHEARIZR J7 2253011 ( ANOVE, Tukey #55%) #4713
PR, I 38 3 Duncan’s JE 17 LR R 2 & 4Ry
B, P<0.05 Jy25 55 1 3% .

2 HRS5HH

2.1 AEAFEXESSERIRNZIN

IR 1 ALl G e — P s 41 I iy v 2l A g
SRR, o B R B S e, Al T
1 0. 86% , i M ( 0. 75%) 1T ( 0. 69%) K Z; KK
SRR BT Sk ik SR I Ty SR S AR T
FH B - Ik, HLIE C b — 57 N A i S IO Tl S s
HE R T R - EEIA( P<0.05) o

x1 ARAERBNEHERESE

Table 1 Total lipid content of Laminaria japonica extracted by different methods 1 %
SRR 74 Origin
Extraction method F@ M Fuzhou T Ningbo &% Qingdao

— U E Bk 0.75+0. 11b 0. 690. 13b 0. 860. 08h
Dichloromethane-methanol

B 'y
ECkE ,#W@% 0.39+0. 12a 0.33+0. 12a 0.45+0. 13a
Hexane-isopropanol
LT AR 0.47+0. 14a 0.42+0. 17ab 0.52+0. 10a
Methyl tert-butyl ether

. ¥
IR 0. 58+0. 16ah 0.52+0. 15ab 0.61x0. 18a

Soxhlet extraction

T ANRVNE FREERR [Fl— 7 {AN R 75 7 18] 22 57 .25 ( P<0. 05) o

Note: Different lowercase mean significant difference among different methods in the same origin at 0. 05 level.

2.2 AREFiEHEERRE RS

3 A IR SR R e - AR I, SR ]
TR FY P AT A A A 33 — B o0 A, BORS T BRAR Y
I EACR, R B E TR KL 1o priE
Xk SRR AE AT RSO AR R NS e (L F 2

Rl TR AT L 4 MBI B v S e
i 30 FARITRR( K 2) -

A IRIR B C14-C20 R ITERAI AL, H LA C14: 0,
C16:0.C18: 1n-9.C18: 2n—-6.C18: 4n—-3.C20: 4n—-6
( AA) i1 C20: 5n-3( EPA) N . fERF%E TRy 12 Ff
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T AT E R ( saturated fatty acids,SFA) "7, DL E &5 A1
RRIIER 3, Horh C16: 0 & &t fe ey, o7 2R D R 5
) 23. 44% ~24. 32%; H. xSk C14: 0, 4590 7= o v 4y v
Cl4:0 F &N 7.92%, i & T TP (7.02%) i 5
(6.48%) H 22553 ( P<0.05); 1§45 C18: 0 #
C20: 0 & 5 8%, 73 A 4 g D5 R 2 i 19 0. 54% ~
1. 05%7#11 0.37% ~ 0. 47% . [A] i, MVEH5 A B g s A
HhSE T 6 B BRI AR DT IR , L4 3 Fh S AR
FRAN 3 iz S X NR W IR, o BRI IR B 1Y 1. 29% ~
1. 84%,

WY RIS H BN AR B TR ( polyunsaturated fatty
acids,PUFA) 7 #, 4 C18: In-9.C16: 1n—7 #1 C16: 1In
=9 o C18: In—9 iy Sl vh & & dsc i (19 B AN M
MBRWITRR , Horb 3 57 g b C18: In-9 & EH
19. 11% , 5 2 25 FA5 M ( 17. 34%) FIT° 9 ( 18. 11%) o
A AR AR C16: In=7 1 C16: 1n-9 FIRZ,
TR C16: In=7 & 508 4.09% , 5 4 M
(3.75%) i 5 (3.32%) H25 538 (P<0.05); #5
FEHE A Y CL6: In=9 & & A 2.96%, ik T T
(2. 68%) FIFEM (0. 71%) H2% 5 i #( P<0.05) .

WAl B IR H 2 A1 FUAS 115 BR (- monounsaturated
fatty acids, MUFA) 11 F#, L) C18: 2n—6.,C18: 4n—-3,

7 12
1o 4 56A 8 |19 13 14 J]dIS
222 2% " A Ba

C20: 4n—6( AA) il C20: 5n-3( EPA) K 3F. XL 3 4
77 MR 1 22 AN FIRR 7 R 2 30 A N 7™ Mt v 1)
C20: 4n—6( AA) FIl C18: 2n—6 & 435K 10. 12% Fil
8.76% , i T T I (9.41% .6.57%) F+ 5 (8.77% .
5.40%) H 25 . % ( P<0.05); C20: 5n -3 ( EPA)
(6. 18%) WEMLT T (8. 13%) FH (9. 40%) .

TE R V5 8 22 2 43 AT A it L=, X 3 4 7= M g
I BRI RS T LA /AT (42 3) o 3 AN it
VA R R U TR RN 22 AN T R S U R e e R 4
T, 435k 34, 17% ~ 36. 16% F1 37. 42% ~ 39. 82% , H.
W E S T RN MRS & (24.02% ~
27.83%) o @M 7= Mg A ) n-3 PUFA & &tk
14. 86% , B EALF TP ( 17. 72%) F175 55 ( 18.75%) ; n
-6 PUFA 18 23.98% , .3 = T 77 0% ( 19. 43%) Al
T (18.20%) , (HA548 M 7= Hu i 45 1Y n-3/n-6 HL{H
T T 0.91) A 5 (1.03) o C20: 4n—6 FlI
C20: 5n=3 Sy ifgaly HEL W Z AR ANE IR , A8 M = Ho i
P AR IR B % it ( EPA+AA) iy 16.30% , i E 11K
T W17, 54%) FIF5F 52 (18, 17%) ; 4@ JH 7 Wi i vh
Wi Z A FIIR IV R LLAE( EPA/AA) {H 0. 61, 75 i
FALT T (0. 86) FIFF £ ( 1.07) o

28

2324 25 26 o

4.00 6.00 8.00 10.00

12.00 14.00 16.00 18.00

{R B A Retention time/min

Note: 1: iso-C14:0; 2: anteiso-C14:0; 3: C14:0; 4: Cl4: In—5; 5: iso-C15:0; 6: anteiso-C15:0; 7: C15:0; 8: anteiso-C16:0; 9: C16:0;
10: C16: 1n-9; 11: C16: In-7; 12: C16:2n-4; 13: C17:0; 14: C17: 1n-7; 15: iso-C18:0; 16: C18:0; 17: C18: 1n-9; 18: C18: In-7;
19: C18:2n-6; 20: C18:3n-6; 21: C18:3n-3; 22: C18:4n-3; 23: C20:0; 24: C20: In-9; 25: C20:2n-6; 26: C20:3n-6; 27: C20:
3n-3; 28: C20:4n-6( AA); 29: C20:4n-3; 30: C20:5n-3( EPA) .
E1 SEERBHNAEFREEE

Fig.1 Total ion chromatogram of fatty acid composition of Laminaria japonica
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Table 2 Fatty acid compositions of Laminaria japonica from different origins

F {R ] iR 7”1 Origin
Number Retention time/min Fatty acid %M Fuzhou 9 Ningbo 1% Qingdao
1 3.32 is0-C14: 0 0.27+0. 02b 0.20+0. 03a 0.35+0. 03¢
2 3.59 anteiso-C14: 0 0.10+0. 03a 0. 13+0. 02a 0.20+0. 02b
3 3.80 C14:0 7.92+0.21¢ 7.02+0. 25b 6.48+0. 16a
4 4.09 Cl4: In-5 0.22+0.03b 0. 14+0. 03a 0.32+0. 02¢
5 4.47 iso-C15: 0 0. 16+0. 02a 0.22+0.03b 0. 18+0. 03ab
6 4.74 anteiso-C15: 0 0.26+0. 02b 0.19+0. 02a 0.27+0. 03b
7 4.99 C15:0 1.06+0. 04c 0.57+0. 03a 0. 64+0. 02b
8 6.16 anteiso-C16: 0 0.48+0. 02b 0. 38+0. 03a 0.41+0. 02a
9 6.53 C16:0 24.04+0. 43a 24.32+0.57a 23.44+0.51a
10 6. 81 C16: In-9 0.71+£0. 05a 2.68+0. 09b 2.96+0. 08¢
11 6. 88 C16: In=7 3.75+0. 14b 4.09+0. 17¢ 3.32+0.11a
12 7.35 C16: 2n-4 0.98+0. 03b 0.27+0. 02a 1.16+0. 03¢
13 8.26 C17:0 0.29+0. 03a 0.55+0. 03¢ 0.35+0. 02b
14 8.63 C17: In=7 0.74+0. 05a 0.98+0. 04b 0. 81+0. 04a
15 9.31 is0-C18: 0 0.36+0. 02b 0. 17+0. 02a 0.43+0. 02¢
16 10. 26 C18:0 0. 75+0. 06b 0.54+0.03a 1. 05+0. 04c
17 10. 61 C18: In-9 17.34+0. 37a 18. 11+0. 42a 19. 11+0. 37b
18 10. 74 C18: In-7 0.22+0.01a 0. 62+0. 03¢ 0.48+0. 02b
19 11.52 C18:2n-6 8.76+0. 19¢ 6.57+0. 16b 5.40+0. 13a
20 12.12 C18:3n-6 3.61+0. 05¢ 3.02+0. 11a 3.35+0. 06b
21 12. 87 C18:3n-3 2. 88+0.07a 3. 13+0. 08b 2.76+0. 05a
22 13.50 C18:4n-3 5.13+0. 14a 5.77+0. 19¢ 5.43+0. 09b
23 14. 67 C20:0 0.47+0. 03b 0.46+0. 03b 0.37+0. 02a
24 14. 85 C20: In-9 1. 04+0. 05b 1.21+0. 05¢ 0.72+0. 04a
25 15.34 (C20: 2n-6 0.97+0. 04c 0. 19+0. 02a 0.26+0. 03b
26 16. 04 (C20: 3n-6 0.52+0. 03¢ 0.24+0.02a 0.42+0.02b
27 16.58 C20: 3n-3 0.26+0. 02a 0.25+0. 02a 0.59+0. 02b
28 17. 05 C20: 4n—6( AA) 10. 12+0. 28¢ 9.41+0. 35b 8.77+0. 25a
29 18.03 C20: 4n-3 0.41+0. 02a 0.44+0.02a 0.57+0. 02b
30 18.51 C20: 5n-3( EPA) 6. 18+0. 14a 8. 13+0.22b 9.40+0. 27¢

TE: R ARG FHRER R 2250 B35 ( P<0.05) 3 AA: “HBRIDIGER: EPA: —+8 TG T

Note: Different lowercase in the same line mean significant difference at 0. 05 level. AA: Arachidonic acid. EPA: Eicosapentaenoic acid. The same as

following.
3

VR T TR I AR B T I HLAT 4 AR
KTH ST Y FICE N, g &= |
gl SR S A H IR RIS RO F 2 R B o), 4
JRALZ T o RN I S AR A WLV B e

fifetl, IE O obe - S N EEIE T AT S vk P38 QR
LT B S U SRR O 1E © e 2R AU T 56 ik A
A 3K ST AL AR R A A P 2 s, ik 3
PR EOT 3 T SR e L DAH R o R
it DL, 0 BUIR  AR ELI  4H S0 2% (T et o i A
REEAT 98 A1 P B, B vty S IR 4R DU AL ik []
I, 2% PR R Bk 42 IR T =1, B B OR iy I P A A
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®3 AREFHEHEHRIOERLLE
Table 3 Classification comparison of fatty acids

of Laminaria japonica from different origins

FEHb Origin
F647 Index

&1 Fuzhou T Ningbo T & Qingdao
SFA 36.16+0.60b  34.75+0.76a  34.17%0.69a
MUFA 24.02+0.48a  27.83%0.61b  27.72+0.54b
PUFA 39.82+0.83b  37.42+1.02a  38.11x0.86ab
n-3 PUFA 14.8620.25a  17.72£0.33b  18.7520.28¢
n-6 PUFA 23.98+0.37c  19.43%0.42b  18.20+0.31a
n-3/n-6 0.62+0.0la 0.910. 02b 1. 03£0. 02¢
EPA+AA 16.30£0.29a  17.54x0.40b  18.17x0.36b
EPA/AA 0. 61+0. 02a 0. 86+0. 03b 1. 0720. O4c

TRUFIRR B TR . BEAR AN AR RIRR R & &, OE e -5 N
Wy R RORCT Mk v AR FQ B O AN T
NEMIHRI . AR ST A5 R LMY, — S HT e — P B g X
TR BT AT PR R, SR IR = T IE C e - S TN
I ORCT SR R P Bk, B E A A iR
FIBEERAR , ity SRR PRI BAR Tk

TR A AT A 2 SR i — BT 33 32 40 BT g 7 1R 2 1k
PR ZE AN FE . AT, R R AT AR TR
7 P A 12 R e R R 72, B P R bk RIS H T 45 &
RUNR IR . 1% F R Ah v WIS T 45 & BURR I R , 7R3
T R IIR Y o WEH NG LA 2% B R L
I = AR AR FE B 1 1D R 45 2 oY A AE
HR P R AR T T3S A T AR T R I FR R AR A o W)
B, 38 3 X g s R F e 45 4 A 4 A R A SOk
(14, 28 ] HAse , Ak 6 A A8 Ak B8 5 1100 g 1D 1R 41
AT ARWFSE R A B 4048 4 ( HPANNOWax) {1
AR P TR S5 U T HRAR Y 2335 00 B AR

W R BN IR IR LA C18: 1n=9 A,
S iR S 0 17. 34% ~ 19. 11%, C18: 1n-9 fig
AR AR AV LT S JIEL [T st R0 %25 32 Bl 2 1 IR ] s 55 5,
FEA R LA P 18 48010 7 3557 400 R AR MILAAR 7 3
PSS RE A B FHUARER ™ o W45 2 A g
fiz Ll C18PUFA fil C20-PUFA 4 %, Hiv €20: 4n-6.
C20: 5n=3 g ifg Hy 45 4 3 10 A5 o M 22 AN TR RN i 7 7R
MG, ity SR RE T B2 4 B b ARAG I ) C22: 6n-3
( DHA) , X ST ASRE SR8 o eah FiM 7
P T8 3 A Hb I Y €20: 4n—6( AA) F1 C20: 5n
-3( EPA) f27E 2% 5 5/ n—3 PUFA .n—-6 PUFA .
n-3/n-6 . EPA+AA il EPA/AA 48 kR th 7775 0 % 2%
S, 3 T BB A A K I A Sk A K TR O BR RN £ B A5

AH—E MM, €20: 4n-6( AA) HEE K n-6
RIZ A AR IR R FTSIAR 2R E2 080 3R & A
R A2 AIEAME =055 TR AT A W 0 B3 AT A,
REA 51 S A 7 38K, 850 1 9 it /N B FD 40 P ) g
AR TE TR B AT S8R 45 7 T R 4 AR DY
C20: 5n-3( EPA) J&F n-3 Z A FARNTIR , HREE
MZRGEE WEEKNYIRE 3 micie g, IR A 3k
R IR R IR L TR A | S bk R Ak A5 A i 4
5 T AR S AW W C20: 4n—6 F C20:
5n=3 [y MR S A 16.30% ~ 18. 17% , Ui B W45 T 4E H
AR B R U5 78 AR T 1 C20: 4n—6,C20: Sn—
3 ELZAWHARIHTR -

4 Zit

AN e W B ) S IR AR U T IE S b -
SEPIIETE F RUT SR mk A AR IR 2y B
PR A RO o RIS, B2 HP R K ( 109% M i iR — HH Bt
VAR AR B 404 A ( HP-INNOWax) BT & g4
e 1 R R AT AR A 3 2 B o AR T B
T 5 3 7 Mg 22 U b - H L BRI, L SR
FRMIH 0. 75% 0. 69% F1 0. 86% , H. 3 />~ b5 T
2R JE R F R AR AT AR S € - B 3 A
MNTEFHE B R e ) 30 FRAR AR, LA C16: 0,C18:
1n-9.C20: 4n—6( AA) FIl C20: 5n-3( EPA) K, H 3
AP CEAR TR FAPAE BB 25 R MR IR
H1 C20: 4n—6( AA) B35 & T I MIT 52, i €20: 5n-3
(EPA) BT T BN &, Bl 3 47 Hu i v iy
n-3 PUFA .n-6 PUFA .n-3/n-6 . EPA+AA FI EPA/
AA SR E R 2R . ARWFIE 45 R R i g 17 R
OYMT CEFRVEANY , DA SCIREHE (RS RN TR0 7= i R 4R
T — B ES AR -

S22 3Rk
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Comparative Analysis of Fatty Acid Compositions of
Laminaria japonica From Different Origins

XU Hua ZHANG Ru ZHANG Jinjie LOU Qiaoming® YANG Wenge XU Dalun
( School of Marine Science, Ningbo University, Ningbo, Zhejiang 315211)

Abstract: In order to analyze comparatively the fatty acid compositions of Laminaria japonica from difference origins, the
total lipid extraction conditions of Laminaria japonica from three origins ( Fuzhou, Ningbo and Qingdao) were optimized
by solvent methods, and the fatty acid compositions were analyzed by GC—MS in this study. The results indicated that
extraction with dichloromethane —methanol was an ideal method for lipid extraction from Laminaria japonica with high
extraction efficiency. The total lipid contents of Laminaria japonica from Fuzhou, Ningbo and Qingdao were 0.75%,
0.69% and 0. 86% , respectively, with no significant difference. Additionally, thirty kinds of fatty acids were identified
from total lipids of Laminaria japonica, which were mainly composed of C16: 0, C18: In-9, C20: 4n—6 ( AA) and
C20: 5n—-3 ( EPA) . Meanwhile, significant differences were existed in fatty acid compositions from different origins. The
contents of C20: 4n—-6 and C20: 5n-3 in Fuzhou samples were 10.12% and 6.18%, respectively, and the content of
C20: 4n—6 was significantly higher than those in Ningbo ( 9.41%) and Qingdao ( 8.77%) , while the content of C20: 5n
-3 was significantly lower than those in Ningbo ( 8.13%) and Qingdao ( 9.40%) . Hence, the indexes ( n—=3 PUFA, n-
6 PUFA, n-3/n-6, EPA+AA and EPA/AA) of Laminaria japonica from three origins were significantly different. This
research provided theoretical basis for total lipid extraction, fatty acid analysis and nutritional evaluation of Luminaria
Japonica rom different origins.
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