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HE A 8 5 ZE BT H i = ER OB A o i
PO 1k EEAFEZE L | MR FIR 8K
U, AR RS R P I 1 T i i I T A
&N (Cyprinus carpio) i) fa i 5 V4 H 45 U0 A &
i 5 CO L 1 A HUE AR A UK ¥ 48 (Larimichthys
crocea) A B HR  E , (H IR £ FP O 7R H e
B AR IO B B fA L R R AR X 3 A R e
PRUL, HASI R ER o BB, MK, 2
BORAG, SRR 2 . S5,
A5 F FH 2k 2 J5 19 Folchik 45 & A R DL v
X KN T P AT R, SO R
AT T ORI, 3 B [R) B 4 HROCH: i i g S
o, 7EAR KRB Efifb 7w AP BR, BRI
G, PR TR A ST E .

1 MRS JTE

1.1 SLE#H R 5T

ZRP I TR 7 ) R L SRR £y A PR
ml)s 3TAPAR IR R IR AR AR E AL (A, B
TSI R R A PR A ) BERRBEIR G . B AR
Tt £ et Fie i i Tk AL I 0 1 i T 22 20 1R s 1 i
(2l 97%, Avanti Polar Lipids, Inc.); MeOH} A,
ik 2 (8 [E] Merck A 7] ); CH,Cl,. CH;COCH;,
EtOHZE 44 43 #r 2 (1 2538570 2 7))o

1.2 LENEE5E%E

4000 QTRAP & B DU % #F 5 i3 i ESTES T i
(£ AB Sciex/A#l); 7890 A AH (1 1% 1% (2 [+
Agilent/Aw); 75 = = B3 2 R 250 L3 B Thermo
INFED); ALK RS EMIl-QA Al Hifth A5z
5 K AR IR 4%

1.3 SR A

BiRg G db AR I S ) Folehik Al
PN AT T VK AT W A T R AR I KK
INTEI=Y5%, FRII0 ghIAE . ZERIRE fh
JA30 mL CH,CL,-MeOH (2 : 1, W/V)iR& W,
RS, FMA10 mLEEZE/K, LL10 000 r/minfs
WV R ES 010 min, B AR H B8 Hhi T 20
W, FERIA I T RO EDE 9 BRI A 20 mL
CH,Cly, #F47 W $EH, FE PRI IG I 4R
BT ERAIE

FRBUE S 28 R ME &, KEIFFNT
BWAE AT, e 28 & {XAE40 °Cf CH,CL,
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KK, PR EBOGZ M 5 2 HEE A e R
R ECIT AR IR IR A W (R AE BRI D
2. HlMER SR E . FIRFIRGWRHE,
1E Ho fin A R FU74 i CH,COCH, 100 mL, k7%
PGB A CFREAE DT, L8000 r/min
RS 06 min, K LW RS AH Y O FR 5 A e i
R, PR UPR B0 T 8 2 2 O T o B
132N NE & . e 5% 28 R ANAE3S oCfft I
W CH,COCH, 75 &, P IR PR 2 e e 28 O I
U 25 72 O i B Ry A 0l (LS U S AR TR .
BAENRTL, TR E &,

45 2 1Y Bl BS S fa I i B B S0 A )
AL, Ao e S o 4R R

& B B2 F B 4L $0.1 gty 52 mLiy
NaOH-MeOH{# (0.5 mol/L)JR & Ja YR 551, 1E65°C
(K 5 PR30 min, BUBERHIE SR, H
JIA2 mLIBF;-MeOHE i, JRHIRA], TE65°C
TS B Ak S I3 min, WL H EEIR,
A2 mLIEC Be 42 B, R B A 2 mLif 1
NaCUA WK PE, B L3 W s E H oA 17104k
FRIC /K Bt 2 2 BR VS 0 H IR H 1 K, RS W
TSR A 38T .

At EEEH oA . HP-88 414 (1
HEFE(30 mx0.25 mm, 0.2 pm); ZS: EAA
3 MHFL: 0.65 mL/min; #EFERE. 1 uL; 433
Fb: 40 :1; #HFEORE: 250 °C; FHRBT
W50 °C, 15452 min, Lh4 °C/minTt %220 °CHf:
k4515 min.,

FEFEM PR SERERR LR : 5 pul/min,
B . m/z450~950, XA [) il 28 0
Jg AE B B 7 A b R 2R R AR ST AT A
W, I o 22 A R (MCA) B mig &, ke
m/z 1840 F B ¥, ZtEE 74 (PrelS)BE 5 ML H
;s HEE 141 wh TR KRB, S ERE %
K (NLS)S BB A5 Ik £ BERE ; 2 m/z 2418
TET, ZPrelSHMIBHISHEALEE; 287 uhH
PEERWE R, ANLSHIBEIRBE22 2 R, 155
AR ISR, EAE PR R FmiE R
53515545 kV, B IR : 450 °C. %5
B3 35psi; AT 20psic EFEHLE: 100 V;
REFE LR : 40 Vo 8BS 7138 i LipidView 1.1(3&
[l AB Sciex /> W) BT R %28, i 43 BR S (i ] 2 4
Pk AT S, HARP IR 3k B E s R
BEWE M ERE F 3 F T PrelSHIHG, Wim/z 255
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(C16:0). m/z 283(C18:0). m/z 301(C20:5)., m/z
303(C20:4). m/z 327(C22:6)% , 15345 5E N& iR
HEWE AR UL 1A, GE O S EERR S I L, AR —
B 0 [ A 290 AR i I TR i 1 g i 1 R
1SR BE AR Sk v, RIVRT e i i e T 454

B IR 4L IR o AT 14 Hig 5 00 Y HHL 2 B S 56
T, A 0 641 T 17 B F Exceliff 17 45 i 22 43
Br, JfHOriging 1R B . AU € 5% K 5t 1% 43 #r
A I — Ak A T AT .

2 4R

21 Wls 5 & mARMEGRL

B W RE S TP B30 mL CH,Cl,-MeOH (2 : 1,
V/VYIR A T 1 %5 AR B A CH,C1,-MeOH (1 ¢ 2,
V/VYIRA W . CH,CL,-MeOH (1 : 1, V/VIRE W .
MeOHFIECOHS il $2 X, Frig4i R LA 1,

3.0 -
i fish oil

28 L 1 f /I phospholipid
w 2.6 F
g
;D 24 L
B 04 |

02

0
A B C D E

L R
different kinds of extracting solvents
1 TRIMEZEIRMIENEHRBERS
A. CH,Cl,-MeOH (2 : 1, W/V)iE & # s B. CH,Cl,-MeOH (1 : 2,
V/VYR4 W : C.CH,CL,-MeOH (1 : 1, V/V)iR& W : D.MeOH; E
EtOH, T
Fig. 1 The mass of fish oil and phospholipid extracted
from different kinds of extracts

A. the mixture of CH,Cl,-MeOH (2 : 1, V/V); B. the mixture of CH,Cl,-
MeOH (1 : 2, V/V); C. the mixture of CH,Cl,-MeOH (1 : 1, V/V); D.
MeOH; E. EtOH, the same below

W L1 e A ) e 23 2 IO 4 B i) 8 9ty B g
JE MY B SRR S E AL, TSt A~E SRR
SBU ) F B IR 23000 S 27.91%+0.18% . 28.05%+
0.37%. 26.52%+0.12% . 4.90%=%0.11% . 3.43%=
0.11%; BEASHRIBCLL 2351 090.62%+0.10% . 0.97%+
0.06%. 0.61%=+0.05% . 4.46%+0.09% . 4.03%=
0.11%,

LU A58 S A (7] A 2 2 BROBOG - fa 7 e A 1Y
PEGCR, 28R R, EAMAERECT T, CHCL-
MeOHIR & ¥ W H2 U3 7T 1526.52%~28.05%,
i 5 T MeOHFY4.90% 1 EtOH 3.43%, 1j CH,Cl,-
MeOH (1 : 2, V/V)IE & 5 CH,Cl,-MeOH (2 ¢ 1,
V/V)IR G W BORAUAH220.14%; FERE IR 42
HUJ7 1, MeOH M EtOH () Wi i $2 BUR 43 3 N
4.46%114.03%, it T CH,Cl,-MeOHIR & ,
Al F X = HF R R, (%07 3 o e 3
FImEig T RETR A T HALE MR E A S K0 T
B, WA, e JLROASTE E B CHLC,-
MeOHIE & T, CH,Cl1,-MeOH (1 : 2, V/V)iR
BB WIS IR BUR 80.97%, ZIRBCR BT
CH,C1,-MeOH (2 : 1, V/V)IRE& W I0.62%F
CH,C1,-MeOH (1 : 1, VW& 10.61%, FHJFEH
AT HE A MeOHM M 55 T CH,Cl,, 1B A S A i
PESF 7, AR 5 MeOH LU 191 A F1) T W I 452 5
., 7S SZE R FHCH,CL-MeOH (1 : 2, V/VIRE K
[F] i FBCR i o0 00940
22 fMHRTPEREBREERS S

A 52 86 1) FH SRR € 3 7 o 4 BT A 1 £
FE S HEAT R R B R AL 52 56, o SR AR AR
st AR 27 B SRR €5 1 (1812-b) 5 37 I 7 1R
FH B VR A A 1 o SOAH €3 [ (81 2-a) i AT X b, IF
FH T FRUE — Ak 2k 2 S 40 AT 4% 2 R D IR 1 A X B
o AR R, MIRER L IS 23R R T R
YL 1 BB 5 B2 (saturated fatty acid, SFA) 5 24.03%,
DIREHR R ] £, & EAH17.70%, fEIRRRKZ,
T N42%; ARSI R (unsaturated fatty acid,
UFA) i 75.97%, Hrb B A4 Fi i 7 2 (monoun-
saturated fatty acid, MUFA) 5 iR 2 & & &= #)
26.14%, Z AN AR B R (polyunsaturated fatty
acid, PUFA)[545.97%. TE42SUFAT, LI IR Al
WAm R N, HE o e i542.06%122.96%,
FERRIMER . o-WRER . Bk —IRIRIR Y, Fad
AEIR32.26%~2.97%(FE 1), LAk, BT SLHFE M
JRK A, EREPATIDHA S &L, (HIgH K
W, B 190.26%10.65% ., 45258 I R 1)
[t 54 SFA : MUFA : PUFA=1:1.9: 1.1, Hi%
Ty K = TR AT R, B AR Y A
b, ARG R 5 RER Sy, HohZ N2
TR I 2 o

23 BitiERRAFERE
P WENGAE A ABSIE I, A = U4
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é Tab.1 The chemical constituent and content of
%— fatty acid methyl ester in the fish oil
= | . oo HIXT T 20 5 /%
;ﬁ 0 5 10 15 20 25 30 35 36 FTI;? I‘%tml’lij‘ ]I?t/lrnn’:n h mffa?ﬁkmﬁ nent the relative
{5 BRI} 7]/min o feieronfme  chemecompone percentage
ZNEERN
time 1 6.799 Cl12 0 AH:M H s 0.06
(a)
2 9.209 Cl4 : 0 S MR F 5 0.96
>
‘g 200 3 10.057 Cl4 © 1 G R 0.07
=1
8 150
£ 100 4 10.489 CI15: 0 T Tkt g 0.23
<
f;‘ 50 5 11.869 C16 : 0 KR g 17.70
= 0 5 10 15 20 25 30 35 36 6 12.491 C16 © 1 KA R HH g 2.97
T%%EHE/WH 7 13.073 C17 : 0 F-bhla i 0.20
(b) 8 13.698 C17 1 1 +-LhAmR s 0.28
B2 BEESEFh 9 14.418 C18 - 0 BIGHL e 4.20
E <
1.C12:0; 2.Cl14:0: 3.C16:0: 4.C16:1; 5.CI7:1: 6.CI8:0: 7. 10 15.052 C18 1 cis TR 1 42.06
C18:1cis; 8.CI8:2cis; 9.CI18:3n6; 10.CI18:3n3; 11.C20:1; 12. 1 15.985 C18 : 2 cis Wi Y 22.96
C20:2; 13.C22:0+C20:3 n6; 14.C22:1; 15.C20:4; 16.C20:5; 17.
C22:6 12 16.648 C18 3 n6 y-JIL BRI FH I 0.48
Fig. 2 The contrast of the kinds of fatty acid 13 16.925 C20 : 0 fEA: R R 0.13
N . 14 17.233 C18 : 3 n3 o-TEJFRIR ' G 2.03
FF 3% BT B A PreISFINLSINRE , 3 o 1% 49 4
. , N ., N 15 17.679 C20 © 1 feA— MM H 2.26
B 5 B R AF B T BV AT 45 B A B T A - "
BT HEW BRI S R A 16 18.679 C21 1 0 =+ —hiMH 0.18
A& Mk H 7 (phosphatidyl glycerol, PG), H faZSHLK 17 19.105 C20 & 2 {6 IR H S 0.44
gﬂg/ﬁ\ EFI‘H‘:ZHﬂ @éﬂg‘@ﬁ(phosphatldlc acid, PA)J% :‘F"ffﬁ 18 20.243 CZijI 0+C20 : 3d;16 kﬁ% 0.77
, NN 1L B V1 A =0 B Y
FEWNE, SOX 2R IR EAR LI P R e )
i 19 21.164 C22 1 S M e 0.87
3 3o % B 1k JIB 5 (phosphatidy] choline, PC) & A (1) -
P . N 20 21.824 C20 :© 4 TeA= UM R H g 0.24
FHE R B [H,PO,(CH,),N (CH,);] 1l % 5 m/z 184K "
T, i B AG EEULEE (phosphatidyl inositol, 21 23.796 C20 : 5 EPA 0.26
22 30.187 (22 : 6 DHA 0.65

PI) & A HIEEE A [CeH 1 0OgP] AT 25 E m/z 2418 1
B, ZPrelSHAH G AT 41 A% 2 BT AT PCZE (813-a)
PIE(E3-c)ifi g 01 i I Bl ik £ % (phosphati-
dyl ethanolamine, PE) %% 47 f R 5 i [HPO4(CH,),
NH;] A #5141 wh F 5+, 38 o W A Bt 22 24 R
(phosphatidyl serine, PS) & A& W) SRk 8 H
(C;HsNO,P) I 322 87 wh T8 1, ZNLSHfE 141
WA 3 T A PEZE (KI3-b) . PSZE(EI3-d)B IR 0 T
X FZBENRFE S, PCIG RN I £ |
WFBHPCRI 24 £, Hm/zZ£ 1£732.9~835.0, m/z
761.0. m/z 783.0% & F- LK ; PESEUTPC,
K i B g8 %2, m/z2 BAETET18.9~849.0,
m/z 764.9 . m/z 788.9% 16 £ FFH K PIFIE EIA
[ 1 < S V1 A R S 0 S D o
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/b, m/z 881.8. m/z 885.9. m/z 909.8% I % Y]
oy PSERI g >, Hidim/z 788.8. m/z
810.8. m/z836.9, m/z 862.9%F IEHH i

AR o> TR A T, BT AT 245 i
MR E45 M . ARSI S0 2 4 s vk A5 B A
A MR TR R R Bk, 5 EIBHEEITX LS
i LipidView ™4 {4 & P F 22 4 B e dr,  LARI3-b
TS T Em/z 766.9 R 1], 2% B I R W AR ik £
Jie, H A AT EIS M hm/z 764.9, i X}
FEE BRI PR BE W AR 15 &, 7Em/z 255(C16:0) .
m/z 283(C18:0). m/z 301(C20:5)FIm/z 329(C22:5)
XoF IO 4 5 AIE N 10 TR B W IR S R B R LT B
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.. 1.16¢7 761.0
2 1.00e7
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(]
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S 0 68 527 5707 o W 3831
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JFfar b m/z
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z 1.0e6 800.8 %MH9WS
2 5.0e5
mo o, 460851900 STI8y 98 easo 7o, THS
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(©)
834.7
2 1.5¢6
72}
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2 1.0e6
= 678.7
>
2o 5.0e5 3108
giid 788.8.. 810.
= 4684 5245 5684 7327 4

450 500 550 600 650

700 750 800 850 900 950

Jiifar b m/z

(d)

3 SiENESMEMNRRILEE
Fig. 3 Mass spectra of phospholipids by shotgun lipidomics

WEm/z 764.9, HCHHEINZ B 76 4 PE 18:0/20:5F1PE
16:0/22:5/ H & . 38 3 0 — 1035 X B 48 5 i s
ST S RO, AR LER2,

P& I 1 B As A A I H 20F PC
21FhPE, 14FhPI, 14FhPS. Hidr, BEASMCIE T
BOh16~22(% I VE B g ) F132~44, BUEECH
0~6(#2), TEXAEBERRT, PCH116:0/18:1(F ¥
H19.10%). 16:0/20:4(FF H16.23%).
16:0/22:5(FEF H11.31%). 16:0/18:2(FF K
9.72%) . 16:0/22:6(F & K1 7.46%) 55 3T Fl % B 5%

B PEM16:0/22:4&18:0/20:4(FJF 48.97%) .
16:0/22:6(ZF B 717.52%) 55 T Fp & &8 ;. PI
16:0/22:5(FFE N 17.73%) . 16:0/22:4818:0/20:4(F
BE R 17.58%) . 18:0/22:6(<F B S 7.41%) 55 70+ Ff &
HE G, PSTEEEENNI8:0/22:5(FF N
12.91%), 3505, B MIZ AR B %45 2 19 8
JEAE Al i T 2 & A DHA . EPARER AR,
1116:0/20:5/EPC. PE. PIH AR H, F 155
$2.57%. 1.17%. 2.10%; 16:0/22:67EPC. PE.
PI. PSiX4ZEhfE T AL, FRE40HT.46% .
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*2 HRPHEEHMSEE
Tab.2 The identity and content of phospholipid in the sample

JE W7 fEsn 1 /sn2 PC FBE/% PE FBE% PI FBE/% PS FBE/%
fatty acid chains [M+H] abundance [M+H] abundance [M-HT abundance [M-H] abundance
16:0 496.7 1.21 571.7 1.25
18:1 522.7 1.13
18:0 482.7 0.36 599.7 1.95
20:4 502.7 0.36
22:5 528.6 1.11
22:6 643.9 0.74
16:0/16:1 7329 3.79
16:0/16:0 735.0 1.02
0-16:0/18:1 747.0 1.02
16:0/18:3 756.9 1.69
16:0/18:2 759.0 9.72 716.9 1.07
16:0/18:1 761.0 19.10 760.8 1.92
0-16:0/20:5 767.0 1.54 724.9 1.16
0-16:0/20:4 769.0 1.93
16:0/20:5 781.0 2.57 738.8 1.17 855.8 2.10
16:0/20:4 783.0 16.23 8579 4.67
16:0/20:3 785.0 4.68 784.8 1.71
16:0/20:2 &18:0/18:2 787.1 1.69 745.0 1.70 786.8 2.95
16:0/20:1 747.0 0.86 788.8 2.87
0-16:1/22:6 748.9 1.92
0-16:0/22:6 793.0 1.99 750.9 2.55
0-16:0/22:5 795.0 1.44 869.8 1.49
16:1/22:6 762.9 0.57 880.0 0.94
16:0/22:6 807.0 7.46 764.9 7.52 881.8 4.26 806.8 1.60
16:0/22:5 809.0 11.31 883.8 17.73 808.8 2.81
16:0/22:4 & 18:0/20:4 768.9 8.97 885.8 17.58 810.8 4.83
16:0/22:3 771.0 1.79 812.8 2.79
16:0/22:2 7729 0.58
0-18:0/22:6 895.9 1.19
0-18:0/22:1 788.9 2.78 905.7 1.16
18:1/22:6 833.0 2.72 907.8 5.45 832.8 2.24
18:0/22:6 835.1 2.73 909.8 7.41
18:0/22:5 836.8 12.91
18:0/22:4 838.8 3.95
20:4/22:6 813.0 0.57
20:3/22:6 814.9 2.30
20:1/22:6 860.8 1.99
20:0/22:6 820.9 1.46 862.8 4.71
20:0/22:5 864.7 1.23
22:5/22:6 838.9 0.73
22:4/22:6 841.1 0.80
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7.52%. 4.26%. 1.60%; {EPC. PI. PSStk
T18:1/22:6, FH/HIN2.72% . 5.45%. 2.24%;
PCHIPIH 46 ) T 18:0/22:6, 5 43 5 2h 2.73%Fi1
7.41%; PEFIPSHA H 120:0/22:6, F 751K
1.46%14.71%%5

3 iR

T, A 7520058 & 7 48 OIS T s # % ¢
fdfi FHFolchi% , 4n i %R F Folehi% 48 B4 W)
fifi(Leiocassis longirostris)ii NG ; 35 37 B &
F Folchi®: M\ i (Pneumatophorus japonicus)x K18
o N e TP AR GG 5 i B R AR E CbE— 2
W — TN i 325 DA (Carassius auratus) 9P o2 BUBE R
15 5°50.99% ., {H 3% £ 77 1 34 5K 1l 7] i 43 15 2 X
WG AN o ASHIFZE LUK P 0 TR 7= 9 o0 Okt
PRE T HI FH Folchi: M1 PN i 7T 3 2% [ B 42 UH: op
WEIR Ak 09 O, IEXFHE T T4k, fah
FIE AR B $2 B 431 4 28.05%F10.97%, 2 HUsk

FEM 72 K SR TR & W vk, A
sk R MR Mz —, Wk R
FH AR €03 325 [ B 00 5 ¥ 7= ol v 37 i 7 R
i g R AR A Ak — B e
AT T 3FIROK R B BRI BR AL Ak, Horp, £
AR TFIRG J5 BR 25 4 H29.26%~41.49% , BA A1 il
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Separation of phospholipids and fish oil from fishery by-products
followed by lipidomics study

CUI Yiwei', LI Shiyan'?, WANG Jue', SONG Gongshuai ',
WANG Yang®, DAI Zhiyuan', SHEN Qing "
(1. Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012, China;
2. Aquatic Products Quality Inspection Center of Zhejiang Province, Hangzhou 310023, China)

Abstract: For full utilization of the fishery wastes, the aim of this study was to establish a method for extracting
the phospholipids and fish oil simultaneously from wastes, followed by the analysis of phospholipid and fatty acid
composition on the basis of multi-dimensional tandem mass spectrometry and gas chromatography. Phospholipids
and fish oil were extracted simultaneously by modified Folch method and precipitation method with acetone. The
extracting efficiency of five different extracts was compared, and the mixture of CH,Cl,-MeOH (1 : 2, V/V)
performed best, whose extracting rates of phospholipids and fish oil were 0.97%#128.05%, respectively.
Afterwards, the obtained fish oil was esterified and analyzed by gas chromatography, and the obtained
phospholipids were injected directly by a syringe pump and identified and quantified by tandem mass spectrometry
in the precursor-ion scan (PrelS) and neutral-loss scan (NLS) modes. The results show that fish oil contains 23
kinds of fatty acids, including oleic acid, linoleic acid, palmitic acid, etc. The content of unsaturated fatty acid is
75.97%. There are four classes (phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl inositol,
phosphatidyl serine) and 69 kinds of phospholipid molecules were detected in the phospholipid extract.
Phospholipids with at least one eicosapentaenoic acyl/docosahexaenoic acyl chain were frequently found, such as
16:0/20:5, 16:0/22:6, 18:1/22:6, 18:0/22:6, 20:0/22:6, etc. In conclusion, this method can efficiently extract
phospholipids and fish oil simultaneously. It is simple, fast, and friendly to the environment.

Key words: fish oil; phospholipids; fishery by-products; gas chromatographic; tandem mass spectrometry;
lipidomics
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