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23
[6] 100 mg , 1 0mL 2 mol/L KOH
, , 100 0 5h, 2 Omol/L HCI pH 2 0, 500
ML 2 min, , , pH 7. 0 ;
500p L 10 mg K, GO, 2mL 180 L
DM F, 504 L , 1200 L (5 0x10 °mol/L), 85
45 min, , 1000u L (CH;ON /H,0,1 1, VIV) 100 L
1
24
Hypersil BDS Cy (4 6 mm %200 mm, 54 m, ) A: 50%
30 mmol/L / (pH3 5);B: 100% 40 min - A B (B
10 min) , 1 0OmL /min, wouL, 30 333 390 M
(APCI): , 60p si (1p. s i=6894 76 Pa),
5L /min, 350 450 3500V, 4000 A (Pog) '*®
O CI‘NH:CH:—OH L O (I‘H_‘(‘H;()S():—O
‘ O + (Csocr ML Pyridine
KO, a1 85
‘ % ¥ I Molecular ion nr-- [MH]+=548.1
.51, . T E
oo c=C, CeC. C.=C C=C  Co=C, '
O (I‘H,CH:-E-O gij\CH:CH:CH:CEHCH;CQHCH:C{;‘(ZICH:CQICH:C@(‘H:CHE:
N N ' . . | : .
LV S WVITUL S
Vo M, M. M. Vi :
LmiE245.7 ) ; fa/l 9> 18 Molecular weight of derivative= 278+C,H,, =547 (n=20)
_.mz263.7 1
1 1,2- -3,4- 9- 5,8,11, 14, 17-
Fig 1 Scheme of derivatization procedure using 1, 2-benzo-3, 4-dihydrocarbaznle-9-ethyl-benzene-
aulfonate (BDEBS) as labeling reagent, and the profile of collision-induced disociation of repre-
sentative derivative of 5, 8, 11, 14, 17-eicosgpentaenoic acid (Cy )
25 ( )
[MH]" (1 ),
n @, n
Cio MH" -1=278 +C,H,,.1; n=(MH" - 278) /14 (1)
Coa MH" - 1=278 +C,H,,_3; n=(MH" - 276) /14 (2)
C.. MH"-1=278 + CHy,.s; n=(MH" - 274) /14 (3)
Cs MH" -1 =278 + CHy.,; n=(MH" -272) /14 (4)
Cis MH™ -1 =278 +C,H,,.0; n=(MH" - 270) /14 (5)
C.s MH" -1 =278 + C,Hy,.u; n=(MH" - 268) /14 (6)
C.sé MH" -1 =278 + GHy.5;, n=(MH" - 266) /14 (7)
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n ; 278 iMH"
2
WY T it -1 1> Molecular ion MH
A Fragment |_o_n.‘\l ---------------------- :
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: Loss of small molecule
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i A< oG 0 Premier carbon C,, Cleavage of double bond
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W&
Fragment ion M
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AL 7 54 |1{ ‘ L 5 2 H{rﬂz);
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CH..
LKA f
L.oss of small molecule
2 (db: i CoHaa:
7 CoHay ot )
Fig 2 MS cleavage profile of collision-induced disociation of fatty acid derivative (db: double bond;
C,H,.: losing of snall moleculewith the cleavage of double bond at the end of molecular carbon chain)
( ),
16 (8) (13)
Co1 Cyp = (M, - 276) /14 (8)
C.» Cor = (M, - 276) /14; Cyp = (M, - 274) /14 (9)
Cs Cux = (M; - 276) /14; Cyp = M, - 274) /14; Cys = (M, - 272) /14 (10)
Cia Can = (M, - 276) /14; Cyp = My - 274) /14; Cys = (M, - 272) /14;
Co = (M, -270) /14 (11)
GCis Cin = Mg - 276) /14; Cyp = (M, - 274) /14;
Cus = (M3 -272) /14; Cuy = (M, - 270) /14; Cys = (M; - 268) /14 (12)
C.s Caw = (Mg - 276) /14; Cyp = (My - 274) /14; Cus = M, - 272) /14;
Cos = (Mg - 270) /14; Cys = (M, - 268) /14; Cys = (M, - 266) /14 (13)
“dbx’; x = 1,2, 6 M, Mg
, 6, X< 6; ‘M, >M, >
Mg >M, >Ms >Mg ; ) M,
- M, =M, -Mj =Mj; -M, =M, -M; =M. -M, =40 , 1 2
3
31
, , miz[MH]";
m/z263 7 245 7 ( 1)

. Cu ( 3): 474 1, m/z263 7 245 7,
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Gy ( 4): m/z528 1,
m/z[MH]" - H,O (m/z51Q 0), M, ,m/z 444, 1,
12 m/z456 1 m/z444. 1 1 2 m/z442 6
m/z444 1 (8), 12 (Cy, =12)
m/z456 1, 12 , Cp, = Cgs
- § 1007 A 474.1 2 % 100 A 528.1
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=2 T2 o
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Fig 3 Profileof ion current chromatgran and scanning of 220 230 240 250 260 270 280 290 300
m/'z
the ilated representative derivative of saturated tetrade- 4 12-
canoic acid (C,, fatty acid) derivatized with BDEBS as (A:MSB C MSMS

labeling agent

3

Coos ( 5): MH" 12-octadecenoic acid (Cyg,, fatty acid) derivatized with
m/z548. 1; MH" - H,O0 (m/z529 9), BDETSaslabeling reagent
M, , m/z506 1;M, ,m/z466; M; , m/z425 7 (= 426); M, , m/z385 8
(= 386); M: , m/z346 12
, m/z517. 9 (= 518); m/z478, m/z438, m/z398 8 (=
400) m/z 358 (6) (12), 17 (Cyp, =17)
14(Cyp =14 11(Cys =11) 8(Cyy =8) 5(Cys =5), C— Cas
Ci—Cs C—C, GG =G ( 1) ,
) [MH]" m/z 263 7
245 7, [MH]" - H,O M., M,
M, ( ) : ,
M, , M, M., 40 ,
—CH=CH CH,— ( 2) ,
M., M, M,
( , ,
) : :
( :
, 10% ) m/z[MH]" (1)
(2 () , n

[MH]" - H,0,

Fig 4 Profile of ion current chramaiogran and scanning of
the ilated representative derivative of monounsaturated
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Fig 5 Profile of ion current chromatogran and scanning of the ilated representative derivative of
5, 8, 11, 14, 17-eicosgpentaenoic acid (C,s) with BDEBS as labeling reagent
A. MS B,C,D: MSMS
( : 12 ; : 40
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32
1,2- -3,4- -O-
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, , K,CO; K,G,0O, NgQO; KAC
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1
1 1 ClZ -QZ 1
67. 08% ( 15 45 min ) Ce1 9-

(11. 7%) ; Ci44, 7, 10, 13-
15- (3 62%); Cyp, 13-
(16.71%): Cn42, 5, 8, 11, 14, 17-

d Journal

(2 91%); Cyg,12- (11 1%); Cg46, 9, 12,
(1 21%); Cys5, 8, 11, 14, 17-
(10 53%)

Ho eserve / i



380 35

A Tﬂ

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
t/min t/min
[El 6 i fa il A 1 R Y €035 o0 B 1 (Wb WL 1) 7 i R TG R (WRRRTE ML &)

Fig.6  Chromatogram of long-chain fatty acid derivatives Fig. 7

MS ion chromatogram of the isolated fatty acid

from deep-sea fish oil ( peaks as in Table 1)

derivatives from deep-sea fish oil ( peaks as in Table 1)

R 1 Dt o B 7 RRATT A= 40 % JO % e e i
Table 1~ MS analysis of the fatty acid derivatives from deep-sea fish oil sample
STET KU RIS T.CH, iC t
i i R e . e A B - 2 CH ' ~, CHCHON
Fatty acid MOI;:II%I' o.Mt P Cleavage of double bond and (T‘l N

specific fragment ion mass
Cia  TURERRL 474 NO 245.79(L), 246.7(S) 263.
Tetradecanoic acid
Cis HHHM 488.0 NO 245.7(L) 246 6(S) 263
Pentadecanoic acid
}L{'(jxa(ll(:(: l‘cﬂfﬁ 502. 1 NO 243.8(5),245.7(L) 263.
f)‘_‘ﬁ:_m:l’;_t}l’o‘ifiﬁiﬁ 500.9 482 402, Cy==C,, 243.7(S) ,245.7(L) 263.
Cie:3 6,9, 12-4 N o~ 4w Ciy=C1 : 440 Co=Co -
A 6,9, 12-Hexadecatrienoic  496.0 478 360 O, U BTN 2 (L) 2468) 263,
acid 2
C|(,:4 4'7'101 ls i.f{& 452 C =C 4]2 C,n=C

y 13 43 910l § Q
fﬂ:‘?ﬁ&;ﬁ;ﬂﬁ 13-Hexade-  494.0 476 372, G, 1332, Gyt 243.7(L) ,246(S) 263.
Cp LM 516. 1 NO 243.6(S),245.6(L) 263.
Heptadecanoic acid
Cipy 9- 1 LBIBM 514.1 496.7 402, Co=C,, 244(L) ,246(S) 263.
9-Heptadecenoic acid
(e TABE 530.1 NO 244.7(8),245.6(L) 263,
lc;{f;')clai,i;;:;i\c&,ﬁu 528.1 510 444, Cp=Cy; 244(S) ,246(L.) 263.
Crgn 9, 12-F ABE— . . .
b Pk dmj di’e\ﬁc aﬁf 526.0 508 442, C;;=C,3 3402, Cy=Cq 244(L) ,246(S) 263.
Cgy 8,11,14 A WAY = 468 . C,,=C,c :428  C;;=C,, :
M 8,11, 14-Octadecatrie-  524.0 506 38, ComCy T 248(1) 246(8) 263.
Cigq  6,9,12,15 - i 480, C,s==C,q :440, C;,=C

? i 16 3 » 12 13 5 2 3
Egtﬁrfngi;rga;clig P13 Oetades 220 0 400, Cy==C,; ;360, Cs=C, 244(L) . 248(5) 203
;::’Md;::ﬁ? ” 544.1 NO 245.7(L) ,246.8(S) 263.

- b ac
Efgm:j:ﬁ& 558.2 NO 25.6(1) ,246.9(S) 263,
%;fzéi(-olz;;?u-rtﬁ,ﬁ& 556.2 536 458, C;;=Cy, 244(S) ,246( 1) 263.
Cy:s 5,8,11,14,17-=+4 506, C;7==Cyy ;466 , C,;=C,s ;
BT MR 5.8,11,14,17-  548.1 530 426, C;;=C); ;386, C4==Cy ; 244(L) 246 263.
Eicosapentaenoic acid 346, Cs==C,
Cys  6,9,12,15- =+ % 480 . C;«=C,, :440 . C,,=—C
% 9 15 16 3 e § & 13 5 3 2,

ggﬁﬁigﬁ, 12, 15-Arachi-  550.0 532 400, CoeCr 1360, Co=C, 244(L) ,246(S) 263.
Cn Nfﬁ::iff& 586. 1 NO 244(1.) .246(5) 263.
Coy 1222+ ZWIRE g5 566 444, C;=C,, 244(1) ,246(5) 263.

12-Docosenoic acid

2

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.
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24 1 ( continued Table 1)
¢ SN R Sjrappuiigl CHLCH
< s i A A xT . [ L
N i A Molecular ion MH* -H,0 R T L L feCon
Fatty acid 'L ‘ Cleavage of double bond and | N (R LT
specific fragment ion mass
Cyyy  13,16- % —
I # 13, 16-Docosadienoic 582.1 564 498, C\,==C,; 458, C;;==C), 244 (L) ,264(S) 263.7
acid
Cy.e2,5,8,11,14,17- =+ 506, C;;==C,5 ;:464, C,4=Cs ;
Wk HAGAR 2,5,8,11,14,17- 574.0 556 424 C,,=C,, ; 384, C;=C, ; 244 (1) ,246(S) 263.7
Docosahexenoic acid 344 , Cs=C, ;304 , C,=C;
C, 20- Y i 45 B% = .
il -+ 70 B 4 612. 1 594 556, Cy=Cy, 246(1.) ,246(S) 263.8
20-Tetracosenoic acid
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Identification of L ong-chain Unsaturated Fatty Acids n Deep-sea Fish
Ol by L iquid Chranatography /M ass Spectran etry /A tm ospher ic
Proesaure Cham ical lonization

Ding Yang-Jun', Zhao Xian-Erf, Zhu Fang', Suwo You-Ruf, Li YuLirf, Chen Gui-Cher’, You JinMao'*?
! (College of Chemistry Science Qufu N omal U niversity, Qufu 273165)
% (Nortrwest Plateau Institute of B iology, Chinese Acadeny of Sciences X ining 810001)

Abstract A method for the identification of long-chain unsaturated fatty acids in deep-sea fish oil using 1, 2-
benz-3, 4-dihydrocarbazle-9-ethyl-benzenesulfonate (BDEBS) as pre-column derivatization reagent by
reversed-phase HALC /M S has been developed To awid the migration of double bond in the fatty acid chain,

fish oil sampleswere sponificated and derivatized under nitrogen circumstance The derivatized lution was
extracted with hexane and dried under a stream of nitrogen; the residuewas re-disolved with acebnitrile prior
o LC analysis M S analysisof the fatty acid derivatives exhibited regular information regarding the position of
the double bond in the fatty acid chain W ith molecular ion massatm/z [MH]" and gecific fragnent ions
obtained withM S analysis, the position of the double bond in fatty acid chain was located (or calculated) by
means of several established fomulas A ccording o the analysisof HRLC /M S/APCI, 23 fatty acidswere iden-
tified Themain fatty acids in degp-sea fish oil are C, -C,, and 67. 08% (area percent) of them are polyunsat-
urated fatty acids Themain componentsof the unsaturated fatty acids are C,; , 9-hexadecenoic acid, 11 7%;

Cia 4, 7, 10, 13-hexadecatetraenoic acid, 2. 91%; C;,12-octadecenoic acid, 11 1%; Cg, 6, 9, 12, 15-
octadecatetraenoic acid, 3 62%; C,,13-eicosenoic acid, 1 21%; C,s5, 8, 11, 14, 17-eicosgpentaenoic
acid, 16 71%; Cx¢2, 5, 8, 11, 14, 17-docosshexenoic acid, 10 53%. The established method provides a
nav technical tool for the location of double bond positions in the polyunsaturated fatty acids

Keywords High perffomance liquid chramatography/mass gpectrametry, pre-column derivatization, fish oil,

fatty acids, position of double bond
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