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Simultaneous determination of 2 kinds of w-3 fatty acids in Euphausia
superba by gas chromatography
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(The Environment Analysis and Testing Laboratory, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China)

ABSTRACT: Objective To establish an analytical method for the simultaneous determination of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) in Euphausia superba by methyl esterification-gas chromatography.
Methods The samples were extracted with dichloromethane, and reacted with 0.5% sulfuric acid-methanol solution
at 60 °C for 30 min, the reaction solution was purified by magnesium silicate column chromatography. Subsequently,
the eluate was transferred to a 15 mL centrifuge tube, and centrifuged at 2000 r/min for 20 min, the upper solution
was concentrated by blowing nitrogen, and the solution was diluted with acetonitrile to a final volume of 1 mL, then,
the obtained sample was separated using a DB-1701 chromatographic column (30 mx0.32 mm, 1.00 pum), and then
detected by a flame ionization detector, and quantified by an external standard method. Results The method had
good linear correlations within the concentration range of 0.02-2.00 mg/mL with correlation coefficients were 0.9999.
The relative standard deviations of parallel samples were no more than 6% (n=3), and the average recoveries were
greater than 82.6%. Conclusion This method is simple and efficient, with low detection limit and good

reproducibility, it can be suitable for the determination of EPA and DHA in fresh and freeze-dried Euphausia superb
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FWBEIF (Euphausia superba)ieTa VK EEAG 8 & 1)/
RUVEHFISH S8, o rg AR K I8 AR ) B P B 1 S B PR
U, R BRI B A AR AT R R . AN R A
HREYIR, BRI, ATz AL R R AT
S, FREELR O AR B AR E . R AT . ARDRLE SRS
RO TS Z P,

R E/R, FRBETIER P& o-3 RINZAMEFNEN
iR (polyunsaturated fatty acids, PUFA), {35 & AR He s n —
B T4 R (eicosapentaenoic acid, EPA)FI -+ —fk /NI HR
(docosahexaenoic acid, DHA)® 7, /g AT B FING DT
fi%, EPA #1 DHA HAFSTMAR . Ak . fed L E R
BSR N A GESE I, XTI ANAT MM . R . B
ity . PE Y BEL FEE At R S 2 BV AL 4,
EPA F1 DHA (#7376 5 3= 202 i, (H i85 fi i oot R
FEATE, AR S RmETK, HIo il #1) 4 25 F
HERIRE, AR R R E L,

K ERM I I A T R 2 E R, R4
Al e T TR AR, (BRI T BT AT LA
VLS T T AT S K SPATE A 25 . B T 3% T R I AS I
W, ST RIMBEERIN S dh H EPA 5 DHA RGPS I
% ERERYIRAEIMET 225, T rtkiirg
A A FF 2 R P EA dr g e

AR, A GBTEAE AR AT & . A S 2
FHEERFSE H 25 R AL, 2280 i s A5 ims, FL TR R
5 BAE R RECR AR RN, R IG: Bl S gt
ki, [FE, ReWimetk iR, RIS i teet 5 I i
o R T R W B, DRI X AR B R A A S AN
FERO220 DR, IR P R A 1 R, TRt
TIBRfEAbRE . & 1 )& EPA Fil DHA 19 ERALT =4tttz

(a) = =

(®
2 AN X O

K1 EPA Hi5(a)fl DHA g (b) 454 50
Fig.l Chemical structures of EPA methyl ester (a) and
DHA methyl ester (b)

R 1R Y i A 12 A8 = R U R
Ehme /R L P = Lk A H b (trimethylsilyldiazo

methane, TMS)iE | KOH/H FEiL | 20 Wk 5d/ P ik 201
BR/H 7 = Ul R kY% ik, #E EPA AN
DHA #6505 1, 7T AR 2P R A KOH-H 53k o) g A i oF
TR 25 R D AR R TR R Ak, R B A0 SR 3
PEATAMGR B R HT, 45 R R % O R ARG . AT
2905 3 Akt il v EPA . DHA R 8k TR IR
(docosapentaenoic acid, DPA) I E 5544, HESr il EPA .
DHA 1 DPA S i i A 404 57k . 24P OLR A
i 2 - FFY st FH T A 5 3 o ey B e & Hh ) EPA Fll DHA 5 5t
HEATRERGAT A AR, 255 BoR B BRI KT 92%,
FAXTFR AR 2Z /N T 3%, T RRAEBUX o b 4k 2 £ 5 i
EPA &t it AT AN BETERE, 455 W bn VA TROIC il o
FEA NI E BE T T 29.57%, RGN 2 SR R M
R o WHAEFS SRV VR I8 1) T W B S 201 T R Ak TR R A
AhHR, SR GBS IE CRE IR AR AR, N T R A -
FERTAT A - Gk, W T 37 Flglime i 4l
. E5% GB 28404—2012 (&L EFRE REE
T RN 7 7 /517 N i /& 41011 1 iy
WRASTERAINE ). GB/T 17376—2008 St i g ik 1y iR
FI B 45 ) F1 GB/T 17377—2008 { ZhAE 43 A B 107 1 1 i
SRS ) H S I R PR IR T5 A |, R E 4
BTG R, FRAT A IR X S A f R4 T AR I BsF, S [
R TR P SR 25 G I 2k (R ST S A s B Ak 2R
Ve PR IE TSGR B . T A hr i LA SRR 5 A9 A 45
TR A s TRIESE, AT AN IR %ok 5, AP T 2 o o I O i
PEBR 260, R #EST S B M iR BRI R, LAk, EPA AN
DHA %585 37 W) [ 15 1 B 8 A0 00 A v 40 A3 155 e AT 8RR 0,
AR HR,

FFHT AR 0 B R AL 7 v FUAR o, 7R JRURL S 15 1 SE A
F, ASHIF ST 0 5 B 12 - H 3 o W A b 144 05 1 3 A7 )
b, BHRFEASIR) A4 S5 NE B i) S o S8 R A5 P e g Ak
BN AL SR 0, 08 SR A A 25 1R, R SR
T SRR R VA TR, AR AR PR, X AR AT
T AR i PO AS RO O B4 TGN, 2 7 95 0 o A AR e
(o3, EEST AR EAL R R M B F B EPA Il DHA (195E it
ST AR R S

1 MR5ERZE

1.1 X 5HR

mE, & Wk, 2. IECki(thikal, 3€E Thermo
Fisher Scientific iRFEBRAF]); 95%RARGHELES,, [F254:H
PR R Fl); EPA. DHA KILFESHRIES (SIRE 98%,
R TR A R WD), 3,5- TR TR 4 R AR TR
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(butylated hydroxytoluene, BHT)(4#/r4li, f[H Sigma-Aldrich
NF]); RERREE/IME(1000 mg, 6 mL, E[E CNW Bl 7))

I R T8 11 R A B R 34 0 ) LU AR R 2R AR W
HBRAH
1.2 UE5EF

GC-6100 S AH 6 33 {3 [ B Kk 47 25 F A K U 25 (flame
ionization detector, FID), YLK Fit{L 4% M A R ;
@ 3EH[DB-1701 (30 mx0.32 mm, 1.00 um), ZCHEERFH
AHBRZ ], MG 600H 1 3 4 R4 (H A B3 RHCA BR A
F]); D-37520 Osterode & B¢ %k 5.0 HL(3E E Thermo
Fisher Scientific BHH/\#]); DHG-9140A 7. 2018 i T4 46
(FHFLIAEAL RS 2N ); XSR205DU/A  HL 43 B7 K (i 1
Mettler Toledo 4% +l); Milli-Q IQ 7000 47K & 45 (£ H
Merck Millipore 2\ wl); DW-86L388 %l vy 2 M i vk 46 (75
B R AR
1.3tk

ik BHT 76 EPA. DHA K HoAH b H g 3% o b
B B A B 0.01%; EPA H R A1 DHA B g [ B i ff
F oG, BEH BT W EN 5.0 mg/mL W& bRiER
W, SR T EPA BRI DHA FERIR A AW
R R WO R A L R TR R B R O 0.02
0.05. 0.10. 0.20. 0.50. 1.00. 2.00 mg/mL 7 R &
G e B AT SR LT ARG o AR R BV TR R E AR
BE MR ARAR (X, mg/mL), LA R A e 18 U G AR AR (Y),
22 AR R £5 .
1.4 SWHE
1.4.1 BRBEITAE LR &

TEFAR IR R OIS, TR Sk I A, U AR
2 FBorE o BV R BGRI X MR A H i) EPA AT DHA
WATRCEREG BB AN &8 0.01%8 BHT, Bk
EPA 1l DHA W% fk; HECHR-20 °CrR TR % -
1.42 EPA #o DHA RAAF AR T B AL

4 EPA 1 DHA [WFr#ERA (1.0 mL, 1.0 mg/mL)Ji
AZ10.0 mLBEH, HHaBRIEHR P EEQ mL)h, vKs
ST, R R - Y B TR G AE T A Be IR [ R )
AR MRS . SV D7 InERBL A, N, G T ik
TrmBtsE, RS ER BRI, BN B
FRE/INEE, 433 5 mL RS . 5 mL IE 2 %658 4 Ve AR 1 g
e, Ko E 15 mL B0 Th, il
2000 r/min ., JEEE A 5 °CEL> 20 min, FAME U0
BHW, ARERET, HCEERE | mL RS,
20 CARE A Wl HIR R R AR . Ry iE
R R B (), A AR B RSO SR, 595 EPA
H1 DHA A R s ik 2514

1.43 FIR& EPA #= DHA ¥ Bt 41t

PR RIRIRBORMRSE 2 1 mL, %IR8 1.4.2 SCE0 008
PEATRTANE I N, R T BRI IO B AR 78 a5 R
RN, A 0.5% (V:V)BRERIE AR, 188 R NI
60 °C, IHE]2A 30 min FEA7 AL .
144 AA&HEEMF

EPA 1 DHA F il 1 S G 3 A CIOA B TR 2%
SATAMHT;, 35 DB-1701 (30 mx0.32 mm, 1.00 pm); 2
TR LS °C/min IEFEM 140 °CTHE 220 °C,
SRJF LA 10 °C/min 3B T2 280 °C, 7E 280 °CHE4F 10 min;
FID #I#HIEE: 300 °C; FESLVRALIRIE: 280 °C; ifk:
1.8 mL/min; #ERET ALK AR 42:1,
1.4.5 HIBEAE

AEFFEH, FERW T Y& R R AR (DS T

Wy, =M m0) 00y, (1)
(my —myg
W go—— AR P T T 55 5, %
my—FR A A, g
m— R i 7 g OB e IR PR B 2 A A TR R
RYE R, g;
my

Fri g SO T S BT 6, g
¥ EPA . DHA BB e % IR A Q)i 715
_ 9 Mygim
m X Wy X Mppe
KA p—FEAL o EPA. DHA BYJRERIRE, me/g;
m——FE BRI, g;
o—— I HE MR ARAT M HE S EPA 8¢ DHA 9Tt
W, mg/mL;
M
Mﬂﬁﬂhﬁﬁ

2 HREDR

2.1 EPA Ffi5#1 DHA SRS S

FIRPEAL A S 25X B 1 mg/mL () EPA
FIFG A1 DHA FES A TR i A, (il 2 fioR,
TR BB R4 IR 22.471.24.802 min. A BI# FH 5 mL
FEE . IECHRE. BB AKAE 20T MR e B AR TP R =, XF
AR BT R I A T A B, 3 R T Y £
WK 2(c). (d). (e)Fin. HIGEIRTHI: EPA F1 DHA HITs 2
R o34y RAF H AU AT, i/ S mL A
5 mL IF O v] 4 e B AR R R AL =4 52 A VR ok R,
AR A P W 244 B2 v R R R A TR,
e i A AR AT
22 FHAEFWIE

[ iE 440, F)F GC/FID il 52 Ji vk ) 4 0.02

(2

EPA 5, DHA H g ¥ BE /R Jii ik, g/mol;
EPA =¥, DHA R/ /R [T i, g/mol.
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0.05. 0.10, 0.20, 0.50, 1.00, 2.00 mg/mL 7 >4 J& () EPA
1 DHA HERVR G AR AEVA TR, AR 0k 1o FRURI I B (0 etk %
RAAFBIbRAERR R ) AR, WIE 1 PR . [ S P kA
Bk ) ra AR B R A A B 25 11, AR 50 pg/g EPA fil DHA
218 1.4.3 I 1.4.4 4746 H PR (limits of detection, LODs)illl
E, TR 7 W, S A bR 22 19 3.143 £515:2) B 45
WK R, kR

1000 DHAFR! it
24.80% min
800 ,___.__._L @
EPA F iR

Z 600 |- i rEfn“l

e -1~ ®
| 400 -
0 _*LLL B S e (C)
0 5 10 15 20 25
P BR 5f ] /min

TE: (a): DHA HIESFRAEZ (b): EPA HBRFRIEVRIE (o): HMEDE
JBLHE; (d): IE SRRV (e): MEAKBEML -
B2 ARUEERFIBEIRRE S EPA . DHA H BRI SR (35 ]
Fig.2 Gas chromatograms of EPA and DHA methyl esters in
standard solutions and shrimps samples

F1 GC BIRIMiRErZ 512, REREFG SR
Table 1 Standard curves of target compounds in GC, retention
times and limits of detection

AR LODs

GRILY] F i 26 5 AR ” i
/min  /(pg/g)
EPA HIfiE  v=2232.54X+31.75  0.9999  22.47 10
DHA Hfi§  ¥=1827.12X+8.37 0.9999  24.80 15

2.3 BRI

EPA il DHA B4k ™ $y /2 X R TR AR, s W B IR
P33k 1o SOREESFIRD A 70 P ek S S o et B 2 5 i 1%
RIVRIRBRALI FE N R, FILAFRAX 3 MHEAF
AT, DI m R AR RN, R ) A i EPA
A DHA BB &l b vl il 26 7 AR
2.3.1 RZASIE

1E 60 °CF, #4834 1.0 mg/mL EPA #1 DHA 45
RIS 1.0% (V- V)i iR s i e A7 SO ng, 2EH 5. 10,
20, 30, 40. 60 min 6 /™A [A] SR MM SN e fb R, Horh
1.0% i R H SV 5 A TR T T R T VAR R EE Ol 121,

HA EPA fil DHA H Fig#5 b R 4430 (3) I8

/% =1 x100% 3)

o

A o R SOSE I A o B TR TP TR 5 A 3, g S A

AN 5 PR R ) BE 2R ks g AR AN LA PR 114

&1 3 4 EPA Il DHA (14 )52 I3 i 5] 363 T A6 5 Ak 23 4 S i
SIFAR 2 30 min, BRfLS R RESETT, FELFRM 15%H
fE] 70%; JZ % 30 min J5, EPA # DHA HIFg L34 THa 8
HEE IR, AR ERTE A R IR IR K f 5 2
PH I, TR A e £ S0 R () 2 30 min.

—a—"
60 - -m-EPA i
-o-DHAF B
X
40
=
&
20 +
0 L L L L L

0 10 20 30 40 50 60
B AL ] /min

& 3 KEIEEILET ] EPA F1 DHA ML (n=3)
Fig.3 Esterification rates of EPA and DHA at different times (n=3)

232 BALKIAZ

G Ui 2 10 T A B ISE A AT 3 I g, I A 3 i Ak 7 T
DI R IE [ 3547 o T KOH 25 3m s Ab 5 22k i 4x
JE R AR, B H AR S R Rk, A
WFFE R PR - FH B W/ R il okt e fb, 4 e me ik
K TE 60 °CTF, M 1.0 mg/mL i EPA Fl DHA FRAERH b
TR [R] e B 1 A - FH B3, S0, 30 min Ji W
HAbR, H 0.1%. 0.3%. 0.5%. 5.0%. 10.0%. 20.0%.
40.0% 7 AT I AT X LAY .

WA 4 FiR, AR EEXT EPA A1 DHA g fb 3 5 52
M) A S o AR RV N 0. 1% 38 %) 0.5%0, R FE &
JRIBETN; 0.5% M BRHE FE 2514 T EPA Fll DHA BRfb#k 2 5
s UBRYCEE N 5% NN ZE 40% 0, FEALFR T 100%F %
F 60%. HZEAR A, 0.1% M MR AL R /& DL 56 2 fk EPA
1 DHA M HERAL, 1YL R E KT 0.5%KE, 742
AT KA, BE— 25 PR AL SR (0 R AR o BT LA, AR O AR
RN 0.5%6ER(V: V).
233 BEHH

FEE O B B A AL B R, A 5T — 20
YT X IR Wi R R AL 1 52 . BE] 1.0 mg/mL (1) EPA Al
DHA FrUEVER, A 0.5%ERER(V:V)-H BE TR, 4304
30, 40, 50, 60 1 70 °CifFE 44T K2 i 30 min, Y ER
EEAL, B S AI5L, 78 60 °CE&MET, Vb3
IRE e o P, TR S A0 KR A SN 1 e 5 Tk
A 60 °C,



B dn 2 4 R R I A 4R

12

9010
— EPA H fig
100 | —@-DHAHfig
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= # 40
ﬁ‘\: 60 - L 1 1 Il Il
e 0.1 02 03 04 05
\gsé AR FRRL/(%, V1)
“r *k:

0 10 20 30 40
AL /%, Vi7)

TE: I R AL IR B 0.1%H8 %] 0.5%I 155 %254k
K4 KREMEGFIHE T EPA Fl DHA /9 H EREE L3R (n=3)
Fig.4 Methyl ester conversion ratios of EPA and DHA at different
catalyst concentrations (n=3)

—m EPAFg
100 - -@- DHAHIfi 9
o——1H
80 |- —
o
=
ﬁ\: 60 [
40 -
| 1 | | 1
30 40 50 60 70
SRR BE/PC
# 5 AEIREE N EPA Fil DHA HIEEILER (n=3)

Fig.5 Esterification rates of EPA and DHA at
different temperatures (n=3)

g5 BRI, AT SRR ] | AR5 0
B FE 3 AN BEXTRR MR IR AL R AT THE, B4y
HAT 3 AT AR KM, 1 60 °C'TF, EPA Hl DHA i

BRWE 0.5% - F B W N 30 min LA f i,
AR RIE A SRR AL AR s SR e A G R R
BRERHEA T AR IR, 4350 F7 0.2.0.5.1.0 mg EPA 1 DHA
il AN AT B 1 28 FUIMARFE G, $508 1.4.3 F1 1.4.4 JE47 0]
WeZe sy, EEMRK 3 W, FHERERSR 82.6% .
91.1%. 95.4%, FiLMERi B .
2.4  EEREEmIEN

L A RN A5, ASBE ST R A AL IS B TR AL
XTREIF AU EPA I DHA & BEFEATAGIN, SEATAI 3
WK, ARE A4 I 107 P I R R B DA SF- 24 (A 14 i 2 (mean+S D)
FoRo 72 2 HIH T HTEERN TR R AR BT AE S EPA RN
DHA (1 I 45 5 o FEA T BERE & Ay e ARl AR A I A i,
TR A R TR S T TSR i o B RE S AT I
3 WK, MXTFRAERZEAE 3.68~5.34%22 8], Z i EIER
I [EIEE R, SkEBEY EPA Al DHA & IER S E % R .
SR, ATy PR T AR L FIR T AR R EPA
DHA FEIMELT, Bl R0 g 17 198 14 2 i 55 AR R
(P

3 & i

R BEAF (9 EPA 1 DHA TERRBRHEALAET T 7T LI
AR R, AT T RS A] | Ak 550 DA B S 0 i
FEXT EPA #1 DHA HERILI N %N . 45 ER, 1E 60 °C
™, EPA #I DHA IR G5 0.5%BilR- F BEA UV 30 min
T PR A 0 o [ PRI P 11 52 6 2 A X i R o A0 ol
HRE SRS [F]EBAE K EPA AT DHA AT H (@3 A, Sca 4k
R, PATRE A AR AE IR 22/ VT 6% (n=3). X T IR
0.02~2.00 mg/mL FIZMEIEFEHN, HHIECRECH 0.9999, i
BRAIG . Zefi T/, SEBUMEAT, RERSDLEE . (B4 . WEfK I
FAML IR R EPA # DHA.

F2 BN TFIRBAR R SLFE AR EPA/DHA K12 B (n=3)
Table 2 Content of EPA/DHA in the head and abdomen of fresh and dried shrimps sample (»=3)

B At gy “ﬁfﬁfﬁ FURARY% SR g
1 /0
EPA 4.87+0.23 472 26.32
3 18.5
DHA 4.26+0.22 5.16 23.03
B R
EPA 2.79+0.13 4.66 17.22
JEHE 16.2
DHA 2.62+0.14 5.34 16.17
EPA 27.80+1.08 3.88 29.39
3 94.6
DHA 24.68+1.01 4.09 26.09
TR BB AR
EPA 19.89+0.78 3.92 20.78
G 95.7
DHA 18.46+0.68 3.68 19.29
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