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PR - FR IR R, FRORATT A A TR A . SR H . EEIIMEE SR I, 53R FEMMEZIEHREL. Cis
I N-PA 3 Z — i (primary secondary amine, PSAY4+bJ5, KA Waters HSS T3 {45%41:(100 mmx3.0 mm, 1.8 pum)#1f7
Sy, BL0.S% KA 0.1% H R N 0 T sl A R AT BE Ve, 40 0.3 mL/min. SR HLUIBEZS L
(electrospray ionization, ESI)IE 2T, £ % b il (multiple reaction monitoring, MRM)RE=UAIN, FRifEpHZESM
pRdvERt. GER 9 FAYIL AT 1.0~100.0 pg/L BRI INZRIE RLAT, HIDEREG)TE 0.9959~0.9998
Z 8], JriAs: S BR (limits of detection, LODs)A1%E 1t FR (limits of quantitation, LOQs)43-%!°A 0.02 F1 0.05 mg/kg. 3 |~
HBEKER, AHRTFRAENR 2 (relative standard deviations, RSDs){E 1.2%~3.6% (n=6)=Z 18], [ENAZRTE 75.1%~105.6%
ZIE, &5 ZOTEREERE . SrBTET R WERR R RSB, TR D 9 R AE VIS I
KA AENEML; QUEChERS; s Z0R AR (LR ER IR BUE ., A=Wl A
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ABSTRACT: Objective To develop a method for the rapid determination of 9 kinds of biogenic amines (BAs) in
fish based on QUEChERS combined with ultra performance liquid chromatography-tandem mass spectrometry, and solve
the problems of complex operation, strict conditions and poor reproducibility of derivations. Methods Samples were
extracted with acetonitrile, and purified with C;3 and primary secondary amine (PSA). The target compounds were
separated on a Waters HSS T3 column (100 mmx3.0 mm, 1.8 pm) by gradient elution using 0.5% formic acid

aqueous solution and 0.1% formic acid-acetonitrile as mobile phase at a flow rate of 0.3 mL/min. The detection was
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performed with electrospray ionization (ESI) in positive mode under multiple reaction monitoring (MRM) mode, the

calibration curve was used for the quantification. Results

There were good linear relationship for 9 kinds of BAs in the

mass concentration range of 1.0-100.0 pg/L, their determination coefficients (+%) were between 0.9959 and 0.9998. The

limits of detection (LODs) and limits of quantitation (LOQs) were 0.02 and 0.05 mg/kg, respectively. The relative

standard deviations (RSDs) for 9 kinds of BAs at 3 spiked levels were in the range of 1.2%-3.6% (n=6), the recoveries

were in the range of 75.1%-105.6%. Conclusion With simple pretreatment, short analysis time, high accuracy and

sensitivity, the method is suitable for the analysis of 9 kinds of BAs in fish.

KEY WORDS: non-derivatization; QUEChERS; ultra performance liquid chromatography-tandem mass spectrometry;

biogenic amines; fish
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Table 1 Maximum residue limits for biogenic amines in
different countries
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AT AR Wl A, R IR KT B N BRN B A
PR SR

1 ARSI

1.1 #R5RF

vkfEfy | ARA | BEfh | BRAG  XTERRLR DU AT .

9 AL Wy B o [V A F BT LAY () $A 5 v D,
2], MGk, EEFEEH/RBHIARAR), Hiig
(faigat, LwgBThr T AR R AR AR, N-NEZ
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Table 2 Basic information of 9 kinds of BAs

& CAS 43 ¥ TR A%
4 51-45-6 CsHoN; 111.15 97.0
J7 1 462-94-2 CsHN, 102.18 95.0
il 71-44-3 C1oHa6Ny 202.34 97.0

A 124-20-9 C;H 9N 145.25 99.0

K 64-04-0 CgHyN 121.18 98.0
33 51-67-2 CsH,;;NO 137.18 98.0
i 61-54-1 CioHiaN, 160.21 97.0

Rl 104-14-3  CsH;NO, 153.18 98.0
i it 110-60-1 C4HpoN, 88.15 98.5

e FRERERER; PR g/mol,

1.2 ®EEMNE

SCIEX Triple Quad™ 5500+QTRAP® Ready LC-MS/MS
T P 22 4535 ] ABSCIEX /A A)); Milli-Q #B 4tk A% (35
Millipore 23 #)); Neofuge 23R =i ¥R B O L BELE My B2
IR P A BN FD); Blixer 3 #E 4 HEREHL( E robot-coupe
ZAH]); VORTEX MAXI MIX IR R 574 (35 E Thermo 2y
F]); ACQUITY UPLC BEH Cy5 #1:(100 mmx2.1 mm, 1.7 pm).
ACQUITY UPLC HSS T3 #(100 mmx3.0 mm, 1.8 pum) (GZ[
Waters /A F]); Kinetex HILIC #:(100 mmx2.1 mm, 1.7 pm, 3%

Phenomenex 23 A )o

1.3 WA
1.3.1 AFEER LS

10 mg/L B AW Rebr A 2 AR FR L Ry 10% 1
F IR - 2 S TN 45 A W e P A 10 mug/L 4 SP 24 p ieps
B, —16°CEME N & HHB B IRAT

TRAE VIR IE TAER: B 0.4 mL & S Y hehs
WA T 10 mL Z5dirh, [ AARILES 10%0) -
CNEVEROE SR, B A4 Wy R i v FE 35k 400 pg/L 19
R AEYIMRIE LARR . 438 E 0.025., 0.050. 0.125,

0.250. 1.250 1 2.500 mL iR IR & HRHE TAER T 10 mL %
B, AL 10%8) H BR- 2 G UE 25, Bl il g
JERMIE Y3 1.0, 2.0, 5.0, 10.0, 50.0 A1 100.0 pg/L
IR A e AR e AR, B EE
132 Hsaras

PR Je Sk B PINESE AR SRR AL ) A A B
FREL 0.5 g faBERESL T 15 mL BRSO, TA 500 uL
K. 5 mLK, RIZIRIE30 s, A S mLZIE. 2 g
SAbAN, WHEIRS) 5 min, 4200 r/min B> 5 min, B 3 mL
W, A 400 mg Ci5. 400 mg PSA, JRHEIRSI 5 min,
4200 r/min &> 5 min, B 1 mL F35, A 100 pL R,
11 0.22 pm JEAE)E EAHLIE o
133 RAEE4AH

{434 ACQUITY UPLC HSS T3 #1:(100 mmx3.0 mm,
1.8 um); FEi: 40°C; #ii: 0.3 mL/min; #FFEE: 5 pl; i
FiH A 0.5%FIRKE, WA B: 0.1%F MR LIEHIR;
o8 DRI AR 5 L 3% 30

®3 BRERBREM

Table 3 Conditions of gradient elution

s (] /min WA A/% T BIAH B/%
1.00 90 10
2.00 50 50
4.00 20 80
5.00 20 80
5.10 90 10
6.50 90 10

134 JRigdtt

FH A A T35 He, 2 (electrospray ionization, ESI)IF 2§
P U 2200 Wl (multiple reaction monitoring,
MRM)#E; AT EST: 30 psi (1 psi=6.895 kPa); I
BEZEHLIE: 5500 V; B FIRIREE: 550°C; L S(GSDHIETT:
55 psi; Al UGS2)HT1: 60 psi; 9 FhAEWIIE UG AAF I 4.

R4 9 MEMBREIERMG
Table 4 MS parameters for 9 kinds of BAs

bz &Y 13 84 5 1] /min PUARAT 1(m/z) PURRFF 3(m/z) ERERE/NV it g eV

1 K e 1.080 203.1 129.1%/112.1 55 25/27
2 BI%1ic73 1.124 146 129.1%/112.1 40 15/19
3 T i 1.231 89 72.1% 28 13

4 2 ¥ 1.245 112.2 95.2#/68 48 20/30
5 J7 1.241 103.2 86*/69 30 15/22
6 B 1.566 136 119%/91 50 17/44
7 i i 1.950 138 121%/77 28 16/34
8 KW 3.692 122.2 105.1%/77 30 16/35
9 i 3.788 161.2 144.1%/117.2 50 18/33

TE O ERE ST
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o, o S A i & B (mg/ke); p AR A P v
JE (mg/L); A AR Rl 0 P 06 8 R As SR bR gl 4 0
AL VR BURAATU(mL); m SRR B (g); SN FRUE 25
B = A B R R R A (7=0.91)
1.4 HIFLIE

AR i SCIEX OS %A= i, i Windows
I R T R AR W IBM SPSS Statistics 20 #f4
AT B T ¢ R A o

2 HRED

21 ®BIERHFMRK
2.1.1  &ikieginit

9 P AE VIR ZE RS FI L2 R R 5, TR i
FEATOLAIERE, AR RS S IR RA7 0 AT Fig
TEFRIM, AR BERCR L, 45T %% Waters ) BEH
Cy3. Waters HSS T3 } Phenomenex ¥ Kinetex HILIC iX 3 3K
R R AR R P B E X L, HILIC A 12 e
iR, HIWK M CTSIERTH R 8E; BEH Cg X%t 9 Fl:4
R N 5T, (RORERR I SERTAOAE I . RERE . B . 4
WA HE 5 MEE I B A s, TG HTR e[ &
9 min; TEAMEEEHHEE RS2 AL A EEER) HSS
T3 A1%F 9 FLEMIMSA B TR ER, HAEHZLE 6.5 min 1Y
SRS ] PO DR R G704 73 BEBCR (B 1) PRIAS WF e et
Waters HSS T3 tAiBH:AE AR ST 43 25 (Al
2,12 ASANEE 09k

T AW & PO TE T, 454 Sk gERO 2]

w=p

Hilk/1.077
R ME/3.751

@fz/3.806
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W
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e AR 0.5%H BOKH 0.1%H R NG, B FI5Em %5 dE
5500 V Z&FT, BUEIRAE N 10 pg/L.
BT 9 R A MRS e iR I
Fig.1 Extracted ion chromatogram of 9 kinds of BAs

ARG IR -G R R A A R . G55 BoR, 4.
I . R A RS T O BT, AFORS B A e 1 6 154 7
N2 i SRR S MR (1] 2) . 75 I3 i 1E 1 1 i A
KT, FRrLUE S YIE B MH] W, BTk 5
Tk, RS RS, FIATIR LT 0.0.1%F10.5%
3 AU B PR R VS TR Bh A AR R AR W R U R
Wi o 285 9 TR, P 0.5% FF BRI VR AE R T sh A, 9 Rl 4
¥ P 5 P e ek PR 47K B, 0.1% FP BRI T4 B 5 3~10 1%
il 2~5 %o [AIA, $5HC 0.1%H BR Z & # B sh AR R, 9
ol £ 4 et o oy (240 i Tk BRI R (K 1), &
LA 0.5% T MR K—0.1% B 1R 25 N A 52 1 U sl A 1k
F o [FIEE, #F AT B R TR SR LA AT E TR .
22 FEEHRNRE

AR BRI MRM B30, 1 e His =X
9 Fofi A 0y frie 1) % B ) % 1 R B ) — S, IR PR R AR
— BRI B, A D AT AS [ il i o 1 AR,
3 AR R AR R I AR R AR . £
25O B EFIA] S MRM A5 R L3R 40 TR, A T AR AR
RYEE, AFAS B FIESHER AT T iEatif, AR
[Fi) 12 IR S 55 F T (38 5), 9 Bl Wiy R A S B i 2
ﬁﬂ@r(ﬁiﬁ t 1‘(3‘3@, Pi3s00 v vs 4500 v=0.02, Pys0 v vs 5500 v=0.01,
Ps500 v vs 6500 v=0.68), BifiZE HL R 1 3500 V #2752 5500 V, H
PRI 2 SRt S BG4, YRR E S 5500 VI,
FT R AL AP0 RS BAEE 1),
23 FHAEFWIE

1E 1.0~100.0 pg/L FTHEHE EEE FEIA, 9 Fl A= Mk i AH
EB(HTE 0.9959~0.9998 Z 8], HAT RLAFHILE, Lty
UL 6. T XELUIRIS AR & A WD IE 1 25 (1 L o o it
TR, SISCHRT IR [17], DA i 2 S Ik s
TIE 3 A5A 10 7515 0 b T %o g 4 A= W e Tk B, 45 A ke i
AL B, BRE 9 Al AW R 7 iR K H PR (limits of
detection, LODs) 1% iz BR (limits of quantitation, LOQs).
BTG N (e 2S5, IE TR, % 9
Bl E D WAL SR LODs Fl LOQs 45— i 1o 5 AR 1) i
Jie XoF IO BV B2, 43 SR 0.02 1 0.05 mg/kg, RO &
K28 RS IR 4% AR A RTAL B, AR SR
R LK 3, LT GB 5009.208—2016 J5 ¥t HifY
LOD (20 mg/kg)Fl LOQ (50 mg/kg) 3K . T % 18 11 1 AH £,
T - 3 ER T I R (- R I T R R O S A e
WIEHERTA AL AT, (BRI PR & St - HAEH I
AW K A A G, 5% LODs 1 LOQs 4351
£ 0.02~1.64 mg/kg F10.065~5.47 mg/kg 2 [a]!'71822241 A )y
BEZ HA R AT, A, EMRERAERT AT
D7 BT TE 18~40 min =2 Ji]t7-1822:24 A )y gAY
9 6.5 min, FJRUAEIEALAHTES ], S EA IR R
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Fig.2 Chromatograms of spermine and spermidine under different formic acid proportions

=5 TEHEET 9T BAs HIESEES pg/l)
Table 5 Intensities of 9 kinds of BAs under different
voltages (5 pg/L)

BT URBEZE /v
EY
3500 4500 5500 6500
LS 91700 101000 125000 115000
J R 23200 35900 41100 39700
e 246000 279000 322000 342000
DIZ i 27600 35400 36800 31000
KR 294000 364000 429000 406000
ik iz 198000 219000 261000 242000
ik 156000 223000 244000 268000
i 32100 33300 38200 37700
& Jiz 50000 56100 67000 62600

VIVKEE T f R LT, R, H . & 3 MR EEK
B 6 SEATAERR AN I SS9 Fh A=Wtk A4 i [RTi
R FAE 75.1%~105.6% 2 0], AH XF b HE fi 2 (relative
standard deviations, RSDs)TE 1.2%~3.6%2 [A], FELFE 7.5
PR AR 3 T A ORS¢ 8 A DA o A O 1 ) SR
2.4  SEPRAEmRIEIE

K AAHIGT S I A | WA A X R
U5 Rhdb 7 5% WK™ i i AR Y0 A R A5 = T R,

6 9T BAs &it5i2
Table 6 Linear equations of 9 kinds of BAs

&Y LM
4 Y=8417.77851X+2141.41860
J7 j Y=21769.01645X+3155.39767
i1 Y=13040.25735X-5.85267e4
VA Y=13158.85980X-3.03148¢4
KM Y=23190.65635X+3903.59181
(353 Y=10416.72902X-607.56970
ik Y=9242.40016X+1471.77261
A ¥=3980.61655X+1413.98170
J e Y=3.76842e4X+6.07451e4

2553 8 /K™ S AR W B E ND~19.78 mg/kg 2 [H],
HAEAG S e e & AR R 255 . BARA R
TR, (FUESERRRe il e 45 3R, Ay idn]
PRELR, NSRS R, hFa ., IF, TSEK
FERMIER 2 R OR, TEVRTIAEIR . DG H A A=
B, 5B X% 2SR A T A IE A B RS 4 B IR . {H
B ERE, GB 5009.208—2016 J7 12 M4 H FR 0 AE 4t R
XA 20 F1 50 mg/kg, XELAFRAE iR 7K 7= fif o A Wi %) B Ay
ik, B, AT K S s 9 R AR
R W2 VS AT, AT A WA RN A 0 e 1 1 XU 4 3
AR,
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ﬁ( = i 2e5 .
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4 B3 Bis} 1] /min AR B [E] /min AR BR8] /min
3 . 2.0e5 2.057
7] ed a, 17
& R £ 1.5e5 | Bk
A 2ed 2 :
% ¢ ;ﬁ 2e5 % 1.0e5
B e iz les 2 5004
0e0 0Oe 0.0¢ -
0.5 1.0 1.5 2.0 2.5 3.0 3.5 35 4.0 45 10 15 20 25
- B2 B ] /min £ B8 15 ] /min B8 15 ] /min
4 2065 | 812 304 1.570 )
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B 1.0e5 | 5 o
ul il il
& 5.0e4‘- & et | ﬂg
0.0e0 - : 0e0 ' 0e0 . . .
35 4.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5
5 B4 st 8] /min L B3 B[] /min £ B4 st 8] /min
3 RFEs b 9 Fh BAs %A (5 pg/L)
Fig.3 Chromatograms of 9 kinds of BAs in reagent blank solution (5 pug/L)
# 7 97 BAs RINEUZERFN RSDs(n=6)
Table 7 Recoveries and RSDs of 9 kinds of BAs (n=6)
ISR JE /(mg/kg)
EW A JE/(mg/kg) — [5] 157 #2/%(RSDs/%)
ik h &
4 1.67 1.5 3 15 75.1(1.5) 87.4(1.7) 82.8(1.2)
J7 1 3.75 4.0 8 40 76.2(2.1) 77.9(1.3) 89.7(2.3)
K e 0.32 0.5 1 5 103.7(1.8) 82.4(1.2) 97.4(2.7)
A B 3.34 3.5 7 35 98.3(2.3) 86.2(2.2) 81.7(1.8)
W 5.12 5.0 10 50 87.0(1.4) 95.6(2.2) 86.2(1.5)
i it 4.25 4.0 8 40 89.6(2.2) 85.3(1.8) 105.6(1.6)
ik 2.34 2.5 5 25 83.1(2.4) 95.6(3.0) 85.4(2.8)
RN 0.15 0.2 0.4 2 79.7(2.2) 89.5(1.8) 83.2(1.9)
JE e 0.43 0.5 1 5 102.8(3.6) 94.5(3.1) 81.4(2.6)
*8 AEHMET 9 Fh BAs BIE 2 (mg/kg)
Table 8 Content of 9 kinds of BAs in different aquatic products (mg/kg)
FE i3 J7 Uit A i KO ik iz ik B 5 it SSN Y
fififh 4.59 ND 0.35 2.59 3.33 ND ND 0.09 ND 10.95
gl 15.42 3.25 1.12 3.20 2.98 5.46 0.48 0.27 0.56 32.74
fif £1 19.78 2.55 12.51 8.24 3.52 4.13 8.31 0.39 0.49 59.92
PUEIN 2.15 ND ND 0.97 2.10 0.08 0.11 ND ND 5.41
B D 8.89 1.99 3.57 1.06 1.54 1.16 232 ND 0.71 21.24

TE: ND HE iRl 45 R AR T R
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ARG ST T T QuEChERS FF 5k b 38 7 e By K 7>
fhH 9 Fh BAs 1 UPLC-MS/MS EAG Az Ak s aa i 5 % o
TR G R AT, MR RO R BB sk
R O E R AE A T ISR B 2D R . AW B B AN R A
S5 AT B AR H, R AT A B R R A AR AR R 2
3 h 455 R 15 min, HTEFEILH 6.5 min, KGR
KEEwm, NP W, R K A ek &
PAL T BB AR TFB .
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