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W FE: BE R RSO - R IR I RS T AR R B R T, R FEE 5% LR
P, TECHEBRAR, FH e F e AR A LS EALM T KT ACQUITY UPLC BEH Amide #:43#, pH 4.5,
90 mmol FRRE/K ISR AN LI iat SIAHHEA TR FEVRM, SR HTH MBS 25 - 1F 25 22 3 S o M DA AG N, [ 62 3R b
D, R ZEIREIZ Lt RIF(r=0.9990); 4. B, GrRbiRly 0.1 me/ke, M. ik
BIKEHHBR R 1.0 mg/kg; 3 EMR Ay 85.7%~123.4%, AHXARHEIRZEE K 2.89%~14.14%, 201 (ke 5 FpA:4)
JHeRar 12485 90.5%, Far il 7 . ARk RN . ERMEFI T4 SRR 2.39. 3,69, 17.86. 9.45 1 0.23 mg/kg.
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Determination of 5 kinds of biogenic amines in prefabricated food by ultra
performance liquid chromatography-tandem mass spectrometry

YANG Wen-Wan', ZHANG Ting', LI Hong-Lin®", YONG Li%, ZOU Xiao-Li**

(1. Mianyang Center for Disease Control and Prevention, Mianyang 621000, China; 2. Sichuan Center for Disease Control
and Provention, Chengdu 610041, China; 3. West China School of Public Health, West China Fourth Hospital,
Sichuan University, Chengdu 610041, China)

ABSTRACT: Objective To establish a method for the determination of biogenic amines in prefabricated food by
ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples were extracted with 5%
trichloroacetic acid, defatted with n-hexane, and purified using a cation exchange solid-phase extraction cartridge prior to
instrumental analysis. The separation was carried out on an ACQUITY UPLC BEH Amide column with gradient elution

using a mobile phase made up of pH 4.5, 90 mmol ammonium formate and acetonitrile. Detection was carried out in
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electrospray ionization-positive ion multiple reaction monitoring mode, and isotope internal standard method was

used for quantitation. Results

The method demonstrated a good linear standard curve (r=0.9990); the limits of

detection of histamine, tyramine and tryptamine were 0.1 mg/kg, and the limits of detection of putrescine and

cadaverine were 1.0 mg/kg; the average recoveries of the 5 kinds of target compounds ranged from 85.7% to

123.4% with relative standard deviations of 2.89%-14.14%. In 201 samples, the detection rates of 5 kinds of

biogenic amines were 90.5%. Cadaverine, histamine, putrescine, tyramine and tryptamine were detected, with

average content of 2.39, 3.69, 17.86, 9.45 and 0.23 mg/kg. Conclusion This method is rapid, simple, sensitive and

accurate, and is sutiable for qualitative and quantitative detection of biogenic amines in prefabricated food.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; prefabricated food; biogenic

amines
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1.1 MR5iRF

MBS HHR(2024 EE R &5 YA EH
R I 5 ) EORCR HLES . BT, 4RFH, 3k 3 AN
WA ET ., . WSS, it 201 G
R

JERE . R LR TR . R R TR (L >98%,
RS TG R R A H); i E-Dg . ' HE-Dy  HE-Dy |
T Wiz -Dy | (l-Dy PIFRIE IR (LERE>96%, KR /RIERIBA
FRAWED;, HEE, o8, His . HER(@iga). 2K, &
FALBI(NaOH) . =& LR (53t 21 (R BBk B Ak 2= 140 A
FRAFD; IECkE(faigal, Jbat R ERH A BRAR); T
IR R M (NapSO)(PE K 4li, B R BB Ak 2% i A FRA &));
SEI 2 K A Milli-Q 4tk .

1.2 UE5EF

Nexare UHPLC LC-30A #RA0BAR 1%L . QTRAP
5500 = PUBR AT IR ST A (3E [l Sciex 23] ); ME200 J3 43
Z B ROV (B E M 2 W), TGL-21M A3 2 s v
BLOHL(R E S FD); ACQUITY UPLC BEH Amide 41
(2.1 mmx100 mm, 1.7 pm). Oasis MCX (60 mg/3 mL)FHE
T A AL BORE (R Rt R A BR A D)
1.3 SKWHE
1.3.1 ik fedl

ARG BERRBGE R 5 A YIRS T AR,
F 0.1%H BRK ISR ST B4 2 10 mL, B i it i e i
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1 mg/mL [ SRR A AV o YRR B b iR A v
BT, FH 40%H FE(HT 0.1% BRI J i T A 4L | s e
ERE R EE Ry 0.5 pg/mL, M. )7 BRI EE S ug/mL
HNR AR AE T W . 5 P4 0.1% R K B il B oT ft e
BER 100 pg/mL PARER . (5H R 40%H B (& 0.1%
F ) BCHl A E-Dy . talfie-Dy B EH 0.5 pug/mL, Ji§
We-Dg. JHE-Dy. FERE-Dy TSR 5 pg/mL 1R-A PIARE
FW . H 40%H BEGE 0.1%H BR)IZFFs B 4L -D, . ik
Dy TR S ng/mL, JEHE-Dy. S HE-Dy . e e-D, B
WIE R 50 ng/mL, JERE . 7 HEBERE 4B 5. 10, 20,
50, 100. 200, 500 ng/mL, ZHM. WEME. €l ik g4y
4 0.5, 1.0, 2.0, 5.0, 10.0, 20.0. 50.0 ng/mL B4R
F50 . DL E AR 5304 11 AR5 AE R PO 0 TR AR LU A A Ak
FRCY), DABRUE T AR BT B A B AR BR (X, ng/mL), %%
Tl bR 2k

VRSB FRECR BB 5.7 g, ML 900 mL /KA AR,
JH R pH 2 4.5, EZZ 1000 mL,

VEMER B : 5 — R VR 5% 20K R, B
5 mL ZUKF 100 mL A, Y57, 55 R GEBA: pH 13
5% K FEESER K, 5 mol/L NaOH W35 5% /K B
pH & 13,
1.3.2 #enara#

FEMRIRITRIR S350 5, WERIARIL 1.0 ¢ ¥Rk
T 50 mL B0, A 5% =S ZR/KEW 20 mL, #iE
TR SJHEHL 10 min. 8000 r/min Z.0> 5 min(EEKT 4 °C), B
SER FIEW, A S mL IEC %, JEFHIRS] 5 min, 8000 r/min
B 5 min(EEALT 4 °0), KBRIECEE, TREFARE
FEIA S mL ECKEE L BRAR— K BT JZ R 0.2 mL,
INARA WFRME R 20 uL, H 5% =HAZRERE 5 mL,
RA], MENRHEEH

Oasis MCX (60 mg/3 mL)H &5~ il AH 2 U AR v H
3mL HEE, 3mL /KiGfb)A, A 5 mL R fbil, ik
A3 mL /K. 3 mL HEESMEE. #F/MEJE, F 2 mL 5%
SOK B, WOAEVER W FH 2 mL pH 13 ) 5%Z K H
FEFEI—IR, IR . A 4 g Na,SO, IRAIBRIK,
8000 r/min &[> 5 min, B FIEW 2 mL 7EMCE AR T
T, 1 mL 40% M EE(F 0.1%F )R %, B2 1 min,
0.22 pm WALIEBE R, EHLIE .
133 LEEMH

()G aF

3 ACQUITY UPLC BEH Amide #1(2.1 mmx100 mm,
1.7 um); WBHAH A: pH 4.5, 90 mmol W R%%; WEAH B: Z
it; WE: 0.4 mL/min; ¥EAEE: 1 pl, JEIE 5 ul; HER:
40 °C. AR CIEMEEVRIRE T I3 1.

QBTG4

BTUR: 1E B TS5 L 25U (electrospray ionization

positive ion mode, ESI+); #illl y=: 22 S b Wil (multiple
reaction monitoring, MRM); & -F4LHL % 5500 V; KA
32 psi; E: 500 °C; Wi 50 psi; HEHINI: 50 psio
B RESHILE 2.

F1 BERRERF

Table 1 Program of gradient elution

Bsf 18] /min pH 4.5, 90 mmol H fiR4#/% 1%
0.01 10 90
4.00 30 70
6.00 60 40
9.00 60 40

11.00 10 90

2 5SHEMREI S MARMRIZSH
Table2 Mass spectrometry parameters of 5 kinds of biogenic
amines and their internal standards

) % il i
am URT rmree o MER
& Rz 89.1 72.1%/30.0 28 13.5/31
J 103.0 86.1%/69.1 20 8/15
2 ¥z 112.1 95.1%/68.0 20 10/18
1% iz 138.0 121.0%/77.0 20 10/20
N 13 161.2 144.0%/117.0 10 10/20

Ji ¥z -Ds 97.0 80.0 28 14.3
Jz-Dy 107.0 90.0 20 8

ZHMe-D, 116.0 99.0 20 10
Jig Jfie-Dy 142.0 125.0 20 10
ai-Dy 165.0 148.0 10 10

e AR T

1.4 HIEALIE

SIEX OS K {ib A Yy ik 45 2R, ] Excel
2016 X SZREIEIEA TR BRI G140 #f, f A Origin 8.0 4K
A G

2 HREDH

2.1 FUEFHHMK

HF TR 50 ng/mL (144 W) e R A W) i A b s e
VR LA AR R 20 ) A 7 A B g TR i — e
i, 8 FEIE SR R R B RE R R, B SR A
ESIH+ R HEAT o X8 A A BE 5 5 T ik A A il e, [m] e B4 7
TR T, B TR A R ) — X R R B R E
HE T, R — X TR ENE T, R AR
MRM HECR 70 e fL A s . RiEfERERE A TOL A . ik
J5 BB A IR 2, 5 Fh AP bR FE G LA 1.



%5 16 3]

WSCHE, S e AR 3 - BB TR R V5 I S U S v 5 R AR Wit

257

22 BIEHMRE

4R 225 SCHR[25-30], RHFFRER T 4 FhEibhs:
WATERS ACQUITY UPLC BEH Amide #:(2.1 mmx100 mm,
1.7 pm) . WATERS ACQUITY UPLC HSS T3 #AH (50 mmx
2.1 mm, 1.7 pm). WATERS ACQUITY UPLC Cs#(2.1 mmx
100 mm, 1.7 pm), WATERS XBridge HILIC {i%F:(2.1 mmx
150 mm, 3.5 pm), Z55:3%8, ffifl WATERS ACQUITY
UPLC BEH Amide FER, 5 AR 4 B H 9 bm o0 85 5 s, il
PEEF HASTEAREE X, LI 2. il WATERS ACQUITY
UPLC BEH Amide #:4F 31T

2.3 RTNHERIERE
RFEERT LIE-HREOKIER . HRCNE-F BRKE
W LR -CFREK VRT3 P sh iRk R, 2%, Ol .

W R REEA T AT, (BRI . T e B9 0 8 2 W R R i
K, VARSI pH W] B RRN PG . Sl R -
HERKIEW . LR OG- BREOK S TRAR RIS, T e A e
BRI AN o, LT AS K AR B S 0 . B 3k BRI A4y
BRI ZIE-90 mmol/L HIFREL(pH 4.5 WAE R i 5l
IR R .
24 ZMSEE RUERFIEEMR

AW 3 F(SN=3)F1 10 FZ(SN=10){5" Lt 5351
& Ty Y PR (limit of detection, LOD) I E & B (limit
of quantitation, LOQ). & 3 Al A, B . FHEH) LODs
A 1.0 mg/kg, LOQs & 3.0 mgkg; %, BEIEHMEHET
LODs 2 0.1 mg/kg, LOQs 4 0.3 mg/kg; 5 FlvA: Wyl (b7 vz
RAHIERBIYRTET 0.9990, (R H AL FI 1
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e, ERIRFASR] 1.14 min; b, BEHEOR B 1E] 1.82 min; c. 4L%OR B FE] 3.77 min; d. J' 4R B ] 5.22 min;
e. JENEALRERTA] 5.32 min,
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Standard chromatograms of 5 kinds of biogenic amines
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Fig.2 Extracted ion chromatograms of 5 kinds of biogenic amines and their internal standards
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®3 EYIRRLMESTE. LODs # LOQs
Table 3 Linear equation, LODs and LOQs of biogenic amines

250 d e il X LoDs LOQs

EELY3 LR .

/(ng/mL) FH(r) /(mglkg)/(mg/kg)
JEMe  5~500  Y=0.00928X+0.0648  0.9997 1.0 3.0
JE 5500 Y=0.0172X%-0.0168  0.9990 1.0 3.0

M 0.5~50.0 Y=0.149X+0.0537 09992 0.1 0.3
BERE 0.5~50.0 Y=0.0117X-0.000787 0.9996 0.1 0.3
@ 0.5~50.0 Y=0.261X-0.0307 0.9994 0.1 03

25 EMESHEEBEE

BHEERE S, TEE RSB 20, A BlEsin 3
ANUREAKOE19 5 A PIEIR A AR VS TR, $% 1.3.2 TiPAT
AEFERE S, TE 1.3.3 AU AR EALIE, A bRk
FESEATINGE 6 UK, THEF-I5 T [m] i R AR AR v 22,
IR 405 Fh AW B A AR DR R 85.7%~123.4%, il
ELE R AT ERIER 220 2.89%~14.14%, FEWHi% 7 i
i V3 TINS5 T A, il AL O ) S 0 2 5k I P ARG 20K

T4 EVRRMEYE SRR R (N=6)

Table 4 Recovery rates and relative standard deviations of
biogenic amines (N=6)

oy AIRE bre FHIE Elfice AHXSARIE
/(mg/kg)  /(ng/mL) /(ng/mL) /% 2 /%

50 58.42 116.8 4.89

J nd 100 117.76 117.8 5.15
200 217.82 108.9 6.77

50 46.87 937  14.14

J nd 100 109.98 109.9  13.24
200 171.52 857  12.33

5 6.17 123.4 6.64

2HJK nd 10 10.33 103.3 3.32
20 20.29 101.4 5.05

5 522 104.4 631

3103 nd 10 10.58 105.8 3.31
20 20.79 103.9 5.05

5 457 91.4 2.89

REENi3 nd 10 9.38 93.8 4.95
20 18.90 94.5 7.03

7E: nd F#R/MT LOD,
2.6  FoHISE A E IR A

AR, 201 (3FESL H S R AEDIRERS H %R 90.5%, 5
A= R - BIEFE FITE 0.23~17.86 mg/kg.

AT ) 201 By Tk S, R 22 6y, AR
4 10.9%, &I HE nd~143.14 mg/kg (nd, B not detect, %%
A/NFLOD, S5 ERHE 12 LOD 4, FH &7 A
239 mg/kg, VLI 3. iR TN TR ZEAS], K T 3E A
NERE., BRKFKTIYE. 139 BEREDEHE 10
R P, R 7.2%, SR 1.83 mg/kg. 43
NI 10 GrRI B, K2l 23.2%, FEH
FH 4.35 mg/kg. 19 B KT SI AT 2 R g, K
N 10.5%, FEE Ry 1.73 me/ke.
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Fig.3 Test results for cadaverine in 201 prefabricated food

Kresy 201 3 BklZE R, 161 Oyke S A 4L, K
2 80.1%, WeETERFInd~93.22 mg/ke, P54 3.69 mg/kg,
VLI 4 HrERZE 139 03 108 ke Hi 4k, 6%
K T1.9%; 43 B RKEPE 38 KA, KRR
88.4%; 19 /KK Aa 15 ki diie, #odi%h
78.9%. i AZEKE H S VI nd~51.65 mg/ke, TN
3.46 mg/kg., &KL & EIUE nd~93.22 mg/kg, T
{H 2} 4.53 mg/kgo /K77 Sk & S5l nd~26.69 mg/ke,
SEIIME A 3.52 mg/kg.
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Fig.4 Test results for histamine in 201 prefabricated food

FE 201 (TR, KRR 166 1, K 2N 82.6%,
WV nd~422.92 mg/kg, P48 54 9.45 mg/kg, WA S,
Forb 110 03 PIRAG I R IE, A 565K 79.1%, A6 & 57l
il nd~117.46 mg/kg, -3 &N 6.73 mg/kg. 37 (3 & A
R B, KB R 86.0%, K & & M
nd~422.92 mg/kg, FIME N 19.71 mg/kg, 19 K5
Wk g e, R R R R 100%, v
0.18~33.78 mg/kg, FHI(E A 6.13 mg/ke.

TE 201 (Pl e rh, A6 e 34 4y, KRNy 16.9%,
WeBETEF nd~14.67 mg/kg, FHIEHA 0.23 megke, T
6o Horb 23 (& RIS li, Kk 16.5%, Kith &
Wi nd~14.67 mg/kg, FIIEEN 0.24 mgkg, 7HERE
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ot i, K Eeh 16.3%, Kt & REE nd~2.05 mg/kg,
R E RN 0.21 mg/kg. 4 B3RSk e, Kbk
21.0%, #HiEr i nd~1.69 mg/kg, 44884 0.21 mgkg.
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Fig.5 Test results for tyramine in 201 prefabricated food
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Fig.6  Test results for tryptamine in 201 prefabricated food

TE 201 T A 93 1y, K2Rk 46.3%,
W T Bl nd~226.18 mg/kg, VY550 17.86 mg/kg, WKl
7o Forp 55 By E RS E I, KRy 39.6%, kil At
Y[ nd~226.18 mg/kg, V¥ iEH 14.38 me/kg. 23 (A& RS
R B, kRN 53.5%, Kt EYEE nd~177.00 mgkg,
SEH AR 22.23 mgkg, 15 (KT s 2R S I, A
RNy 78.9%, KA BIEHE nd~183.54 mg/kg, T RN
33.50 mg/kg,

Haix F& &P AEYRamR ZEh T RS
AT &, RTURSE  A YRR D . X T A ST
il 3 v A= W ey LB R AN R A] 25 DR . AR 2D
FARFESAF R . (RAERT A pH 52 E R . A
GB 10136—2015 { & dh & & B Z b shi kK=l )
Hp kR 5 £ (i 4 £ 28 AR B OR 1 R AU £ 28) 4 ALk
40 mg/100 g. 20 mg/100 g MBRME . A ITPIA e T Hih
SRR S, A e BR AR R A T B mh B .

O sl — Wil Vi

70, 1100 150
60}
180 {40
50+ o
P o %
= 160 & {30
&30r | o 140 & {20 &
200 | B
120 {10
10}
0 : —1L o 0
EIAES BRE KT
215
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Fig.7 Test results for putrescine in 201 prefabricated food
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AT GB 5009.208—2016 il Tl il 32 H A= e, wif4k
PR BRI AT AR s R AT A SR R A, Al
FEYIARRE, IR EIERE . AR R A AL AR
FERRIHIAIK:, VRO (i LT EE 37 min, AGIAT ALK .
AW FTFENT T o SR (0 335 - H IR 0 0 o) S A
YIRS s, FESRASTEAT A A A B0, iy Ak HE FRT B4,
SHTEFEAE, 11 min SERL—WRAGIN, $RE T IHERFE A
RUAEFRARCE . ATy R F W bRTE, Bt T ae T,
T FF 3 5 A2 2% 1) TR 3 ARG o AR URASI Hh, 201 43 B
f 5 AR WIS 3R 90.5%, 5 Tl AR W) i 1 - 404 R
£ 0.23~17.86 mg/kg, HIMKTF EHFKbR#ME )7 LOD A Ji 2
2. TR . RS LODs g 0.1 mg/kg, M. R
LODs 4 1.0 mg/kg, BIREMHEMIMIER, Nt
WA LA B A AR SR 1T Rl A s Wads TAE,
N R TR ARSI v, BRI T —E R SR

EE P
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