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B ZE: BR 7R QuEChERS-H BysliAH (o3 - R m ik, XHslIe it rp 19 Fhids 524 14 1 e s e
., Bk FEAZ 1%HR-FF BRI, A KA 20 min B3R, $RBOKZ S A N-INHEZ — ¥ (primary secondary
amine, PSA). Cg. f1581k %% (graphitized carbon black, GCB)W [ff71f) QUEChERS /ME¥1k, L 0.1%H iz-
K/ BER BN, Cis GIEAT 3, B S A5OORE €833 - B BT 1% 32k 7 22 S 1o W 82 =X (muiltiple  reaction
monitoring, MRM) F #4701, &R 19 M AP0 e B KA 9.5 min, & 4H 3 0% B I 6] 7
0.77~7.31 min Z [i1], H SRR I, & 4500 5~200 pg/L (928 METE BN AR X ZE0 ()R TF 0.99, K HiBR
7 0.7~105.5 pg/keg, ERRHR 2.2~312.5 pg/kg, 3 MIIFRAE (200, 40, 8 pg/ke) T 19 Pzt 2y ikl
64.50%~128.75%, AHXIAR#HENN 2 (relative standard deviations, RSDs)Y/NTF 10% (n=6)., & %7k HA#E
T AERAED A . AT PR | DR RN A, Gl TR B A vh 2 R0 i AR 2 W i PR
T4
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Rapid determination of 19 kinds of prohibit drugs in diet foods by improved
QuEChERS-ultra performance liquid chromatography-tandem
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ABSTRACT: Objective To establish a rapid method for the screening of 19 kinds of prohibit drugs in diet foods by
improved QuUEChERS-ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples
were extracted with 1% formic acid-methanol solution, assisted by ultrasonic water bath for 20 min, the supernatant was
purified by QUEChERS cartridges containing adsorbents of primary secondary amine (PSA), Cyg, graphitized carbon

black (GCB), separated by C;g column with 0.1% formic acid-water and methanol as mobile phases, the analysis was
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performed by ultra performance liquid chromatography-tandem mass spectrometry in multiple reaction monitoring

(MRM) mode. Results The total analysis time of 19 kinds of prohibit drugs was only 9.5 min, and the retention times

were between 0.77 and 7.31 min, the peak shape of each component chromatogram was good. The correlation

coefficient (r?) of each component in the linear range of 5200 pg/L was greater than 0.99, the limits of detection were

0.7-105.5 pg/kg, the limits of quantitation were 2.2-312.5 ng/kg, the recoveries at the spiked concentrations of 200, 40,
8 pg/kg were 64.50%—128.75%, and the relative standard deviations (RSDs) were less than 10% (n=6). Conclusion

This method has the advantages of simple operation, low instrument maintenance cost, rapid analysis, high recovery

rate, and low matrix interference, which is suitable for the rapid screening of multiple prohibit drugs in diet food.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; diet food; QuEChERS;

prohibit drugs; rapid screening
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B AR AR (AN ] R 20 A A0 b FEAG I8 7 i A 36 30T ) it
HELE 200600451 20120051, K BIS 201701 £ Fh A i
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HTTEAR 245 5% BRI 500 T, AEAE DR A £ it i Ak 24
Wi 25 ST A HE A 2

% F 5 FT R 75 0RO € 3% - e I R % K (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS), LASAEY 5 )y, Rl st . ssiie
JReE 4 Pl B O A I B A SRR AR, PR AN I
196 FhUsIE 245 R 13 KRR 25 S 1 2 4y, A X
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N FiE A IR R 2 R A 2 W g PR B A s,
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1 MRERE

1.1 RS

SCHS T AR AR B R 30T 34 BN B B G aE
CFERAE TG 5 )7 . VEREmnE . RS . IR, kit 50
UK

HEE . ZJE (@i, 75 Merck /A wl); PRIME HLB
[#] FH 2 B/ M (3E [ Waters 23 7]); QUEChERS #+k/ME:(H
A B H S FD); 6 FROBAR 2% R PO il BH (S0 99.5%)
N-BA 2 B R PG A5 B (LB 99.7%)(JL 5 S A #E A IR AT
BELZS ), NON-XU FE P Al B (2l EE 98%, &=k TRC
T2 b A, BRBK(ZEE 99.0%, Jbat S ik A= MRk R
ND); REEHR(AERE 99.7%, 3£ Supelco 23F); Z59mAnid
(ZEEE 99.0%, LA MRHE A A R, 13 Fhkels
PR AR BR A HOREE TR . A8 SIANR . #50574% . #%
GIIE . A5 FIEEE . #EFISERR . DREFIER . Ak Es . A%
G, —HORAIK, ZRZAR, T AR, #5513 K100 pg/mL,
ol B TR R AT B2 WD)
12 UFE5EF

TSQ Quantis T /&5 ZCRRH €33 - AR 6 D () [ AT HE
5% 5% 55+ i (electrospray ionization, ESI)Fl Trace Finder &
ALK E] . Hypersil GOLD C g 8354 (100 mm=2.1 mm,
1.9 pum)(E B 22k RBHE/A H]); Hettich 380R A v4
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RO E RR R0 W ); ME204E Hi 7R (&R 0.01 g,

B AR R 2T FRA FD); AUW120d 43 KT (&
it 0.01 mg, HARHAF); BC-1000 24 5 iR LR
YIRE 5 A4 W R A BRZA F); SB-800DT AU 75 Il i e HL(T
B2 AR R A R DD .

13 77 %

1.3.1 AFEERAH

6 FgIE bR kA R A B A BB BRI A v
b 5.00 mg(HH ALl R BT, FEEMIEER 2N —
50 mL Z¥ i o AR BB R B 0.1 g/L (1 6 R 25k
HERE TR A AN 6 P I 25 Am Gt 5 TR & 13 Pl 251
ARSI EL 0.5 mL & 50 mL &5 8T, FEEAE
ZIRE, SRR N 1 mg/L (14 19 RS2 iR A bR e
HRIE . b 25 T ARG B
1.3.2 HARBERF &

FEATISEHITSAMR, SRR 2.00 g #4548 50 mL
ZERGH, A 1%H BR-H B 40 mL, 7E404R$E, 840 W iR
75 20 min (4% 40 kHz), BUHE T 1% iR-H e 25 2 20
BE, RS 1.5 mL _FWEWINA QUEChERS ¥ b/ Ve, i3]
PRPEIG i E, DB A PR TR RS, RV 022 pm £
S e A I B L R OB % - R S AL T
133 RABEM AR AN

AT Hypersil GOLD Cg i, A:i: 35°C; yhkEh::

1 uL; FshAf: A: 1%HER-/K; B: HES; #E: 0.25 mL/min;
BRBEVRIFLF: 0~0.5 min, 20% B; 0.5~4 min, 75% B; 4~6 min,
75% B; 6~6.1 min, 20% B; 6.1~9.5 min, 20% B, 2T JF2A:
B, 5% 55 L, 24 YA (electrospray ionization, ESI); IF & T3
(ES+); £ [ v Wi i #% =X (multiple reaction monitoring,
MRM); BT 3500 V ; FALAHETE: 350°C; #5114
W 350°C; 19 Rl 2R 2 B A SIS S R0 LR 1.

2 EREHR

2.1 HEIRCEBEERMRL
211 RIRF ks

ARG BEE T L, 1% P R-EL. 2. 1%H
MR- Z MO 4 SRR A B AR 2 M I AR BUSCR, [RI2E 5T
AT 3 e B5REH, AR AFEE. C RS,
19 B il 25 25 W 09 B0 R 4 ) AE 78.5%~89.4%
77.1%~85.9%, 242K 1% F MR- EE . 1%H 1R- 2 NG SR BT,
19 Fi i A% 25 Wy 1 18] e % 43 S0l 5 5 2 85.7%~96.5% FlI
86.2%~91.3%, HIEEAER—FIBPEEE R, XF Tk k22 R 8K
K Z A5 A B W fg e, ek, A H iR
PE— 4R T AR A W B AR RCRT, N A B oY ik
B 1%F R-F EAE R IRBOAR . h T R A VEEA Y
REU™L, XT3 A B AOREAS, AR 1% F iR- 2 i i
ATHEE,

Fz1 19 MEEAYIRBEMRIESH

Table 1 Parameters of liquid chromatography and mass spectrometry of 19 kinds of prohibit drugs

5 et/ A fEEEEE/min - BEEX #EFmz) FETFmr)  BEERERY EFEEEV
1 T K 1.05 ES+ 158.1 57.17/60.1 23.3/14.3 73
2 L HXUIR 0.77 ES+ 130.1 60.07/71.1 12.6/20.5 62
3 JER B B8 1.84 ES+ 166.1 133.0/148.0 19.7/11.4 57
4 HRIUIK 2.43 ES+ 206.1 60.07/105.1 16.7/25.9 91
5 % K& 4 3.46 ES+ 358.2 106.7°/135.1 34.6/25.4 149
6 S kAl 4.01 ES+ 2322 109.0°/159.0 43.5/22.1 90
7 MHAE 471 Pl 4.21 ES+ 357.2 119.17/134.2 43.0/27.4 156
8 oA 4.83 ES+ 280.2 124.9°/138.9 24.4/15.1 85
9 N- 525 L P4 A4 ity B 4.93 ES+ 266.2 124.9°/138.9 22.4/13.4 79
10 N,N-XZ FH 7 A i B 5.02 ES+ 2522 124.97/139.0 20.3/10.6 63
11 T Bk 5.06 ES+ 319.2 105.07/225.0 35.6/19.0 120
12 FH 2T T 0k 5.51 ES+ 271.1 74.17/155.1 12.8/16.4 83
13 & Z Nk g 5.62 ES+ 446.2 321.17/347.1 13.1/13.5 101
14 & 51555 5.90 ES+ 324.2 110.1°/127.1 21.6/17.8 115
15 1% 4] g i 6.38 ES+ 528.4 386.2°/403.2 21.3/19.3 115
16 & 5 I8 i 6.47 ES+ 367.2 152.2°/170.2 19.4/15.9 105
17 ik 5 5% 6.54 ES+ 453.4 86.27/162.2 25.1/20.2 147
18 Li-2IENI 6.69 ES+ 495.3 169.27/369.7 33.6/13.8 110
19 LIPS e 7.31 ES+ 491.4 126.17/352.2 24.8/12.8 110
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2,12 BhR T ikehikdFE

AW AT ST iR A MBS (5. 10, 15 min)
AR FERAE](10, 20, 30 min)X} 4 28R4 Fh R i AR 2h )
B BRIRSICR, FIZRSRB A TE 3 IR S5IREW, WiETR
T USSR B IR [ B AR TR B, 4520 43 [Tl % 45
TE 77.3%~84.4%. 7 FEBUSCR RS ARk W2, I
R KT 10 min B, 45 4153 DGR TE 83.3%~89.8%, ##
7 20 min B2 43 BIRCR AT IR F] 89.1%~99.4%, L5 4
2 43S 24 [ i S o 8 7 K 3 N ) (4 SE K AR AR AN K T
WIS ARG . AR s, R, TR HE L
SEA Ak, KIBURL 23 S 0RE I 21 53 Bl 40 38 0 LB, i
JE IR 7 5 BAK S A S w4 A BT ) PO S TN e
1R[] P JORL B B ORI, S A A AR, AT
DL3B A B e, in 2 LR R SO, A AT AR A
B F DI o0 A 0 4 o B B2 R e AR A 5 Bl 4 O 0
TEPR R A P ER A 20 min.
2.13 AT ikeyindE

HAl QuEChERS ¥&# MM FIA N-INSL2, Rk
(primary secondary amine, PSA)BRAGNIR . 5 HLAR KK
&) . Cu(BR MG W AR M 2% ) . A 81k ok 2B
(graphitized carbon black, GCB)(: (1 %)), A 53 1 Jext
QuEChERS ikl ATe B, Al iat [ W B 770 2065 T oA
[vi) 38 70 5 6 45 B AR 2 M RO PR BUHOR o A5 R R, MR A
PSA. Cg IR IS GE TR 50 mg), 54143 s
. 75.3%~86.4%, HIBWORBAFARAHEIEG, M RA
GCB. Cg FRIIZ BRI GE IR 50 mg), 541455 ik
1E 75.4%~89.8%; 4% GCB.PSA R fi 57 i (EL FE 44
50 mg), £%LH5 MRTE 68.5%~83.4%; 4K PSA.
Cis. GCB 3 R MRS R 50 me)it, 244k

8.0e6 — 6
7.0e6 —
6.0e6 —
5.0e6 —
4.0e6

i B /counts

FIE 87.3%~104.1% X} 3 Pl 713 78 s F— St Ak & B,
22 50 mg PSA . 100 mg Cy5. 80 mg GCB i, 404315
SRTE 89.1%~121.7%, $RBUSCR AL .
AR IBI BT 1% H 8L - B B B SR Ik |

PRIME-HLB [AIFHZE I K8 R /5 QuEChERS J57k%f 4518
AR BUSCR . Hidh PRIME HLB J2&:— 35 8 i1 S A
[ RE AR B B 00 24, SPREAS R B B R L £h L BRBR AT R
SRAYWLIERE S0, SRR EOR, 3 FMRBOT T, R 1%
F R - P I AR I, 2R 259 I 71.4%~96.6%;
& F PRIME-HLB #2 HU B}, 45 i 25 245 9y 1] e & oy
80.5%~109.3%; R R 58 QUEChERS J5 4RI, %
A IR Ty 82.1%~123.9%. [HH, AHF5T vk B
Jii QUEChERS JriEXt A T4k o

22 HHEBESRIEEGMIL
AR & PR

TH AL 259 53 BT T F T sh A A8 8 Ol L RREEVR TS
F s, 20T K EEARTE 10~35 min 2Zf8] . % K0
FHE A CBREL I SRR 231G I 25 6 404 B JE AT FEAT 2%
b P 9 S e e 2 A B XU, DRI AR T %588 T 0.1% 1 iR
K5 AR R SRR G W 2 s BOR o SRR, TEfEH
BB BT, 25 2153 BB A 4 £ R 1 VR 55 Y
TSNAHAL A A /INIE R, RO S ALY, FA A ot
R AR R R S R R, ARWF R RS T2
53T Hypersil GOLD C s HEAE N (A 35FE, FaARA A:
0.1%FHR-7K; B: HIEE, WiE: 0.25 mL/min, {1 @55
1, 19 ik A5 259 53 B BB AL R 9.5 min, 21 500k B2 B
[ 7E 0.77~7.31 min, Ai%E LA 1.

2.2.1

17

E

LV

3.0e6
2.0e6 ﬁ

1.0e6 — 1

I

—1.0e6 1 1 | 1

i
0.0e0 ﬁg :-:&;—_

042 1.00 2.00 3.00 4.00

5.00 6.00 7.00 8.00 8.73

£ 4 st 8] /min

W 1T 200G 2- UG 3-RR TR 4-2K 2 SUIK; S5- 4% 4 B 6-25 el B ; 7-Di A 41 B 8-P4 A0 it B ; 9-N- 52 B JL P4 A5 iy B 10-N,N-BL
VG A5 B 11- k; 12-FR 26 TR 1348 SRR, 14-48 5157, 15-46 Sl ; 16-4% 51 MR; 17-Bm 46 5175 18-4% 51 A IR 19-4% 51 LK -
1 19 Fhab k2 Pre 7 g R (100 pg/L)

Fig.1

Ion chromatogram of 19 kinds of prohibit drugs (100 pg/L)
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222 RS

SR MRM #5, fifbssteamtls . FE1. &
TR R . REERERE . B 1 pg/mL (1) 19 Flib 22 iR -G bR ik
VW, RGBSR 5, AT B T QL
Scan), PRIFEMPIREEE T, SR/5 LT B FHHH(Q3 Scan)
SRR 85, 55 MRM $345 19 5 2t — Ak il
figtt . RRBESEIESH. e SHMESHILE 1.
2.3 ERMBIFMN

FE RN (matrix effects, ME)$8 XL & W47 4B i,
HEBETFRAEE T, BASSEAEZ NS08, T
BTG | AL 2 T4 HARdL o i s, S3H brdl
M SRR T, TR R AT 45 SR AR S AR
W E A %5 T QuEChERS JrakiHUT 4 Fhsie 5t
19 FpB AR 254 (1 L R0, 38 335 B b o il 4 5 0 51
PRUE M ZRZRPE T RE AL R 2 e, S RIBIR T L T & A0
ME, % ME {H AT 0.9 15 B 3L RN A 812 ATk
PV AR e LA T 2E 524347, ME {H7E 0.8~0.9 Z [H] 15 H]
TEAE 55 RO PO, 0T AR P35 b o 1l 2 s 70 s e ol
LRUATRE AT, ME (H/NT 0.8 Ui IR R SR IERALY, R
AT I B AR 2R . ARYE ME EIFEES R AL R
QuEChERS JiZigfb)a, 4 Fgi it & 5 19 Fhabzs2idim
ME {87 0.832~1.051, #)iH] QUEChERS J7 ¥: % & Z4kf i Y
FALSCR B, UL AR TN, BOR R bR
HERM R T2 /AT .
24 ZMXRARKUER. E=MR

K Fl UPLC-MS/MS X 19 Fiuh 25 254 TR A br v TAE
W0, FRehibriEmLk . S5REW, 19 Fuabssziy
FE 5~200 pg/L TGN R RAF, HIXERBUIKT
0.99. LA 3 fH5IELRIgRS (S/NYRE 4520 43 O A H B (limits of
detection, LODs), 10 f53EZR M (S/N)IE 25 2431 E 5 FR
(limits of quantification, LOQs), AI %1 19 Fiitizk 2 ¥eiZ 7
T BIAG HHBR A 0.7~105.5 ng/kg, EERFR A 2.2~312.5 pg/kg,
SN R 2, RWZ L EA IR BUE.
25 MiREERSHEERE

TEHZS FIREASHER T IAR AT S5, ARk 2R 3 4~k
(200, 40, 8 pg/kg), BAIIFRMKEEFATINE 6 1R, 5
ST 257 ] i 2 R AH X5 A 1 J 22 (relative standard deviations,
RSDs), 4553, IFRHEE S 200 pg/kg B, 19 Fifizkzl
W) ¥ IR TE Bl R 84.46%~123.98%, RSDs
1.9%~7.8%, MIARASE Jy 40 pg/kg B, 19 FibZR 29 i 734
A1 e 295 i A7 69.38%~128.75%, RSDs 9 1.5%~9.7%, Jkx
WREN 8 ng/kg B, 19 Fphi &2y i F 35 I 2R3 o
64.50%~111.06%, RSDs i 4.5%~9.8 %, HILAI L, [ElR
RS % BE Y REAE i L 8 AT T R

R2 19 MERAYMLESIE. RERMNEER
Table 2 Linear equations, limits of detection and limits of
quantification of 19 kinds of illegal drugs

I
%ﬁ% AL oghe) Migke)
TR Y=431.9976X+1027.1068 253 77.5
T HRUIR Y=549.5520X+1486.6073 552 1675
JBR B Y=976.6183X-349.2903 1.1 3.5
AU Y=800.2592X+1093.2847 5.5 16.1
B K& 5 1l Y=2291.0115X+6175.3899 3.5 11.4
BAs koAl Y=4496.1718X+18443.1574 0.7 2.2
A% 471 Y=2691.4728%X+6785.0230 1.1 35
P Y=631.7874X+358.8041 0.9 2.8
Nﬁ'iﬁi;zf Y=781.5496X+1175.3358 1.4 3.2
NN-BERE Y=383.3401X+264.6381 1.1 3.3
v
[LGEIN Y=65.3359X+75.1634 125 37.5
HORRE TR Y=77.3350X+38.3146 655 197.8
K& 41 nk & Y=155.1823X+215.6155 455 1345
k& 5155 Y=182.7897X-151.3205 415 1238
& 51 g I Y=43.4190X~186.5289 1055  312.5
& 51 5 1 Y=59.6551X+155.1706 80.5 2425
IS Y=1700.4604X+1362.9492 555 1455
& 51 A ik Y=33.8900X+61.6051 97.5 2875
K& 41 £ ik Y=154.1894X-21.7711 88.5  270.1

2.6 SEFREEARRGN

BT 8 R A AR R A (AR WIS 5 77 |« W B
mieE L AR AS . BRAE R, dLit 50 Hhvk), RAT 1.2 T
Sb PR Ty 1 S AR SR A AT A . 25 SRR, 8 HEWAEA
K H PE AR B (736.7 pg/kg~17.5 g/kg); 1 HEURFEA [a] I 46
A FIA R (342.1 ng/kg) FIR ZAUIN(78.5 pg/kg); 1 #HEik
FEA K M AR (422.0 pg/kg); 1 HEWEEA K H — FI AL
I(320.4 pg/kg). MRIEAIEREMIRMENE, FRASER
i P JE FARR U, SR EORARES AR TR IR
BRI SOMLRAE &, Ko th EAT 252 S 1Ak, Al
22%, Vb BIAE LU I A £ s in i) RS AT SR AL, A
KRG H ARSI, 53— J7 U W13 7 A RE AR AT &
FH U B i v Z2 Pl 2 24y 1 PRk i 4

3 %

ABIF ST 3 AR BOA ) . BhER TS . WA 2 )
FOBAH . BRI S, BT T QuEChERS-AB i RO A 4,15 -
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