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QuEChER S- /580 AH (1% - o 1 72 [R1sf e
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hoo7E, BAK
(MR TH & 2 R B R SR, M 514071)

¥ ZE: By @7 —Fh QuEChERS-# i AU AR (38% - 118 12 (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)REGSHE | £ 1 [R] B 5 528 HH 22 SR s 14 T 21 LA R A= R 700 25 9 5k 2R
Mk, AR FEAEE, W RIS, Wb ab b b n, @i Or B i (R DE T LA B B B . FR 200
F B RS A B BOHEA T e M . SRR MR R AR E S T IR ER T AT . BER TERAEARE T, 9 Rl
R EA A 7E 4.9~8.8 min. K ETEREILE 0.010~0.200 pg/mL i, 9 FRSBLIE LR RIF, HAHKERE N
0.9149~0.9599, # B A 5~10 pg/kg, EEBRH 10~20 pgkeg, 25 FIRES B IFR ECE K 64.8%~135.5%, FHXS
PEIR 220 1.05%~12.91%. 453 127 L3R o | ViR, T bodie v i 528 b 9 Riiplnds i i 25 259
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Simultaneous determination of 9 kinds of fluoroquinolones and plant growth
regulators in bean sprouts by QuEChERS-ultra performance liquid
chromatography-mass spectrometry

SHEN Jie", DAI Jin-Bo

(Meizhou I nstitute for Food and Drug Control, Meizhou 514071, China)

ABSTRACT: Objective To establish a QuEChERS-ultra performance liquid chromatography-tandem mass
spectrometry method for rapid and stable determination of residues of fluoroquinolones and growth regulators in bean
sprouts. Methods The samples were crushed, extracted with acetonitrile-formic acid, purified using cleanup
materials, and then analyzed through qualitative analysis based on retention time matching, precise mass numbers of parent
ions and major fragment ions, as well as quantitative analysis using external standard calibration with matrix standard
solutions. Results Under optimized conditions, the retention times of 9 kinds of drugs ranged from 4.9-8.8 minutes. Good
linear relationships between the 9 kinds of parameters and quality concentration levels ranging from 0.010-0.200 pg/mL
were observed, with correlation coefficients ranging from 0.9149-0.9599. The limits of detection ranged from

5-10 pg/kg, while quantification limits ranged from 10-20 pg/kg. The recovery rates of blank samples spiked with
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standards were between 64.8% and 135.5%, with relative standard deviations ranging from 1.05%—-12.91%.

Conclusion This method is simple and accurate, and can be used for rapid qualitative and quantitative analysis of

residual fluoroquinolone drugs and plant growth regulatorsin bean sprouts. It holds significant importance for

implementing process control, daily supervision, and quality assurancein bean sprout cultivation processes.

KEY WORDS: bean sprouts; fluoroquinolones; growth regulators; QuEChERS; high performance liquid

chromatography- mass spectrometry.
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T, WHRANESE . NS, WA, EREMAK. O
F. WRRF R E T L AR <2E 3, WAk AR
3. MTHMFER, FNESAEAR., 4845 ML
Ko Z R0y st LR 04 22 2 4 I HLAT B R A R T
B WO AR DA, R AR AR s s . SARE
Fri A, SRR . R AR R, 1R
LR AR R, SRR B R & G i A
M ZERY IS R AR RO, — BRI 22 R AR, 7
B SRR R HaasR ) a4 AR K R,
3 0 FAR Y A=+ 81715 77 (plant growth regulators, PGRs) Al
PUERAYLT, <dr O E R R, NG SR
AU, SR A N R R B R SR 2 Sl o B
HEANK, SEA BRI AR A WA BURE MR 1%
REMENOL TR 2l A AR P A ARG s T R 2 2 g 7 A i 2
PGRs # PR M) K SRR sl o o B =1, e Sl
W R LA R Rl A PR AR g, X A ) AR A R R
BE MWW, SHEYNAERMKEE REE—E N
PR, AR A PGRs I A S ARk, (HK &
AR ECE A, R A O | RS, &
HoRMOmAE R . B R . AEEA SR AN g
X PGRs Bk B 0 W Jr vk 32 BEAT Il 10 f 5 W B 5K 56
(enzyme-linked immunosorbent assay, ELISA):'S | S A 7,
7i%(gas chromatography, GC)p:l', AU HH (0,33 - BB 156 3 1% (gas
chromatography-mass spectrometry, GC-MS)32:!"®! =53 i A0
a3 (high performance liquid chromatography, HPLC)3:!'1,
W AH 4 3% - i 3% (learning content management system,
LC-MS) & Fl 2 0 A 4,35 - £ 16 51 3% (high  performance
liquid  chromatography-tandem mass spectrometry,
HPLC-MS/MS)#:12")GC F1 GC-MS/MS 77 B 1024 A A,
EAVERBON BT, ELISA REUEERAR, XIS BUR G .
HPLC MR BUEHAL, TR mER, ArabsE it
%5 5 v AR PR T4 . HPLC-MS/MS HoAT RBU% i | ik
PRVEGF A0 AL, R0 R B R B TR =5k B8 A0 A R 2l I,
T ZER B IS YR FER 53T, J& PGRs 5% B2 i ik
i

T R S BUAE R BT AT, HBUE G PR AR

58, JUILXE 2 [CE AR I BT A e MR =, R —28 sk
B AR AR A 7 S0 18 24, e 40 B P SR A A TR
BERL WA TG, (AN ASRE IE #4024, DA B R B A1
FHERT2 G RS2 R IO | SR A A s,
FFBEEA RN, N i IR 23 AR e < =380 (3L
L B BOER, IRASEORE MR ),
HEWEEE NN ER, REMER A SRR EE .
JH B T8 L O LB R LA B Jrs it i s 028, Pl 1 s
S e SR N T, s TR S T e s
258 24 ) ke BRI T I A S O TR A . B, BT X ELEF
F ) TS T RS 24 W A R AR R R H 253 2, (RS
W) BARb & s —, BREEAE L, 55T
R E X, [ 1 SR Ao v X S 2F v i 2 A S s TR A S
25 5% FE RGN st 42, QUEChERS (Quick., Easy.,
Cheap . Effective. Rugged. Safe), &4k EFr L H &
JEA R I — B T SR g DR S BT AR BREE R . b
FARLER N B AR B RS S . Pl s Hnl £
BRSO RE T, BTN T TR AL A BB R A
R 2453k ) AHIF g S 2o ke R AR B AR, ST AT
AR B0 52 24 o i 2B R R 7 5 SR T T 2 2 0 8% B
Wk, IR SRR A M SRR R B A A
W R R K AT, DO AT ER S R AT B 55
FIEZE, TRl A e A — R 2R 2 G R (AR 2% K
FHRBIR S .

1 RS

1.1 MR5RF

DA E, POV RETTE . ST EILN
SEHIRE S, MRS E M E S | 4. IREFRMEMN: B
WVE . WNVE | WEVDE. BRYE . EFYE. ik
IR FHE R EERT 97%). 4-FFRE LR . 655
RN (A KT 99%) (TR EE R A RA R, 20 . R
(faigali, £E ACS BEMEY), <R WL . ZK(rHrat
KRR AL 220 A R A, &Adh . JOKBREREN . TC
REREREE . JOK G . TR EALEE (e, g E 24
AL 23850 BRA )y /Ut [ AR A BUERHODS g,
50 pum 60A) . N- 4 3 2 = % W [} % [(N-propyl
ethylenediamine, PSA), 40~60 um 60A]CRA N LA /REL
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FA AR, AAbssrE W HR (Z-SEPY, 500 mg, E[H
Supelco A Fl) . ZEEFRAIKE (0.5~2 pm<8 nm, FgIRLFEFE
YOKRBHL A FD)o
1.2 UE5EE

LCMS-8040 =5 &I AH €635 - = 5 DU AR AT AR 356 5T 1 0k
FHAX [ B H, W8 25 B9 1 U (electrospray ionization, ESI' I
ESI') X LCMS solution3.2]. AUW220 &IHi T3 K-
(220 g/0.1 mg), f43E%A: Shimadzu VP-ODS(C;5)(100 mmx
2.1 mm, 5 pm)(H A8 H4bE FA R A ); Thermo
STI6R 15 H 3 % B O HL(3E [ Thermo Fisher Scientific 23
H); UC-7100S FU%H 18 7 i Dk (& i 4% s PHE A B2
H)); S25 FEIRIR A 2 (R E IKA $2H); Milli Q #B4li/K RS
(2 Millipore 2 H]); 4 H IR MK HELE L (Autoeva-60) (%
FHUEFA R D,
1.3 WAL
13.1 &iEsus

434 Shimadzu VP-ODS(C15)(100 mmx2.1 mm, 5 pm);
P 0.3 mL/min; AR 40°C; WshAH: A K, B N 0.1%
gk, JEFEmE 10 pLo BREEVERRT WK 1.

®1 REEBEERERF

Table 1 Gradient programs of mobile phase

£ /min TSR B0 %
0.1%H R /K % T 2Nk
0.01 85 15
1.00 70 30
6.00 30 70
6.50 50 50
8.50 85 15
10.00 85 15

132 k&

FRRE AT B BSUA BST; 43kt 20
W3 # (multiple reaction monitoring, MRM); BEAIE i [
3.5kV; FA: AS3.0 L/ming TS RS 1S Lming fll
0 WA DL AR EE: 250°C; MBVEEHURE: 400°C. 73
SR O T v A T ) M R S AT B A,
T 4R A SR | 6- R BRI IERS R 17 8 U
fif; Bk R, MRYE ., B WE . EVDAE. Ry
AL ARV A. HBRY AR IEE AR
133 Ao ik eyl &

FEMFR 10 mg A FrvES T 10 mL 5P, FHHEE
fif A 25 B R0, v s S TR S 24 4 e i A R BR VS A
TR BEE 25 2 205, ol BBt W 290 1.0 mg/mL AYHR
HERE R, 5 AR EARUENIR T —20°CORTE, ARUHN 6
DH o LR RO ARSI R B 10.0 mg/L (1)

RAPRERR, AR08 1 H . BaRIMERRIBURS
B HR AR LA 10% & BE 78 18 A S B o 75 22 1) 2R 8 b o T A
T, TR
1.3.4 QuEChERS 77 4 22

(OB LA

AR, HERFREL 5.0 gCHiiZ 0.01 g)
6 i BT 50 mL HIEZ.OAE h, AR EIRIE A 1 pg/mL
HIRA PRI 500 pL, 6 BrisFEsSImA 10 mL 20 .
10 mL % 0.1%H R LIEH . 10 mL & 0.2%H R 2
VW, 10 mL 7 0.5%F BR A ZIEWE W . 10 mL 75 0.8%H iR
) Z GV 10 mL 75 1% R Z I, A 42 10 min.
JMA 8 g Jo/K NaySO4. 2 g NaCl, 7Bl iEiR4 1 min, LA
8000 r/min 0> 5 min fiff ZIEFUKAHE B R LIS
2 mL &F QuEChERS &L H1(¥% 100 mg J&/K Na,SO,.
50 mg Z-SEP"), 7 BIAHEIR A 2 min, LA 7000 r/min £5.0> 5 min,
BECAT BT 10 mL 2.0, T 45°CKIFH RS E
T, H20%2 MK ERE 1 mL, WIEES) 1 min, FiFHK
2022 pm FHAER IS, SRR ALE S0 A€
T TSI

Q)M R Ak

TR EMI S, HERFREL 5.0 g2 0.01 g)
4 rAFEE T S0 mL HLZEBLOAF 2 B A T v
A1 pg/mL FR-APRER 500 pL, MA 10 mL 7 1%
R ZIEVE R, A B 10 min, 43-BII0A 10 g JoK
Na,S0,. 2.5 g NaCl; 8 g JG/K Na,S0,. 2 g NaCl; 6 g Jo/K
Na,S04. 1.5 g NaCl; 4 g JL/K Na,SO,., 1 g NaCl, 7 EIi#iE
{84 1 min, L1 8000 r/min #.0> 5 min fif Z fEHKAT3)Z
B EJ2 2R 2 mL & T QUEChERS .05 FP (7% 100 mg
Jo/K Na,SO,. 50 mg Z-SEPY), 7 Bl IEIR A 2 min, LI
7000 r/min B.0> 5 min, BT EFHFET 10 mL B08,
F45°CKIEH AR EILT, H20% LK ERZE 1 mL,
SEBITRBEIRS) 1 min, E3EWZ 0.22 pm A3 HLAH G IE 1 g
Jo, TSR UE IR P o AR AH €6 1 - T R (S R o

Gyt B AL

TR AR, AR 5.0 s E
0.01 g) 16 AL E T 50 mL HIER.LE T, AR AR
RN 1 pg/mL ARG PR 500 uL, A 10 mL 55
1%H BRI Z B, A HE 10 min, Z3I0A 8 g Josk
Na,S04. 2 g NaCl, . Bl fEiR & 1 min, LA 8000 r/min
> 5 min fif ZIEFIKAR G )Z B2 Z G 2 mL 458
F 16 32 QUEChERS B.0vE 1, it 4 % QuEChERS B 1>
HN S A B PSA (40, 60, 80. 100 mg), 4 ¥
QuEChERS B.04 W& AR Bi i i) Ci5(40.60.80,100 mg),
4 3% QuEChERS &.LE N AN E R Z-sep” (40.60 .80,
100 mg), 4 32 QuEChERS .00 N & A W] BT 2 () GCB (40,
60, 80, 100 mg), 7.BIAHEIR S 2 min, L 7000 r/min 50>
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5 min, BERT FIHE T 10 mL #5048, T 45°CKIB A
MEET, H20%MEKERZE 1 mL, S RIAERS] | min,
LIEWL 022 pm FHAMEBL IS, IS8R A =L
VBUR €533 - T 3 S0 o

(DEER B E A

SRR, WERFRES.0 g(RiHiZ 0.01 g)
2 AFEE T S0 mL HEE.OE T, A5 A TR E N
1 pg/mL HIRAFRAEF 500 uL, AIA 10 mL % 1%F B2
B 2GR, A 4RI 10 min. 4> BN A 8 g Jo/K Na,SO4.
2 g NaCl, 7 Hli%AEIE 4 1 min, LA 8000 r/min &[> 5 min
i ZRERUKA A )E . B2 ZHEEW 2 mL 508 F 2 52
QuEChERS B.L3 1, HH 1 32 QUEChERS B LN &
40 mg Z-sep’ . 40 mg Z-C5. 40 mg GCB, 40 mg PSA, 7
&b 1 32 QuUEChERS .08 N & AR BT EE A 20 mg 2 REfK
YK . 40 mgZ-Ci5. 40 mg GCB. 40 mg PSA, ~7 i
B4 2 min, L 7000 r/min B0 5 min, BEHAT FER
F1omL B.LE, T 45°CKBHFRAKREL T, H 20%2
EKERZE 1 mL, RIRAERS) 1 min, FIERZ 0.22 um
A5 BIUAH I RS 2T U, B2 U VAL s 28T AH 2 1% - T A
W o

GYEHER L

GAERER SR TS, MERIRRIL 5.0 g(RE#A % 0.01 g)
3R ET 50 mL HIERL.LE S, AR R E A
1 pg/mL BIIESFRIEAI 500 pL, A 10 mL & 1% R
W I, B HRE 10 min. 43 BIAMA 8 g JTo/K Na,SO,.
2 g NaCl, v BIRGER4E 1 min, Ll 8000 r/min .0 5 min f
ZIERUKAHAYZ . B2 OIEHW 2 mL BT QuEChERS

B0 T (100 mg To/K NapSOy. 50 mg Z-SEPY), ~7 Bl iE
R4 2 min, X 7000 r/min .0 5 min, R FIERT
10 mL B0, F 45°CKIB R AR EIL T, 3 il 451
IMA—ZK; 10%HEK; 10%2EK, EAE 1 mL, 7B
RHERAT 1 min, FIFWZ 0.22 um AHIMER I E)S, B
S8 T R A3OROA €0 - T SO A2 .
14 HIELIE

U AE 0 1 5T B AR AR Y BB Gl 1f Lab
Solutions (Version 5.114)44: (5B A 7)) 52 AL FE . ARk
FrufE M2k, HE1TAMR e i HT; Microsoft Excel 2016
Gt oAb FRECHE, Origin 9.1 HEAT [EIE AL BE

HREDH

2.1 BIEEHMRK

ARG G4 9 Ffb AW, A2 22 S AT A
K, OREETFER RN 208, AR TR R, B,
SRR X (0 A 2SR S AH B T T Ak
2.1.1 &gk

35T Shim-pack GIST-HP Cig (100 mm=2.1 mm,
3 um). EclipseXDB-C,g (150 mmx2.1 mm, 5 pm), ACQUITY
HSS T; (100 mmx2.1 mm, 1.8 pm). Shimadzu VP-ODS(C;s)
(100 mmx2.1 mm, 5 pm), Kinetex F5(50 mmx3.0 mm, 2.6 um)
5 PSS ETERENT 9 B EFME G EROR, FRK
LA ] Shimadzu VP-ODS (Cyg) (35 AE I, %4 73RBS 5E 4
AyES . HIGRIZHE, 50 ILIE 1, AR EBCRIL Shimadzu
VP-ODS (Cy) A #1753 B

2

47500001 J&#5 7P AL 360.1000>342.1000(+) CE: -21.0
4500000 L2: A INVP AL 332.1000>314.1000(+) CE: -21.0
4250000 |-3: TAZ Y0 A& 370.1000>326.1000(+) CE: -20.0
40000004 TEEID I 352.1000>265.1000(+) CE: -25.0
50 AR IP R 320.1000>302.0500(+) CE: -22.0
3750000 -6 475 75 B 362.1000>318.1000(+) CE: -20.0
3500000 -7: J£45 70 & 334.1000>316.1000(+) CE: -21.0
3250000 1-8: 4-5F 74 L. B8 185.0000>126.9500(-) CE: 13.0
3000000 |-9: 6-"FILARNES 224.1000>133.0500(-) CE: 21.0
2750000 -
2500000}
2250000 -
2000000 -
1750000}
1500000}
1250000}
1000000 |-
750000 |-
500000 -
250000 |
0
1 1 1 1 | 1

I I I I I I I I I I I
0 05 1.0 1.5 20 25 3.0 3.5 40 45 50 55

1
Fig.1

1 1
60 65 7.0 7.5 80 85 9.0 95

min

Shimadzu VP-ODS(C ) (3543 B OFP L & M A TICIE
TIC diagrams of 9 kinds of compounds separated by Shimadzu VP-ODS(C,s) chromatographic column
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2.1.2 AshAakAL

TRBIAHIR R EHE T AR Ry | W DL 0
Bl ARWFIEHER T W shAH IR R -0 1% F IOKIB I . 2
%-0.1% H R K VBT . ZJE-0.01% M B K AW 3 R shAa ik
F, GRE, diFFEE A IR, WP A R R
LEWEEERZ . 47X, HBariEiE, MBI
Ko MG AR A IR EE | B LT
RYPER, 76 10 min fb A WREAESE 44 BT . FRLIE S5 B T4
IERFRECT, FEshAf i & W R T 35 Hbs 1
BTRROR, 1REREE, AR KRS E
T, BWA 2 FbEYRAME R, Exk s
9 0.1%F1 0.01% 0 HH R /K MEA TS, SEU6 & I F Rk 5
0.01%H}, IFB PRI RBUERAL, HIEBRE, FRk
FE 0.1%KF, KIERMEA PRI, REUEE S, X
B S P MEE AN, G Y R U s
Y07 5 R A B R, ST R A PR 21 -0.1% H BR /K 5
pSRRSIL
22 FRiESHMK

Tk S AR A R E Sl ke Ty X, 40 Bk
1 pg/mL 4 9 Fb & IR HERS I 3 N FEIE . s AT
X4 R A AT A, B A A L T SR Ay
FEF, BN ST B F I ZRSHE s, &
EWEFEGE TR . TH/NPIAEFXHE &S e &
B, s ae R, SRR IER S RSB ER
Ko HERE-FESHOLE 2.

®2 IMULEVEEST.

2.3 QuEChERS R4 38 &4tk
2.3.1 FRIGRA 694

it s 3 I 2 22 O FH NG AR 20 A 2 P aE
VAT R ) R L A o A R R R B B R T,
AR FFEARF PR K- (40 pgkg) T, X T AFRAR L
51 FH R 1 I A R 4 BB 70 R S BRI 2, 9
ML S (BRI A . MR | MBIV E | HED
B LR A AR A RV AR RIS R L
B T T EE TR, MR NG 0.8%K), KR
METHRZE AL S P IR femr; T 4-SAR R SR | 6" REHRIE
WA D [T e S DU Bt 5 FR R B A8 P T o3 2 5 T RS T R 3,
MHRIEHN 0.8%, KA Wi mIRERIM R LT,
(R Mk 5 F R 215 HE R 0.8% BTR A VA e AR BUA
232 HATHAHRAL

Jo/K NaySO4. NaCl HJHREMEMVER, AAWUF5EH
AR bR 7K SF- (40ug/kg) T, i He T AS [R] 5 H Ee A1) i T K
Na,SO, Fl NaCl /F Ry b A br B EEHTRICR - 25 R WL 3, 24
AT 10 g o7k Na,SO4. 2.5 g NaCl B, BigibE | 3A
WA R A BRI R SR R, ERATRSCR T,
EEVR AR R R IR AR R e m, (RN
MRLF, MMF VR 4-FRELRR . 6-"F EERRIERS [ 1]
PR 5 HAL T B ZLIL, Frilm&Es 10 ¢ LKk
Na,SOy4. 2.5 g NaCl fE JyEh bt kL
2.3.3  HApAkA

Z-sep’ FER I 2 3L R AR N, Cig T ZEMR I F5H
YT, BIAIENT . 207 YIS, GCB F 2 [

EMET. MiEEERRERE

Table 2 Mass spectral parameters and retention times for 9 kinds of compounds

hig=2 &Y fREAEtE/min . BBy wiRET PUETF BETFHREV O REEREV S FETFHRENV

. 342.10 -17.0 -21.0 -24.0

1 BT A 5.443 ESI" 360.10
316.15 -17.0 -20.0 -23.0
314.10 -15.0 -21.0 -22.0

2 BZNISR A 5.398 ESI 332.10
231.00 -16.0 -38.0 —24.0
N 326.10 -10.0 -20.0 -24.0

3 BV 4.964 ESI" 370.10
269.05 -10.0 ~28.0 -29.0
o 265.10 -17.0 -25.0 -29.0

4 WEDR 5.576 ESI' 352.10
308.15 -16.0 -18.0 -16.0
et . 302.05 -15.0 -22.0 -22.0

5 R A 5.276 ESI 320.10
231.00 -15.0 -43.0 -24.0
. 318.10 -17.0 -20.0 -23.0

6 R R 5.142 ESI* 362.10
261.05 -17.0 -28.0 -28.0
o 316.10 -16.0 -21.0 -23.0

7 Sy = 5.153 ESI" 334.10
290.10 -15.0 -19.0 -21.0
o 7 T ) 126.95 11.0 13.0 23.0

8 4-FRA LR 8.826 ESI 185.00
91.00 12.0 20.0 23.0
- 133.05 14.0 21.0 22.0

9 6-"F L RIS 7.175 ESI 224.10

132.00 14.0 31.0 22.0
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160 -
140 -

“TOWT] T2 ®T3 T4 TS

/%

H: BIRTO, T1. T2, T3, T4. TSHrHMRERAEHEGRHH10 mL
. 10 mL%0.1%F BRI IS . 10 mL750.2%H R LS
10 mL%50.5%H BRI ZABVA W . 10 mL750.8% H R Y Z A
10 mL %% 1% BRI NG
K2 fREGEFImLAL

Fig.2 Optimization of extraction solvents

Mok E . Y b REHAVEENILAY), PSA KBk
FESRIENIIR . WSS TR0, (HX 45 HARY A — & i
W BREVEFACS 5L, Rk, ABIFSEE T Z-sep” (40, 60, 80, 100
mg). C;5(40. 60, 80, 100 mg) . GCB (40, 60, 80, 100 mg).
PSA (40. 60, 80, 100 mg)%§ 16 L1E AiF LIt fb i T2 502,
XF LTI R, FEL R 4. RIS, WE

Z-sep WYHEIN, FMETEIE AL AP 4-FR A SR L 6-F ik
PR NEERS 0 T R BRI B Cg POBEIN, M T AR 2 1L
B A-FRA LR . 6-7F BE R NER W T FR SRS T
TIREAS; BEE GCB 3N, FEERAL G 4-F R A
Z T8 6-"F SL IR RS U T BUZ T AIG; B PSA g, &
W R WP WE . WEE | ERVD B R AR,
WV E . WA FERIDE . 6-7F ZEPRIERS i 7 X
FHE R AR, A3 T 40 mg Z-sep”. 40 mg Ci5. 40 mg
GCB. 40 mg PSA [RURRAE,
140
120 -
100 +
80+
60 -
40
20 1

0
& &

PR
&g

uCluC2=C3uC4

[ Ae/%

&

X

sl
H: EIHCL, 2. C3. C44 il % Na, SO, NaClif L 4y5:2.5
5:5. 10:2.5. 10:5 (g:2)o
3 kR L

Fig.3 Optimization of salting-out materials

A 12000000 Lo o B 10000007 wC1-C2eC3mC4
1000000 800000 -
< soomo x ot
600000 = 500000(-
= 400000 = 4000001
200000 %ggggg C
v yﬁ*@%‘%%%g&%@@
¢ N
&R B2 FR
c _ D _
400000,  =G1-G2eG3mG4 i;ggggg_ =Pl P2uP3mP4
350000
& 300000} g 1000000
= 250000 - & 800000
S o = ool
Fhdi 400000 -
50000 200000 -
0
~ W5 S
SRR e S T
N e
AW 4R &R

IE: FPABCDAMIRRGHEM B Z-sep”. Cis. GCB. PSA;EIFIZI,

Cl. Gl., PUREF R M40 mg, KIHZ2, C2. G2, P2REFHN

60 mg, KHzZ3. C3. G3. P3LFEFER M80 mg, Khz4, C4. G4, PHRUEFH 100 mg.,

&4

A [IEAL R R ORI AL A W) (AR

Fig.4 Purification effect of different purification materials on 9 kinds of compounds
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234 HAAHE A AR JE ARV 28 15 v 0 B o 2R i R 2 SR TR .

TEE WAL, 18T 40 mg Z-sep™ .40 mg Cy5. 40 mg
GCB.40 mg PSA HEIFHIHALECR, Bk, fEEZtib,
AWFFEREH T 40 mg Z-sep”, 40 mg Cy5, 40 mg GCB., 40 mg
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Fig.5 Optimization of purification materials
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Fig.6 Optimization of complex solution

32 HMXRRKEHIR

9 Bk A 2R A 1 5 0 ) 1o e VR 43 i)
10, 20, 50, 100, 200 ng/mL IR &FR1E TAEWR, fERAL
ST AT _ AR . AR 2 4y i 04 TR RUCA A A, R
TR R MR AR AR 1 A5 A A RS HE R R, T R A HULA AR
LR 10 5 AR R A O R A, ARk 3, 9 Rk B WiTE
10~200 ng/mL WeSEIEE, HAHCREH 0.9149~0.9599 Z I,
PRI RIFRIZMCR . 9 FMEEH ME 5 0.66%~1.42%,
K BRIAF) 5.0~10.0 pg/kg, EHEBRILF] 10.0~20.0 pg/kg i
2R R AR R 5 B R

#3 TFPIOMLAYH ME, ZLEXR, KHERRERMR

Table 3 ME Linear relationship, detection limit and quantitative limit of 9 kinds of compounds in bean sprouts

LB kR KRB i HBR/(ng/kg) E R BR/(ng/ke) ME
Rasib 2 Y=2x10°%X-3x10° 0.9573 5 10 1.37
EZNISEU Y=2x10°%X-2x10° 0.9521 5 10 1.42
BV A Y=1x10°%-2x10° 0.9599 5 10 0.89
EED A Y=2x10"X-9x10° 0.9375 5 10 0.83
R A Y=2x10%-2x10° 0.9467 5 10 0.91
A A Y=2x10°%-3x10° 0.9589 5 10 0.85
Kb A Y=3x10X-4x10° 0.9477 5 10 1.06
4-FARE LR Y=2x10°X-3x10° 0.9513 10 20 0.75
6" REHRIERE Y=1x10"X-1x10° 0.9149 10 20 0.66
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HUZS (IR ZERER, BRPFRER 5.0 g 43 B 1 Jvs i
B AR R A bR IR R B, R S AR VR B 4331
10, 20, 50, 100 pgkg. $ZLALIE ) QuEChERS # 2§
PHATHTARE, SRIG EMUAMT . 3 DUSIIKFRIEE IR 6
YO AR By P SR FORS % 5, tha& 4 T, IS
[N 64.8%~135.5%, H1T ME BUSIR, R s itk
G EBCEAR R AR . AR AR AER 254 1.05%~12.91%.

F4 EWRRURBMRERE

Table 4 Recoveries and relative standard deviations

TR W P FSEeR AR
Nugkg)  Nuglkg) % M 22/%
10 8.84 88.4 6.04
Bt R 50 48.10 96.2 5.58
100 89.87 89.9 3.02
10 721 72.1 2.57
TP A 50 4541 90.8 3.18
100 107.09 107.1 3.52
10 7.93 79.3 2.74
BRIV A 50 39.91 79.8 5.59
100 110.16 110.2 121
10 6.48 64.8 3.67
KRR 50 37.03 74.1 5.29
100 135.47 1355 337
10 1222 1222 2.12
R R 50 51.80 103.6 1.05
100 122.56 122.6 3.07
10 6.83 68.3 10.62
A A 50 36.75 73.5 5.05
100 11831 1183 3.47
10 6.55 65.5 6.04
KR 50 40.72 81.4 7.46
100 125.98 126.0 7.14
20 14.24 712 12.91
AERE LR 50 37.95 75.9 4.49
100 86.59 86.6 4.16
20 15.38 76.9 6.13
6-"RHARIES 50 36.20 72.4 10.14
100 107.43 107.4 7.19
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ABITFEEE ST 1RGN 2 R S e R 25 ) A S 45
PR LR 6~ HE R IR 25 A R 770 B e w2 AOUAR (1
-Jig Y, PiAkJ5 i QUEChERS i b #Jy i2: fa f , iefh g

RAF . SEBRAIRMER, SCBL 1 X Z R0 RV
PR AR, 5 AR I A A R R, LS S
2 PRI LA S A KR R R g B4 T S5

SE 30

(1 FEHYE, FokH, sKFRE, 55 AR &5 520 M R 1 5 7
BHESMTI]. GREaRHE, 2019, (1): 14-15.

YU XN, WANG RY, ZHANG XK, et al. Determination of active
substances and analysis of nutritional value of soybean sprouts at different
germination stages [J]. Green Sci Technol, 2019, (1): 14-15.

[2] HaR, W5, Hak, & SR E h 2B B A R H
BUAAALTEPERBRFE[]. R4, 2020, 35(7): 36-43.

XIAO JL, SHEN M, GE YF, et al. Study on the dynamic changes and
antioxidant activity of polyphenols in germinating mung beans [J]. J Cere
Oils Ass, 2020, 35(7): 36-43.

(3] AEEERE, MERSIE, MURMS. SZFA R R AR 0 R S B A
R[], HYIEERE, 2015, 21(4): 36-39.

MEI ZS, MEI HL, DAI XY. The reason of bean sprouts rot and its
prevention and cure technology [J]. Bot Hos, 2015, 21(4): 36-39.

[4] WRKA . ZFHESRAHA W AL AR B I BRI S [D]. KHE: K
BHEREE, 2012,

YANG QY. Studies on the growth regularity and control techniques of the
dominant spoilage bacteria in sprout vegetables [D]. Tianjin: Tianjin
University of Science and Technology, 2012.

[5] =i, FEsph, BoRwy, 5. FdE . Rl Eim o A G AR
(b): 2014 AR AP RAIRD]. B TALRHE, 2015, 36(4):
22-26.

YUAN CJ, WANG SW, HUANG DF, et al. Facing China’s food safety
protracted war rationally and scientifically (I): Scientific interpretation of
2014 food safety hot spots [J]. Sci Technol Food Ind, 2015, 36(4): 22-26.

[6] tmmifr i 2y i W B R b ati & 25 i R A BRI G T En R
(0l Ak 5025 A 7 1 AT S 400 0 (2014 fiz) ) f 3 %41 [EB/OL].
[2014-08-27]. https://www.beijing.gov.cn/zhengce/gfxwj/201905/ 120190522
58036.html [2023-07-15]

Beijing Municipal Food and Drug Administration. Circular of the Beijing
municipal food and drug administration on the issuance of the detailed
rules for the examination and approval of the production of industrialized
bean sprouts (2014 edition) [EB/OL]. [2014-08-27]. https://www.
beijing.gov.cn/zhengcee/gfxw;j/201905/t2019052258036.html [2023-07-15]

[71 22K, WV, #RI, 5. 4-FORE ZRRINA RS2 BT 2
ARSI, B 5 EBET L, 2017, 43(10): 80-87.

LI CF, WANG SS, CUI XL, et al. Effect of sodium 4-
chlorophenoxyacetate on quality of soybean sprouts and safety risk
analysis [J]. Food Ferment Ind, 2017, 43(10): 80-87.

[8] AR, B 25 IR FEIATR[I). Bl TR S0 2okdR, 2013, 31(5):

285-288.

HAO FT. “Poisonous bean sprout” and its harm control [J]. Occ Heal Eme



128 ik

%, %: QUEChERS-# 5

RCHAR 3 - JT ik [ i ) s

TR O PR T 25 25 ) AR ) A R R 267

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Res, 2013, 31(5): 285-288.

LR EADEM X SR, AIEE A4 e mimnm M X
WM E RS B RN B &N ERT]. BE4ash, 2019,
(11): 50-51.

Tongzhou District Market Supervision Bureau, Nantong City, Jiangsu
Province. No matter the size of food, safety first: Nantong Tongzhou
District market supervision bureau “Poisonous bean sprouts” series of
cases investigated inspiration [J]. China Food Saf Magaz, 2019, (11):
50-51.

HAO D, YUJIE F, GUANG W, et al. Detection and degradation
characterization of 16 quinolones in soybean sprouts by ultra-high
performance liquid chromatography-tandem mass spectrometry [J]. Foods,
2022, 11(16): 192-205.

YA TL, YUAN JY, LU LG, et al. A fluorescent Salamo-Salen-
Salamo-Zn(IT) sensor for bioimaging and biosensing H,POg4-in zebrafish
and plants [J]. Spectrochim Acta A, 2023, 303: 217-223.

PIMOLWAN S, PANYADA P, THANAWAT P, et al. Effect of germination
and illumination on melatonin and its metabolites, phenolic content, and
antioxidant activity in mung bean sprouts [J]. Plants, 2022, 11(21), 33-42.
HONG J, CHAO Q, YAN PZ, et al. Biochanin A partially restores the
activity of ofloxacin and ciprofloxacin against topoisomerase IV
mutation-associated fluoroquinolone-resistant Ureaplasma species [J]. J
Med Microbiol, 2017, 66(11): 98-110.

WENDISCH FV, BRITO FL, LOPEZ GM, et al. The flexible feedstock
concept in industrial biotechnology: Metabolic engineering of Escherichia

coli, Corynebacterium glutamicum, Pseudomonas, Bacillus and yeast

strains for access to alternative carbon sources [J]. J Biotechnol, 2016, 234:

158-163.
SR, B, BRE, S AR AR IR S L AT ()]

B LA RGN 244, 2019, 10(3): 614-619.

ZHANG XZ, PENG T, LI XC, et al. Residue and safety analysis of plant
growth regulators [J]. J Food Saf Qual, 2019, 10(3): 614-619.

HRIEIE, EJHE, FPAL. AP A IR0 XKk e s i A 1 R A
TR MM ZRAEAL K224, 2009, 37(12): 10-13.

DENG ZZ, WANG LH, WANG QL. Effects of plant growth regulators on
growth and endogenous hormones of Fraxinus mandshurica in vitro [J]. J
Nort Forest Univ, 2009, 37(12): 10-13.

FRERR, P FOMERSENE ST 24-Z8REL

Al THE, 2016, 6(3): 46-49.

FRFR F L[],

GONG RR, JING YM. Determination of 2,4-D residue in bean sprouts by
gas chromatography [J]. Agric Eng, 2016, 6(3): 46-49.

SOV, WAE, K, L GRS & TR G BRI E
ZErh 10 PB4 KRR BT ikar, 2014, 42(6): 866-871.

WU PG, TAN Y, ZHANG J, et al. A method for the determination of 10
plant growth regulators in bean sprouts by gas chromatography-mass

spectrometry was developed [J]. China J Anal Chem, 2014, 42(6):

[19]

[20]

(21]

[22]

(23]

[24] =X

[25]

[26]

[27]

[28]

866-871.

LI GL, LIU SC, SUN ZW, et al. A simple and sensitive HPLC method
based on pre-column fluorescence labeling for multiple classes of plant
growth regulator determination in food samples [J]. Food Chem, 2015,
170: 123-130.

XE W, XIAE R, 5305, 4. QUECHERS- UM (0 - H R B ik
IR 2 25 e 7 Rl A KRR iR B (1], P B AR R e,
2015, 25(12): 1880-1883.

LIU YM, LIU HL, JI WL, et al. Simultaneous determination of seven
plant growth regulators residues in bean sprouts by QuEChERS-
High-performance liquid chromatography tandem mass spectrometry [J].
China J Health Lab, 2015, 25(12): 1880-1883.

PRI, I RIS TS 25 A2 BT (0], P EBARZGHI L, 2016,
10(8): 271-272.

CHEN MJ. Pharmacological analysis of clinical fluoroquinolones [J].
China J Mod Drug App, 2016, 10(8): 271-272.

SRR T AT BRI NS A R W 4 e B 1 el M AT AR 0 1 5 LS
BUREIBSE[D). dbat: JbatbBEpe, 2011.

GUO H. Synthesis and antibacterial activity of fluoroquinolone derivatives
containing substituted pyrrolidine/piperidine segments at position 7 [D].
Beijing: Peking Union Medical College, 2011.

AT TR U 2 2 R RSN KA BT 25 A3 BT (). IR IR 2%,
2017, (6): 28-29.

FENG YQ. Analysis of adverse drug reactions and rational use of
fluoroquinolones [J]. Clin Med, 2017, (6): 28-29.

F, SRARAL, P, S 11962 FlFRM IS 25PN BRI
ST BB XU 5 S 32 8 (0], IR IR 25903097 20 =5, 2019,
34-38.

17(7):

JIA WP, GUO DH, YANG HY, et al. Analysis of 11962 adverse drug
reaction reports of fluoroquinolones and risk signal mining of liver
damage [J]. Clinic Med J, 2019, 17(7): 34-38.

MRS, WIKR, AR FME AT Z W) AN KL
WA, E BRI, 2019, 13(10): 159-160.
LIN QW, HU SX, LIN HY. Adverse drug reactions of fluoroquinolones

7 KA BT 255

and analysis of rational drug use strategy [J]. China J Mod Drug App,
2019, 13(10): 159-160.

WANG W, WANG B, LIU Z, et al. Developmental toxicity and alteration
of gene expression in zebrafish embryo exposed to 6-benzylaminopurine [J].
Chemosphere, 2019, 233(5): 336-346.

R, W, YRR GRS E R TP AR R L 6- RIS |
AR LR 2, 4- —FARA LR i), 2019, 41(1): 63-68.
GAO ZL, CAO XN. Determination of gibberellin, 6-benzyladenine,
4-chlorophenoxyacetic acid and 2, 4-dichlorophenoxyacetic acid in mung
bean sprouts by two-dimensional liquid chromatography [J]. Chem Rea,
2019, 41(1): 63-68.

XUZL, VB, LT, & 4-FORE SRR/ I sk Bk B 4y



268

B AR

A < 4

FH15E

[29]

[30]

(31]

[32]

[33]

I, EEleE, 2016, 37(3): 197-204.

LIU H, ZENG ZJ, LI CY, et al. Toxicity and residue analysis of sodium
4-chlorophenoxyacetate in mice [J]. Food Sci, 2016, 37(3): 197-204.
BRUZZONITI MC, CHECCHINI L, CARLO RM, et al. QuEChERS
sample preparation for the determination of pesticides and other organic
residues in environmental matrices: A critical review [J]. Anal Bioanal
Chem, 2014, 406(17): 4089-4116.

T, BRUE, EWFNE, A B A S B R OB (- FR R
TR AE 7 & A AR 20 FPE2Y5R R D] SrAT ik, 2011, 39(2):
203-207.

WANG L, LI YQ, WANG HB, et al. Matrix solid-phase dispersion-
High-performance liquid chromatography-tandem mass spectrometry for
the simultaneous determination of 20 veterinary drug residues in meat and
milk [J]. Anal Chem, 2011, 39(2): 203-207.

I, SR F I, XIEE, 4. QUECHERS-HEE RO (- FR I i
FE SRR R 4 25 29 RRARRR S 2GR R I]. (A, 2014, 32(12):
31-37.

LI N, ZHANG YT, LIU L, et al. Quechers-high-performance liquid
chromatography-tandem mass spectrometry for the determination of 29
restricted veterinary drug residues in food of animal origin [J]. Chin J
Chromatogr, 2014, 32(12): 31-37.

T, BRE, 2, 4. QUEChERS-E m SOt (o i HR IR TS 2k DR i
R 73 A EAEYRT]. &R, 2013, 34(16): 221-227.
FENG N, LU Y, JIANG J, et al. Quechers-high-performance liquid
chromatography tandem mass spectrometry for rapid screening of 73 toxic
and harmful substances in food [J]. Food Sci, 2013, 34(16): 221-227.
NBITHE, FraRer, HEfd, 45 QUECHERS 444 LC-MS/MS [ il 2 IR Py
72 RS 2GER R[] AT IAEEAR, 2012, 31(5): 552-558.

BU MN, SHI ZH, KANG J, et al. Simultaneous determination of 72 kinds

of veterinary drug residues in shrimp meat by Quechers and LC-MS/MS [J].

[34]

[35]

[36]

[37]

T Anal Test, 2012, 31(5): 552-558.

AGUILERA-LUIZ MM, MARTINEZ VIL, ROMERO-GONZALEZ R, et
al. Multi-residue determination of veterinary drugs in milk by ultra-high-
pressure liquid chromatography—tandem mass spectrometry [J]. Chromatogr
A, 2008, (1205): 10-16.

LOZANO A, RAJSKI L, BELMONTE-VALLES N, et al. Pesticide
analysis in teas and chamomile by liquid chromatography and gas
chromatography tandem mass spectrometry using a modified QUEChERS
method: Validation and pilot survey in real samples [J]. J Chromatogr A,
2012, (1268): 109-122.

PR, B, XA OB G- DO AT- i L S I B e 23
TR AN SR A0 JUIC 7 Wk p o = SR AR IR GRI[T]. B a4
JFAR A4, 2024, 15(8): 184-190.

LI RS, WEI L, LIU JY. Determination of benzotriazole ultraviolet
absorbers in infant formula milk powder by ultra performance liquid
chromatography-quadrupole electrostatic field orbitrap high resolution
mass spectrometry [J]. J Food Saf Qual, 2024, 15(8): 184-190.

CHEN D, XU Q, LU YP, et al. The QuEChERS method coupled with
high-performance liquid chromatography-tandem mass spectrometry for
the determination of diuretics in animal-derived foods [J]. J Food Comp

Anal, 2021, 101: 245-263.

(GUiE% 4% 3Rl TH9%)

(=M

A ML, SRIREm, EERRA
AR BRE DS R
E-mail: 458474304@qq.com



