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W OE: B e SO g - BB B RS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)l 2 & 25 18 R EFI AT ik, Foik SEAHMA LM ZhE1:1, VIV)
LI, REUR 2T, FARZEBU 4L, SR Waters Acquity UPLC HSS T; (3% 4:(100 mm=2.1 mm, 1.8 um),
PLZJE-0.3% M BRAK B W R I 2l AH 43 B HARY) o A 55 il 1 B8 R, 22 By M ISR, ARk e o
LR 18 FPUAITE 1.0~50.0 ng/mL JEE AN R RIF, HXCRE(NHKRT 0.99; LIBE T 2F R4k O 28 h
i, HEAT 3 AKCE AR B 525, 24 IR 85.7%~107.5%, AXSFRUEMZE 9 0.1%~8.7% (n=6); 7 VL4 R
£ 0.2~0.5 pg/kg Z 8], JrikEwtbRTE 0.7~1.7 pg/kg Z[H . 453 BRI RAL . R8RS, HEAREMW
WG P AORE %5 52, TR TR 28 18 AT v v i) 2 1
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Simultaneous determination of 18 kinds of antibacterial agents in bean
sprouts by ultra performance liquid chromatography-tandem mass
spectrometry

WU Shao-Ming"

(Fujian Inspection and Research Institute for Product Quality, China National Quality Supervision and Testing Center for
Processed Food, Fuzhou 350002, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 18 kinds antibacterial agents in
bean sprouts by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Bean
sprout samples were extracted by ethyl acetate:acetonitrile (1:1, V:V), the extract was salted out and purified by solid
phase extraction column, the target substances were separated on Waters Acquity UPLC HSS T; column (100 mmx
2.1 mm, 1.8 um), and gradient elution was performed with acetonitrile-0.3% formic acid aqueous solution as mobile
phases. Multiple reaction monitoring mode was used for detection in electrospray ionization with positive ion mode,
and external standard method was used for quantification. Results The 18 kinds of antibacterial agents had good
linear relationships in the range of 1.0-50.0 ng/mL, and the correlation coefficients (r) was all greater than 0.99.

Using soybean sprouts and mung bean sprouts as the matrix, 3 levels spiked recovery experiments were carried out,
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and the average recoveries were 85.7%—107.5%, and the relative standard deviations were 0.1%—8.7% (n=6); and the

method detection limits were 0.2-0.5 pg/kg, and the method quantification limits were 0.7-1.7 pg/kg. Conclusion

This method is highly sensitive, accurate, and has good reproducibility and stability, and can effectively detect the

content of 18 kinds of antibacterial agents in bean sprouts.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; solid phase extraction;

antibacterial agents; bean sprouts
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FPATHZRLGY), X THUREE 2558 H i BT W 9 B E
W TB, SR AHN AR, DS, S 2F b 2R 4%
PR 25y 5k B ) A0 A BOR, M M 2 i A5
ARG, XML G 2R RA R L.

YRTHT R A B 5T B A 2 s A g 2,
{HURSC TR IR B bl PP R 5 B IS D7 A A ),
HAEZE X SRR A, L LRSI
W, IANEHERY . QUEChERSP Vsl AL B 2k,
SR PR e OO - R RSO A I o o T 2 2 il A
RIS L) S MEREHR AL A I OISR DA, A BT AL £ 'L
IR HF PR B TR R RCE | Z41000E0R . Hit, A
IFFER I F A8 (- R IR B, 455 T AR A CER,
ST R RO 2 R M TS | RIS L R A A
18 BZGWIBR B J53k, §7RX T 2F ] REB AT 7
PR WA L, SRR R B VT A L 5 AR v [ SRR i
AR SRBEEOR AL S, il L 500 G2 A
B EORAR AR S

1 RS 7

1.1 #E5RG

RS AR AR TS | SETT A REALIGSE AR 5,
ARG E 2R T 24 25 s

PR . HbSEREME | PSR . ZETTmsme . BAGEmE
RRAEE | KA MEZEE . VMG . REA. SWEH M

R R . RN A R AE . BRI R . ARVA.
WEI R . PHAEV B KT 97%, #8E Dr. Ehrenstofer
GmbH 2~ wl); SALBN(/ B4, [ 255 B850 A BR A
wl); HR. oM. WE(EREL, 18 Merck 2 H]).
12 UFE5EF

8050 JHT ISk A (FC Ha M 55 3 T U8, H AR S 2y wl);
Aanti J-E 5if Rk 2 OHL(3EE Beckman Coulter /A F);
Milli-Q B4R AL(SE E % 8k 23 Fl); DS-8510 DTH R IR
Grew(h RIS A (A FRZA FD); MS 3 basic BERTER)
FHAEE AR R BSA224S HL TR 0.0001 g, i FE
Z R BRAR]); HLB EAHZEEE(60 mg/3 mL, 12 5H5AF]).
1.3 XWHE
131 &ag&tt

3% F:: Waters Acquity UPLC HSS T; (100 mmx
2.1 mm, 1.8 um); FEIAH: A 0 0.3%F BR/KEETR, B AR
Mo WHN 0.3 mL/min, A1 40 °C, HEFERFR 2 uL, B
FEVRIBRR T L 1,

®1 RIEHERRER
Table 1 Gradient programs of mobile phase

i 8] /min 0.3% H FRIK VW% L%
0.00 90 10
3.00 70 30
7.00 10 90
8.00 10 90
8.01 90 10

10.00 90 10
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MR H W 25 B R OE B B XX (electrospray
ionization, ESI"); FAiMEE: £ )0 Wil (multiple reaction
monitoring, MRM)#E3(; % T HLHE: 400 V; J#V IR
400 °C; JB¥EFIREE: 526 °C; ZFALpitt: 3 L/min; 201
HEE: 350 °C; TR AL 10 L/min; Z5ALAROLE : +2,
1.3.3  AREBR VA BAT/E dh £ B )

FEIFR 10 mg #bRHESR T 10 mL 2SR AR, AT i
Rt e 2, HrheEiaii 22y e A R i,
VIHBEE A EZ1E, BRI EL R 1.0 mg/mL MR
WA, 5 ABREOARE RO S T-20 °CIRFE, AN 6



5523 SO R AT (T - FR IR TR U () IR S SL2E PP 18 MR RGN 9029

NH B ERESRIR AR R IE YN 10.0 mg/L
FR A PR E R R, AROUA 1A - BIMERIREUR A
FRUERTE LL 10% G BRI =M FE 43320 1.0, 2.0,
5.0, 10.0. 20.0. 50.0 ng/mL WIFRAER S, FRi.,
134 Hmara®

TIEREAN SIS, FRELS g(RE 1 2 0.01 g)RE b,
A S mL 2 MR HEE(1:1, V:V), IRHETRY | min 555
IRA), BRI 10 min, REAHIEIMA 2 g SALBIR R, T
5000 r/min 5.0 3 min, 538 B2, &S FMA S mL
CIEICR BRFRE G HE 2 IR, A3 3 IREEHUR, T 40 °C
FTRAKEET, A 3 mL KEmMERE, L) HLB [EA%E
BUREEA i b AR (20, /K TEAR), 5% B Kk, SmL H
BEVENL, VRV T 40 °C HAMEILET, A 10%ZEK
VW 1.0 mL, eI 515 2 BRI
1.4 HIEAIE

K H] LabSolutions {4 (& W2 |l HEAT 22 5t 43 BT,
Microsoft Excel 2016 451143 Hrab FRALH, Origin 9.1 #47 &

AR
2 RS

2.1 FUBFHHRKL

BHC1.00 mL RS HRET R 10 mL 5, U
S50% LB R R 28, mHR 1.0 pg/mL MR EHRIE
AR, EALI, AR SCERC PRk, 18 R
FHHLE 5 20 1 IR E B G T 2, B 7w sy
B IR EST)HL B EH N33 — NS 1, B IE LA
FBE S, B R FLAS JRE, 7E RS Al o il
TSR PR A R b, BCEEERET 2 N
Iy HWE A EERE S T, LI MRM 0B 81 Fxt
(8770 B - A AR, RV B s D ae ik B
A A Y% N PUAR AT 1 (quadrupole rod 1, Q1)HLE | filffiE
H DL K DU AT 3 (quadrupole rod 3, Q3)HLEZEMIESL,
e e R B X LR 2,

®2 18 MUSHMNRESH

Table 2 Mass spectrometric parameters of 18 kinds of compounds

F5 EW B Rt (m/z) Ql HLJE/V Tilf 48 e /v Q3 HLJE/V
) 172.3/128.2" 12.0 15.0 25.0
1 FH i s
172.3/82.3 12.0 25.0 16.0
) 142.2/96.2 22.0 17.0 18.0
2 b ZE TRk
170.1/81.2 23.0 24.0 15.0
) 170.3/109.3" 26.0 23.0 21.0
3 S DN R
170.3/124.3 25.0 18.0 24.0
. 186.2/128.2" 27.0 15.0 24.0
4 FE v figme
186.2/59.2 27.0 17.0 24.0
220.3/82.2" 14.0 30.0 16.0
5 TR
220.3/128.2 14.0 15.0 25.0
248.3/128.2" 30.0 22.0 25.0
6 A
248.3/121.2 30.0 16.0 23.0
‘ 201.2/140.2" 30.0 11.0 28.0
7 5T T s
201.2/55.3 30.0 23.0 22.0
5 264.3/143.2° 30.0 30.0 27.0
8 s 2
264.3/212.2 30.0 21.0 24.0
307.3/273.3" 21.0 20.0 20.0
9 s I il
307.3/197.3 20.0 20.0 14.0
263.2/229.2° 18.0 19.0 25.0
10 FEA
263.2/231.2 18.0 13.0 26.0
219.3/143.3" 15.0 21.0 28.0
11 e H
219.3/185.3 15.0 18.0 21.0
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=2 ey’ B (m/z) Q1 HiJE/V Tll 3 L TR/ V Q3 L E/V

360.3/342.3" 23.0 23.0 25.0

12 Bt 2
360.3/316.3 23.0 19.0 23.0
332.2/314.2° 22.0 20.0 23.0

13 BINTRAR
332.2/288.2 22.0 18.0 21.0
352.2/265.2° 23.0 23.0 19.0

14 eSS
352.2/308.2 22.0 19.0 23.0
334.3/316.3" 22.0 22.0 23.0

15 Remib A
334.3/290.3 22.0 18.0 21.0
362.2/318.2" 24.0 20.0 23.0

16 EH U A
362.2/261.2 24.0 26.0 19.0
320.3/233.2° 21.0 25.0 26.0

17 R R
320.3/276.3 21.0 17.0 20.0
358.3/340.2" 24.0 24.0 25.0

18 FHET 2
358.3/283.2 24.0 23.0 21.0

e N ERE TR

22 BIEEHFHMRK
22,1 &itkegint

XFFHUREFIIE, SCERIRE T RZRAME Cis 4
PR I, AHFSE X T Waters Acuity UPLC
BEH Cg (100 mmx2.1 mm, 1.7 pm)#l Waters Acuity UPLC
HSS T; (100 mmx2.1 mm, 1.8 pum) (@ REFE K43 B0 . &5
R, HSS Ty (i kEx; 18 Rk &4 it B A OR 7 R ) B3,
HUETE A8, &G mman d s 4, KHk+ HSS Ts
FEAE R A3 BrkE, B e+ Eig s WA 1,

4x106 - 16
. o AL
2 3x10
RS ] 3| 134
1 2x105} p
o | 4
1x106 i 13 1517 18
0 . A
1 1 1 1 |
0 2 4 6 8 10
{283 B[] /min

TE: 118 730l ME s HIA e | M SERM M | IKAN IR, ZE3E
THME PRIV A . MRV AE . B R, FERA. RNV A, T
WOR. WEVE. B R . B, ZBE ., B R
AT | S A I
118 AL S e T G35 (20 ng/mL)

Fig.l Total flow ion chromatogram of 18 kinds of compounds
(20 ng/mL)
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WAL A B ROR . d53RBR, SRR, KE25
AP o3 B R ST A 1 I, LR Y B 2R 48 R
TIW R, RRERR I A WL T 18 R RIY
KA ESTHERR, e A A — 22 Ll R o] DA AL A&
ity e B 420 HARBIFSE X HE T A A AR R ES A R
2(0.1%. 0.2%. 0.3%. 0.4%. 0.5%)XF kA4 i 5%
Wi 255N, BEFE A ERYR B 3 K, 18 Rk G
PR, (H RS R 0.3%00, JEL BB,
H 0.3%MBR/KH pH Jy 2.5, B&JE @ISR F S, R,
LR IETESE 0.3%H BRKAME K AH

2.3 EIRCIERZMHRIMEAL
231 RIEFN 69 dF
FFRERKBREA SRR KZRA R Z
FigLo 20 i 3 A 28 DU SR FH 2 B 4R 200 AR BF g e A )
TR AE @ pg/kg) T, ST AR BIE) 2.8 £ T A
CNEVE A UE R IR . 25 WA 2, fiFJEpRme
A CRRYmE . SEPTREmE . F e . RRAY . bR RS |
VSRR | ZE AR ) ISR Bt A 2 b 8] £ - v i 3
FEAR, M5B CEEN 9:1 (V: V)i, TisEmkmsfb &9
WA 43.2%~78.2%Z )5 1A fh A 9 i [l ie )
W% PR TG LB 0 T s R iR AR, XM R TR S R
9:1 (V:V)RF, ISR 38.7%~66.2%:; 1fi 4 LR Ti:
o0 1:1 B, 18 ik & i Ui 3k 86.1%~97.7%, [Hitik
PR TE:ZIE N 1:1 (V)RS VB N RO F
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Fig.2 Selection of extraction solvents (n=3)

232 Hu Kehik#

FIFELL 4 pg/kg bR =X, AWFGEXT HG T SCHkHE 1)
QuEChERS (300 mg Jo/KFiBREE+100 mg C)i+fLC | HLB
AR A BRSO AR E 3 R st 18 Rk Il
RAFEM(n=3), 255K, KA QuEChERS ¥ b FiAE{L
T AT S g, KRB G YAEAE— & (B s i, 1ol
WEEWET 80%, 7E 39.6%~117.2%2[f; ik HLB
] FH 2 BORE ¥ Ak 7 Sk, 18 Ak & W g [l i R
85.5%~104.6%, it ¥4 HLB EAHA BT 4k .
24 FHIEWNIE
241 R

FEJRA (matrix defect, ME)J2: H T 7 5 4= R I
H bR A G e 2 U 58 4 2 10 S B AR A P 1w g
iR Bl FAM ROV Y, FE IR ME/ %= RV Fie b i T
T AR IR HE TR TR A T FR—1)x 100%3H52, 24 ME=0 I}, 3
TNICEEFON ; ME<0, Fn MEEFIH, ME>0 B, SHFLmT
58, ME 7E£20% LA N FRREE BN A B, 2% G 2F I G
TR ORI, WRVE L BRI E . FHaT AR
VDR RPN FLFIERSUR, ME 7E 5.3%~8.9%2[A]; 1 H:
RALA YN LI R SETHIH], ME #E-8.8%~2.0%Z 1], %
8 5 R SR R AR AR 20% A Y, 1 B SR AR Oy 1 ik
FraE, HE St G 2E I N A B
242 HKMHEE. ABREER

AL 18 Bk G BTRE R (X, ng/mL) WAL AR,

PIEFIARHE R 5 A0S W A i T B AR R(Y), 2l 4k
Pk, AR EIEFR, HLIEFOINAR I A
FR(SIN=3 1) A1y B B (S/IN=10 1)L 3. £ 1.0~
50.0 ng/mL JEEK, 18 Ak G EA BIFMLIEX R, HH
KEZB(NTE 0.99 DL, kK RTE 0.2~0.5 pg/kg Z [,
J5 g E R BRAE 0.7~1.7 pg/kg Z JA],

R3 LMHHRRE RERREER

Table 3 Linear equations, limits of detection and limits of

quantitative

e 1 J7 o i B/ 5 2 f/

(ng/kg) (ng/kg)
FH i s Y=328799X+645319 0.2 0.7
HERME  Y=166371X+165903 0.3 1.0
SENEME Y=339633X+323077 0.3 1.0
FETLREME  Y=349936X+622536 0.2 0.7
TR e Y=110185X+88532 0.4 1.3
B Y=19121X+23131 0.3 1.0
IGTHIAME Y=339633X+323077 0.4 1.3
W Y=93884X+278914 0.3 1.0
W A7 T Y=81557X+261666 0.2 0.7
FEA Y=39610X+30293 0.2 0.7
IR Y=289901X+718645 0.3 1.0




9032 B i R A R 2 ERVE:
& 3(H) &4
. - MW.AAT [ /9, )
ety R MOl MO oy bk TRRTICER RSDs/%
Heee nee Nnghke) WG GO WY G
Ritvh AL Y=5736.8X-2545.2 0.3 1.0 100 1062 1075 46 64
SR VD R = — PN
SRATRR - ¥=12338X-245.18 0.2 17 o R 4.00 1043 1064 69 5.8
WEWE Y=6299.4X-189.62 0.4 1.3 8.00 105.1 106.6 1.7 55
R AL Y=4512.9X-84.867 0.4 1.3 1.00 96.2 89.3 2.6 2.9
AR R Y=34961X-33097 0.4 1.3 FEA 4.00 91.5 90.4 3.7 4.9
WERIP A Y=598.09X-290.07 0.3 1.0 8.00 90.9 90.3 3.8 0.8
FHEUPR  Y=5736.8X-2545.2 0.5 1.7 1.00 %68 933 33 28
WA AR 4.00 91.4 90.5 6.4 3.6
243 HEHEHMHBE 8.00 91.9 91.8 5.9 5.2
VIR G W B 2R 0T, 61T 3 7K 6 BATRIIM 1.00 105.6 107.1 35 45
— S S LR FE 5 ﬁ?—tﬁ»oéﬂ? Il 4 G T [N
PRI, BRMIE L SRR 4 AR s e o4 32 2
KT, 18 Fiib-A e Lk B 2R N8 525 v (2 [ oy £.00 1017 105.0 49 66
85.7%~107.5%, AHXTFRIEMZE A 0.1%~8.7%, & GBT ' ' ' ' '
. 1.00 86.9 93.4 3.1 3.7
27404—2008 { 555 5 Jo7 et A4 R £ B AS I T 5% F ) o
s BEIA 4.00 89.0 95.6 4.9 6.9
HY R
8.00 97.0 91.0 5.2 1.8
Fz 4 [ERRLURESIRERE(N=6) 1.00 105.1 102.9 3.8 4.4
Table 4 Recoveries and relative standard deviations (n=6) o e
Ratvh 2 4.00 104.5 102.4 5.6 6.3
oy KT R RSDs% 800 1037 1013 65 76
nglkg)  WHHE HEHF WUH BUH 1,00 917 485 4l 51
1.00 923 oL8 26 51 T 4.00 91.3 92.9 23 5.4
s 2 T 4.00 87.9 89.8 2.8 4.1 5,00 947 90.0 - 17
8.00 923 90.7 28 11 1.00 89.9 92.5 3.4 6.1
1.00 9.5 934 58 3.6 2.1 e 4.00 923 970 56 33
FH i e 4.00 96.1 97.1 5.7 3.6 8,00 86,5 912 25 51
8.00 928 932 33 4.1 1.00 88.0 91.3 3.9 5.8
1.00 924 951 > 33 BT 4.00 91.5 92.8 4.4 4.9
i SE i 4.00 92.7 96.0 3.7 6.3 $.00 96.4 995 30 48
8.00 96.9 97.2 2.4 1.0 1.00 89.9 92.6 3.1 4.2
1.00 875 o13 18 27 ST 4.00 88.6 96.3 8.4 2.3
I Ak 4.00 87.6 94.2 3.1 45 5,00 96.1 977 20 -
8.00 o1.2 954 43 0.1 1.00 92.2 88.6 4.0 3.5
1.00 o18 859 33 37 I 75 ) 4.00 85.7 87.5 3.6 6.8
FE T A e 4.00 97.3 92.9 4.4 22 $.00 03 905 50 30
8.00 91.8 93.9 1.1 0.7
1.00 100.5 104.2 5.8 6.4 244 FFRARSAR
.. . o6 . A SLEGHEI T s b B S RIS T 2R 25 rdt
Wi AL .00 106. 104.1 33 5 . o . . .
T 50 HERAE S (FiT 1~20 AR A TGS, S5 21~25 R
8.00 102.8 105.6 8.7 6.7 s — . "
ABTIAE I TINE, 553 5 . A 8 kA il
1.00 96.8 928 45 32 Me, S ERTE 4.6~149 pg/kg ZIA]; 3 HLRAG I EID R, o
=4 yh B2 .
FRDE 400 959 970 58 34 S35 49.8. 65.5. 1120 pe/ke: 1 Uk HERIG VMR, Akt
8.00 96.2 88.4 1.9 6.1 bR SRR 743 FI

N 47.6 ng/kg; 2 A BT
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1490.0 pg/kg; it 14 HRKEH, K HR N 28%, Hd A s
9 kST ZE, 4 #HRkE T, Bk A TPRATTHAN, B
XA AT REAIA ST A K

#®5 EREFHET 18 MIEFMNNESER
Table 5 Determination results of 18 kinds of antimicrobial
agents in actual bean sprout samples

&t/ (ng/ke)

TR s — ST
Hagms RS E ARVPE B A

SRGE2 ND ND ND 74.3
B3 22.8 ND ND ND
BG4 ND ND 47.6 ND
GHZF6 ND 65.5 ND ND
HEZET 15.5 ND ND ND
GEEZESR ND 1120 ND ND
GE2F 10 4.6 ND ND ND
G 12 34.7 ND ND ND
LEE 215 64.4 ND ND ND
WA 58.0 ND ND 1490.0
W4 149.0 ND ND ND
HEF6 ND 49.8 ND ND
WHET 40.7 ND ND ND

¥ ND /R8T i R .

3 %

AT X B AL BT | G AR PR BOE AR I
A, ST R OB (T - H IR T 2 [ B 0 E 2
18 FHT IR A 7 1% o AR BUAT B 08 K225 F s v R S A 5 )
fifi b, 0T SRR e A TR BB TE, IR T ST Y
Jr LT 50 By SEbR SRR A I E %5 A BA
W FERL . R B R, TR OGRS
TR TR G B A MR SR O ROR SO, ok, wl ik
— BRI TR T AR Y I B Al b BT R 5 B
AR A, RN Y
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