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[(WE] HE BEH T 9 MitAd R (FERE BRI, 2 & 80foH Gl - SR E
(ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS) RGN 78k, KR 4E ) kE
i CHEIRBOB A S, MATEK Na,S0,, NaCl #hATEREK 3, ] C18 K PSA WY B4l 2 i, Jo ik
I3ECR 0. 1% MR- WOEES s RRTEIE RS AT, S sl 3 ok B & /3 40 0. 1% R K-2
(ESI+) FUAIK-2ME (ESL-), RBCERBEVENL, JFZ O EmE 9 FyiE R, 4P2REY, "ERE
PUAERTE 0.5 ~ 10 pg/L WHENERMEICR RAF, MERIHRHUERTE 5 ~ 100 pe/L JEENLMCR REF, HC
ZEr ¥ RF0.99, KRN 0.02 ~2.49 pg/kg, EEMRHM0.06 ~9.95 pg/ke, 9 Fhyrd=E 7 10, 50 F1
100 wg/kg 3 MEANACE T B EER 76. 6% ~123.7% , MM FREM2E (n=7) #0.3% ~11.0% , AL,
BOTE R R WBCRY, ST 2 RYUERTE L PRI E
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Determination of Nine Kinds of Antibiotics in

Brassica chinensis L. by UPLC-MS/MS
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(1. College of Ocean and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Xiamen Zhongjixin Testing Co. Ltd. , Xiamen 361100, China)

Abstract: To establish a method for the determination of nine antibiotics ( chloramphenicol and quinolo-
nes) in Brassica chinensis L. by ultra-high performance liquid chromatography-tandem mass spectrometry ( UP-
LC-MS/MS) . The collected samples were immersed in acetonitrile for ultrasonic extraction, then the salting-out
agents anhydrous Na,SO, and NaCl were added to remove water. C18 and PSA adsorbents were used to purify
impurities, and 0. 1% formic acid-acetonitrile solution was used to make up the volume. In the positive and
negative ion mode, the mobile phases were 0. 1% formic acid water-acetonitrile ( ESI +) and ultrapure water-
acetonitrile ( ESI —) , respectively, and eluted according to the set gradient. Finally nine antibiotics were deter-
mined by multiple reaction monitoring. The results showed that the linear relationship of chloramphenicol anti-

biotics was good in the range of 0. 5-10 wg/L, and the linear relationship of quinolone antibiotics was good in
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the range of 5-100 pg/L. The correlation coefficient r was greater than 0. 99. The limit of detection was 0. 02-
2.49 pg/kg, and the limit of quantification was 0. 06-9. 95 pwg/kg. The recoveries of the nine antibiotics at
three levels of 10,50 and 100 pg/kg were 76. 6% -123. 7% , and the relative standard deviations (n =7) were
0.3%-11. 0% . This method has high sensitivity and good purification effect, which is suitable for detecting
multiple antibiotics in Brassica chinensis L.

Keywords: ulira performance liquid chromatography-tandem mass spectrometry; Brassica chinensis L. ;

antibiotics; chloramphenicols; quinolones
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EAISE

Pan 25V FE IR R BETE TR 4 D48 () WREE T 105 A HERE Sy, (045 13 41 L0 A 5 Fn 23
KPR R R R RS, R A 2 DUBR S MRS . BRI R IR RS, PR
JEHE LN 1. 62 ~575 mg/kg, Zhang 25" B ox KNG A WU S B bt A Bi5 Y, MR E R, 74
FRHLIX 125 ANRJE BT T 2R HUAE R BRI, Z5RFW, RAMbHUE R 2R 5
TGN, Zhang 251" SRAEPE 8 G B84 50 4y M FIMENLAL T, A& B, TENSZEREA h pU R
RIFHE RS IA 417 mg/kg, A AIRIE T ShW 3 ME vp i 47 75 i s TR AR ek B 0 L IR b
T AERE K SR B SE 0 L T 8 B B S R HUILELS , BRI E Y £ )2 T S A
ZREGENHEAR, HETE30.3% .

Pk 230t E B S A K e K E A F A IS e SR 2 A R A R A, ST
RIL, A B B S KRR B4 b AR K A, U T AR I B B A R
Dolliver %" FEA AR 2k B +HEE K (0 F K . SRR DA Z IS T pe/kg ~ mg/kg (FH8) K
il — I E . Kang 45U R0 T 202 R A e AR K T FPERSET Y S RpiAR 2, e —
WANE . ARFE . ZRAR I RSN E AR AL Rk BEERE we/ke KF. Hu 251 BESY T B &2
(EREA B, RIS, B, W N SR 11 A B R B, e ST R
R B R B A B R R RIUIRE, 439k 76. 8 FIT9. 3 pe/ke,

TR O 2 T 2R 5P A 2 B sR B R b S HR i 7 i, (B P bR R
TR T AR IR DRI, ASRRFSYREER O R HIIOPTA: 25, WRICSRMHIAE BAE LG Ak B [l
IS BRI T i, S 25 200 B 4 5 4T 022 4 UG TP A B B A

1 #MHEERE
1.1 SEIeHdl
L1 FEEH

NG, @ika/ srhrel, EEBEIKTI AR @I, JOKBRRREN, srbrel, vHBERE R A R
ol W, CRROTR. KO, srbral, SEEROLRAR; BiR, Gial, EEBREHAF;
AR (>9%) . W E (>99%) . WEIDPE (>9%). HRPE (>9%). AR E
(>99% ). BitHbE (>9% ). AHEER (>97% ). WER (>97% ). BARH (>97%) ¥
1 A FECRAT; WER-DS driEd (100 mg/L, 1 mL ), RV EAR ™ & BRAREFTE G
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1.2 FEUES

UltiMate 3000 % #  S0BAH (43542, TSQ Endura Y = & PUMGAT BRI, 4 0 3B KRB A
FRAT]

1.1.3  FES SRR

I B R X SR TT
1.2 KFH*

1.2.1 RS RTALEE

TR G2 5 ORFIE 0.1 &), BT Fl 50 mL HLAEEL0AE T, 1110 ml 205
5.0 gJi7K Na,SO, . 3 g NaCl #4734, #RiE 1 min, A7 H2EC 10 min 5, 8 000 r/min B.0> 3 min, ¢
G3orEs . BURIEWE T — T 50 mL B g0, BLO S MERIE B NA 10 mL 2§ S BOA
BE LR, 53 4EEE, A0 1 g C18, 0.1 g PSA K, WHET min, 5000 r/min &.0» 3 min,
B AR E) 50 mL 2= HEEE.OE T, 40 ChnfEm I+, H 1.0 mL B4 0. 1%
(IR - CRE LTS, 38 0.22 wm AHLUERE, it UPLC-MS/MS G
1.2.2 WA 35 HR I B 451
1.2.2.1 AR EE 5

EETFE, WA CoARTETE0. 1% HERAEELEK, D M. BEVENFETF: 0~1 min,
DJREDECHS5% ; 1 ~11 min, D EE=0%CHN 5% ~84% ; 11 ~11.5 min, D F=/3%0h 84% ~95% ;
11.5 ~12.5 min, D R0 95% 5 12.5 ~13 min, D g4 95% ~5% ; 13 ~16 min, D i
IECR 5%

AR, WA A ik, D ASNE, BERBAEF: 0~0.5 min, D &34l
20% ; 0.5 ~3.5 min, D &35 20% ~95% ; 3.5 ~4.3 min, D &N 95% ; 4.3 ~4.5 min,
D JREECHN 95% ~20% ; 4.5 ~7.0 min, D FRiE4380h 20% .
1.2.2.2  JR{ESM:

B TIR N H s R R EST + MR M A ey EST - ; WiZ5 i)k 3.5 kV (ESI+) H13.2 kV (ESI-);
SR 35 Atb (ESL+) #1130 Arb (ESI-); %NS 15 Arb (ESI+) #110 Arb (ESI-); B74%
MR R 320 C (ESI+) #1300 C (ESI-); MEZEiR k300 °C (ESI+) #1250 C (ESI-),

2 XWERELSM
2.1 JRiBEHMRL

EIEAL P ILRATE T RSB EMR MR S Y rh g th BAnfb &, (R By BAR S5 F 15 B 2R
MEAS R, T U T B AE Sh S AR UE D X EE R X AR R A 7008 . IRLbL, e R4 RS o 2
Hl, PR SC N bR EY R E R, A REm . kiRt . = R R T . B UL BT
FEA WA TR . PO BT (Q-MS) . B FREEiE (IT-MS) . "KAFEFE]Fi{E (TOF-MS) Fif#
AR B e AR Bl (FTICR-MS) 5 A2y A SOl FHZEBR K /R A W] UltiMate 3000 8 /55 4%
TRAH €8 1545 HR I — R DO AR AT B 1A 7 AT

R 3RS FAE RN B RCR X 12 B BV TR K R R BRI S 2 0 56 1 O SNtk A T — B 4
HisE R e 1~ K2 fin,

T ~ K2 00, FEESFEXT, it 2P sRE g, @EREPiERENET
RS IR s Rz 5k ELASE A 06 . AR IR DL AL RlE i F IR AT B B i e, SEEIEER S WEET. 75
T, e M B RN R R R Y S A (LR ) .
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Fig.1 Product ion scans of chloramphenicol,florfenicol,thiamphenicol and
chloramphenicol-D5 in negative ion mode
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291.092 352.175
. 100 100 100 < 1007 334558 162175 < 100
780 \; 80) \2 80
= é 60 0050 = ‘g 60 175 : 7% 60 " ;;‘8-000
A 233000 R 2 E40
£ 20 205.00 £ 20 s £
:, 03317583 [, i . l < o2 oL pasmezoior] ||
260 300 320 340 360 380 0 100 200 300 300 320 340 360 380 400 0 100 200 300
mBETOERDE) o) FETEHRDR) OBETRRVE) ) TETERDE)
Precurso rio(Pefloxacin) Produc tion Precursor ion Product ion
(Pefloxacin) (Ofloxacin) (Ofloxacin)
B2 BEVE FADVE BEDVE-DSAANME-DREANVE EENVE BEIVE S8V E
NANEEBEFEATFEFARER
Fig.2 Product ion scans of enrofloxacin,ciprofloxacin,enrofloxacin-D5,ciprofloxacin-D8,danofloxacin,
lomefloxacin,pefloxacin and ofloxacin in positive ion mode, respectively
1 IMMEERMESZHIRA UPLC-MS/MS i 28
Tab. 1 Optimized parameters for UPLC-MS/MS analysis of nine antibiotics
and antibiotic internal standards
&4 Fk " il B BIIE
Compound name FFBSF Precursor ion B F Product ion Collision energy/V RF Lens/V
SR Ofloxaci 36, 175 261. 083 26. 34 149
oxacin .
HRE 318.012 18.23
LD Danofloxac 358, 175 283. 083 22.51 61
W anofloxacin .
SR 340. 083 21.49
VD Lomel ) 259, 175 265. 071 22.55 m
K 2yl _
= A Tometioxacin 308. 054 16.33
o 233. 000 24. 56
BER VD 2 Pefloxacin 334.175 142
290. 083 17. 17
B 5 Enrofl ) 360. 212 245. 000 25.73 154
BaEYY nrofloxacin X
o 316. 155 18. 30
KNV E Ciprofloxaci 332. 175 245.012 .19 143
T s , _
= o Lprotioracii 288. 083 16.90
2 Chl henicol 321. 000 151917 t6. 48 133
B R oramphenico .
P 256. 845 10. 23
FA AR 25 2 Thiaphenicoll 354. 000 184.917 1974 150
Fea Haphenico ' 289. 905 10.45
FHE B Florfenicol 356. 000 184.917 18.76 133
e, orfenico .
335.833 10. 23
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2.2 RERFHMA

ZMSCHK [21] vEvREH R SRIBOEMSCER [22] ZMPUERMRBOE, T 9 F HARUER
M BRALIE 22 SR, AU AEPL AR BGAHIS , [T RE L LA THIEE . . ZFRLHR. TK&
T2 4 PO SRIBGA T, SRBW], CNEVRBCE R M G 28 A s T R 2 Bt A 2R ) 14 [l Wi e e
G, AERANE3 ~ 4 R

150 E3 I Methanol B3 4 Acetonitrile 150 1 = @?ﬁ"rﬂethanol LH%— ér‘etonitrﬂe
S ER 2R LT 0D k2. R 4R 4T B vk .1
% Ethylacetate Glacial acetic acid N Ethylacetate Glacial acetic acid
2 g A
+100 2100 [ F
g b 2
< .
=1 50 8
o g 30
= , LLHE = £ 1
2 ok H
G  RARY KK = e wE o oms
Thiaphenicol ~ Florfenicol ~ Chloramphenicol af 2 Z ]%ﬂ‘\ A § Eﬂ\ Z
=2 ET LT B B Be
EE HE x5 FF = K5
E3 IHAEBEREMERTEI4MBRINBANPHEKRE EH4 6 EEMARESE 4 MBIGAT by EIK =
Fig.3 Recovery rates of three chloramphenicol Fig.4 Recovery rates of six quinolone antibiotics in
antibiotics in four extraction solvents four extraction solvents

2.3 HTTERNK

Fhn 2 AR, SR LR 2P KBRS T IR, AR AR B SR P A 25 1 25k
BRI % ) v AL D7 P55 [T AR AR G A QUECKERS 3, R3¢ QuECKERS ¥4 f# ] PSA Fil C18 2 Fiitt
PR, AR AC O L #E [ AR AC O HLB (60 mg, 3 mL) . C18 #PRFHAT KR AL, HAT
RALAY b /S RE SRR S, ok 25 BR AR IO B 5 RV o AT RAF IR ™ PSA H4
AR RN B RE BRI S, RES S I R 2 He, don] RN IR PR o, X A HLER A4
JB B TS R S A AR A AR Y Oasis HLB & —F SO EAEZE HUR: , 2 REAR (- Mo 1 B 1R
PeL BPERIPITEIL S Y BORRE —Fh 2 FLILRYY, o & 26K IR N- LM B g e B AR AR 1 — 2
Wi, P BRI 6 A ORI T A AR A R

ARSCUL EHETE MR, HA T B A AR HUE A1 QUEChERS 3%} 9 Fik &9 00 AL o, 45 5 0
K5 ~ &6, 4iREW], MILT QuECKhERS JEBIARALRL, WM Ub 2 HIAE R 0 ORI T A
SEMARERUS , SRS ONE X LR AR RN, FETR T, FERIEZE, IR,

150 1 B [ 14 Bk 150 - B [5 1 4 3
Solid Phase ftxtraclion So]iq phe{se extraction
8 QuEChERS < E=8 QuEChERS
2100 | % 3 T 100 s
= =
. ; :
% 50 : ;
k : g
) ' B¢
= 9 : § 2 = B R
E /; § E 0 A ) L e "’
=2 TRER  FARS AHER
> é 'l‘hialnpheni(:oll Florfenicol Chloramphenicol
B 5 6fEiEmEnEREBEREM E6 IMEERRMEZTEMREREM
QUEChERS & & ¥ [E] i % QUEChERS 3% i 1k [B1 i
Fig.5 Purification recovery rate of six quinolone Fig.6 Purification recovery rate of three kinds of
antibiotics by solid phase extraction method and chloramphenicol antibiotics by solid phase
QUEChERS method extraction method and QUEChERS method
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2.4 FEFWIE
2.4.1 HFON

R SRR YR € - R BB PR B e R R 2 150
(TR, AT — e 490 TR 4 R 0 40 o 3 5 2
FEA TR P L IR A e g T i, DASS SR
REWE 15 4l 75 50 op T A 2% 0 T ARG LL R S A 3 TR 2L
BTN A s BN /% = A, A x 100, 1
Hre A CHSEBRRER P B R R AN Al R
LT, ORI 100% , 35 500 A I 43 47 52 i ik

100

50

RN Matrix effect/%

o7
kX
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
kX

B%

P Y
AR RN

HE T
N

A
' B

in

Ny AR T 100% , XK 43 BT AN, 5 LHoql £T 8w E]nd
INF100% , BRI 4374 Tk i gﬁmgﬁgﬁig
N . = 8 E TR KS
HERAS 12 B )7 P02 FURE R EAT AT AR B, SRS I : 2z
(&}

WA RN IRIER, WEIRIAON. o e e
HORRMY, R LR U R AT A, BRI Fig.7 Matrix effects of nine antibiotics in
R SRIR N (4 R ST 5 SBOW A1, AT A 2R I B 2 B Brassica chinese L .
HAE s (WL 7).
2.4.2 KRR, R, LIEEH

WM 2 fros, AL I T, A AR bl 4 BOW0H TR 5 A v it A R R, T T
0.1 ~100 pg /LRIVEEFLRCAMER I . & HRTE LML RIN 2 REFAAMC R, MOCRE r R
F0.99, pSrMERES T U, DE HARHEDR 22, R IESCER (33 -34] HAH HARY ROR R (limit
of detdction, LOD) 4 0.02 ~2.49 pg/kg, @R (limit of quabtitation, LOQ) 4 0.06 ~9.95 pg/ke,

x2 TEERDPIMIEZRNEERTE BXRE LHRRESR
Tab.2 Linear equations,correlation coefficients, detection limits and quantification limits of
nine antibiotics in blank matrix

k&4 FK Compound name LOD/(ug - kg™') LOQ/(ug - kg™) 28 P )7 F2 Linear equation r
%E % Chloramphenicol 0.02 0. 06 y =1.037 480 28 x —0. 054 168 33 0.998 8
FI & 2 Thiaphenicol 0. 05 0.22 y =0. 489 372 38 x +0. 000 326 37 0.999 7
K2 % Florfenicol 0.07 0.28 y=0.928 527 71 x +0. 169 845 78 0.999 5
AP R Ofloxacin 0.39 1.57 y =1.003 375 79 x +0. 261 780 41 0.999 8
LGS B Danofloxacin 2.49 9.95 y=0.233 182 69 x —0. 188 522 04 0.994 7
VD E Lomefloxacin 0.37 1.47 y =0.580 994 37 x +0. 188 386 71 0.999 8
b & Pefloxacin 0.94 3.77 y =0.428 065 50 x +0. 145 756 10 0.998 7
Bikvb & Enrofloxacin 0.19 0.77 y=0.293 812 90 x +0. 459 733 96 0.995 5
FRN VP Ciprofloxacin 1.56 6.24 y =0.295 978 26 x —0. 079 544 82 0.999 8

2.4.3  [DJCR ARG % B S
PR 1.2 M SC g vkt TRE SR AR B, VR A (RO AE S, BN 10, 50, 100 pg/kg
3 FPASINACE, BTN EATINE 7 W, T35 DR R X b DR 25 9 B AR 2 AE 10,
50, 100 pg/kg 3 MEMIZKTE R EILZE R 76. 6% ~123.7% , AHXHARAERZE (relative standard devia-
tion, RSD) (n=7) H0.3% ~11.0% , Ik EE (WE3),
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®3 IMPAEREFRPHLKERBEMNTEREZE(n = 7)

Tab.3 Recovery rates and relative standard deviations of nine antibiotics in samples (n = 7)

&4 %K Compound name p/(pg-kg™) [A]f 3 Recovery rate/ % RSD/ %
10 93.3 9.8
Bi7h B Enrofloxacin 50 91.7 7.2
100 104. 4 9.6
10 114.9 0.3
WA A2 Ciprofloxacin 50 107.9 7.7
100 95.3 4.0
10 94. 4 8.0
A A Ofloxacin 50 92.4 5.5
100 89.7 3.5
10 93.5 7.3
L H D A Danofloxacin 50 93.0 11.0
100 79.5 8.6
10 120.0 8.8
%70 B Lomefloxacin 50 118.0 3.6
100 110.3 8.3
10 123.7 9.8
B b B Pefloxacin 50 118.8 7.2
100 112.2 9.6
10 107. 4 6.9
A7 Chloramphenicol 50 106. 3 7.6
100 100. 9 6.0
10 76. 6 8.6
FA i B 25 Thiaphenicol 50 97. 4 9.5
100 88.3 9.9
10 118.7 4.1
FAJE # Florfenicol 50 120.3 4.6
100 113.7 7.5

2.5 SERREERINE

M T AR S S BENLG K 10 3 B Aedlh, SRAASTIIEXT O Mt Rt AT il g . 45R 3%
W, 7 ke ihikgivb 2 1.05 ~5.28 pe/ke, 2 Kb RN 1.29, 1.75 pe/kg, i ih BRTh &2
2.25 pg/kg, HAHUERLRR T, BREED X 4 Rl 855 A TR I, ik KR 1,59 ~
32.01 wg/kg, ABFFEIAGEABAR TZ TR 4G

R4 EFERPEERENIMNEIRRBETHERERAEE
Tab.4 Mean and standard deviation of nine antibiotic residues in triplicate determinations for
each sample in actual samples

(AE R B p/(pg-kg') i 22
Compound name 1 2 3 4 5 6 7 8 9 10  Standard deviation

i #& 2 Thiaphenicol — — — — — — _ _ _ _ —
A Florfenicol — — — — — _ _ _ _ _ o
7 2% Chloramphenicol — — — _ _ _ _ _ o o o
HAHE VP E Ofloxacin — — — — _ _ _ . o . o
FIRFAYS 2 Danofloxacin 1.60 5.11 2.09 1.12 — — 1.05 2.22 2.83 — 1.39
BETP E Lomefloxacin — — — _ _ _ . _ - o o

FEFR VP E Pefloxacin — — — — — — — — — — —

Bi#vh B Enrofloxacin — 225 — — — — — — — — —
WHT A Ciprofloxacin — 125 — 170 — — — — — — 0.32
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