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The determination of six quinolone drug residues in milk tofu by high-performance liquid
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Abstract: Objective To establish a high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS) method for the detection of 6 quinolones residues in milk tofu. Methods The milk tofu sample was extracted with
0. 1 mmol/L. EDTA-Mecllvaine buffer with 0. 1 mL each of ferrocyanide and zinc acetate, purified by HLB Pro solid phase
extraction column, and separated by Shim-pack FC-ODS (150 mmx20 mm, 3 pm) , gradient eluted by 10 mmol/L
ammonium acetate (containing 0. 1% formic acid) -methanol acetonitrile (40: 60, V/V), and detected in full scan (full
MS) mode. Results The results showed that the 6 quinolones had good linearity in the concentration range of 10-100 ng/mL,
the correlation coefficient (R?) was all above 0.995, the limit of detection (LOD) was 0.5-1.5 pglkg, the limit of
quantification (LOQ) was 2-4 pg/kg, the recovery rate of spiked sample was 82.3%-101. 6%, and the relative standard
deviation was less than 10%. Conclusion This method is highly sensitive, rapid and accurate, and suitable for rapid
screening, quantitative and qualitative analysis of 6 quinolones in milk tofu.
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W it 22— 38 5 R T R T A TR, TR A2 Y b A
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Bl A0 S 11 RB R A T A R, — SR SR A RN &
MY T RA YT B B R R L AR A I
254 B Tie T b ST UK 245 390 45 A DGR E | 1445 7 )
MR IR KA. A T AkTE T E W
TG E W sh P s & A R E A T R AL E 235
SN 2292 F A IE T 2R T R 2 ) 1
Sh R A b i v AR R B A DL DR B
B e IR IE R R ISR B Y&
AR R TR 5 SRCHR v AR S A o e PR R (E R
50 pg/kgs MNP A BT R AT RAETRE
st g BR AL 100 pg/kge

Hursrxrdsin ki mmiic g ke T
JUR A k78 T 20 BT 0 3% < VRORH € i vk o B 4045 HL Tk
T AR A I A 3 B B T vk (HPLC-
MS/MS) A L2 ROk vk o VRO €8 3 Tk 1 i Ab
FRE (R, W FTH AR R W RS A 15 e s B4
B HLTKIE M R U AL, BAE BN Dtk E, B
FL Y5 23 DRURE i 2 B0 28 b, AT 52 0 43 B AR 5 &
R 5 AR 4 T vk 1 3 B AN L R AR A v M v R
WA T PR RE S . WA DA A 3, HPLC-
MS/MS J5 ¥ A7 76 3= 6 00 5L BR800 , 5% W) ok o
il 7 55 6P B L A SR 1 R AOR A €535 - £ B T
Tk RO P R AR R D E T
W 6 v 6 ol nds R I 2K 24 i PR O A R o
PESAHT . PR CIRIE T 4 W v i T 25 % 1Y
Rt AER B A W0 K B 2 ——— G
Hh s R 2K 2 ) A% RR R RS I s i R L R T
W, AR SCR P T AR 26 R AR 5 B A % 2 T v v i
fii 25 ) 5% ¥ , 91 5 HPLC-MS/MS #H45 4, &7 T 03
T v R S PR R AR T NI T
s R R AR R AR R S s B R e
GoRUILEFE e 5 NS S

1 #RE5F%
1.1 FEAES 50

A 3 T ER R (Y (Acquity UPLC-Xevo TQS
MS, JE [ Water A 7)), L7 K- (AL204-1C, HHRF 146
F Z AL (1) A BRA R R B (FE20, A 45 i)
FER Z AL (i) A B W) 5 8 7 3 Pe 4 (KQ-
500DE, E& 1L i 8 A A & A BRA ), Jo i Hoas R
(H50BE-180, ¥ N R ALEE A (FE FBR) A RA A,
B O S REIR S 4% (Multi Reax, Heidolph instrument
GmbH &Co KG) , AMAL (TTL-DC11, b 5t [/ & Bk ) ,
B B O HL (Avanti J-E, DI 582 R ), T o B A4H

HPAL (W-SPE24, S HEZFL) |, 3 FL U B (0. 22 pum,
g g AN F) 8 4l K A (Milli-Q 1Q7000, 3£ [
Millipore NEIDS

FE . S (o 2l [ 25 82 T Ak 27 R A BR A
Al R O R BE AR EUALBR (3 B 2l [ 24 46 A
A2 R A BR 2w ), S8 3 R K R Ak, H B R
18.2 MQ-em; B VP ££>98. 5% AV A >98. 8% .
Wi B >98. 4% 1K SE VD AL 298.5% ., W I D A >
98. 9% . i H 1 >98. 6% (I 1 U5 it A= 4y B £ A FR
YNEIDIS
1.2 ik
1201 ARy WY I

HEW R BURR ES R D 2 R R 2 RS
A AR R KLV ES T mg, H 2% H
TR H U i OF E X 2 100 mL 25 5 P A A A
WVl 10 weg/mL, 4 CUKAR T T #BEOGIRAE A AL
W13 AN H MRl 7 2, B HGE 5 AR oE A AW, T 2%
FH R Y AR A0 5 28 34 R T IR ) R S A o AR
L BT B .
1.2.2  HESh AL B

FRECY ik kE 5.0 gCRE A3 0. 1 g), B T 50 mL
B T, 20 mL 0. 1 mol/L EDTA-Mecllvaine 2%
WA 1000 r/min FERIRE 1 min, # A 10 min,
8 000 r/min #.0> 10 min( & .L> J1 55 000xg ), [ W
BB 50 mL #.08h, EERBMK . A
0. 1 mL R FALH W, A 0. 1 mL & R BF ¥
W ,8 000 r/min 5.0 10 min, FIFWEEHH 50 mL
BHoET,

HLB Pro [ A1 28 BUH: (200 mg, 6 mL) , fifi FH B FH
6 mL HI VR I .6 mL K36 Ak o B FF i 32 B0 LA
1 mL/min B9 38 B2 3 A, #2258 W, T 2 mL 5%
AKEE W VE L 7 2 R VR B /N AR, R 6 mL
FH 2 8 O D A 2 O 0 W, o M R (L
e 6 2x6 mL HYBE Uk B AR ) A WS T 1 mL
0. 1% H R /KA #1000 r/min JEIR IR A 1 min,
if 0,22 pm FALIERE, IFH T AL E .
1.2.3 U844
1.2.3.1 faif

@, 3% 4% . Shim-pack FC-ODS (150 mmXx20 mm,
3 wm) ;0. 4 mL/min; #EIE 40 C; AR R 10 wL;
FEVRLAR 40 C5 s AH : A: 10 mol/L L R% 0. 1% H
2K s B: B BE- 215 (40: 60, V/V) o b Uk i 72 )%
g1,
1.2.3.2 i

B R L S 55 B OE B R R I 5
TV BE < 150 °C BV AR Dl 350 “CE S AR
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Table 1  Gradient elution program

N i B/ %

I 1] /min A 5
0 90 10
6 70 30
9 30 70
9.5 60 40

11 60 40

11.5 90 10

18 90 10

TE:A: 10 mol/L L FR#E 0.1% W ER/K s B: HEE-Z i (40:60,V/V)
Pt 7 mL/min; B A0 B <3 KV filf 18 SRR B
0.25 mL/min; ¥ fifi 18 [l (m/z) 275. 69~214. 00 ; K5 ]
J5 X 2 & 0 W (Multiple reaction monitoring,
MRM) . 6 Fi i 377 i 2 25 ) 1) £ B3 i 18] hR B L
BT HESL R Rl BE A LR 2.
2 6FhmE R 25 ¥ 4 BT S8
Table 2 Some mass spectrometric parameters of 6

quinolone drugs

e #BET/ TET/ il 48

B AU i min (s () WIE/V fEht/eV
1 Flu 10.38 262.18 224(’)421056* 40 ;(9)
2 Nor 4.78 320.20 32(;22224; 40 ?:
3 Cip 5.03 332.19 32184823%* 40 ?5
4 Lom 544 35223 32‘;852253 40 »
5 Enr 5.6 360.30 ?;ﬁ262222* 40 ?(9)
N

TE R e T

2 ERS55H
2.1 VBB ERE

AEE BT 0.1% H R K-HEE 0. 1% H iR
K- 0. 1% BEFR K- .10 mmol /L &R % (&
0.1% W R )-H B N (40:60, V/V) 0. 1% F7 5 R
K-S 5 S T B AH AR R X 6 A i i 25 ) O3 S
AR R 28 0 A 5 A O 5K 8k B E A
VERERRERS TN [M+H ], R K I W Re 4 4t 1o, fiff
b &Y 0245 5 i 14k 15k Hinfb &9 aHn
Wi o7 5 B o A S LA T S [D MR B ) R R X 6 il
R 24 W D R R R s e, B iR 0. 1% B
6 Al s i T 245 Py e S ) 5 R R R, Y HG 0 R R Y A
I, g i 07 5 B AR AR AR /N, Ry Tk IS g 26T 0. 1%
H R 7K A T s 7K A o I HPLC-MS/MS 43 A
WS T T IS 25 W I R R i R I 4, e
X — B4 AR KM A 2R e R A3 0 1 0 4

U AR SE R & N 10 mmol /L 4R B (
0.1% H R )-H B 205 (40: 60, V/V)VE I T A, K
FH AR B2V I HE AT 43 85, 76 D0 AL 45 10 T 15 21 B9 B o
g E A E 1. R 1R RUE A AR A A 1
T, 6 Bl TR R 2 25 9 53 B R AT TR AR .
2.2 SRR 1 i

M 2 BT LE s S h R RIS A
FRILFNUR R B B T R BTG L AR R M A
L O T KON PSR R R T AR
T HEE T AFEF (NS 1% B RN 2% T i
G Wi W 0. 1 mmol/L EDTA-Mcllvaine 2%
PR X 6 A T B 24 ) B BORSOR 2 0 bRk 2
10 wg/kg B, 6 s i il 245 ) 1) °F- 347 [l i 6 DL & 2,
I 3 0T LLE 4l G B R B I A A i
B, [ 0 22 5 38 i A%, 24 >R JH 0. 1 mmol/L EDTA-
Mellvaine 2% 0P R FF i 45 SO, B BR 9 1) [Tl 2%
W 3 5 e, A OO B o 6 i A I 2K 24 ) 1 [l
R TE 82.3% ~ 101. 6% Z.[6] . W5 5 vh & 1 5 i
0 5 e LA R E R I Ao AR s i [l SR N 4
B4 & PE L FH 0.1 mol/L EDTA-Mcllvaine 2% i i #2
BUEE, 75 2 T 909 ot 25 o 32 IO O 2 1 o 9 g
Je BT, T OUNE S BTE 28 v PO AT
BREALE  CRREEA 0.1 mL, R T IR RE & T Ig
A0, R e v R B0 BRI % TE AR RDIR 2
T B A LA AOTR 25 D VR AT L DK B0k )
BAR ., WL, ASZE % B 0. 1 mmol/L EDTA-
Mellvaine ZZ PBITFIN AL AL R . LBREE4S 0. 1 mL
i B RO R AT
2.3 I &ML

6 i s i T 25 1) I A I B R ST i 1 4K
AU, ASF 5% 16 6 0E 2 P B W o e R S 4
G3 BT, A3 G 6 s i T 25 24 W HE AT OE B
B 5 45 A H AR 00 BE B, P 0 BE8S  1E AT 0
T 6 HE AL R R AR A S AT Ak .
TE RS R S T TN E R, RN E
PEBS T o W B B A A] R R AR i IR (5 g R
LE SR 10 5 LA, DAAS B ME 6 1) o M 2
2.4 MR KRR R

B il ¥ )% 4 10,20,30,40,50,80, 100 ng/ml,
[ 6 Tl s 1 I 28 BT A= R AR EVS M, 48 UPLC-MS/MS
S3AT, LA A5 45 b 245 49 19 o et S 04 T AR (y) Sy G A
B, L2 Wi B GO R AR b, 221 6 Rl it S d: R
P bR vE R 6, 45 B LK 3. 6 P25 ¥ 1E 10~100 ng/mlL
e R RN M R M R BRI R T
0.995. 7EZ5 FARE M I i 6 B ik & W IR & b5 it
WL IR L 2.2 AL T AR S AT A B, 22 1.2.3
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F1:MRM of 2 channels,ES+ N F2:MRM of 4 channels,ES+
1001 o . 262.18>244.15 10 e 32025302 24
" ki
# ¢ # 0t
N N
= = §
0 1 1 1 l 1 1 1 1 1 mil’l 0 L 1 1 1 1 L L 1 mil’l
5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0
100 - Flu _ F1:MRM of 2 channels,ES+ 100~ Nor _ F2:MRM of 4 channels,ES+
R 10.38 262.18>202.06 R 478 320.2>276.24
= 6505 791 3.527e+007 S 1318036 6.571e+006
= =
# W T
N N
. | =
0 ! L L ! L ! L ! ! min 0 L ! ! L L L L min
5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0
100+ Cip F3:MRM of 4 channels,ES+ 100~ Lom F4:MRM of 3 channels,ES+
0or sh 332.19>314.2 5.44 352.23>265.23
S 1126 59 6.035¢+006 = 2471539 1.378e+007
= =
*oor oo
N N
o 4
0 I 1 1 1 1 1 L 1 min 0 L | 1 1 1 1 1 1 1 min
5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0
100~ Sip F3:MRM of 4 channels,ES+ 100~ Lom F4:MRM of 3 channels,ES+
< |k 1598126 332.19>288.3 < | o%'g‘és y 352.23>308.25
= 6.116e+006 = 1.001e+007
# r H r
N N
Lt oo
0 L (| 1 L L L 1 L 1 Il'lil’l 0 L (| 1 1 1 1 1 1 1 min
5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0
100 - Enr _ F5:MRM of 3 channels,ES+ 100 r Spa _ F6:MRM of 2 channels,ES+
5.60 360.3>316.22 . 2%88})8 393.24>349.23
s 3921259 205561007 X 5 1.811e+007
= =
" #t
N N
R Lt
0 L (] L 1 1 L Il Il Il min 0 L " L L 1 ! ! L min
5.0 10.0 15.0 20.0 5.0 10.0 150 200
Enr F5:MRM of 3 channels,ES+ Spa F6:MRM of 2 channels,ES+
100r 560 7 360.3>342.22 T 681 ] 393.24>292.18
° 2195 149 1.142e+007 | 2674019 1.444¢+007
" il
# #t
M- N
e J w®
0 . 1 L . . L . . min L m L . . . . L min
5.0 10.0 15.0 20.0 5.0 10.0 150 200

P L 6 TR 2 25 ) 5 ik e M T T IR
Figure 1 ~ Quantitative and qualitative ion flow diagram of 6 quinolones
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Figure 2 Molecular structure formulas of six quinolones
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SR RERNERERE N ﬁi’ﬁ‘/ﬁ‘@ﬂﬂ%ﬂ%—l)xloo%o Ho ME>S50%
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Figure 3 Effects of different sample extractants on 6 quinolones

MUTR 55 AR 2% o, 2 44 o kg 00 o) 366 o o g > 7
LC-MS/MS J7 3 1 JF & 5 iE i B2 v, 38 75 B Al 5t

K3 OFPMETEZG Y R L OC AR R PR E

SCH A R AR W] WY SRR A B UG 6 b v A
e M ROV 35 <20% (5 3) , U6 BA A7 76 3
RORE 552 Wi 270 iEED?ZIKﬁ%ﬂUﬁ%U&MEﬁ
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Table 3 Linearity relationship, LOD, LOQ and ME of 6 quinolones

5 2 BV EpRE MAERB R LM E/(ng/mL) LOD/(pg/kg)  LOQ/(pg/kg)  FEFEY ME/%

1 Flu y=104 181 x+363 541 0.997 978 10 ~ 100 0.5 2.0 18.96

2 Nor y=16 427.7 x+37 981 0.995 637 10 ~ 100 1.0 3.0 15.24

3 Cip y=11229 x-6 691.87 0.995 630 10 ~ 100 1.5 4.0 16.81

4 Lom y=24 662.6 x+21 965.8 0.996 323 10 ~ 100 0.5 3.0 19.07

5 Enr y=38 339.4 x+64 522.6 0.996 397 10 ~ 100 0.5 2.0 16.38

6 Spa y=33 460.3 x-2 297.9 0.996 069 10 ~ 100 0.5 2.0 17.27

2.6 AR AR KRS W R ), 25 & ZGORRAE R B AR, X AE S Y 6 b
U G 25 A RE 6 6 Flvds S 25 A 3 K W A S 24 W AT TR T A o T — R A T

SEINFRSEE , BN KFEE 6 WK, AR [ R Rk TG M & BN 3,43 pe/kg, HAYEE S R A

W AR LA 4, MR AE 82.3% ~ 101. 6% Z
(] , #H T #5 ME i 2% (Relative standard deviation, RSD)
15 4. 4%~9. 1% Z 0] K % B R4, R W% 07 e E
PE SR PR A I R A S Bk O B O R
R

Fa o TR 2 ) D RORS 9

Table 4 Recovery and precision of 6 quinolones

(4587 TR K/ (pe/ke) [T 2R / % RSD/%
0.5 98.5 8.3
Flu 2.5 101.6 4.4
10 94.8 8.1
12 91.6 4.9
Nor 20 84.4 5.6
30 97.1 7.7
15 87.5 5.4
Cip 20 92.1 6.4
30 97.2 7.6
4 83.7 8.7
Lom 20 92.1 8.4
35 87.9 79
8 82.3 6.1
Enr 15 84.6 7.3
20 89.3 8.8
6 90.1 9.2
Spa 15 84.7 8.5
30 91.2 9.7

2.7  SEFREE R
K F AR WF 5% 77 = E AL B B 30 43 117 5 4% & 8 R
min HEAT o BT RN, SR FH — e R i O AR B s

HBREARE S, S ARAE T B GT/T 21312—2007" ) 1l
R4S —E, BHAPERE A s WL 4.

F1:MRM of 2 channels,ES+

100 8.92 262.18>244.15
1.190e+006
?S Flu
i 10.38
# 67014
<
e
4.09 11.06
0 hazas Nl ki 1 min

RN R R e U S N

Figure 4 Chromatograms of positive sample of flumequine
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it i Ak B i AR AR B R D 2K WM R 2 8
S BN HEAT AL A A T I I %R A
PR AR R R A LS O S G
s 5 T 28 A R T Y 0 R AE 43 AT S W S 45 B )
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