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Abstract: A method for the simultaneous determination of the residues of 11 quinolones in hotpot

ingredients by quick, easy, cheap, effective, rugged and safe (QUEChERS) extraction and ultra
performance liquid chromatography-tandem mass spectrometric method (UPLC-MS/MS) was es-
tablished. The sample was extracted with acetonitrile (containing 5% formic acid) and followed
by stratifying with a salting-out agent. Clean-up of the extracts was processed by C18 and PSA,
a modified QuUEChERS procedure. The analytes were then separated on a Poroshell 120 EC-C18
column, and finally detected by tandem mass spectrometry in positive ESI mode. The linearity of
all the 11 quinolones in the range from 1L 0 to 100. 0 ug/kg had correlation coefficients greater
than 0. 998. The limits of detection (LOD) of the method were from 1. 8 to 3. 1 pug/kg and the
limits of quantification (LOQ) were from 6. 0 to 10. 3 pug/kg. The average recoveries of the 11
quinolones were in the range from 70. 1% to 100. 3%, with relative standard deviations from
2. 42% to 10. 88% The established method is sensitive and of good recoveries. It can be applied

as a rapid and reliable method for the determination of the 11 quinolones in hotpot ingredients.
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(quinolones, QNs) Milli-Q ( Millipore )
, . . N ( Organomation Associates Do
. . . . (enrofloxacin) . (ciprofloxa-
) cin) | (norfloxacin) | (ofloxacin) .
:”0 (danofloxacin) . (sarafloxacin) .
, , (lomefloxacin) . (pefloxacin) .
, . (difloxacin) , (orbifloxacin) ,
) (marbofloxacin) Dr. Ehrenstorfer
, ( >99. 0%, . . ,
( N N . 3 N-
) (PSA, Agilent )
o (C18, Agilent )
; N N (GCB, Agela ) (0. 22 pm),
, 1.2
o 11 )
20 mg( 0.1 mg) 100 mLL
1=6] [7=97 _ , )
Lo=15 | Li6—18d 200 mg/L ; 1 mL
R . . 100 mL ,
B . ) 2 mg/L ;
. . ; - 01%
QuEChERS Anastassiades 2% Y(1:1, v/v) o
(quick) . (easy) . (cheap) . 4 °C .
(effective) (rugged) . (safe) 1.3
, . . ) 0.5
) [21,22] [23—26] kg X X )
o o 0~4 C o
S , 1.3.1
o : 150 g 50 mL R
. QuEChERS - 15mL 5% 3 0g
s N - 30g . , 15 min,
R 6 000 r/min 5 min, 10 mL 10
- ml . R
11 o . . 50¢g
50 mL s 10 mL ,
! 15 min, 15mL 5%
1.1 B3 0g 30g s s
Agilent 1290UPLC-6490A - 15 min, 6 000 r/min 5 min,
( Agilent ) 10 mLL 50 mL R .
VOATEX-2 ( Scientific Industries); 1.3.2
SB5200 ( Branson ) 500 mg C18.,200 mg PSA.
CF16RX I ( Hitachi ) L0g , 1 min, 5000 r/min
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5 min, 2. 0 mL, , ( N
2. 0 mL - 01% )(1:1, v/v) )
( 0. 8 mLL t24.25
)y 022 pm s QuEChERS ( N
- o ° ’
1.4 ; ,
: Poroshell 120 EC-C18 (100 mm X ,
30 mm, 27 ;;m); .35 C; : 5 FiL; ;
:0. 25 mL/min, : A 5 mmol - , ,
0.1 % ’ B ° : 0~ 2 0 N ’ o
min, 90%A; 2. 0~6. 0 min, 90%A~10% A; 6. 0 L] .
~ 7.0 min, 10% A ~90% A; 7.0 ~ 8 0 min, 5%
90% A, o
: L} ( ESI + ) 5 ’
H 3. O kV; H 120 OC H ’ o
Nz; :350 GC; -750 Il/h; )
Ar; : (MRM> ° ’ ’ °
11 1, s s
111 ) ( D
Table 1 MS parameters in MRM mode for the 11 QNs
Precursor Product Collision
Analyte . , . , ’
ion (m/z) ion (m/z) energy/eV
Enrofloxacin 360. 0 342. 1% 18 ’ ’
316.2 18 i
Ciprofloxacin 332.1 314. 1% 18
231.0 42 100 L [ Acetonitrile
Norfloxacin 320.0 302.1* 17 i B3 watertacetonitrile
276. 1 13 80 L I ] X
Ofloxacin 362.0 318.1* 14 R
261.1 26 5 o0r
Danofloxacin 358. 2 340. 1% 22 8 I
= 40
255.0 46 [
Sarafloxacin 386.1 368. 1% 18 20
342.1 14 '
Al S 9RE 1% 0
Lomefloxacin 352.2 265.1% 18 S S W B B o W B
295.1 22 FT T A o S o a ad® o A
. . 5 @% QOQ Q& M & \OOQ 05\ QR\ 6& QQQ (&
Pefloxacin 335.1 317.0% 20 o i P \/o&@fﬁ < ot &
291.0 20
Difloxacin 400. 0 382.1% 18 1 H
356. 1 18 Fig. 1 Effects of different extraction methods on the
Orbifloxacin 396. 2 352, 1% 14 recoveries of the 11 compounds
295.1 22
Marbofloxacin 363.0 345.1% 17 2.1.2
320.1 9 QuEChERS
% Quantitative ion. , PSA \C18 \GCB . PSA
2 ’
N . ;C18
2.1 ; GCB ,
2.1.1 o
( )
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PSA.C18 o o 0.1%
2 1 pH . .
b b
100 mg 2 1 min, 0O 22 pm R 0 1%
, PSA 11 pH ,
, 20%~50% ; NH/ . o
N 0
C18 , 10% 5 mmol -0 1%
b o .
) 100~300 mg PSA
200~500 mg C18
( 2), . 200 mg PSA.1000 mg
b
500 mg C18
’
’ ’ ’ _
o ’
° C 01% Y(1:1, v/v) ,
120 |- T 500 mg C18+200 mg PSA N °
r 271 200 mg C18+100 mg PSA 2.3
100 M5 53 500 mg C18+300 mg PSA[T )
D\o L
\i‘ 80 L
2 o600 ESI [M+H]"
Q [
& 40 s s . ESI 1
20 [ mg/L 11 QNs
(UL s
OGS, SO N S S S S
%o‘@ Q\o""%,@o“"b Qo‘*'{b Qo"f'rb Qo‘*'% g\o“& Q\o‘&&\o@ Qo*{b Qo"f'{b . 11
& P F & O g 9 P
K QP <5 \P\ @rﬁ ~ e} & 1
2 11 2.4
Fig. 2 Effects of different purification conditions on
the recoveries of the 11 compounds A
b o
’ ’ QNS
i O 8 mL s ° ’
s s R 3
o ) ( 2),
2.2 o
pH 2.5
2 11
Table 2 Recoveries of the 11 compounds before and after matrix effect elimination
Anal Recoveries before matrix effect elimination/ % Recoveries after matrix effect elimination/ %
nalyte
e Beef Cabbage Hotpot seasoning Beef Cabbage Hotpot seasoning
Ciprofloxacin 75.1 73.1 55.7 96. 4 85.5 90. 3
Danofloxacin 73.2 80. 4 74.6 96.9 91.4 80.5
Difloxacin 70. 3 83.2 66.0 88. 6 93.8 91.3
Enrofloxacin 74.0 87.6 64. 8 94. 3 91.1 95.9
Lomefloxacin 76.9 65.8 59.7 85.7 99.3 94.0
Marbofloxacin 76.1 71.0 69.7 102.5 99.1 91.9
Norfloxacin 63.3 60.9 62.5 89. 7 84.0 85.3
Ofloxacin 68.9 75.6 71.1 95.7 92.8 95.8
Orbifloxacin 76.7 86.9 69.4 105. 3 95.3 82.7
Pefloxacin 70.5 59.8 61.1 83.1 84.3 83.9
Sarafloxacin 67.4 63.1 59.2 95.4 87.5 90. 3
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, N , 0. 998, 3 10
. ) (LOD) (LOQ)., 11
. . 1.0~100 0 pg/L . .LOD LOQ 3.
,11
3 11 N
Table 3 Linear relationships, LODs and LOQs of the 11 QNs
Analyte Calibration equation r LOD/ (ng/kg) LOQ/(pg/kg)
Ciprofloxacin Y=11127130. 88X+ 103255. 26 0.9993 2.2 7.4
Danofloxacin Y=12497027. 03X+14030. 73 0.9992 1.8 6.0
Difloxacin Y=14466549. 10X+5674. 06 0.9995 2.6 8.7
Enrofloxacin Y=6997632. 06X+ 6834, 62 0.9994 2.5 8.4
Lomefloxacin Y=2554253.09X+1827. 84 0.9994 3.1 10. 3
Marbofloxacin Y=2362900.65X+1732. 82 0.9993 3.0 10.0
Norfloxacin Y=9428197.38X+17231. 34 0.9981 2.3 7.7
Ofloxacin Y=7788603. 90X +3817. 33 0.9997 2.2 7.4
Orbifloxacin Y=5454535. 68X+ 3438. 93 0. 9985 2.0 6.7
Pefloxacin Y=2775361.36X+1016. 75 0.9996 2.3 7.7
Sarafloxacin Y=6422868. 98X +4301. 38 0.9992 2.5 8.4
Y. peak area; X: mass concentration of component, y,g,/L. Linear range: 1. 0—100. 0 pg/L.
2.6 11 QNs MRM .
. 11 70. 1%~
. 3 . 100. 3%, RSD 11%¢( 4,
b b b
( ). 3 o
40000 50000 E 20000
30000 £ Ciprofloxacin 40000 ;— Danofloxacin 15000 £ Difloxacin
g 30000 £ > g
20000 [ 360.0>314.1 : 358.2>340.1 10000 [ 400.0>382.1
B 20000 - i
10000 | 10000 | 5000 F
0 o . L ot Ll 1 L 0 o
4.0 4.5 5.0 5.5 6.0 4. 4.5 5.0 5.5 6. 4.0 4.5 5.0 5.5 6.0
20000 - 10000 10000 £
15000 | Enrofloxacin 8000 - Lomefloxacin :<DL‘ 8000 | Marbofloxacin
E > 6000 |- > ~ 6000 >
10000 360.0>342.1 392223650 | 3 : 363.0345.1
: 4000 £ 2 4000 F
L F o3 E
o 5000 o 2000 g 2000 |
< E < E
= ob 1 L = 0 L1 L. L . ok N, I R
g‘ 4.0 4.5 5.0 5.5 6.0 g 4.0 4.5 5.0 5.5 6. 4.0 4.5 5.0 5.5 6.0
§ 30000 [ § 30000 r 20000 r
e r Norfloxacin = r Ofloxacin 15000 £ Orbifloxacin
20000 - 320.0>302.1 20000 P 362.0>318.1 F 396.2>352.1
g . 10000 F
10000 £ 10000 - 5000 |
O:H‘ L L ot L L Ll . o L ! .
4.0 4.5 5.0 5.5 6.0 4. 4.5 5.0 5.5 6 4.0 4.5 5.0 5.5 6.0
10000 - 30000 .
E r t/ min
8000 |- Pefloxacin [ Sarafloxacin
E 2 E
6000 F 335.1>317.0 0000 r 386.1>368.1
4000 £ 10000 F
2000 E L
0 b - NP R 4 S R | .
4.0 4.5 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0
t/ min t/ min
3 11 MRM ( 10 pg/kg)
Fig. 3 MRM Chromatograms of the 11 QNs in hotpot seasoning spiked at 10 pg/kg
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4 11 (n=6)
Table 4 Recoveries and relative standard deviations (RSDs) of the 11 QNs spiked in different foods (7=6)
. Mushroom Cabbage Beef Mutton Tofu Hotpot seasoning
Analyte (S;;I;ii/) Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/
% % % % % % % % % % % %
Ciprofloxacin 10 81.9 6.35 86. 0 7.24 89.0 3.28 89.3 5.49 73.1 6.91 78.5 8.67
20 89. 2 8. 86 75.3 3. 04 91.3 7.23 80. 3 5.37 77.9 7.55 86. 6 10. 59
50 87.4 7.02 94. 7 9.25 89. 8 9.82 79.5 4.52 88.1 8.95 89.9 8. 95
Danofloxacin 10 85.1 4.59 83.4 5.09 88.9 9.72 81.3 7.87 90. 2 9.46 77.7 4.81
20 86.1 8.97 91.1 8. 11 93.1 6.13 80. 4 3.81 88.0 5.43 81.3 7.43
50 70. 2 8. 06 77.7 7.75 86. 1 8.75 74.8 4.98 94. 8 5.33 99. 6 7.42
Difloxacin 10 89. 6 5.37 96. 3 6. 88 88.5 5.72 81.1 8. 10 94.9 4.11 75.7 6.42
20 83.7 8.39 85. 6 9.85 78.6 4.48 87.0 7.23 91.4 3.87 83.4 7.80
50 93.3 6.69 79.4 4.26 96. 2 9.68 88. 6 6.47 70. 2 8. 86 88.3 9.26
Enrofloxacin 10 98. 3 4.27 81.1 6.91 97.8 5.08 80. 4 4. 96 75.8 8. 84 74.6 9.45
20 96.5 8. 80 93.5 5.29 83.5 8.46 94. 8 6. 00 82.1 8. 10 93.8 5.53
50 86.5 5.00 84.5 6.13 79.9 6.91 98. 8 8. 88 94. 8 3.87 89. 8 6.71
Lomefloxacin 10 83.0 9.82 89. 2 4.97 96.9 5.00 86. 0 9.19 91.9 7.28 77.9 8.74
20 90.1 4.78 93.1 4.31 93.5 7.70 82.8 7.21 98. 2 5.05 71.8 7.28
50 96. 6 9.31 83.0 8. 34 73.5 6.38 93.2 5.75 98.9 7.02 85.8 6. 26
Marbofloxacin 10 70.1 6.73 73.2 5.58 74.7 4.23 93.9 4.25 95.0 4. 89 72.0 9.73
20 97.6 3.99 73.1 8.82 96. 3 5.19 89.1 5.56 91.1 8.45 78.6 8. 49
50 78.7 2.42 99. 3 5.85 71.1 7.87 83.1 5.24 98. 2 6.52 85.3 8.74
Norfloxacin 10 86.5 3.51 77.5 8.70 83.0 4.78 97.8 7.04 71.0 5.91 81.9 8.11
20 78.6 7.21 93.4 4.98 86. 3 3. 80 81.3 5.69 86.9 7.43 81.3 10. 88
50 96. 0 8. 24 77.4 6. 26 82.5 6.61 94. 3 6.01 75.1 4. 35 74.6 10. 24
Ofloxacin 10 99. 3 4. 95 86. 8 6.09 95.9 3.77 99. 6 5.45 97.9 8.79 92.0 4.68
20 76.8 6.07 81.9 9. 39 70. 8 8. 84 79.8 4.42 80.4 3.54 78.7 9.68
50 91.4 7.67 96. 8 3.15 84. 8 6.99 93.5 3.22 97.9 6.72 80. 8 7. 60
Orbifloxacin 10 71.7 7.40 94.9 8. 89 98.1 5.43 81.4 8. 65 88.5 6. 38 79.5 4. 33
20 84.2 4. 36 85.8 4. 46 76.3 8.19 91.4 6.22 98.9 8.91 72.8 8. 81
50 71.3 8. 83 88. 8 7.91 84.5 2.85 80. 5 7.17 97.1 5.32 71.1 7.25
Pefloxacin 10 95.5 9. 90 91.4 8. 50 75.5 6. 04 89.1 5.74 94. 2 4. 60 76.5 6.43
20 85.2 6. 83 89.1 7.31 87.4 8.42 79.2 4.91 88. 2 7.08 85.2 6.02
50 87.7 5.32 97.4 5.69 86.3 7.25 89.6 8.21 72.5 4.11 73.1 9.46
Sarafloxacin 10 100. 3 4. 20 86. 1 9. 60 97.0 4.22 84.0 4.41 93.2 7.95 84. 3 10. 46
20 93.3 6.41 92.4 5.23 96.0 8.09 86. 4 7.01 77.5 6. 85 80. 6 5.72
50 98. 6 3.92 91.4 6. 34 89.7 7.24 89.0 5. 31 92.6 8.27 79.5 7.62
2.7 o 11
, 18 s \ N
N N N N ’ s
o QNs ’ ’ o
b A
o s
R [1] Shi X F, Lu G L. China Journal of Animal Quarantine (
s . ), 2008, 25(9): 16
3 [2] Winter R W, Kelly J X, Smilkstein M J. Experim Parasitol,
2008, 118(4) . 487
11 [3] Ministry of Health of the People’s Republic of China. Food
_ _ Maybe Illegal and Easy to Add non-food Substances of Abuse
List of Food Additives ( .
° ). [2011-
s s P 04-227. http: / www. moh. gov. cn/mohwsjdj/s9164/201104/

51440. shtml
[4] Zheng J., Huang X R, Zheng J C, et al. Chinese Journal of
Health Laboratory Technology ( s s s



868

31

[5]
(6]

[7]

[8]

9]

(10]

(11]

[12]

[13]

[14]

[15]
[16]
[17]

), 2006, 16(1) . 79
SN/T 1751. 1-2006
Huang X R, Zheng J, Li S'S, et al. Freshwater Fisheries (
s , , ), 2005, 35(4): 3
Qian Z Z, Su X H, Wei BJ, et al. Food Science ( .
s s ), 2010, 31(6): 185
Zhao SJ, Li C, Jiang H Y, et al. Chinese Journal of Analyti-
cal Chemistry ( s s . ), 2007,
35(6): 786
Holizapple C K, Buckley S A, Stanker L H. J Chromatogr B,
2001, 754. 1
Shi B, Zhang Z G, Wu S H, et al. Inspection and Quarantine
Science ( , s , ), 2004,
14(B12) . 25
Van Hoof N, De Wasch K, Okerman L.

2005, 529(1/2): 265

Anal Chim Acta,

Yue ZF, Lin XY, Tang S B, et al. Chinese Journal of Chro-
matography ( s s . ), 2007, 25
(4). 491
Bao X L, Ren Y P, Zhang H. Chinese Journal of Analytical
Chemistry ( , , ), 2009, 37
(3): 389

Samanidou V, Evaggelopoulou E, Triitzmiillerb M. ] Chro-
matogr A, 2008, 1203(2): 115

GB/T 20366-2006

Burkin M A. Food Agric Immunol, 2008, 19(2): 131
ZhuY, Li L, Wang Z H. ] Agric Food Chem, 2008, 56

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(14): 5469
Yang Z T, Zhang N S, Wei D. Chinese Journal of Veterinary
Science ( , s ), 2008, 28
(9): 7501
Hernandez M, Borrull F, Calull M. Electrophoresis, 2002,
23(3): 506
Anastassiades M, Lehotay SJ, Stajnbaher D, et al. ] AOAC
Int, 2003, 86(2): 412
Shi J W, LiJ G, Wang Y F, et al. Chinese Journal of Chro-
matography ( , s , ), 2012, 30
(6): 602
Ye] L, Jin G E, Zhuang W E, et al. Chinese Journal of
Analysis Laboratory ( s s s

), 2011, 30(10) . 115

Zhang Y, Yue Z F, Lan F, et al. Chinese Journal of Analyti-

cal Chemistry ( s s s ), 2012,
40(5): 724

Cao J, Chen Y, Yang R Z, et al. Chinese Journal of Veteri-
nary Drug ( , s , ), 2011,
45(7) . 21

LiHF, Yin J G, Liu Y M. Chinese Fishery Quality and
Standards ( s .

), 2012, 2(1): 62
LiF G, SuM, Li XY, et al. Chinese Journal of Chromatog-
raphy ( s , s ), 2011, 29(2):
120



