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Establishment and application of clean-up combined with ultra-high

performance liquid chromatography tandem mass spectrometry for
the detection of 16 quinolones in animal-derived food
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Abstract: Objective: A method for simultaneous detection of 16
quinolones in food of animal origin was developed byclean-up
column pretreatment combined with ultra high performance liquid
chromatography-tandem mass spectrometry. Methods: Food
samples of animal origin were extracted using 80% acetonitrile
(containing 0.2% formic acid). After purification on a Speedy

Prep®-Quino 1 column, 16 quinolone residues were detected by
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ultra-high performance liquid chromatography tandem mass
spectrometry. Results: The results showed that the linear range
of 16 quinolones was 1.6~40.0 pg/kg, the correlation coefficient
r==0.996 1, the limits of detection were 0.14~0.80 pg/kg, and
the limits of quantification were 0. 47 ~ 2. 68 pg/kg. The
recoveries of seven matrix after pretreatment were 62% ~112%,
and the relative standard deviations were 0. 9% ~ 18. 7%.
Conclusion: The method has the characteristics of fast detection
speed and high sensitivity, and can be applied to animal derived
food such as mutton, duck, beef, fish, eggs, pig kidney, duck
skin.

Keywords: animal-derived food; quinolones; pretreatment of
clean-up column; ultra-high performance liquid chromatography

tandem mass spectrometry
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16 Rl s 35 B 25 W A ol A [ W R COXO) | 9T s
(FLU) i WM W B (NOR) . BN I & (CIP) . W ¥ &2
(PER) 3% £ 0 2 (LOM) B V¥ 2 (ENR) VAR U £
(OFL) ¥ $r ¥b B (SAR) . XU ¥ 2 (DIF) . | F ¥ &
(FLE) . ¥ & (DAN) . B ¥ ¥ B (MAR) B LV 2
(ORB) K & V> 2 (ENO), & I b B (SPA)Y]. 4l ) =
98 % . [E Dr. Ehrenstorfer 227 ;

CIE B A5 92 (=99.9%) . [ J. T. Baker A7 ;

B2 VK« (0T 9 (=98 %), b g TR T A AL B 4
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ACQUITY UPLC BEH Cj {4 % 4. 100 mm X
2.1 mm,1.7 pm,3EE Waters A #l ;

JE IR :0.22 pm, REELA/RABRA A

VRSN 2% < 5 M BLRE BR YT g8 4 A BR A ) 5

3 B Sk BN TR A IR FL

e 1 A 2 U BB A . XINW-M24 B, 36 85 45 Bk 24U
A PR F

# W ¥ 10, 20, 50, 100, 1 000, 5 000 pl., ff [F
Eppendorf /23 ) ;
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i 7K HL : Milli-Q Synergy B, BRpifb TH AR EEHH
RS A 5
T B A BEAY : MS 3 basic /NI, 1 TKA A # ;

A B0 HL:DMO0412 AL, RINTT 5 B Az 0 B R I 1
NGl

AL UGC-24C B, Jbmi i s & BHE A BRA 7

7 o A3 VRORE €8 % — R 16 BT 9 B A . SCIEX QTRAP
5500+ #, % F AB SCIEX A Hl.

1.2 REH*E

1.2.1 ARy RECH 16 Folwds o 7 24 10 b o 0 o R
e, ) B v 7 45 K (1 mg/mL) , — 20 °C %5 H 6 I 45 1
AR 6 A~ H . H 50% BRI WRR R 16 Fh s i i 25
W B s TR A A VR TR B 1 g/ mL, 100 ng/mL 19 B AR %
TR B 16 Fol s 15 M VR 5 B ME VA VR L 4 °C eV BB IR AT 25
A1 4rA.

1.2.2 MEMATAEIE MU 5.0 g BEBTFES T 50 mL B0 E
LA 20 mL 80 % ZE (% 0.2 %0 B R $2 B ), I g
3 min.4 000 r/min . 2 min. B 5 mL 3T 15 mL
B OB Speedy Prep®-Quino 1 ¥ A6 A (9 45 e 3k B
F R b O B R R CE TSR L
S AR A A SR R A ) VR RIS AR S Y 2
WA L R O R L A T BOE AR AR
45 CORT 4% Voowmmx * Ve 8 9 1 EW . WIER
A),3t 0.22 pm JEME, ALK,

1.2.3 4% 5 Bk o 0 40

(1) AR Z A (3% H 8 Waters ACQUITY UPLC
BEH C;s#E (100 mm X 2.1 mm, 1.7 pm); WA A
0.2% W /RIK , Wi gh AH B Jy F B s 9 3% 0.35 mL/min; AR
40 °Cs i & 10 pls 86 B2 UE B P2 0.00 ~5.00 min,
90%~70% A3;5.00~7.00 min,70% ~50% A;7.00~
7.10 min,50% ~5% A;7.10~10.00 min,5% A;10.00~
10.10 min,5%~90% A;10.10~13.00 min,90% A,

(2) A4 S B T RO LS 25 8 T IR (ESD ;R
HFHIE B F a8 X 2 500 Wi CMRMD #0055 5+
TR B 550 C; WL ME S5 LR 5 500 V; KAiF KK )
0.241 MPaCES) s MiFE S EH1 0.379 MPa(E =) s 5l B R
JE 41 0.379 MPaCA 5D : 8 FIRIE B 550 C.

1.2.4  JrRFRAE

(1) o B M ik PR - 25 1 3 TR 25 T 4 o iy Ak B 1 4
I Al A5 A it D 4T B A VB, FH U A S WO R 16 b
TR B b VE VA T, T5C T 0 T I 245 0 0 YA, JO O JRE 6 E 4 )
90.05,0.1,0.2,0.5,0.8,1.0,2.0,5.0 ng/mL, UPLC-MS/
MS MK 5 iR SCIEX OS #2415 45 o il £ L 2k 1 7
2 2R PRV R LA R A O BB DL 3,10 £ B AR M A A
Tl e T R 245 B B G R (LOD) 5 E & R (LOQ) .

(2) B BTN« 4000 500 W B i, 15 B 2V 0] = 1 A
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VRV T B vk B R 1 4351 0.05,0.1,0.2,0.5,0.8,1.0,
2.0,5.0 ng/mL, %5 [ BT 5 0 MR AR, 15 B 3k BT AR
VRV, T B R B R 43 5 0.05,0.1,0.2,0.5,0.8,1.0,
2.0,5.0 ng/mL, UPLC-MS/MS #& ] J5 15 %) 4f %5 7| b5 i
T2 Fas BRI RS il 2k . e (D TR BRSO .
K.
K,

X

Myg—— R 5

K, 25 [ B 5T DE G i £ ) 2

K, ——ali i 50 pm ofi th 2 %

(3) BIN W SR B AR 5.0 g =5 B
o AN 5.20,100 pg/kg 19 16 Fhds i Bl 1R & 45 1
VR 2 1.2.2 (9 5 0 X6 5 O RE R R AT AL B A0 A vk Ak R
D e 1 208 2 o » LA s 0 1A 38 % AR % A oA Dt 22 A T 1 48
Tk o 56 T0F 7 % 10 VR A RS 5

(4) BARAH 38 Excel 2010 % 3 17 B 4b 3
T8 A SolidWorks H AR L 2 &, fiff F Origin 2 &, fif
JH SPSS 23.0 #ATT5 2243 B1 , i B0 45 5L LV 2408 £ Ar E I
RFR,
2 H#iRS5nbr
2.1 BIEEERTRESERT
2.1.1 g st mE L AT, KA 0.1%
PR 7K F B A MU B, o g R 24 40 7 £ % L A 43 s AR
FER G Ry A LR B R AT, 0 R TE Sy R B, 010 R
IR T e Ty W s R % R e e R M TR, B B
K ULk W BE A HLAE . SRSk, B R VR Y 4
TS 3 43 Ak G W 7 A R A 5 AR S 0, AEL 35 3 R T R
4 Wi J7 5 3, Ay (R A ) 7 ARG v L 35 0.2 06 FH IR K —
HHEBEVE A T Bl AH
2.1.2 RGBS HE  mE 1 AT 16 Fhog i R 245 ) 1
FA i (] 24 4.25~8.26 min, Al #£ 10 min [N 58 80 E P53 #T .
2.2 EIAMEESHMHK
2.2.1 Aefb bR B 2 nan, el b 2R A R BOR 19
B0 i 1R R A5 5 RO 2 ) B A R b A R o 2
JB e 52 SEUAH I B 1T AR 20 A 0 AN B I U 5 Y 4 K
b SRR R AN O3 R S 1 PORE (X i1 E X Y =R D E ST
BT B B0V b ity 2 B AT 2R A IR SR A 3 PR
Hh &1 3 AT AT, b HE S 09 4 RO 7R 1 4 <C300 nm A58 AP
WS 58 A el Y B ROV AT — o R B W B AIC L 2 B gl R
HEMEIGR 2 e E B ARG R RE — & RE
SN DA ERE I Sy E ey & 2 T
2.2.2  IPHACERBh Ak S AR AU B A AR AR R
Bl 4 B 4 A HL RIS TC 245 3 A 8 B0 B AR i B
FRE MBS L AR5 K 1 A A KT B A N
BT 0 SRS T 4R T . T/ R R 45 R 18 3R
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Figure 1 MRM chromatograms of 16 standard solutions

of quinolones under different mobile phase
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2.2.3  PREUGAT LU Y ON R BRI R VR Y 2
R SR A 2R, 5528 R L BB A BILIE R Y D, 4R
B 0 3R ek I R PRI e TR 2 MU Y
HOTEWEMRT 5000 mb, (L FIE M E IR, Hitik
$5026,60%,70%,80%,90% ,100 % £ i 43 ) % A B
JRBEATHREC, 2 LL 902,100 % i A A B O B, K S
Sy VTR 25 4 B4 TS SR AR5 2 L 506,602, 7000 4K
KA g AR TR I W v 2 ST 0 Y [ WA R AR AT I
S H 0 Y T SRR TR 60 04 0 2 L8O Do & i AK AR 4 IR
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Table 1 Quinolones mass spectrometry detection parameters

IER EMEE X EEETA REAGE LR thWgEmr stk Xt EREE X REARE R

A [8] /min (m/z) (m/z) i /eV  JE/eV R [6] /min (m/z) (m/2) i /eV  JE/eV
WRUYPE  5.06  320.1~302.1 320.1~302.1 27 120 ||[WP VAR 4.4 370.2~326.0 370.2~326.0 27 140
320.1~233.2 33 120 370.2~332.0 28 140

RN R 5.33 332.1~231.0 332.1~231.0 49 127 | AW E  5.62 358.1~340.1 358.1~340.1 32 140
332.1~288.0 25 127 358.1~283.1 32 140

WU R 4.84  334.1~316.0 334.1~316.0 29 130 || Bukvb A 4.25  363.2~72.1  363.2~72.1 25 100
334.1~233.2 35 130 363.2~345.2 29 100

WEYRE 5.8 352.1~265.1 352.1~265.1 31 130 |[BHVWE  5.98 396.1~352.2 396.1~352.2 26 140
352.1~334.0 29 130 396.1~295.1 34 140

Bk 2 5.56  360.1~316.1 360.1~316.1 28 100 |[fR¥EVE  4.87 321.2~232.0 321.2~232.0 46 125
360.1~245.2 38 100 321.2~303.1 26 125

AWMU E  4.83 362.2~318.2 362.2~318.2 28 100 || FIMHYSAE 7.05  393.0~292.1 393.0~292.1 34 143
362.2~261.2 36 100 393.0~375.1 30 143

RV AR 6.33 386.1~368.1 386.1~368.1 30 140 || 980 g 8.26 262.1~202.0 262.1~202.0 44 115
386.1~299.1 38 140 262.1~244.1 24 115

WP R 6.02  400.2~382.2 400.2~382.2 30 145 || W g R 7.52  262.1~244.0 262.1~244.0 25 100
400.2~299.1 40 145 262.1~160.0 50 100

HeflhE R LR

LR
LIt

RIS
T;T

AR S HR IR

H4 dENTIEFTEZHR

Figure 4 Working diagram of clean-up column

TAREASEEY) T S b AR A BOR
B2 AhEANHEERREIEFTER

Figure 2 Schematic diagram of purification process of mstrument

sample extract by clean-up column VA, 16 Ff s 35 R 25 4 10 T i 3R 73,12 % ~122.41% .

r BRI AT
R o S — 4 5 S R 25 0 6 LR 1] 804 2
i mmmn i Bk sh BRI SR AL 2. W 2 A
E i I 55809 Z A He 5 53R o U A 0,294 B R L
SE.l | 43 25 0 110 0 M G W A (P << 0..05) . i ¥
'ﬁg ‘\ 0.2 %6 F R 1 B O » O i s ity ) 25 49 ) Tl ol SR 4 L 2
o (P <<0.05) , i 2 it 0 2 10 i e 5 phy 73,1296 41 7+
N 2 97.39% . YRR IR0 S AN E 0.5%, 1.0 Yo B,
.. 525 09 TR 8 A (P <0,05) T B 2 1y g i
200 300 4t0 200 600 700 800 20 PR Al A 0 — 7 0 R A PR OE T 4 e

Spectrum/nm YT A R A T IR IR G W T RE s R

B 3 F AT ROF AL G B R SN Ok T HL ERERREM . 5 80% HEEK (F 0.2% H RO A Lt .

Figure 3 Comparison of UV absorption before and after 4} 80% Z iE /K (& 0.2 % F iR ) VE S 35 B IR o s % i 25
purification of mutton matrix Pml R H A B ESE S, I, de 4k FE
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8026 LMK (F 0.2 % ) J 2 IE

2.3

T5 ikt H PR A0 E 2 R
VLA DY JB0A 1), GG S ol A A, o B L R et 9 RS B P R PR R M G R H-=20.996 1, 4G R A

REEE FUEEABRBURAEE—SRRIEQUIMEREER AT 16 MEERAY

TR ERPE T B A OC RN SR 3 TR . PR LT AE M
TEAGIN T B 16 A VE TR 2E 25 W) AE 1.6 ~40.0 pg/ke BT

®2 AERBURFIT 16 #2046 B jg 2"

Table 2 Recoveries of 16 quinolones with different extraction solvents %
- - sAo%ZH%k 80 %0 FH K —
0.2 % W iR 0.5% W iz 1.0% H iR 0.2 % &K 0.2 % W iz
e s 9743.2° 1034£9.8° 6942.3b 8044.4b 695,50 5141.9°
oL g 83+£3.7¢ 87+11.1¢ 734570 53+8.0° 594+2.3¢ 34+3.44
R R 99+9.8> 10742.5¢ 93+3.5" 117411.6 8144.0° 8544.1°
WA 90+11.7° 103+4.0° 101+4.8° 132410.9° 88+10.0" 99+4.6°
KRR 94+6.6¢ 112431 10244.5" 11647.9° 8643.5¢ 78+9.7¢
BRIV R 95+3.6° 11146.3% 116+7.6% 10743.1# 8745.7° 76+3.8"
B A 9143.6% 1124£9.9% 101720 12044.1° 89 7.8 7949.54
AR B 894,70 116£5.0° 10344.1¢ 112475 973,24 942,74
WL R 965,00 99411.0° 107 +2.8% 112415.1 86+9.5¢ 76+7.0¢
R R 9345.5 104+5.5° 84+9.4° 106+11.1¢ 97428 5243.4¢
WA 89+10.1""  108+12.8" 9543.0b 1144920 9341.5b 7746.0°
g TR0 102+ 3.4 106+7.3% 8§7+2.1° 113+ 14.42 9146.2" 87+6.7"
o R 846,40 113412.7° 9449.0b 1274720 91410.1° 8520.0°
WLV A 100+7.50 128414.9° 9845.5b 12243.0° 984-4.8b 8910.0"
WU B 736,20 974-11.8% 1104£7.7% 12045.2¢ 82413.4¢ 8542.4¢
CILER Y 122+4.1° 119+6.2° 117+6.8° 115+4.2¢ 86+10.0" 93410.5"

T AT /NG TR R SRR 22 5 18 3 (P <C0.05) .

R3 I6HEEMAYNEEFR EBXRZH . LEEE RERREER
Table 3 Linear equations, correlation coefficients, linear ranges, limits of detection, and limits of
quantification for 16 quinolones
it v —— MG/ it BR / FE R/
(pg e+ kg™H (pg+ kg™H (pg+ kg™H
W s 2 y=15.570 93E0052 —2 289.510 67 0.999 7 0.4~40.0 0.16 0.55
oL g y=28.775 97E004x+4 065.204 59 0.999 5 0.8~40.0 0.31 1.05
WEIP AR y=2.288 53E005x —369.694 82 0.999 5 0.8~40.0 0.36 1.21
HHRPE  y=1.246 18E005x—1 364.812 94 0.999 4 0.8~40.0 0.28 0.92
WU AR y=3.034 84E005x+2 254.794 66 0.999 4 0.4~40.0 0.14 0.47
WERYE y=1.480 57E0050 —2 499.526 51 0.999 9 0.8~40.0 0.44 1.46
B R y=1.567 96E005x —3 383.926 46 0.999 5 0.8~40.0 0.36 1.21
AWMPE y=2.304 90E0052 —2 049.905 32 0.999 6 0.4~40.0 0.23 0.77
VWHWE  y=2.300 11E005x —2 104.088 80 0.999 2 0.8~40.0 0.57 1.90
WIS B y=1.243 55E005x+1 075.095 35 0.999 7 1.6~40.0 0.61 2.05
WL VR y=2.054 72E0052 —8 063.566 00 0.998 7 0.8~40.0 0.29 0.96
KR y=23.094 18E0052 +700.536 84 0.999 9 0.8~40.0 0.18 0.62
LY R y=7.545 91E004x+1 111.943 94 0.999 9 0.8~40.0 0.80 2.68
WY E  y=1.585 13E005x —1 708.448 64 0.996 1 0.8~40.0 0.30 0.99
KR y=9.979 35E004x +27.011 05 0.997 9 0.8~40.0 0.24 0.81
MY 2 y=1.579 13E005x —4 586.404 85 0.997 8 0.8~40.0 0.24 0.79
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0.14~0.80 pg/kg.E R A 0.47~2.68 pg/kg. Fz 4 16 TSI Y B R
2.4 ERWM Table 4 Matrix effects of 16 quinolones
DL RBE T 6, Hy 3R 4 RT0, 16 Fwds 3 | 245 9 b oA 259 AR R EEARE AR Erpiom
6 Rl i ER 25 ) I v R O v VRN B VDRIV B R 5.57E005 9.24E005 0.60
XU B RV BZ I T MR R RN e 8.78E004 3.00E005 0.29
o7 JH v G P v 94 O B SO B R L LE(EL R 0,29, oA 10 B iy R 2.29E005 2.74E005 0.84
B [T RN Sy 555 KR B AN T 2 g RN ISR 1.25E005 1.60E005 0.78
2.5 EKEEREE B AL 3.03E005 3.04E005 1.00
AP MG A P L Y A BTN O R R ERDR 1.48E005 1.31E005 113
B A T Sy B 7 6 AT R 0 A S AT T kg R R 1.57E005 1.54E005 1.02
EAIR LG5 RL 5. R 5 T R AR Ty e R I 2.32E005 0.9
N 72% ~109% AHMIXTFRHERZE R 1.7% ~11.0% 5 15 [CE DAL 2.30E005 3.22E005 0.72
P 3 0 2 81 32k 7296 ~ 1125, A8 6 A U IR 2% RIS B 1.24E005 1.82E005 0.68
0.9% ~13.0% ;4 P KL (R V-39 W 3 Ny 7296 ~ 105,  MPBR 2.05E005 2065005 L.o0
MR AR UER 220 1.6 % ~13.1% ; a1 P 3% i (il S 2 1] i & LS R 3.09E005 3.81E005 0.81
HTA%~110% MBRUEN 20 2.6% ~10.9% s g3 HEBE - T.55E004 T-17E00 105
TR 2 | Y Rl 699 ~ 110% ., A X A% U 2 N B R 1.59E005 2.39E005 0.66
1.0 ~18.79% s W3R I 10 F- 2 R Oy 624~ 10936, HRHRE - 9.98E004 1141005 0.87
FART AR IR 22 1.5 % ~13.3 % 5 W5 i 35 15 1 F 1 [ i % GRS 1.58E005 1.54E005 1.03

R5 16 MEEMAMESBRMRKETHEKEREEE

Table 5 Recoveries and precision of 16 quinolones at different spike levels

) g 3 A 4 i [A) X 45 i 1
i v Bz /
259 (ug+ kg D) [ RSD/ Wi RSD/ Wil RSD/ [ RSD/  [aldg RSD/  [aldig RSD/ [t RSD/

x®/% % ®/% % /NN W KUY U R/ N R/ % /U X%

WE W iR 5 95 8.7 96 13.0 79 11.0 85 5.0 88 17.0 101 5.6 83 6.3
20 93 6.0 96 7.2 77 3.4 85 4.3 97 8.6 96 7.6 75 7.5

100 107 10.4 108 5.8 97 4.6 99 5.6 82 8.1 80 5.4 100 6.7

R FH ns 5 92 8.3 91 8.2 86 8.2 88 7.2 72 18.7 75 10.8 90 5.0
20 95 4.0 91 6.9 81 5.2 89 10.9 81 12.2 62 13.0 80 8.8

100 99 6.7 97 8.5 88 8.7 92 6.3 69 7.3 73 7.0 95 3.2

R R 5 88 4.6 89 5.3 100 13.1 87 3.5 86 13.6 105  10.5 85 6.1
20 83 3.0 91 2.3 87 8.4 78 5.3 98 4.5 104 7.5 81 5.3

100 94 7.2 95 3.5 86 6.9 89 9.5 84 5.2 89 7.7 101 3.2

TN 5 89 3.9 91 0.9 89 7.5 90 4.6 109 7.3 95 7.5 91 7.2
20 85 2.8 90 2.8 80 4.4 81 6.2 106 3.2 93 1.5 82 5.5

100 96 8.3 95 4.5 92 5.8 92 7.4 88 3.1 83 5.4 99 1.8

SEE RIS 5 86  11.0 87 2.4 88 6.7 84 9.5 99 5.7 103 6.7 90 8.1
20 84 4.9 84 3.7 77 5.0 81 7.0 106 3.8 104 5.1 80  10.4

100 100 7.7 96 4.2 92 3.1 97 8.2 88 6.6 85 5.6 111 4.4

ERVE 5 89 5.7 87 5.0 84 4.5 93 6.0 106 9.0 103 9.5 100 5.7
20 87 2.7 85 1.2 79 3.2 84 4.9 95 5.8 101 2.5 90 5.3

100 96 4.6 96 4.2 91 2.2 95 7.4 84 6.2 84 5.8 105 3.4

Bk & 5 94 6.6 92 4.6 90 7.2 92 8.7 89 14.9 106  10.7 100  10.7
20 89 1.7 88 2.2 85 2.8 85 4.7 105 1.0 105 5.1 80 6.8

100 107 4.5 100 4.6 97 4.1 100 4.8 91 6.3 89 3.5 113 3.9
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45
. g 5 A 4 i1 [ X N 3 R
2 ﬁub:mﬁl/ mlg  RSD/  [ide RSD/ g RSD/  [lgk RSD/ [ RSD/ g RSD/ [l RSD/
CETRED e w R % RI% % RI% % ORI % RI% % RI% %
ARD R 5 85 5.8 90 4.1 85 5.3 92 4.2 108 11.6 100 7.2 94 5.8
20 87 2.5 88 2.2 80 4.0 85 2.8 104 2.8 101 2.5 80 7.8
100 98 5.8 94 5.0 92 3.6 97 5.9 85 5.7 85 2.7 106 3.1
(RGN 5 96 7.3 98 4.0 92 9.1 105 6.9 100 12.4 100 7.3 97 3.8
20 94 3.2 93 4.0 90 2.3 98 4.0 103 7.2 106 5.7 84 6.0
100 107 4.5 110 3.5 99 5.6 108 6.3 89 6.3 83 5.0 113 2.6
SR 5 82 9.2 92 .8 84 5.9 89 8.5 93  11.5 92 7.5 92 3.2
20 91 3.3 86 1.4 84 3.9 86 6.2 102 5.7 99 3.9 82 3.3
100 98 2.5 96 3.9 96 3.5 100 7.2 87 6.5 84 10.4 109 4.6
WP E 5 75 5.9 78 3.7 77 5.2 88 3.6 97  10.6 99 5.2 82 7.6
20 76 3.0 77 1.9 72 3.7 80 2.6 103 4.1 96 4.8 71 7.4
100 87 3.7 85 1.9 80 3.3 91 3.8 83 4.6 81 5.3 100 2.0
Sr.y U3 5 108 7.7 112 6.3 100 8.9 110 3.6 100 12.2 105 7.7 99 8.5
20 103 4.9 108 3.3 90 6.8 99 8.2 105 4.8 109 7.5 92 4.4
100 109 7.0 110 5.8 105 6.0 106 6.5 90 4.5 85 7.5 118 4.1
kb R 5 72 7.2 74 9.5 79 5.0 85 7.3 94  15.0 99 4.8 86 7.7
20 77 4.6 72 6.8 75 3.1 74 7.2 96 4.7 91  13.3 74 5.6
100 87 4.5 83 4.7 81 6.3 89 6.8 80 9.5 85 6.9 101 3.2
BB 5 90 9.8 84 9.5 86 4.1 100 6.8 97  14.3 106 7.7 99 4.4
20 87 7.8 83 5.4 86 5.6 93 6.2 110 3.4 101 2.2 90 8.6
100 97 4.4 94 1.7 91 2.1 101 5.4 93 4.5 83 45 112 3.3
kv & 5 88 9.7 84 5.1 77 4.8 83 10.0 96 10.4 89 10.7 85 3.3
20 84 5.2 84 2.6 72 6.9 77 8.2 100 5.8 92 4.7 77 7.9
100 88 6.0 85 1.6 84 3.1 89 6.6 85 4.3 77 5.6 99 2.6
A A A 5 97 6.2 90 7.7 98 3.7 102 2.6 105 10.6 105 5.9 111 2.5
20 95 3.7 88 3.7 92 2.8 93 4.9 107 7.2 104 8.4 101 4.0
100 96 5.4 94 2.9 101 1.6 100 4.5 98 5.0 88 5.6 109 3.2

H 71 ~118% AHX AR MEAR 25 1.8%6 ~10.7 %657 4> Jk
JBT Y S 3 Il 2k 6296 ~ 112%, RSD B 0. 90% ~
18.7% -2y [m] i R 44 35 £ GB/T 27404—2008 % 5K ,
Fe WG H Ny 1 7 Al L M RS O R
U R AT
3 &5

HENT T — 3k A AR Bl R AR 25 & UPLC-MS/MS
6 2 4 DA R R 16 s S R 26 A B E M 2
. BERZ 80U LB K (0.2 % IR 32 Ik 7 9t 17 42
I RE R4 2 B 5 B bR AL A P 2 BRI, i O A
Ve Al X 4 B N 2 R AT Ak B X SPE ZNVEE T s
e Al B I AR VR VR B 5 IR L RO T 16 s i
i 245 49 TR 2% T3 T 48 B0 3 4316 6 [l e %6 2 % i b 3
TR 4 RE R Y R, T A A S AR AT — R T

20 s A ZE A 12 A RE Al Y10 L 3 DR TR A T 0 AL 4R
T U AL RCR . 4G UPLC-MS/MS X &AL & Wik
AT S A A PR, R R W R E M SR S AT
PRSI 5 5R . AR 9T B9 R R AE T 00 6 38 B R R Ui A2
A B S Py IRPE L T RE T B EAT 2 U DL L Al O
A DT DR A8 2 ) e A 3SR T I G R 7 T v A A U
b B4 6 4 SRR B4 6 T AR R e A YR S LS SRR B
PR 7= it OB DL KO 1 i Sy B AT R — 2 A

S ik
[1] B4, WA, A1, 4. UPLC-MS-MS ¥ [a] i ) 5 X 4 & v
37 T 25 5% B 0] £ A 5 &g Tk, 2022, 48(13): 290-296.
HUAN G H, XIE W D, GU Y, et al. Simultaneous determination of
37 veterinary drug residues in chicken food by UPLC-MS-MS[J].
Food FermentInd, 2022, 48(13): 290-296.

61



62

2L 5% SAFETY & INSPECTION

[2] =8, g€, JFg 4 HPLC-MS/MS Pt I 5 174 v 25 i i
B 26 259 (3], A A, 2021C15): 72-77.
YAN M, YAN H, TANG J, et al. Rapid determination of 25
quinolones in feed by HPLC-MS/MS[J]. China Feed, 2021 (15):
72-77.

[31 4755, 28, R ukuk, 5. 2 @50 0 0 2 4= 05 I 6 b R e
TR 25 25 ) 5% B3 (] YL A4l B 2%, 2015€10): 380-383.
YANG Y, LUO Y, WU L L, et al. Determination of 6
fluoroquinolones residues
chromatography[J]. Jiangsu Agric Sci, 2015(10): 380-383.

[4] CHO H J, ABD EIFATY A M, GOUDAH A, et al. Monitoring of

in milk and honey by thin-layer

fluoroquinolone residual levels in chicken eggs by microbiological
assay and confirmation by liquid chromatography [J]. Biomed
Chromatogr, 2008, 22(1): 92-99.

[5] UET A C, CHARLIER C, TITTLEMIER S A, et al. Simultaneous
determination of (fluoro) quinolone antibiotics in kidney, marine
products, eggs, and muscle by enzyme-linked immunosorbent assay
(ELISA)[J]. J Agric Food Chem, 2006, 54(8): 2 822-2 827.

[6] Bk &8 KL, 75 75 A, BUIAR, A%, o 280 € 3 1 [R] I 00 5 UK 7
w6 il s VAR 245 0 1) 5% B (0] B BLSE, 2010, 31€6): 185-189.
QIAN Z Z, SU X H, WEI B J, et al. Simultaneous determination of
six quinolone residues in aquatic products by high performance
liquid chromatography[J]. Food Science, 2010, 31(6): 185-189.

[7] TOUSSAINT B, CHEDIN M, BORDIN G, et al. Determination of
(fluoro) quinolone antibiotic residues in pig kidney using liquid
chromatography-tandem mass spectrometry. I. Laboratory-validated
method[J]. J Chromatogr A, 2005, 1 088(1/2): 32-39.

[8) T Jm S, 2. 7 2 AR A% H— 7] 457 3% A Bk o A0 6 —

ER IR T v U S 0 R 26 R T R 2846 B W D). 0 A
1), 2021, 40(10): 1 417-1 424.
ZHANG J Z, LI J. Determination of 26 quinolones in honey by
online solid phase extraction isotopic dilution/ultra high
performance liquid chromatography tandem mass spectrometry [J].
JInstrum Anal, 2021, 40(10): 1 417-1 424.

[9] 82 KT, tHa2, & A, . 3 F W )3 I 4> #7 i PRIME HLB-

HPLC ¥ (7 78 506 U A= L 5 ol BRTD 900 344 A 28 25 4 D). &0
FHE, 2021, 46(8): 276-283.
PENG D H, MEI Y Z, HAO AYY, et al. Highly sensitive detection of
five restrictedfluoroquinolones in milk by PRiME HLB HPLC
based on response surface analysis[J]. Food Science Technology,
2021, 46(8): 276-283.

[10] #h TLBA, LA, £ 3l B8 v Al AL — o Z80H0AH (35— R I

i I T, T 4 DR T B R [J]. P T A A g g
i, 2021, 31(6): 662-665.
SUN W M, WANG Q S. Determination of four mycotoxins in
dried noodles and instant noodles by multifunctional purification
column ultra high performance liquid chromatography tandem
mass spectrometry[J]. Chin J Health Lab Technol, 2021, 31(6):
662-665.

[11] sk 2%, AR T, £ akpk, 55, 8 i BORAH 15— &5 15 3035 12

BE267H | 2024 £1 B | RARSHM

(7 E 00 5 A 1 T 32 - 24 R B (D). £ 5 A TR I A R,
2021, 12(23): 9 013-9 020.

ZHANG J L, HUANG H X, WANG Z L, et al. Simultaneous
determination of 32 veterinary drug residues in eel by ultra
performance liquid chromatography tandem mass spectrometry[J].
Food Saf Qual, 2021, 12 (23): 9 013-9 020.

[12] A ek, S0, 25 3%, 55, 4 7 B I [ AH 28 R — 8 i 30R

% — H D 2 0 A X PR PR 9 bl G e A TR 25 ) 5k B ).
%, 2016, 34(11): 1 063-1 069.
YANG Y F, CAO X M, LI X L, et al. Determination of 9
fluoroquinolones residues in chicken by molecular imprinted solid
phase extraction ultrahigh performance liquid chromatography
tandem mass spectrometry[J]. Chin J Chromatogr, 2016, 34(11):
1 063-1 069.

[13] TURIEL E, BORDIN G, RODRIGUEZ A R. Trace enrichment of
(fluoro) quinolone antibiotics in surface waters by solid-phase
extraction and their determination by liquid chromatography-
ultraviolet detection[J]. J Chromatogr A, 2003, 1 008(2): 145-155.

[14] MIRZAJANI R, KARDANI F. Fabrication of ciprofloxacin
molecular imprinted polymer coating on a stainless steel wire as a
selective  solid-phasemicroextraction  fiber  for  sensitive
determination of fluoroquinolones in biological fluids and tablet
formulation using HPLC-UV detection[J]. J Pharm Biomed Anal,
2016, 122: 98-109.

[15] WANG H, ZHAO X, XU J, et al. Determination of quinolones in
environmental water and fish by magnetic metal organic

frameworks based magnetic solid-phase extraction followed by

high-performance liquid
spectrometry[J]. J Chromatogr A, 2021, 1 651: 462286.
[16] WANG C, LI X, YU F, et al. Multi-class analysis of veterinary

chromatography-tandem mass

drugs in eggs using dispersive-solid phase extraction and ultra-
high  performance
spectrometry[J]. Food Chem, 2021, 334: 127598.

[171 VAZQUEZ M M, VAZQUEZ P P, GALERA M M, et al.

liquid  chromatography-tandem  mass

Determination of eight fluoroquinolones in groundwater samples

with ultrasound-assisted ionic liquid dispersive liquid-liquid
microextraction prior to high-performance liquid chromatography
and fluorescence detection[J]. Anal Chim Acta, 2012, 748: 20-27.

[18] TIMOFEEVA I, TIMOFEEV S, MOSKVIN L, et al. A dispersive
liquid-liquidmicroextraction using a switchable polarity dispersive
solvent. Automated HPLC-FLD determination of ofloxacin in
chicken meat[J]. Anal Chim Acta, 2017, 949: 35-42.

[19] JAHate, 29, Be/NAL, 55, WO ZE L & OB (35—
TR J5R 3% v DR S A ) JSURE L e 18 s S R 25 5k R (0], B Sk S
HLIK, 2021, 37(8): 63-69, 76.

ZHOU Y H, LI T, PAN X H, et al. Rapid determination of 18
quinolone residues in raw milk by liquid liquid extraction
ultrahigh performance tandem mass

spectrometry[J]. Food & Machinery, 2021, 37(8): 63-69, 76.
(TF#% 6770

liquid chromatography



&M | Vol.40, No.1

TRORH G0 335 12 00 S A e v SRR Y B U AR B R D). B R
R I AR, 2022, 13(2): 492-497.
LIANG Y, SI L L, WANG W L, et al. Determination of
chlorantraniliprole residues in bees by high performance liquid
chromatography-tandem mass spectrometry and high performance
liquid chromatography [J]. Journal of Food Safety and Quality
Testing, 2022, 13(2): 492-497.
[10] 2= 3C 81, 4% 81, MATSUMOTO H, 4. T JiURE i Jie 7 8 FH o (1 3
i S 25 BBk B BRI D], AR 2R 24, 2017, 19D 61-67.
LI W Z, QIAN Y, MATSUMOTO H, et al. Decomposition
dynamics and residual characteristics of penoxsulam in rice fields
[J]. Journal of Pesticides, 2017, 19(1): 61-67.
[11] B, ARWGE Y, BEFR AT, 45, T oK vb Gt o Bt il B B8 10 1 vy
RO 033 3 A7 07 125 (0], AR 24 2% 44 4R, 2013, 15(5): 597-600.
HE M, ZHU X D, JIA C H, et al. Ultra-high performance liquid
chromatography method for of chlorantraniliprole
residues in corn[J]. Journal of Pesticides, 2013, 15(5): 597-600.
[12] SINGH B, KAR A, MANDAL K, et al. Development and

QuEChERS

analysis

validation  of method  for  estimation of
chlorantraniliprole residue in vegetables[J]. J Food Sci, 2012, 77
(12): T208-T215.

[13] #h 48, #7102, JR KR, 45 U0 55 1 A e S50 TROAH 43 BT [0, AR
25, 2013, 52(9): 664-665.
HAN J, YANG X L, ZHOU D H, et al. High performance liquid
phase analysis of penoxsulam[J]. Pesticides, 2013, 52(9): 664-665.

[14] DHARAM B Y, NARENDER S, ANIL D, et al. Penoxsulam
influence on weed complex and productivity of transplanted rice
and its residual effects in rice-wheat cropping system[J]. Indian
Journal of Weed Science, 2019, 51(1): 10-14.

[15] w)SCUb, gk, Tk H A, 45 AP IR A i R 1 I A T T
JHz GRS R T i % BA B9 LC-MS/MS K i 7 v Wik 5% [0, L 1 AR
Ak 2E 4, 2019, 351D : 76-79.
SI W S, ZHANG Y, ZHANG Q C, et al. Research on LC-MS/MS
detection  methods of  fluopicostrobin, fenclofen  and
chlorantraniliprole residues in plant-derived food [J]. Shanghai
Agricultural Journal, 2019, 35(1): 76-79.

[16] TELO G M, SENSEMAN S A, MARCHESAN E, et al. Residues

of thiamethoxam and chlorantraniliprole in rice grain[J]. J Agric

HFAR%E :QUEChERS-UPLC-MS/MS IE R KRF S HERBRBRNEARBRERNKE

Food Chem, 2015, 63(8): 2 119-2 126.

[17] MRECRE, 85638, g0, 5 R (3% 85 066 T 3% vk D 2% it
Hh S o T I Y B P 0. B o 2 A R AN 22412, 2019, 10
(20): 7 024-7 030.
LINY N, HUANG M L, WANG H M, et al. Determination of
chlorantraniliprole residues in tea by liquid chromatography-
tandem mass spectrometry[J]. Joumal of Food Safety and Quality
Inspection, 2019, 10(20): 7 024-7 030.

(18] AHELL, 22 5%, TRk, 5. 8 w280 W0AH €0 315 o 6 5 % D00 s 2R
B PSR TR Y R B (0], AR 2, 2018, 40(3): 58-61, 64.
LI G H, LI E H, ZHANG W, et al. Determination of
chlorantraniliprole residues in fruits and vegetables by ultra-high
performance liquid chromatography-tandem mass spectrometry[J].
World Pesticides, 2018, 40(3): 58-61, 64.

[19] SKEE, U7 35 &, PRS2, . 2 BE R 499 K 4 QuEChERS-#E A (4
T H IO I 1 DR 0 2 o v G T M AR PR D).
it 2 4 i e R DU 2F 4R, 2021, 12(20): 8 062-8 067.
ZHANG C, YOU J J, CHEN L, et al. Rapid detection of
chlorantraniliprole residues in tea using multi-walled carbon
nanotube  QuEChERS-liquid  chromatography-tandem  mass
spectrometry[J]. Joumal of Food Safety and Quality Inspection,
2021, 12(20): 8 062-8 067.

[20] SCifh, BCAH, TR AR, 5. 8w (R — A 15 B iR I E
L SR R T M | SRR LR TR 2 TP 4 SRR B [D]. B
A BHEE, 2023, 44(5): 285-291.
WEN J, MO N, ZHANG L J, et al

Determination of

chlorantraniliprole, chlorobenzamide and 2-methyl-4-chloride
residues in milk by ultrahigh-performance liquid chromatography-
tandem mass spectrometry [J]. Food Industry Science and
Technology, 2023, 44(5): 285-291.

[21] EWr 3%, B3, YFBIH, 45 QuEChERS- ) AR AH (3 — Ha Bk
JB 38 vk T B 00 A R P T RE AR TR R 2 TR R R W 9 5k (0],
2224, 2017, 19(5): 603-608.

WANG X L, JIA Q, XU Y Y, et al. Simultaneous determination of
residues in

thiophanate-methyl, carbendazim and pyrimethol

strawberries by QuEChERS-ultra-high performance liquid

chromatography-tandem mass Journal of

Pesticides, 2017, 19(5): 603-608.

spectrometry [J ].

(3% 62 )

[20] HUANG X, QIU N, YUAN D, et al. Preparation of a mixed stir bar
forsorptive extraction based on monolithic material for the
extraction of quinolones from wastewater [J]. J Chromatogr A,
2010, 1 217(16): 2 667-2 673.

[21] # x4, BESCWT, XUH:F, 55, QUEChERS ¥ 1k VAR 4 335 J3T 3%/
Bk 0T &% A b 18 MR RS i A: R ). Py B
1444 &, 2021, 37(1D): 1 596-1 603.

HUANG J W, FAN W M, LIU G D, et al. QUEChERS purified

liquid chromatography-mass spectrometry/mass spectrometry was

used to determine 18 quinolone antibiotics in poultry and livestock
meat[J]. J Prev Med Inf, 2021, 37(11): 1 596-1 603.

[22] TR 3E, WRTF, INGE, 5. 5 BORUAH (3 — DU B AT A 3%
LT WP v 3 RO T v 0 2R W b 19 A W R 2 BT A K (0. o
£ 2 4R, 2021, 21C1): 309-317.

MA J M, FAN S F, SUN L, et al. Determination of 19 quinolones
in milk by ultra-high performance liquid chromatography-
quadrupole/electrostatic field orbital trap high resolution mass

spectrometry[J]. Chin Inst Food Sci Technol, 2021, 21(1): 309-317.

67



