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2 AEEEGFI (£H) BRDARAT, IR EFEMiEHE 011517

WO (HWENE SEFRMHE RN, SR ed2 . IR G BAK
SRR, B T AEERIIBTG . R, SR 5 R BOTEA PR, S A ERAL B TE R .
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FEoT B RIAL T 1, S5 o (i — B e A AT
SIAPFR17 P2 2%, Al — R e
H T WM v i 25 25 W R BR Rk 5T A, AR5 )5
B PR I ROR PR

1MEESF*
1.1 XEF 515
1.1.11¢ %8

VRO 0 — 5 3 B5E AL L HE BT 557 1 i - 2
(ESI+) . HLBAAAZE U (Waters Oasis HLB,
500 mg/6 mL) , JERIFH (Waters) 237l 12—
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VR MEIRIR . ZE0E R, PEIEID R R FIER, U
MR AEIIT (40JE=95%) , _E I 2o bl B AR R
SHMRAFL

TR £522 PR (0.05 mol/L) : MREN5.68 gk 4
TN, 1.36 gRER SR, 800 mLA A —RKIEME,
FHBEFR A IpHIE £3.010.1, —Z/KER A1 000 mL;
R = FRRRIA (15+85) « IS mLIIAZS85 mL 0.1%
HRRIEIRS)s 2 HIRE (5%) « IG5 mLE/K595 mL
HRER S
1.2 T ER TR
L.2.1 Al

FREN2 g ORI 50.01 g) IRG ISR 1750 mL
BOEH, IIAN10 mLAJ, WHER %8 IR7%1 min,
8 000 r/minE/ (5 mine FIGREFEFS 2150 mLIE LM
i, RIS mUBSRR R 22 0Pk, 10 mLOBETRE
I K. & BISH, 50 CHEZE (—0.08 MPa) , 7&H

1 BEBIEHERR &Y

ff i) Pk A: WEE  B: 0.1% HIEK
(min) ( mL/min ) (%) (%)
0.0 0.3 5 95
1.5 0.3 5 95
2.0 0.3 30 70
3.0 0.3 30 70
3.5 0.3 30 20
0.3 80 20
0.3 5 95
0.3 5 95
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G, 535 mLBERR Sh SRS U2 K.
GHEMERG B2 BIRAT 45 mLHIEE 5 mL—4%
K. 5 mLAAER EhZE MR AL 1 U HLBIEAH AE B H,
REFER e bIg, Jefali4 mL—2%K ., 4 mL 25%
FEKIRTOMDE, 5 mL 5% 2L FRE DL, 50 *CHRUIK
0.2 mLA Ay, JIRIAGIR BN (FHEE-HRRIA TR ) ER
1mL, 0.22 wmAVLRIEELLE L.

)
)

ClS@,ithUH—t (150 mmx2.1 mm, 5 Mm) ﬂﬁ%§ﬁ
TIORERE; A s 0.3 mL/min; FEFER: 10 wL; 75D

A A HIEE,  B: 0.1% R K o Nt 6 5 e il 4%
PR,
1.2.3 i 5t

B BB IR R (BESI+) 5 i
T 2RV (MRM) |, = W

1.2.2 fo 5 A, WEREEE: 5 ms; HUEHE; 0.6 kv HESLH
=2 LM &HE
LB {REEtE) (min) @B (m/z) ERBEN (m/iz)  HELBRE (V) M ERER: (eV)
ipy 360.3/316.4 21
B2 4.86 360.3/316.4 40
360.3/342.3 26
358.3/340.3 21
Y TR 4.78 358.3/340.3 40
358.3/82.0 26
332.2/314.3 21
WNTb 2 4.84 332.2/314.3 40
332.2/288.3 26
o 386.3/342.3 21
YAz DR U 4.99 386.3/342.3 40
386.3/299.3 26
396.1/352.0 21
LN AU 4.92 396.1/352.0 40
396.1/395.0 26
400.1/355.7 21
IR 4.94 400.1/355.7 40
400.1/298.9 26
o 363.2/319.9 21
ROV 2 4.41 363.2/319.9 40
363.2/344.9 26
TN 320.3/302.3 21
Vit b 4.39 320.3/302.3 40
320.3/276.3 26
o 334.3/290.3 21
B 2 4.66 334.3/290.3 40
334.3/233.2 26
362.2/318.3 21
AR R 4.64 362.2/318.3 40
362.2/261.2 26
e 321.4/303.3 21
G A 4.68 321.4/303.3 40
321.4/233.9 26
352.3/265.2 21
HEV 2 4.91 352.3/265.2 40
352.3/308.3 26
304.3/271.1 21
R 4.29 304.3/271.1 40
304.3/189.0 26
s 233.1/215.1 30
ZRETR 5.49 233.1/215.1 40
233.1/187.0 30
. 263.1/244.1 21
= 5.56 263.1/244.1 30
263.1/188.8 26
262.1/244.1 20
BEFIR 5.57 262.1/244.1 30
262.1/155.9 20
262.2/244.1 21
Fril e 5.56 262.2/244.1 30
262.2/202.1 30
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H: 40 vV B FIRIEE . 125 °C; EIEANEE .
450 °C; FEASFE: 500 L/he JFikREESE L
K2

2453
21 WHRS5EZR

2.1.1 A IR A5

et € GB 5009.295—2023 £ & H 5 bRiE 1k
ST BEREE N ) P41 2.2 1K HRPRAL ST )
ERbik, Mz BRI E RS T, EEREE
R BIN HIER IR FEEAE R SRS HA PR
2.1.2 % SRR

RIEGB 5009.295—2023 4.1.3.2. 15 HPRAL L
B, WS PRSI E bR T, SRR 10
PR DR FEAE Al B PR

PREUFESL B 2.0 g ERARTRN1.0 mLIN, 17
TR TR 2 ak BE e R R 55 PR L33

& 317 MEEIXZY AR BEENRH RS EER

e 5| R 3 S— TR Jrik e 2R
AR (wgkg) frIRIE (pegkeg) (pegkg)

Higib 2 10 2713262 0.006 0.018
YA 10 819.279 0.018 0.061
INTARU 10 484.621 0.031 0.103
Whiib A 10 2977288  0.005 0.017
LAAA 10 1349.626  0.011 0.037
RV 10 1675553 0.009 0.030
R 10 600.418 0.025 0.083
R 10 593.739 0.025 0.084
R 10 319.691 0.047 0.156
EaN TN 10 1954.237  0.008 0.026
g2 10 790.686 0.019 0.063
BEVE 10 742.482 0.020 0.067
MPEWRRZ 10 738.949 0.020 0.068
ZEWETR 10 420.288 0.036 0.119
VUiRv R 10 65.881 0.228 0.759
BRI 10 418.083 0.036 0.120
e E g 10 317.984 0.047 0.157

22 MR SIHFEZE
PP PME AR, S A WK
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R A7 MEERMEAAYAKEENORESHEE

AN 6 AR FERRE BT HERR

Zlj 7 6 HEARLY Ik e b 7
R (po/ke) > HEHZR (e ghke) i (%) (%)  RSD(%) (%)
1.5 1.33, 149, 145, 1.24, 1.35. 1.30 82.7 ~ 99.3 60 ~ 120 6.9 <20
Binih 2 5.0 3.69., 3.96, 3.79, 343, 3.67, 3.59 68.6 ~ 79.2 60 ~ 120 4.9 <20
50.0 40.63., 38.53. 38.38, 37.05, 3558, 3691  71.2 ~ 81.3 70 ~ 120 4.6 <15
1.5 1.18, 1.15, 1.36, 1.17, 091, 0.94 60.7 ~ 90.7 60 ~ 120 15.0 <20
BRI E 5.0 346, 3.44. 3.60, 3.15, 3.43, 3.37 63.0 ~ 72.0 60 ~ 120 4.3 <20
50.0 56.17, 52.06, 51.56, 50.47. 49.15, 49.77 98.3 ~ 112.3 70-120 4.9 <15
1.5 140, 1.39, 1.18, 0.96, 0.90, 0.96 60.0 ~ 93.3 60 ~ 120 19.9 <20
R 2 5.0 3.74. 3.88, 3.69, 3.00, 3.45, 3.44 61.8 ~ 77.6 60 ~ 120 8.0 <20
50.0 44.63, 42.68, 41.84, 38.28, 37.92, 3522 704 ~ 89.3 70 ~ 120 8.8 <15
1.5 111, 1.19, 1.15, 091, 131, 1.02 60.7 ~ 87.3 60 ~ 120 12.4 <20
WhivhE 5.0 3.94, 3.87. 329, 3.08. 3.11, 3.65 61.6 ~ 78.8 60 ~ 120 10.9 <20
50.0 49.60, 46.34, 45.53, 43.62, 4341, 4292  85.8 ~ 99.2 70 ~ 120 5.7 <15
1.5 1.06, 1.05, 1.10, 1.09, 0.91, 1.01 60.7 ~ 73.3 60 ~ 120 6.7 < 20
B bR 5.0 3.37. 3.71, 3.21, 3.22, 3.23., 3.29 64.2 ~ 742 60 ~ 120 5.7 < 20
50.0 39.27. 38.67. 37.18. 36.61. 3522, 36.00 704 ~ 78.5 70 ~ 120 4.2 <15
1.5 1.50, 141, 1.34, 1.30, 1.10. 1.34 733 ~ 100.0 60 ~ 120 10.0 < 20
b A 5.0 4.20, 4.15, 4.06, 3.25, 3.31, 3.76 65.0 ~ 84.0 60 ~ 120 11.2 < 20
50.0 53.90, 52.00, 53.99, 52.87, 51.55, 51.36 102.7 ~ 108.0 70 ~ 120 2.2 <15
1.5 128, 1.27, 1.25, 1.15, 1.04. 0.94 62.7 ~ 85.3 60 ~ 120 12.1 < 20
ROV 2 5.0 3.95, 3.84, 3.60, 3.42., 3.37. 3.07 61.4 ~ 79.0 60 ~ 120 9.2 < 20
50.0 50.20, 45.18., 42.69, 40.96, 39.86, 38.38  76.8 ~ 1004 70 ~ 120 10.0 <15
1.5 1.09, 1.38. 1.11, 098, 0.96, 1.15 64.0 ~ 92.0 60 ~ 120 13.6 < 20
HRID A 5.0 3.85, 3.59, 391, 3.14, 3.71, 327 62.8 ~ 78.2 60 ~ 120 8.7 < 20
50.0 45.68, 44.37., 44.84, 43.87, 4359, 4145 829 ~ 91.4 70 ~ 120 3.3 <15
1.5 1.52, 1.52, 1.16, 1.13, 1.53. 1.36 753 ~ 102.0 60 ~ 120 13.6 <20
Brib 2 5.0 3.92. 3.79. 4.07. 3.53. 3.03. 3.36 60.6 ~ 81.4 60 ~ 120 10.7 <20
50.0 42.05, 39.99, 3828, 36.61, 37.37, 36.44 729 ~ 84.1 70 ~ 120 5.7 <15
1.5 145, 1.62, 1.39, 1.26, 121, 1.19 793 ~ 108.0 60 ~ 120 12.3 <20
EHRIb A 5.0 3.59. 3.59, 3.53. 3.50. 3.32. 3.43 66.4 ~ 71.8 60 ~ 120 3.0 <20
50.0 38.79. 38.17. 37.48. 37.24. 36.38. 3549  71.0 ~ 77.6 70 ~ 120 3.2 <15
1.5 1.19, 1.11, 1.08, 0.95, 0.94, 0.98 62.7 ~ 79.3 60 ~ 120 9.7 <20
7R 5.0 3.52, 3.54, 3.58. 3.60, 3.18, 3.18 63.6 ~ 72.0 60 ~ 120 5.8 <20
50.0 41.75, 40.10, 40.87, 39.11, 38.86, 37.89  75.8 ~ 83.5 70 ~ 120 3.6 <15
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gxk4

IS 6 AEAEM L FERRE  REEE HERR

P27 7 6 AR /k ~% Hobe 7
A ke HEHEACR (1 efke) 0 (%) (%)  RSD(%) (%)
1.5 0.90, 1.16, 1.09, 1.23. 0.95, 1.09 60.0 ~ 82.0 60 ~ 120 11.7 <20
KEVE 5.0 341, 3.07, 3.15, 3.31, 3.00, 3.78 60.0 ~ 75.6 60 ~ 120 8.7 <20
50.0 38.63, 37.86, 37.83, 37.73. 37.70, 3893 754 ~ 779 70 ~ 120 1.4 <15
1.5 1.14, 1.22, 1.02, 092, 1.16, 1.17 61.3 ~ 81.3 60 ~ 120 10.2 <20
MRS 5.0 3.60. 3.96, 3.98, 3.83, 4.22. 3.90 72.0 ~ 84.4 60 ~ 120 5.2 <20
50.0 54.92, 52.84. 52.14., 49.52, 49.30, 49.63 98.6 ~ 109.8 70 ~ 120 4.4 <15
1.5 1.71. 1.77, 1.77. 150, 1.75. 1.56 100.0 ~ 1180 60 ~ 120 7.0 <20
ZENETR 5.0 4.23. 3.78. 3.76. 3.71. 3.64. 3.49 69.8 ~ 84.6 60 ~ 120 6.6 <20
50.0 55.61. 57.13. 49.40. 49.44. 50.61. 49.63 98.8 ~ 114.3 70 ~ 120 6.7 <15
1.5 1.51, 143, 1.50, 140, 1.50, 1.28 85.3 ~ 100.7 60 ~ 120 6.2 <20
Hin 2 5.0 3.04, 3.33, 3.14, 3.69, 3.37. 3.30 60.8 ~ 73.8 60 ~ 120 6.8 <20
50.0 45.08, 5449, 49.56, 49.44. 49.85, 49.01  98.0 ~ 109.0 70 ~ 120 6.0 <15
1.5 146, 1.60, 1.58, 1.30, 1.31, 1.57 86.7 ~ 106.7 60 ~ 120 9.3 < 20
BEFR 5.0 4.14. 3.66, 3.92. 3.80, 321, 3.44 64.2 ~ 82.8 60 ~ 120 9.1 <20
50.0 42.37, 5142, 4621, 4545, 46.11, 44.16 847 ~ 1028 70 ~ 120 6.6 <15
1.5 1.51, 1.72, 1.77. 143, 135, 1.38 90.0 ~ 118.0 60 ~ 120 11.7 < 20
S B 5.0 3.81, 3.61, 3.49, 343, 345, 3.13 62.6 ~ 76.2 60 ~ 120 6.4 < 20
50.0 36.18, 46.07, 44.70, 45.69, 46.70, 47.92 724 ~ 958 70 ~ 120 9.5 <15

e RK, AT AT EEEOR, WA &%
AT AR 25 HORE i HA AR B 5 72:, H oo B2 2R Ak o
HIEETAT R 25 ML RE D L D BT i —
PARALER S, SRTHUARFEE VRIS I 7 5%
PR DIPR s &5 R BT S AU I BOR L A
i -BUBBHIEOR, AEs BI%, ek
FomERAYERT AT SEE, B4 . RS A I 2E 5 K L
SBR[

S 30k

(11 ¥, WK, B, Z5UPLC-MS-MSikr] il E i &
a7 FEZEREE ] A e S AT, 2022, 48 (13) .
290-H1i4.

21 J&BY, P9, JEH, 45 HPLC-MS/MSHB & k25 Fib
VTS0 P R, 2021 (15) ¢ 72-77.

(31 AR, RS, BEOCE, SR RS AR A -

(6]

(7]

I RAS I S iy TR & S P 16 R B2 P (). & S S HL
B, 2024, 40 (1) : 55-62, 67.
257, SRET, M, SEUPLC-MSTARII I A4 - i
2K, MBS . EHAREES VIR R B2 ER R ()] 5 BT
R, 2016, 35 (6) @ 714-718.
ST e A R IR TR A Wk 8 R R T TS
HZHERRA A ST, 2023 (16) : 115-117.
Holtzapple C K, Buckley S A, Stanker L H.Determination of
fluoroquinolones in serum using an on-line clean—up column
coupled to high—performance immunoaffinity—reversed—phase
liquid chromatography[J].Journal of chromatography, 2001,
754 (1) : 1-9.
Marazuela M D, Moreno—-Bondi M C.Multiresidue
determination of fluoroquinolones in milk by column liquid
chromatography with fluorescence and ultraviolet absorbance
detection[J].Journal of Chromatography A, 2004, 1034
(1) : 25-32.
Ho C, Sin D WM, Tang H P O, et al.Determination and

on-line clean—up of (fluoro) quinolones in bovine milk
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using column—switching liquid chromatography fluorescence
detection[J].Journal of Chromatography A, 2004, 1061
(2) : 123-131.
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5T 0 R Sl R £ A VT SRR DY B SR AR B
U1 ARSI AR, 2022, 32 (19) @ 2310-2314.
JelgR, MREKIXL, Z1EIH, %.QuEChERS-dSPE-UPLC-
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Guo X, Tian H, Yang F, et al.Rapid determination of 103
common veterinary drug residues in milk and dairy products
by ultra performance liquid chromatography tandem mass
spectrometry[J].Frontiers in nutrition ( Lausanne ) , 2022,
9: 879518.

Wang J, Zhao W, Guo W, et al.Simultaneous screening and
analysis of 155 veterinary drugs in livestock foods using ultra—
high performance liquid chromatography tandem quadrupole
linear—ion—trap mass spectrometry[J].Food Chemistry, 2022,
393: 133260.

T NRIEAIE AR i 2y, BRI BLER).
GB 5009.295—2023 £ it % 4z [l 5 bRl AL /b 7 PR e
sy

Study on the Detection of 17 Quinolone Drug Residues in Milk by

High Performance Liquid Chromatography—mass Spectrometry

WANG Kechao', QIN Siwen', SONG Ge', LI Huijuan', ZHANG Hao®, LI Hui’,
WANG Hui®*, SUN Hongna2
'Mengniu Dairy ( Shenyang ) Co., Ltd., Shenyang Liaoning 110122

*Inner Mongolia Mengniu Dairy ( Group ) Co., Ltd., Hohhot Inner Mongolia 011517

Abstract: [Objective]As a nutritious daily food, the safety and quality of milk is highly concerned.Quinolone drugs

are widely used in the prevention and treatment of diseases in dairy cows due to their broad-spectrum antibacterial

properties and low cost.However, irrational use may lead to its residues in milk, which poses potential threats

to human health.The existing detection methods have problems such as complicated sample processing steps,

limited detection items, and multiple detection interferences, which cannot meet the needs of efficient and accurate

detection of multiple quinolone drugs in milk.Therefore, a high performance liquid chromatography-tandem mass

spectrometry method was established to simultaneously detect the residues of 17 quinolone drugs, providing

strong technical support for ensuring the safety and quality of milk.[Method] Quinolone drugs in the sample were

extracted with acetonitrile and phosphate buffer, purified by HLB solid phase extraction column, eluted with 5%

ammoniated methanol, separated by C18 chromatographic column with methanol-formic acid aqueous solution
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as the mobile phase. The mass spectrometry using electrospray positive ion mode ( ESI+) and multiple reaction

monitoring ( MRM ) . Detection was carried out using UPLC-MS ( Waters UPLC-TQD ) , and quantification was

performed using the external standard method to enhance repeatability.[Result]All 17 quinolone drugs elminated

within 6 minutes with good peak shapes, and the detection limit range of the method was 0.005~0.228 pg/kg, the

quantitation limit range was 0.017~0.759 ng/kg, the recovery rate of the sample spiked was 60.0%~118.0%, and

the RSD was 1.4%~19.9%. It meets the requirements of 4.1.5 and 4.1.6 in the“GB 5009.295—2023 National Food

Safety Standard - General Rules for Validation of Chemical Analysis Methods”.[Conclusion]This method is easy to

operate, has good stablility and high accuracy.It is suitable for the detection of 17 quinolone drugs residues in milk.

Keywords: High performance liquid chromatography-mass spectrometry; quinolone; analysis method
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