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Establishment and Application of a UPLC-MS/MS Method for Simultaneous
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Abstract: [Objective] This study aims to comprehensively investigate the risk of veterinary drug residues in
black bone chicken. [Method] A method for rapid and simultaneous analysis of 39 veterinary drugs and their
metabolites in three categories was established based on low-temperature ultrasonic extraction, solid-phase

extraction pretreatment, and wultra performance liquid chromatography-tandem mass spectrometry
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(UPLC-MS/MS). The samples were extracted by Mcllvaine-Na,EDTA and phosphate buffer via ultrasonic
treatment at low temperatures, purified by Oasis HLB solid-phase extraction column, separated by T3
chromatographic column, and quantified by the matrix matching external standard method. [Result] The 39
veterinary drugs and their metabolites showed good linear relationships in the matrix matching external standard
solutions with the mass concentration range of 2.0~500.0 pg/L, with the correlation coefficients greater than
0.990. The limits of detection and quantification were 2.0 pg/kg and 10.0 pg/kg, respectively. The spike recovery
rates of the method ranged from 68% to 111% at fortified mass fractions of 10.0~100.0 pg/kg, and the relative
standard deviation (n=5) ranged from 0.65% to 15.12%. The method had high sensitivity and reliable qualitative
and quantitative results, meeting the requirements for the detection and analysis of veterinary drug residues in
black bone chicken. This method was then used to test 60 samples of black bone chicken sold on the market. The
results showed that fluoroquinolones, tetracyclines, and sulfonamides were detected in commercial black bone
chicken. The mass fraction of enrofloxacin, trimethoprim, and diaveridine exceeded the maximum residue limits
in two (153.187, 174.979 pg/kg), two (55.007, 111.391 pg/kg), and two (153.779, 189.801 pg/kg) samples,
respectively. [Conclusion] There is a certain risk of the residues of sulfonamides in black bone chicken on the
market, and it is necessary to strengthen the supervision on use of antibiotics in black bone chicken breeding.

Keywords: black bone chicken; veterinary drug residue; rapid detection; enrofloxacin; trimethoprim; diaveridine
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UPLC-MS/MS: ACQUITY UPLC-Xevo TQ-S
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M55 A R A
122 £ H R IR B4

HEE HR.OE OO tlka, £ H
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T8 L. 35 [F Waters 24 5] .

Mcllvaine-Na,EDTA 2% i : B — 7K & F7 45 R
129 g. F KA BREA —M109 g — /K& —
J VU 2,18 — 44 39.2 g, % T 1 000 mL % & 1 /K,
F 1 mol/L ) NaOH ¥ W ¥ pH i £ 5.0+0.2. 2
R 2% P - B 0.05 mol/L B R — E ANV ¥ 190 mL &
F1ILAEEMS, MA 0.05 mol/L BR A 4N IEWE
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TR OTE 6 mLZE K, IR . B : =M 40 mL
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R A PR E DY PR 285 24 L A me f AL
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ffi /1 ACQUITY UPLC BEH Cl18 & it fF
(2.1 mmx100 mmx1.7 pm) , WA A N 28, K
A B AR 4 B 0.1% W R K VAW, KRR N
40 °C, 3 FE = N 1 uL, i &~ 0.3 mL/min. UPLC
o e R P LR 1.
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Table 1 Gradient elution program of UPLC
5 [6] /min WA AR EUY% W B AR HU%
0 5 95
0.5 5 95
3.0 75 25
3.1 10 90
5.0 10 90

1.4.2 ik &4

L7 5 % OF B 7 IR (BST) , 2 Je o W il A =X
(MRM) , B T IE FE 100 °C, ZALIRE 450 °C, HL &
ML 3.0 kV, HEFL L& 30 L/h, FAL S & 1 000
L/ho 395 24 K AR 1) o7 1A 0 2 45 L 36 2.
143 ATA 7 ik

A TU R RS S 5 B XS B LA i RR L
1.00 g ¥ )5 (19 5 B XS P FE f, BT 50 mL 2 ) 25 0
&, N 8 mL Mcllvaine-Na,EDTA 2% /Wi , & i
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Table 2 Mass spectrometry monitoring parameters of 39 veterinary drugs and their metabolites

ERATE i XSGy T B e RENA/min EVEE T mz EERERE/eV ERE TN mz MRV HEILBE/NV
R R 480.8 2.60 445.00,410.10 20 445.00,427.20 13 32
EEHE 478.8 3.48 479.30,444.20 24 479.30,462.10 22 10
+THER 460.4 2.35 460.94,426.07 20 460.94,443.20 13 2
EZEIN-N 444.4 3.73 445.20,154.00 30 215.00,428.00 18 10
EZUTEIN-S 444.4 3.73 445.20,410.20 20 215.00,428.00 18 10
T il i 214.2 1.22 215.00,108.00 18 215.00,156.00 12 25
it e Wik e 249.3 1.82 249.97,91.99 28 249.97,155.99 18 38
itk f v e 250.3 1.46 250.94,91.99 28 250.94,155.99 14 6
i i P T 2533 3.30 253.94,92.05 28 253.94,155.99 14 2
Tif iz Mg e 255.3 1.72 256.10,91.98 30 256.10,155.96 14 42
itk fie e i 264.3 1.96 265.10,92.00 25 265.10,156.00 15 35
it fie — T S5 I e 267.3 3.57 268.00,92.00 28 268.00,156.00 13 30
ik Jre P g 270.3 2.49 271.10,92.00 25 271.10,156.00 15 30
7% PR TR Tl i 276.3 3.84 276.95,91.99 30 276.95,155.92 12 22
il e — FY S I g 278.3 2.44 279.00,124.00 13 279.00,186.00 12 20
itk e — B I 278.3 1.35 278.94,91.98 32 278.94,185.98 16 42
itk fi ) F 00 g 280.3 2.96 280.94,91.98 30 280.94,155.97 16 4
it fre S 284.7 3.94 284.84,92.09 30 284.84,108.02 26 30
itk frie T 4 Ik 1 280.3 2.57 280.95,91.98 30 280.95,155.97 18 30
itk Jre %o R e 280.3 2.47 280.89,92.04 28 280.89,155.97 16 4
il Jre Sk 284.7 3.03 284.90,92.00 30 284.90,156.00 14 20
it e 41— P 480 s e 310.3 3.34 310.92,91.98 30 310.92,155.97 18 22
it i ) — P40 s e 310.3 4.08 311.00,92.00 24 311.00,156.00 12 50
it i 2 it e 314.4 4.12 314.95,91.98 38 314.95,158.11 32 22
PR it fr e 1 403.4 3.56 404.10,149.10 32 404.10,256.10 15 20
TR 261.2 3.76 262.00,216.00 20 262.00,244.00 8 12
A 261.3 4.82 262.00,202.00 32 262.00,244.00 18 29
D 319.3 2.29 320.20,233.10 24 320.20,302.10 18 30
ik 2 320.3 2.16 321.00,234.00 23 321.00,303.00 18 32
2N 3313 2.39 332.32,230.96 40 332.32,245.08 22 50
R R 333.4 2.35 334.00,290.10 16 334.00,316.10 18 23
EEW R 351.4 2.58 352.20,265.10 23 352.20,308.10 16 40
LR R 357.4 2.60 358.07,96.02 26 358.07,340.20 22 34
BiswE 359.4 2.72 360.10,72.00 34 360.10,245.00 28 45
AR E 361.4 231 362.10,261.10 30 362.10,318.10 24 42
FRORWD 2 362.4 2.12 363.00,72.00 14 363.00,320.00 10 34
Wi & 385.4 3.05 386.00,299.08 30 386.00,342.10 22 33
R R 399.4 3.09 400.00,299.00 32 400.00,356.10 20 37
e 290.3 2.14 291.08,123.04 28 291.08,229.99 24 66
AR E 260.3 1.84 261.08,123.05 22 261.08,245.16 24 24

e YR ¥, 4 °CAR I #8 7 20 min, T 4 °C .8 000 15 000 r/min & 0> 5 min, ¥ £ ) 50 mL &0
r/min &0 5 min, B EJEW, MR E R M 8 mL B AR, HUEN A ZEEUE (200 mg, 6 mL) , KK
PR R 2% P, W e TR AT B 20 min, T4 °C12 000 HEE K& S mL G4 AE 7, B 16 mL & 5F 5 19 Lk
r/min & 0 5 min, V& 51 & 2 WK EIEW, T4 °C. R0 R AHREBUR: AR KN 5 mL 7K .5 mL AR 43 %L
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20% R KV VR L B e HEERBE A vh Bk B TR
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15 EERSLMEENHE

TEIR A bR TAEM R I 1.0 g 2= A S E XS AL
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Y EE R A b v TR, R T TR
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FEE TR U 5 3 9k, DAAN [R]85 24 o 1 Y5 9 1) Jo B Ak
FEE D T A b R AIE B - 0T B R 5 06 T AR DR 90 AR R
&2 i) i J5 I7C A o Y 2%
1.6 FEZES R E AR

FREUAS B RS A 1.0 g, FTR A bs v A ot
25 A RE B HEAT AR (10.0.50.0.100.0 pg/kg) , £ i
A FR 5 AL E B A AT A S A A, 3
R S5 TE A 26 A P9 b v 22 AR At R b 7 22
17 TELBBHPEHKEBERN

78 5 i 08 A b B 24 5 B R U 2 SRV s 1
Z M GB 31650—2019¢ 1 i % 4 B R br e & b b
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181 FH Excel 504 0 A it Hio s 3k A7 8 B2 L 4
2 HRG5Phe
2.1 RIREREGMKK

1 X P R B AR TR S R T A
PR AR AT S AT A L. Y
1% 3% A ML 20 N 3R B TR, BE A
TR B [ 4 B, [ R IG, AR) T H bR S 2G4
H 8 P8R, %k B Mcllvaine-Na,ED TA £ i £h
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#*3 SEBRAERKEBERVERITENIRE
Table 3 Evaluation criteria for the detection results of

veterinary drug residues in black bone chicken

RS i P PR/ (ug/kg)
IWEZS S5 N i 200
EZEIN-N 100
&S 100
it i — P s 100
HER AR B R 100
R 500
R R R E SRV EARYE 2
LA R 200
Wi R 10
TR E 300
AR e 50
R 50

2% PP AE N R BUIR 7MY . Mcllvaine-Na,EDTA 1]
55 R 5t A o R PR i 45 A, B R B 2 5 R
P ERETFMEOMRYS S, D E S A5
S HET B AR R PR R RS 2 R
] 2K 55 24 E B IR 3K % bV v A B I T T
R R 2 O [ R AR AT R v 2
Fofp £ 2 00 4 B R, L 2. B BT AL
s S N R R W (£ W T NI e S
MBSO SR AE S R 45 40 4 A2 v A B
DAL G2 LR R i v, — B AR
Fr4oCMliR . mE B LRRBKEERTH 2 LE,
A R B 1k St 3R B T B A A B R AR
NS, RIEE AR, EARSGERERBZ G
PRSI 0 0 BB, AT A 20025 B 2% T, PRI B A
R YR D A3 AR

120 - — R ER
— TG o
oo L — EE
T A 0 B 8 81

RS T
% ol T
£ o0
i

30 F

0
Mcllvaine-Na,EDTA

TR Mcllvaine-Na,EDTA+
Gl IR Eh 22 il
TRBUA A

B2 B A BRI 4 R Atk

Fig. 2 Comparison of extraction results with different reagents
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Fig.3 Comparison of chromatograms of tetracycline before and after optimization
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Fig. 4 Comparison of chromatograms of phthalylsulfathiazole before and after optimization
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Fig. 5 Comparison of chromatograms of oxolinic acid before and after optimization
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Fig. 6 Comparison of chromatograms of sulfadiazine before and after optimization
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Fig. 7 Comparison of chromatograms of sulfapyridine before and after optimization
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Fig. 8 Comparison of chromatograms of sulfacetamide before and after optimization

X b UE i 25 4 1.11%~15.12% 5 7 0 ks 5 & 5> Bk
100.0 pg/kg I, in s [l 3 79 81.19%~109.85% , 1
S B HE I 759 0.65%~4.72% o 45 S R W, A 7 v 5t
155 B X P 39 B 24 K FC AR A 10 DU SE 45 R 1F
& GB/T 27417—2017¢ & 4% V-2 A 2 43 A1 77 15 1
WRIR 3048 F )7

24 ErtERMELSR

M 32 AN AR ST 3 ol T SR R 60 473 T AR AR K
UKEEE 5 0 R S R AT A R R R A, R A
W R AR D i As A sk, SR P A 3 F) 5 3k R AT S
DA it DN A TN S5 R WK 5. 25 R BoR AN
BEXOMERT, IR RELHZ A RN EER D
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Table 4 Linear equations, correlation coefficients, and spiked recovery rates of 39 veterinary drugs and their metabolites in black bone
chicken
Tk 1E W /%
245 4 TR R R R TbR 5 = 4 #0h ks 5 i 2y HC Tk 5 i 4 HON
10.0 pg/kg 50.0 pg/kg 100.0 ng/kg
N AU y=854.914x+305.68 0.998 008 76.77+2.57 79.43+2.36 86.34+1.30
LSEE =289.446x-87.459 6 0.997 128 76.09+0.73 84.28+1.58 87.50+0.31
T EE y=667.17x+114.102 0.998 502 73.30+2.20 73.73+1.49 87.45+0.06
EZUIEIN y=1483.84x-1225.1 0.997 910 74.52+2.09 75.18+1.21 87.42+0.23
7 T ik y=1809.2x-944.933 0.998 977 72.26+3.01 70.67+3.44 84.83+2.60
it iz e me y=14412x+1230.32 0.997 696 94.38+6.17 98.60+3.86 101.73+3.68
it iz v g y=1263.25x+121.458 0.998 837 99.19+8.31 104.01+3.74 107.64+4.87
it frie FF S g y=1273.07x-517.639 0.998 741 96.67+6.23 93.44+1.30 96.63+1.76
it iz g 1l y=1714.07x-308.54 0.999 183 75.3846.51 73.18+3.49 85.01+4.35
it frig s y=1030.17x+927.441 0.996 599 99.56+3.78 106.01+£5.95 104.81+4.48
Tt il — FR S g y=1822.94x-1 600.63 0.998 649 87.51+8.26 81.53+4.18 84.27+2.42
it J e — e y=1656.22x-101.769 0.998 981 93.99+9.30 94.57+3.81 98.06+2.49
PR A =2 529.25x-1 656.65 0.999 267 95.15+7.09 91.17+1.52 94.00+2.58
Tifh Jie — Y S s y=554.265x+408.949 0.996 888 103.17+1.31 107.48+2.77 105.37+1.45
il e — P g g y=854.927x-561.484 0.998 853 96.27+6.33 90.77+5.17 92.56%11.01
it Jie (] B 42006 it y=1239.23x+61.431 8 0.998 479 108.41+7.92 104.22+4.48 102.76%8.76
il iz St 1o »=691.351x-571.076 0.997 078 80.37+4.25 88.08+1.38 85.84+1.89
il i PR 4RIk B8 y=1371.65x+3 853.6 0.995 738 104.58+3.24 108.79+2.86 107.36+8.05
i e o PR e y=530.56x+231.827 0.998 146 110.68+10.24 102.75+3.51 103.90+5.09
ik Ji Sk 1 y=1326.51x-322.004 0.999 015 91.83+9.77 88.39+2.63 87.15+10.00
i i 408 . PR 4 s g y=1752.14x+948.122 0.998 945 106.56+5.05 108.93+3.44 107.68+7.09
i b (A1) — P 4 e g y=482.894x-619.798 0.996 306 84.15+2.11 71.48+1.93 82.25+1.73
i Jig 24 N y=862.673x-861.596 0.998 481 94.77+3.60 70.84+1.30 83.74+0.28
T Tk e v W »=205.285x-143.213 0.990 354 93.88+0.79 70.64+7.00 84.93+0.74
R y=700.342x+175.017 0.998 314 104.61+0.74 108.54+2.33 109.85+1.09
i =3 458.28x-2 392.47 0.998 763 92.84+5.91 87.12+5.34 97.39+0.53
WY R =298.995x-55.080 9 0.998 404 91.69+3.46 84.42+4.03 86.48+0.33
s B y=230.972x+122.373 0.998 313 89.75+1.61 89.94+2.64 92.66+1.86
BN y=177.445x+57.802 0.995 018 103.30+5.45 92.84+4.19 92.25+1.45
B 2 y=462.023x-157.881 0.998 203 106.2642.73 100.77+4.58 105.43+2.50
KRR y=1103.15x-840.26 0.997 742 90.01+1.21 78.60+2.52 81.19+0.06
PO T y=282.915x+105.628 0.995 098 104.84+4.38 98.70+3.63 102.20+1.88
Bty B y=727.186x+26 998.9 0.988 407 98.96+15.22 96.69+4.41 99.15+0.13
EHa y=714.999x-260.653 0.999 089 95.03+1.79 86.99+2.55 89.25+2.48
JBR £R V) B y=705.949x-183.793 0.999 138 95.93+1.88 86.16+1.96 87.26+2.68
WL R y=445.598x-242.545 0.997 526 80.68+2.91 68.89+0.57 85.39£1.25
TR R y=811.9x-293.226 0.997 659 94.17+3.37 82.69+2.76 82.68+0.91
L= y=600.457x+797.101 0.996 990 106.73+3.86 106.61+1.53 107.11+1.61
= =2 337.75x+3 006.9 0.997 593 101.34+7.03 107.39+2.44 109.50+2.64
SR T HE L6 R, A R BN 1.67%. FREI IR &, A RN 100% ; fiff iE K5 255k WA 1

10.00% , 4 % 5% B 5~ 10.807~155.328 ng/kg, ¥ #F

4 GB 31650—2019 '} 5€ B9 DY 3R &K 5

TR SN

i BRAR K Bl i Y E (6.67% ) i i Sk

B2 (1.67%) F1 ik iz s g (1.67%) , = & ik HE

=
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11.398~15.140 pg/kg, i #& GB 31650—2019 1 1]
e, SRHAR TR R RKAEREN
100 pg/kg, F kA4 8 100% 5 560 ¥ 14 B 25 5 24
L REWEIBREDE SN EZ i)
o4t vk, BB B BN 38.414.51.217. 153,187,
174.979 png/kg, R #E GB 31650—2019 1 #i & ) 1Y
W B B9S2 & Kk EIREN 100
ng/kg, A F N 96.67% , 1 H At 55 v U8 B 25 24
BIRKH s FESAEIDEMEHEES N
35.890.55.007.111.391 pg/kg) H K Y, — F 4 g
fE 2y K 5 CBk B & 4 il v 153,779, 189.801
ng/kg) H kG H, 2% GB 31650—2019 F1 H 74 br #i
ORI IX 2 PR 24 ) e ORBR B R 50 ng/kg, B
1% Z 18 96.67%

x5 TESELANSARERBERREBRERRIT

Table 5 Detection results and limit-exceeding results of

veterinary drug residues in black bone chicken on the

market

MU BRHE% HERE% AR REE/ (ug/kg)
+HR 10.00 0 100.00  10.807~155.328
ZHAR 1.67 0 100.00 22.182
it f v e 1.67 0 100.00 11.693
itk Jrz s W 6.67 0 100.00  11.398~14.080
Tif i Sk W 1.67 0 100.00 15.140
B R 6.67 3.33 96.67  38.414~174.979
A e 5.00 3.33 96.67  35.890~111.391
TR 3.33 3.33 96.67 153.779~189.801

25 BEBINIEAKEBRON

I8 36 B 5 XS 1) T b b RE T A A5 R DL & 2
WG B IS i XS A AR A 2 D R
i T 2 58 24 DA RO i 2 5 24 Bt B 2T R AR R
A ACRME o DY IR 2R e SIS 24 7E AR IR A
for W rh B A ORGSR RS, AR
fhFE o W SR IE B2 Bk B OB (153779~
189.801 pg/kg) KT B 4 IE (35.890~111.391 pg/kg)
UL AE S B XS IR T A AR AR BOR R
BRI G o FE AR IE A SRR E (R A B B K
A B R W R b i 5 i IS 24 T A Rl T R )
T B RIE T XS Bk HU A B s
AR BRI R RS TS BAEY
BN I GE I AR A A R R R 24 0 R

B304 H1 2025 F 7 A | ERE5EYEARFER

E IS R A N B SRR T, A
AT TR B R A T RS 2 R e 2R 2 e L
PG G RO 5 RO R B G IR E Ty, 0 S
MEHLAEENHEEEE S REROER, XA
AE A2 IX 28 2 A 22 18 3 B0 2 5k B AR 1 R
PIE . Yuan 200 5T T RS i A AR VBB VD B
KBRS RS 538 4 A G i 2R 30 A
SRR B AR R Y R v B AR
FEWELE LA BFRE B IE R IR AR R, IR 2
AR R B AL Ho i e R B
AR BE TE IR R FE R 25 3 4 il ol 14,
284,159 d. Zhao %"k £ 4 F 3 H 3G 4T B ik
SA T AT HE A NS e A T BR T AL A R 4 e
Yuan S5 K B [F) 7E 4 2 05 15 40 K, B
IR AR e B ) 0 IA 140015 pg/kg. B R
A2 BRI A P ) B s v BT B B
2 bR VE S XS AR T Al i S R 2 B L B R 4 Ak
FI AR 25 S 75 A 4 A XS 1) 5, % T 5 B X B AR AR
24 W bR A B e A R EREY . SRR T AE N A &
T 55 XS P S AR — B, R AR
W22 18 1) 2y E B AR BRI AR AE . R B, aE
JSE i 5 X R H At 5 24 A B B AT, T ik
RS A S B BB 2, DU &
T B AR S IR B
3 5

1 & 2 37 89 K6 77 7% A Mcllvaine-Na,EDTA
G WA I S % 1 AR O B DOV 3 I I IR
(ISP RN D oo S RE A S & T = L AR )
iR (i R 7 W7/ D S = VAN O =T = LR NI R PR
AR = AT A T R . T3 kAR A iR T 2
Tl 25 245 (1) 43 B B, Rl ] UPLC-MS/MS 28 T &
M 39 M 2 R AW et e ', 3
M EES, LR RSN 6 R &
N 10.807~155.328 pug/kg) , 2 16 3 R K6t 1473 (5%
B BN 22.182 pg/kg) o itk Jiie FH s g A tH 4 4 (B R
BN 11.398~14.080 pg/kg) , fif i 1 ng & 1 4 (B
B &N 11.693 pg/kg) , ik i SUMA R K HY 1 4 (5% B
TN 15.140 png/kg) , Bia v Bt 4 4 (58 B &k
38.414.51.217.153.187.174.979 pg/kg) , H 4 I
fo 3y (B B & N 35.890. 55.007. 111.391
pe/kg) , VR IE A H 2 4 CRE OB A 153,779,
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189.801 ng/kg) , & B 7 45 5 15 X A v A7 1E filh ik 2K
B BT B R Bk B R, X i X i i 2
2 470 T 15 B0 00 43 FH 4 )RR 24 R G T Bk AT
RN I .
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