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glucocorticoids, nitroimidazoles, macrolides and amide alcohols based on pork, beef and mutton by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The samples were pretreated with 0.1 mol/L
ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) aqueous solution, extracted with 0.2% formic acid
acetonitrile, purified by PRIME HLB solid phase extraction column, concentrated by nitrogen at 40°C, redissolved
with 90% water-acetonitrile solution (containing 0.05% formic acid) solution, separated by InfinityLab Proroshell
120 EC-C,g chromatographic column, and determined by AJS ESI ion source in positive and negative ion
multi-reaction monitoring mode. Results The 67 kinds of veterinary drugs were extracted by 0.1 mol/L EDTA-2Na
aqueous solution (containing 0.2% formic acid)-acetonitrile (8:2, V:V). The linear relationship was good in the mass
concentration range of 1-50 pg/L, and the correlation coefficient 7* was greater than 0.999. The limits of detection
(LODs) range of 67 kinds of compounds were 0.02-1.35 pg/kg, and the limits of quantification (LOQs) range were
0.05-4.51 ng/kg. When the spiked levels were 5, 10, 50 pg/kg, the recoveries were 61.6%—112.7%, and the relative
standard deviations (RSDs) were 1.0%—-15.3%. Conclusion The method has the advantages of simple pretreatment
process, small reagent dosage, high sensitivity and accuracy, which greatly improves the efficiency of risk monitoring
and detection. It will play an important role in the preliminary screening of risk monitoring projects of large-scale
primary livestock and poultry products at all levels.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; livestock products; veterinary

drug residues
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RIS . o RIS . 4 s ISEAE A% IR 1.3.2
FIASHT A FEARAR 28 (LB, TS R TUATR 2 mL
£ 40°C FRART, 1 mL BAMLEYI RV EE R,
FAMIRS), %8 0.22 pm WFLIERGTIE, IR R 1.2,
5. 10, 20, 50 pg/L M RFIFEFTPRERS IR, BLAHIREL .
13.4 AR IEN

FEHE R R, PEOSE BTN o] LUK s
DG P THE VA V0 e T L L 791 WG PR o VS Y 0 T AR L (L
PEAT HREE, S TFHY L B R0 (matrix effect, ME)AJ5HEES, 1
BT AR ()P

ME/%=’:—m x100% (1)
S

K, Am: BRI 7E 5 5T DG B0 o T A A 0 1 L
As: BAR Y M 0 78 4007 57 VT BEC bR o PR 0 T AR
ME>100 k5 5t 3% 58 24 10, ME<100 Ay 3 5 311 i %50 b7
80<ME<120 N5 FE AN, ME<80 8{ ME>120, it 5
WORE, ME=100 JC5: B0 o
135 MBELEH

(DA TS 51

{4354 InfinityLab Proroshell 120 EC-C g #1:(2.1 mmx
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F1 REeEHERER H 1 SigmaPlot 15.0 5E )i
Table 1 Liquid chromatography gradient elution procedure
IS R] /min Lk A Table 2 Ion sof‘ci co:;(;?tl%;rf fl:% ;Iﬁ—ss spectrometry
/(mL/min) A /% B /%
5 0300 95.0 <0 28 IEER R
2.1 0.300 95.0 5.0 ﬂ%g‘ﬁrg/oc 325 325
TR
3.5 0.300 70.0 30.0 A(L/min) 8 8
4.9 0.300 40.0 60.0 S ALSE I A7 /psi 45 45
6.3 0.300 10.0 90.0 B R RE/PC 350 350
9.3 0.300 10.0 90.0 5 38 /(L/min) 12 12
9.31 0.300 95.0 5.0 EBAMEHIE/NV 4000 3500
12.0 0.300 95.0 5.0 TG L e/ V 500 2000
QRS i L iNEAY 0 300
BFJRAC & ESI+Agilent Jet Streat, 22 v Wik
KBS, REFMINER 2 PR, ) EREN
14 HuRaLiE -
AT R 0 5 40T il LB IR £ 2.1 BUEFHAL
1EZHEE Masshunter 204 Fp 58 BT, ﬁﬁ@fﬁ?}!ﬂm%%ﬂjﬁg B TR R 100 pg/L IR SR E S A,  EALK I,
3 UCHATINGE J LIPS E S 1 o Bl o BRI Microsoft RERWTILAL B IR A . BREERIBRE T . B R H S A
Excel 2007 #E1 780856 A S B, R IBM SPSS 22.0 4k R RS S, BRLREE TN ERK. FEER
PEAT G 00, R/ B3 2 8 (least significant I AER SN TSRS R, 67 P25 JRTE S 5 as
difference, LSD)ikilf17 225 W MR E. "IRALEITE 2 # 3,
#3 6T HEBEARILESY
Table 3 Mass spectral parameters of 67 kinds of veterinary drugs
o) e 1563 1 ] ERET FETER T PN 3N Tl < g o
/min (m/z) (m/z) /V /V
1 ] 242 K e 6.02 266.1>234.1 266.1>191 130 16/34 +
2 Faf 2 A sk 2 S BN 3.49 240.1>198.1 240.1>133 150 16/30 +
3 I 25 ks A R 5.49 298.1>266.1 298.1>159 160 16/39 +
4 I 5 s A I AR, 5.06 282.1>240.1 282.1>208 130 721 +
5 R H T fre 5.70 277>156 277>108 70 12/28 +
6 85 P A e e 5.85 315>158 315>92 130 36/40 +
7 Tk P it e 3.14 250>156 250>108 110 16/28 +
8 ik e FY A e 4.78 281>156 281>92 110 16/32 +
9 ik Joie — F s 1.98 279>186 279>92 110 16/36 +
10 it file — HY S5 g 5.53 268>156 268>92 102 12/32 +
11 Tt g ) — FFY 4R W 5.81 311>156 311>92 110 20/40 +
12 Tk i FA e 5.37 254>156 254>92 97 16/28 +
13 Tk i FR s e 3.56 265>156 265>92 102 16/36 +
14 ik i ] P 4 e 5.15 281>156 281>92 112 16/32 +
15 ik i F g e 4.84 271>156 271>92 97 12/32 +
16 ik i FFY AR A g 491 281>156 281>92 117 16/32 +
17 Ttk Jrie SRk R 5.20 285>156 285>92 92 12/32 +
18 ik e 408 — Y 4 i 5.37 311>156 311>92 121 20/40 +
19 T i v e 2.03 251>156 251>92 102 16/28 +
20 T P o e 2.95 256>156 256>92 112 16/32 +
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=35
o) oy ] Bj‘l‘ﬁﬂ ER BT EMER T EN LS Rl < g e
/min (m/z) (m/z) A /V
21 AR 4.61 291.1>230.1 291.1>123 120 25/25 +
22 YR 1.55 215>156 215>108 70 8/20 +
23 buy TR 4.94 358>340 358>96 150 24/40 +
24 =R 5.18 400>356 400>99 150 20/32 +
25 WE N iR 5.64 262>244 262>216 110 20/32 +
26 B 2 4.99 360>316 360>245 150 20/32 +
27 JUH 6.16 262>244 262>202 110 20/36 +
28 WHNT AR 4.85 332>314 332>231 130 20/40 +
29 KRR 4.92 352>308 352>265 130 16/28 +
30 Wb 2 4.80 320>302 320>233 110 24/28 +
31 R R 4.83 334>316 334>290 130 24/20 +
32 wHi R 5.15 386>342 386>299 130 20/32 +
33 Gl 5.18 393>349 393>292 130 20/28 +
34 HW R 4.81 362>318 362>261 130 20/32 +
35 b 2 474 321>303 321>234 130 24/24 +
36 AHE 5.60 320.9>57 320.9>152 118 8/16 -
37 AR eH 5.43 356>336 356>185 134 8/16 -
38 WK e Z 0.649 248>230 248>130 94 9/25 +
39 HIER 4.64 354>290 354>185 134 8/20 -
40 7Y 3.44 304.15>134.61 304.15>106.59 105 20/36 +
41 SR 5.07 277.11>258.94 277.11>202.78 95 8/16 +
42 EEYN 4.79 214.13>195.97 214.13>153.75 90 12/16 +
43 ez Mk 4.90 302.33>163.87 302.33>106.77 105 16/36 +
44 WA R % 6.14 292.36>236.22 292.36>201 115 16/20 +
45 VT REBE 1.23 240.17>221.97 240.17>147.7 95 8/20 +
46 A bR 1.18 226.15>151.74 226.15>124.67 95 16/28 +
47 TS 5.07 228.22>171.88 228.22>153.9 95 12/16 +
48 [IEEEs2 1.26 220.18>201.95 220.18>143.3 85 8/20 +
49 SHR 4.90 479>462 479>444 120 16/24 +
50 MER 5.45 445.1>428 445.1>321 130 15/33 +
51 UBZS 491 445.2>427 445.2>410 125 8/16 +
52 +EZR 478 461>443 461>426 110 12/20 +
53 FAR: Sy 5.79 734.5>576.3 734.5>158.1 170 14/30 +
54 BIHER 6.15 837.5>679.4 837.5>158 170 18/38 +
55 MR 4.04 407.2>359 407.2>126 150 15/30 +
56 BN 5.89 916.5>174 916.5>101 240 42/54 +
57 A A 5.54 869.6>696.4 869.6>174 250 45/50 +
58 [RE S SN 6.20 409>391 409>147 110 6/30 +
59 RIS SN 6.11 393>373 393>355 110 6/10 +
60 HFERARS 6.11 393>373 393>355 110 6/10 +
61 FILIR e 6.06 375.2>357.1 375.2>161.1 110 6/20 +
62 K e 5.83 359>341 359>147 90 6/24 +
63 wem i 5.82 361>343 361>147 110 6/20 +
64 i SE i s 1.89 142.1>96 142.1>81 90 14/30 +
65 T s 1.51 172.1>128 172.1>82 90 12/26 +
66 R T b 3 T 1.38 158.1>140 158.1>55 90 10/18 +
67 P2 I R i 1.07 188>126 188>123 90 15/10 +
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Fig.1 Sum of peak areas of each substance under 4 kinds of different
mobile phase conditions
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PUBR R X R IR 1P 5t T A AR, AR 4R BBOR R s
— % 1 i) EDTA-2Na £5 X 42 /=5 1 hbz (5 A1 B G 1R K

s, Uk, AR T RIS 0.1%.
0.2%. 1.0%.2.0%7T 0.1 mol/L EDTA-2Na /KA -2 i (8:2,
V-VE M IRBOR TS 8 M S2 g 45 1, 25 RuE 2 fiows, 0.1
mol/L EDTA-2Na /KIFHR (& 0.2%H #R)-2JE(8:2, V:IEH
FEBOR O IT .

— e 0.1 mol/L EDTA-2Na/KiE (75 0.1%H ) ZIE (8:2, V:1)

—-0— 0.1 mol/L EDTA-2Na/KiE (7 0.2%H ) ZJiE (8:2, V:7)
1201_ _y — 0.1 mol/L EDTA-2Na/Ki#Wi(#5 1.0%HF ER) Z5(8:2, V:V)
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Fig.2 Average recoveries of various substances under 4 kinds of
different extract conditions
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BB, A R B IS [ ) AR AR R R R s e Y 2
B GARARIBO , SREE AR Y R B R ) T
SRR IR R 1 BT, B a3 B RO 7 43 A [l
WCRIEEY, ARSI 28 T H MRS ALE T AR
TR )Xo SR A 52MR . 43300 2R: #%3% 10 min, #3745 10 min;
&% 20 min, #A 20 min; #73% 30 min, # 30 min, 455H
W 3 BN, BR T BEEEEISAE 3 FRBUR T MR AN
B, RSBl S b6 45 SR TR ] A 38, 22 20 44
¥, Pk, R 30 min, A 30 min I FHEEL

2.5 BUHRIEIERE

£ %} QUEChERS #:RiAbEE 3, iz MG A
TE/LH, AWFFEEE T Waters 23 1)) PRIME HLB [ %€
BkE . WAS/RBIE AR AR Cleanert LipoNo 4L Al
Cleanert PEP Plus [ AHZE IS DL K il 2 Bl 4 4 FR 2 Wl
ProElut PLS /KBRS F-frft 4 Fhidrfb iR LsiR .
PEP Plus #rfb, FEIUHTE 80%~120% i 59.7% . 7E
60%~120%5 97.0%, Bl Z& R MEA 2 28 JEAAN DU BR 2 [m] i %
5 F 60%; £t LipoNo 4k, [BIKCRAE 80%~120% 5 50.7% .
TE 60%~120% i 98.5%, F2IEH MR T 60%; &
ProElut PLS #tfk, U ZE4E 80%~120% (5 38.8% . 7
60%~120%5 89.6%, A 10.4%HIBEEWCERE 60%; 2
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PEREAS AR T, JERIEPREE 95%°7), PRIME
HLB & A2 B F A X 4 A e A bR

110
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Fig.3 Average recoveries of various substances under 3 kinds of
different combinations of extraction methods
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Table 4 Matrix effects of pork, beef, and lamb

BIgE| A% 4 /% FR/%
ESiRUNLIES 96.3 86.8 72.0
T e 79.2 56.6 46.3
M 2 1433 105.2 66.5
Tk P P24 109.9 129.7 119.7
B Z IR E 97.1 66.3 60.2
PUFRFRAS 137.2 109.5 77.7
PN 117.6 116.8 72.0
Vi s 56.4 523 52.8
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28.1 ZHMHTEH., R EHR

PLA= RIBE BT M6, SR TSI PE AR il e RO AR T B i Ak
PR Pl A SE AR AR R M 2R, AL AR A (9 A8 25 A it A T
EHLNE, DLEBRMEEYE T TR () AR
JRECHREE (X, ng/L) AR AR bR bR LR, 135 67 FhEzy
LA A R FIAR DG R AL, ANk 5 R . 67 Ak G 7E
1~50 pg/L AR R RV BRI N R G R LA, MG R %L 2
¥R T 0.999, # Mg 7L B F 15 M LL(S/N) = 3 B 1155 LODs,
PI(S/IN)=10 W15 LOQs, 67 Fiib-& ¥ & i RIET
10 pg/kge %7 2 H BRAE & RALT GB 31650—2019
(ERZEEZFNE SRPELEREHART) UK
GB 31650.1—2022¢ & L& ERhRE Ehhp 41 Fpzy
B RFR R BR ) FREE0R, WL H HRIER
2.82 EIKEBRAATE

DI . A PURISE R IR, A — & shrifE TAER
RBMICH R | AR EE A3 02 5. 10 T 50 pg/kg 1Y
FEFMAREE S, BB 3 UORATSEE, K RTAbH FAL
R, 30 o B S B R G ) S 2 [l i SR KR 4 R (4
X BR v 22 (relative standard deviations, RSDs)]. LL4:PHN
B, G5RE 5 R, 67 FETEMRME B MAR/K T R
9 62.7%~99.8%, RSDs A 1.0%~15.3%; FF ¥ BEhnbp 7K - [a]
N 61.6%~98.0%, RSDs 1 3.7%~6.6%; 1 M ARk
SEENEER K 71.1%~112.7%, RSDs N 3.0%~8.6%. 1 I Al %1
AT BTG A RFRUEER AT T Rk 3 Fh o i s M 1
LioaIl
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Fig.4 Chromatograms of 67 kinds of veterinary drug residues detected in lamb using this method
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AWFFEESE T HPLC-MS/MS [RIRHEINAE N . 4= P Al
FRH 67 B2 Ek B BT O, IR
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FIALFRRR, Ixd 2R T e e MEE . Ik IR
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Table 5 Regression equations, correlation coefficients, LODs, LOQs, recoveries and RSDs of 67 kinds of veterinary drugs in beef (n=3)

W% Lob Lo bR (ngkg)  HIRRACE (ugke)  RliARKF/ (ng/ke)
5 e et ife 25 ke ke
= HERE) HERE) ko, RSDs%  FINEE% RSDs®% [CE/% RSDs/%
1 (BRSNS ¥ :6]85797'537337340398)(’ 0.99999  0.08 0.27 75.4 45 64.7 54 73.5 7.0
2 PR A 2 2L Y=2327 281871 99997 031 1.03 75.7 5.0 754 5.1 90.9 5.6

232.726097
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=54

- oty - ;ﬁﬁ /L ODs  LOGs TRIMBRACE (ug/kg) IR K FAngke)  FilbaKF/(ugke)

R gke) ko) mymn, Repeve IR RSDs% EUEM%G RSDs%
3 R AR Y=1389793_'28167“153712X’ 0.99985  0.33 1.10 99.0 29 88.2 3.7 86.9 45
4 [EESLINIATE ngggé‘ggg}“ 099953  0.17 0.56 67.5 2.9 713 5.8 92.6 6.2
5 A It ¥ ﬁj;gfg;;jg” 0.99995  0.09 0.32 62.7 22 66.4 6.4 71.1 8.6
6 TR n ngjg:g;‘gig?ﬁ 0.99960  0.49 1.64 65.6 1.9 66.2 6.1 82.1 73
7 Tt e Yzzgfﬁgfffgg’” 099978  0.13 0.44 64.1 4.0 68.5 6.2 85.7 7.1
8 TR FH S Y:53990"13261(2013fx+ 0.99998  0.09 031 78.7 22 78.8 48 78.9 6.3
9 Tt — g ¥ =1245676_'92§74029174X+ 0.99984  0.08 0.27 71.7 3.9 68.6 5.6 81.7 6.7
10 ffR SR YZ]&??;;%‘?X’ 0.99984  0.16 0.55 65.2 3.0 68.4 6.1 79.0 7.6
1w :38121; §)3023§3902X+ 0.99947  0.04 0.14 66.3 52 66.8 6.1 81.0 73
12 T frie FR e ¥ =51756_‘105074283817X’ 0.99994  0.54 1.81 67.6 3.1 65.8 6.0 75.9 7.6
13 Tl FH Sk YZZ‘;‘S‘%’??Z??“X* 0.99964  0.10 0.33 75.0 1.3 734 52 84.8 6.2
14w 748154095 6 90000 006 0.19 74.9 5.7 65.0 54 723 7.1

183.240081

15 T fiie FF g Yziﬁg:gigﬁég)ﬁ 0.99986  0.68 2.25 66.8 46 65.4 6.1 722 8.0
16 Tl FH ARUmh e nggzzzzggiﬁ 0.99967  0.23 0.69 72.1 2.5 71.7 5.4 80.6 6.7
17 Tl ke ¥ :69()75"373057655635)(’ 0.99997 045 1.49 63.1 3.7 61.6 6.6 723 8.5
18 SR — A E Yzﬁé‘_;ﬁggg)ﬁ 0.99989  0.60 1.98 74.9 1.0 64.7 5.4 81.6 6.4
19 T e Yzlzl;’ﬁfgggfswr 0.99981  0.15 0.52 68.4 9.7 66.1 59 79.7 7.2
20 Tt e ¥ :1553;;‘0620938857)(_ 0.99969  0.04 0.14 74.7 1.7 69.9 53 81.1 6.5
21 FARCRIE Y=2;J33_55;‘f‘§22;X+ 0.99985  0.05 0.17 83.4 2.7 82.2 45 96.7 47
22 Z T nggg'ﬁgfgiﬁ” 0.99966  0.36 1.20 724 49 63.4 56 8322 6.5
23 IR ¥ :fggﬁfgggggx_ 099980 039 129 99.8 6.0 86.6 37 929 42
24 TR R ¥ =62372_‘788946463673X’ 0.99960  0.52 1.74 79.4 2.0 81.7 4.7 91.1 54
25 IRz ¥ :ggggéi;gggﬁ 0.99996  0.26 0.87 78.4 32 80.9 4.8 952 5.1
26 R Y:760;'183739187?X’ 0.99914  0.18 0.61 85.2 14 84.0 43 89.5 5.1
27 FGELS Y=§g?:géi§‘6‘z)ﬁ 0.99983  0.17 0.58 79.5 1.0 75.1 4.8 952 5.1
28 DA Y:1106554'.106613367333X+ 099958 096 321 93.7 14 793 40 87.8 48
29 WD Yzl%i;‘;ﬁ;?’“ 099959 038 125 752 1.9 73.9 52 82.7 63
30 R A YZ];;;'919692646236X+ 0.99954  0.30 0.99 98.0 33 80.5 3.8 90.4 44
31 HiRD R Y:fgg:‘;‘z‘ﬁzgﬁ 099968 038 128 76.6 6.7 89.9 47 93.5 54
32 YRR Yﬂzxgggggggéx— 099975 036 121 69.5 7.0 88.1 52 83.9 6.7
33 Gl s Yzlg‘gﬁgg?ﬂ 0.99981  0.17 0.58 69.9 1.6 782 54 89.8 6.2
34 SR Yzfj(fg‘zlggs)ﬁ 099968 021 0.8 67.1 4.1 70.8 59 834 7.0
35 Tl YR2222035137X= 90981 032 1.8 93.1 24 84.7 40 89.5 47

268.923618
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= 5(8)

- o - ;H;i /(L“(g)/]ka) /(El(g)ﬂ(g;) bR ngke) IR F(pgke) Bl (ugke)

= [EI%/% RSDs/% [EISCR/% RSDs/% [EMiC%/% RSDs/%
36 RER Y=}§§:(3)‘7“7“3‘;?X+ 0.99978  1.12 3.73 67.6 2.7 74.9 5.7 1102 47
37 WA H Y=234406897XF 09995 0,06 0.21 82.5 58 98.0 42 112.7 3.0

0.201320

38 TR e HE W Yzégg:gﬁ?gﬁ 0.99986  0.97 323 71.5 1.8 93.1 4.6 96.6 5.1
39 HER Y=?§é§3ig§‘“ 0.99963  0.13 0.44 72.7 8.7 91.8 49 88.5 6.1
40 JEiERe S Y=1528331..27‘:)21563gx+ 0.99980  0.06 0.21 68.7 34 75.7 5.6 91.3 6.2
41 TR Y:3961936.6293§913661X+ 0.99989  0.02 0.05 71.0 6.3 71.3 55 88.3 6.2
42 EE % Y=i§?2;gg§g’“ 0.99947 027 0.91 65.9 5.8 727 59 91.0 6.5
43 B3 il YZ];?;?;;;;;” 0.99994  0.10 0.34 72.1 23 75.7 53 88.3 6.1
44 AR Yzlzzsfﬁ f;fg;m 0.99990  0.02 0.08 722 26 733 54 90.5 5.9
45 T Wi Y=§(1)(3)ilg:g?§gggx+ 0.99983  0.31 1.02 69.3 2.0 789 55 99.4 5.5
46 Ak YZ];;;;‘;J;S;” 0.99947  0.10 0.35 71.0 45 75.3 5.4 96.3 5.6
47 ZATRE ngé‘;gz?gégfﬁ 0.99967  0.06 0.19 64.9 1.4 70.7 6.1 90.2 6.6
48 [iiEetae Y:;;(fédff;gf 0.99934  0.04 0.12 63.7 23 80.5 59 97.6 6.1
49 BTFR Y=1§ﬁ£f§” 0.99959  1.10 3.68 64.5 5.7 70.2 6.1 86.8 7.0
50 MR nggﬁggzgm 0.99992  0.52 1.75 63.8 4.6 66.2 6.3 727 8.3
51 PUIRZE Yﬁ";g:gi;gigﬂ 0.99963  0.63 2.08 66.8 6.4 84.8 55 80.6 73
52 ey ngg:ggﬁg‘g‘“ 0.99954  0.40 1.34 74.6 1.4 65.0 54 714 7.2
53 LR Y:9§§99(ffo376” 0.99978  1.35 451 71.0 153 733 5.5 100.2 53
54 BUHE YZII%S%?&ZX_ 0.99936  0.06 0.19 82.1 32 79.0 46 90.4 52
55 MR R Y=6f;j'1()1137071097X+ 0.99988  0.34 1.14 81.8 23 759 4.7 939 5.0
56 e N Yzl(l);ls'ii?(z)f)@“ 0.99990  0.07 0.24 82.9 2.5 93.5 43 109.6 39
57 BB a Yzfzg:?g;ggx— 0.99929 0.1 0.71 84.8 1.9 95.1 42 110.3 3.7
58 FEEKA Y=§§ézgizgi}‘)ﬁ 0.99909  1.32 438 84.8 26 64.8 48 772 6.0
59 FE AR Y:;?‘;'giz;‘l‘” 0.99941  0.12 0.41 69.8 1.9 714 5.6 91.6 6.1
60 HFEKAA Yz;gg:ﬁgg;“ 0.99941 0.3 0.75 66.0 13 70.5 6.0 88.8 6.7
61 SR IEm Y=§§§§§;‘gg’“ 0.99963  1.07 3.57 86.0 43 734 45 89.6 5.1
62 e YZ]f;g;’ffgg” 0.99969  0.66 2.19 90.0 1.5 86.3 4.1 90.2 48
63 ke r i%éﬁggg}“ 0.99985  1.03 342 68.0 6.0 79.6 5.6 91.7 62
64 HhSE A Y=1§§%éﬁ;§6‘¥’ 0.99993  0.48 1.61 783 2.0 74.1 49 86.2 58
65 FH et Y=1;3§5§$§§95X+ 0.99995  0.20 0.68 76.9 22 76.9 5.0 94.8 53
66 FRIEHDSER Y:Z‘llggggg)(— 0.99914  1.01 337 91.7 149 822 4.1 89.4 48
67 FRIE e Y=2ﬁ?:§§§ﬂé‘“ 0.99925  0.30 1.00 67.5 72 719 5.8 88.4 6.5

7 i PR (limits of detection, LODs), & & R (limits of quantification, LOQs).
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Table 6 Comparison results between this method and the national standard method
(et ik i F e B 2R ka2 - FEAH i g 1) F A AR A AR
GB GB/T GB GB GB/T
WIR7S AT i 31658.17— ATk 21324—  AJrik 31658.17— AL 31658.17— AL 20762—
2021 2007 2021 2021 2006
LioRULL(ED 4120.99+ 4189.96+ 1157.03+= 1143.98+ 2452.58+ 219125+ 649.26+  638.79+ 237772+ 2606.41+
Aug/kg) 89.44 16.51 22.50 32.07 86.04 57.15 54.36 36.30 85.84 142.32
P 0.259 0.595 0.012 0.795 0.076
SE 30k 41(12): 1751-1757.
ZHANG W, XIAO M, WU D, et al. Simultaneous determination of 37
[1] ABDISA Y, ABDISSA B, KPLPLA T, ef al. Investigation report of food

[2]

(3]

(4]

(3]

(6]

[71

(8]

[91

[10]

[11]

[12]

[13]

safety practice and its determinant among food handlers employed in food
establishments in Ethiopia Ambo town [J]. J Agric Food Res, 2024, 15:
100958.

ZHOU ZX, TIAN DM, YANG YG, et al. Machine learning assisted
biosensing technology: An emerging powerful tool for improving the
intelligence of food safety detection [J]. Current Res Food Sci, 2024, 8:
100679.

ZHOU BX, KHAN IM, DING XW, et al. Fluorescent DNA-Silver
nanoclusters in food safety detection: From synthesis to application [J].
Talanta, 2024, 273: 125834.

MR, MRBR, 5K, 45, WO (- 2 B BUS BORTE B 255k B G
W R HERE[T]. B, 2023, 44(3): 7.

ZHENG YL, LIN QF, YANG L, et al. Research progress of liquid
chromatography-high resolution mass spectrometry in the detection of
veterinary drug residues [J]. Food Sci, 2023, 44(3): 7.

WEI LY, WANG ZL, ZHANG HT, et al. Recent advances in magnetic
relaxation switching biosensors for animal-derived food safety detection [J].
Trends Food Sci Technol, 2024, 146: 104387.

PARK H, CHOI SY, KANG HS, et al. Multi residue determination of 96
veterinary drug residues in domestic livestock and fishery products in
South Korea [J]. Aquaculture, 2022, 553: 738064.

MORLOCK GE, MORLOCK JA, CARDAK AD, et al. Potential of
simple, rapid, and non-target planar bioassay screening of veterinary drug
residues [J]. J Chromatogr A, 2022, 1679: 463392.

TEBE, XI5, SRS, 45 SRS DY B2 B AT AR I REL].
FREE 22, 2023, 57(9): 77-86.

HONG L, LIU SY, GUO YW, et al. Research progress on the detection of
veterinary drug residues in poultry eggs and poultry meat [J]. Chin J Vet
Med, 2023, 57(9): 77-86.

SIN JEV, SHEN P, TEO GS, et al. Surveillance of veterinary drug residues
in food commonly consumed in Singapore and assessment of dietary
exposure [J]. Heliyon, 2023, 9(11): 21160.

YANG YF, ZHANG H, ZHOU GY, et al. Risk assessment of veterinary
drug residues in pork on the market in the People’s Republic of China [J].
J Food Protect, 2022, 85(5): 815-827.

WANG H, TIAN H, AI LF, et al. Screening and quantification of 146
veterinary drug residues in beef and chicken using QuEChERS combined
with high performance liquid chromatography-quadrupole orbitrap mass
spectrometry [J]. Food Chem, 2023, 408: 135207.

TRRRAG, VLMV, F AR Bk R AR ). P E S
K, 2011, 28(6): 27-28.

SHEN JZ, JIANG HY. Residues of S-receptor agonists in animal products
andtheir hazards [J]. Chin J Anim Quar, 2011, 28(6): 27-28.

Kbk, M2, RFF, AE BEARAS AR RO - HR IR R R e
SEKT IR AR A R 37 FASEREZG ). ST, 2022,

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

kinds of prohibited veterinary drug residues in aquacultural
“non-pharmaceutical” inputs by ultra performance liquid chromatography-
tandem mass spectrometry with solid phase extraction [J]. J Instrum Anal,
2022, 41(12): 1751-1757.

IMEZE. 3577 i e 259 5% BR 18 B AGIE AR BB S HE R (0], 1)
HETlk, 2023, 44(9): 73-80.

SUN DIJ. Research progress on the hazards and detection technology of
sulfonamide residues in livestock products [J]. Feed Ind, 2023, 44(9):
73-80.

VP, (RISl U5 £ i o R0 U TR 2K 25 4 5% B 1 8 3 TG Oy vk 1],
gl RHE, 2022, (9): 92-94.

XU L. Briefly describe the hazards and detection methods of
fluoroquinolone residues in animal-derived foods [J]. Sichuan Agric Sci
Technol, 2022, (9): 92-94.

HOOF NV, WASCH KD, OKERMAN L, et al. Validation of a liquid
chromatography-tandem mass spectrometric method for the quantification
of eight quinolones in bovine muscle, milk and aquacultured products [J].
Anal Chim Acta, 2005, 529(1-2): 265-272.

REL, FER. ZHRERMRIURG TSR], R85 58,
2010, 31(11): 21-23.

WU JQ, LI JM. Research status and market prospect of polyantimycin [J].
Pestic Sci Adm, 2010, 31(11): 21-23.

&S5k, WEetk, EREMR, 45, LC-MS/MS A shd IR it H 12 Fhik
FA L WK SSFIRE I RE A Z WaR B [T]. B a4 T, 2023, (14):
53-57, 62.

TONG FD, PAN XM, QIU GL, et al. Detection of 12 hormones,
nitroimidazoles and amide alcohols in animal-derived foods [J]. Chin
Food Saf Magaz, 2023, (14): 53-57, 62.

PEDERSEN M, HAKME E, NINGAN E, et al. Analysis of veterinary
drug- and pesticide residues in pig muscle by LC-QTOF-MS [J]. Food
Control, 2023, 148: 109656.

TR, FEWK, FUK. FE R B RESNYIRIE G 44 P2
B FEAS N e R (- R IBE TR (). AR AT, 2021, (23): 5.
ZHANG NY, ZHEN HH, GUO B. Ultra-performance liquid
chromatography-tandem mass spectrometry for the detection of 44 kinds
of multi-veterinary drug residues in animal-derived foods such as livestock
and poultry meat and eggs [J]. Farm Prod Process, 2021, (23): 5.
DESMARCHELIER A, SAVOY MC, DELATOUR T, et al. Extended
coverage of veterinary drug residues in food by LC-HRMS to ensure food
compliance and prevent the spread of antimicrobial resistance [J].
Microchem J, 2022, 183: 108057.

X, A, ERE, ¥ ShPEET R 2R S k R
UPLC-MS/MS Z3#7J5 #k MR [T]. w1 O BB R, 2023, 503):
88-96.

XIE YS, ZHANG H, WANG XC, et al. Construction of UPLC-MS/MS

analysis method for multiple veterinary drug residues in animal-derived



104

B 24 iR AR I 2 4l

FH15E

(23]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[33]

food [J]. Chin Port Sci Technol, 2023, 5(3): 88-96.

g2 R, Z5FF, 4. QuEChERS-UPLC-MS/MS [FIBI5EXS P 80
FIEAZGR R[], £ i S HLA, 2023, 39(6): 48-54, 80.

LI H, XIANG J, LI D, ef al. Simultaneous determination of 80 veterinary
drug residues in chicken by QUEChERS-UPLC-MS/MS [J]. Food Mach,
2023, 39(6): 48-54, 80.

S, BRI, APEE, GF. ORI T @RS - R BT E D E AR
16 FFRILZ IR ITIR[T]. ATl a=4R, 2024, 43(2): 261-268.

BAO S, QIAN JK, FU H, et al. Determination of 16 kinds of hydroxy
polycyclic aromatic hydrocarbons in human urine by liquid-liquid
extraction/gas chromatography-tandem mass spectrometry [J]. J Instrum
Anal, 2024, 43(2): 261-268.

XSEZE, WK T, W, S5 OB (- HR IR VAR 1 e
18 Fil A= Wi B KU A (). A3 ist 41, 2023, 42(11): 1517-1523.
LIU XJ, FENG JL, ZENG D, et al. Risk assessment and determination of
18 alkaloids in honey by ultra performance liquid chromatography-tandem
mass spectrometry [J]. J Instrum Anal, 2023, 42(11): 1517-1523.

JUARLT, Amerk, EWE. AFUhh 69 R 2 Ek ER (0 R RO (- Ak
FF- TR AT B I J5R 3 P O A (0], 4 b K 22 4R, 2023, 42(10):
1309-1318.

YAN ZH, L1 XW, XIA X. Rapid screening of 69 veterinary drug residues
in milk by ultra-high performance liquid chromatography- quadrupole-
time-of-flight mass spectrometry [J]. J Inst Anal, 2023, 42(10):
1309-1318.

FG, AN, BT, SF ShPIRIE R 2 AR R A B L
S5 ROHT (- ST B AR B IT SR [T]. 6 T244H, 2023, 38(5): 8-16.
JI BC, YANG LR, HAN Y, ef al. Research progress on matrix purification
and liquid chromatography-mass spectrometry technology in the detection
of multiple residues in animal-derived food and veterinary drugs [J]. J
Light Ind, 2023, 38(5): 8-16.

AT B i v 2 R B AGI B AR AIAL S B FIRIFSE (D). 4R FH: 7Y
FRHE K, 2023.

HE M. Optimization and application of veterinary drug residue detection
technology in egg agricultural products [D]. Mianyang: Southwest
University of Science and Technology, 2023.

ARIT, JTARIE, T4, S SRR R O e ) RIS R 2k
IR BT, ZRUOARRE, 2023, 51(8): 190-193, 217.

LI XQ, FANG ZJ, WANG W, et al. Effect of acetonitrile and formic acid
content on the recovery rate of veterinary drug residues in pork and eggs [J].
J Anhui Agric Sci, 2023, 51(8): 190-193, 217.

JIA TT, OUYANG SL, CHEN WR, et al. Develop an external standard
method for high-flux determination of veterinary drug residues liquid milk
without solid phase extraction [J]. Food Chem, 2024, 433: 137269
XUBTHE, MR, T 3CE, % Oasis PRIME HLB @bl sk
oah AT LR G []. AR il B 54, 2020, (1): 32-36.
LIU XH, SUN YL, DING WH, et al. Determination of nitrofuran
metabolites in animal-derived food by Oasis PRIME HLB purification
method [J]. Agric Prod Qual Saf, 2020, (1): 32-36.

RETE, A, R, 4F. QUEChERS-H R0 AR (i - AR BR o 1 1
IRIF RIS P e 76 B2 S FCARA (). fr i Tl L, 2023, 44(20):
311-321.

WU YL, SUM, ZHOU ClI, et al. Simultaneous detection of 76 veterinary
drugs and their metabolites in pork by QuEChERS-ultra-performance
liquid chromatography-tandem mass spectrometry [J]. Sci Technol Food
Ind, 2023, 44(20): 311-321.

ZorfS, BEMR, KET. QUEChERS T 7E & 2558 A A AL AL 15 1L

[34]

[36]

[37]

[38]

FHA]. R E s, 2020, 37(12): 98-107.

QIN LD, ZHAO SJ, SONG CP. Optimization and application of
QuEChERS method in the detection of veterinary drug residues [J]. Chin J
Anim Quar, 2020, 37(12): 98-107.

JAIEZE, W, FAE, 55 S ROR ERE- 5 4 BTG P i A
YR BRI eh 32 Rl A KA R[], AP BEZY, 2023,
43(12): 1469-1474.

ZHOU XC, HU TT, WANG JH, et al. Rapid screening of 32 kinds of
antibiotics and veterinary drug residues in animal-derived medicinal and
edible homologous products by high performance liquid chromatography-
high resolution mass spectrometry [J]. Jilin J Tradit Chin Med, 2023,
43(12): 1469-1474.

AN, W, WAL, SF. R AR G T R A I R A L e
FRRIERIE VRIS 25 5% B (D). 0 AT A 2412, 2019, 10(3):
688—692.

LI Z, CHANG JJ, YU DW, et al. Detection of tetracycline and quinolone
veterinary drug residues in liquid milk by high performance liquid
chromatography tandem mass spectrometry [J]. J Food Saf Qual, 2019,
10(3): 688-692.

ZF, B [EAHEEI-E eSO - B IR B v [ I &
12 FES B8 25 5% B 0], 13 0 2 4 0 o AR I 4 i, 2022, 13(7):
2258-2266.

QIN Y, GE Y. Simultaneous determination of 12 kinds of banned
veterinary drugs residues in poultry eggs by solid phase extraction-ultra
performance liquid chromatography-tandem mass spectrometry [J]. J Food
Saf Qual, 2022, 13(7): 2258-2266.

W, BLEGAE, ik, 4. PRIME HLB BEHIZEBURESS & SOHI Ei%-Hh
IO T ke Rt A5 e 200 R 2GR BR (D). B0 A TR R I 244,
2022, 13(2): 650-656.

WU Y, QIN HL, HUANG XY, et al. Rapid determination of 200 kinds of
pesticide residues in tea by PRIME HLB solid phase extraction column
combined with gas chromatography-tandem mass spectrometry [J]. J Food
Saf Qual, 2022, 13(2): 650-656.

7K. QUEChERS 454 UPLC-MS/MS M5 /K= it 4 245% B B BIF55 D).
Frli: WL R, 2021.

ZHANG Y. Study on the determination of veterinary drug residues in
aquatic products by QuEChERS combined with UPLC-MS/MS [D].
Zhoushan: Zhejiang Ocean University, 2021.

WA THY ReE)

& &

EEM, M, TP, TEMRARFE
AREFRREREKREEN.
E-mail: 1396531031 (@qq.com

HVINER, L, IR, EERRGEA
KEREREN.
E-mail: sx1890325@163.com



