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Determination of 53 prohibited veterinary drug residues in goat
horn by salting-out assisted liquid-liquid extraction combined with
UHPLC-MS/MS
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Abstract: A detection method using UHPLC-MS/MS was established for the determination of 53 prohibited
veterinary drug residues in goat horns, including 16 tranquilizers, 14 f-agonists, chloramphenicol, 4 fluoroquinolones,
7 nitroimidazoles, 3 quinoxalines, and 8 other compounds. Samples were extracted using salting-out assisted liquid-
liquid extraction (SALLE). A Zorbax Eclipse Plus C18 column (1.8 pm, 3.0 mm x 150 mm, Agilent) was used with
0.1% formic acid solution-acetonitrile as the mobile phase for gradient elution. Detection was performed in positive
and negative electrospray ionization modes using multiple reaction monitoring (MRM). All 53 analytes showed
good linearity within their respective concentration ranges, with correlation coefficients above 0.99. The average
recoveries at three spiked levels ranged from 70.4% to 118.7%, with relative standard deviations (RSDs) ranging
from 0.69% to 12.07%. The limits of detection (LODs) ranged from 0.1 to 50 pg-kg", and the limits of quantitation
(LOQs) ranged from 0.2 to 100 pg-kg". This method has been applied to the determination of real samples.
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Table 1 The information of 53 analysts and internal standards
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Compound CAS number Chemical formula Dissolved solvent Lot. number Purity M.W.
S-Agonist

Clorprenaline 3811-25-4 C,H,CINO Methanol S177845 0.828 213.1
Tulobuterol 41570-61-0 C,HCINO Methanol S139505 0.999 227.1
Ractopamine 97825-25-7 CH,,NO, Methanol S177845 0.989 301.2
Bambuterol 81732-65-2 C,H,N,O, Methanol S177845 0.993 367.2
Phenylethanolamine A 1346746-81-3  C,;H,,N,O, Methanol S148439 0.998 344.2
Mabuterol 56341-08-3 CHCIF,N,O Methanol S177845 0.999 310.1
Salbutamol 18559-94-9 C,,H, NO, Methanol S177845 0.994 239.2
Zilpaterol 117827-79-9 C HN,0, Methanol S177845 0.961 261.2
Cimaterol 54239-37-1 C,H N,O Methanol S172505 0.980 219.1
Terbutaline 23031-25-6 C,H /NO, Methanol S177845 0.999 225.1
Clenbuterol 37148-27-9 C,H,,CLN,O Methanol S177845 0.988 276.1
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Compound CAS number Chemical formula Dissolved solvent Lot. number Purity M.W.
Cimbuterol 54239-39-3 C,H,N,O Methanol S096141 0.999 2332
Brombuterol 41937-02-4 C,H (Br,N,O Methanol S134561 0.994 364.0
Formoterol 73573-87-2 C,H,N,0, Methanol S146953 0.999 344.2
Amphenicol
Chloramphenicol 56-75-7 C, H,,CLN,O, Methanol S145561 0.998 322.0
Tranquilizer
Chlorpromazine 50-53-3 C,,H,,CIN,S Methanol S167751 0.980 318.1
Methaqualone 72-44-6 C,H,N,0 Methanol ALT028069  0.999 250.1
Xylazine 7361-61-7 C,H NS Methanol S159793 0.990 220.1
Estazolam 29975-16-4 C,H, CIN, Methanol S119943 0.999 294.1
Midazolam 59467-70-8 C H ,CIFN, Methanol S119943 0.994 325.8
Triazolam 28911-01-5 C,H,CLN, Methanol S119943 0.992 342.0
Alprazolam 28981-97-7 C,,H,CIN, Methanol S119943 0.999 308.1
Diazepam 439-14-5 C,H,,CIN,O Methanol S119943 0.999 284.1
Nitrazepam 146-22-5 C,H,N,O, Methanol S119943 0.999 281.1
Oxazepam 604-75-1 C,H, CIN,0, Methanol S119943 0.996 286.1
Clonazepam 1622-61-3 C;H,,CIN,O, Methanol S119943 0.999 315.0
Lorazepam 846-49-1 C,H,,CLN,O, Methanol S119943 0.999 320.0
Phenobarbital 50-06-6 C,H N0, Methanol S142179 0.999 232.1
Barbital 57-44-3 CH ,N,0O, Methanol S142179 0.999 184.1
Amobarbital 57-43-2 C, HN,O, Methanol S142179 0.999 226.1
Secobarbital 76-73-3 C,HN,0O, Methanol S142179 0.999 238.1
Fluoroquinolone
Norfloxacin 70458-96-7 C,(H,FN,O; Methanol S117199 0.999 319.1
Pefloxacin 70458-92-3 C,,H,,FN.O, Methanol S117199 0.987 333.2
Lomefloxacin 98079-51-7 C,,H,F.N,O, Methanol S117199 0.904 351.1
Ofloxacin 82419-36-1 CH,FN.O, Methanol S117199 0.995 361.1
Nitroimidazole
Dimetridazole 551-92-8 C,H,N,0, Methanol S169555 0.999 141.1
Dimetridazole-2-hydroxy 936-05-0 C,HN,O, Methanol S169555 0.980 157.1
Metronidazole-hydroxy 4812-40-2 CHN,O, Methanol S169555 0.996 187.1
Metronidazole 443-48-1 C,H,N,O, Methanol S169555 0.999 171.1
Ronidazole 7681-76-7 CHN,O, Methanol S169555 0.990 200.1
Ipronidazole 14885-29-1 C,H,N,O, Methanol S094613 0.999 169.1
Tinidazole 19387-91-8 CH N,0,S Methanol S143801 0.999 247.1
Quinoxaline
2-Quinoxaline-carboxylic acid (2-QCA) 879-65-2 C,HNN,O, Methanol S153963 0.950 174.0
3-Methyl-2-quinoxaline-carboxylic acid ~ 74003-63-7 C,,HN,0O, Methanol S160521 0.999 188.1
(MQCA)
Carbadox 6804-07-5 C HN,O, Methanol/DMSO (3:1) S095207 0972 262.1
Others
Dapsone 80-08-0 C,H,,N,O,S Acetonitrile S125593 0.994 248.1
Leucomalachite green 129-73-7 C,,H, N, Methanol S167117 0.994 330.2
Malachite green 569-64-2 C,;H,CIN, Methanol S167117 0.981 364.9
Clonidine 4205-90-7 C,H,CLN, Methanol S146723 0.998 229.0
Cyproheptadine 129-03-3 C,H, N Methanol S149739 0.998 287.4
Carbofuran 1563-66-2 C,H,\NO, Acetonitrile 2250832 0.999 221.1
Chlordimeform 6164-98-3 C,H,;CIN, Methanol S168431 0.989 196.1
Fipronil 120068-37-3 C,H,CLFN,0S Acetonitrile S163547 0.995 4359
Internal standard (IS)
Cimbuterol-d, 1246819-04-4  C H DN,O Methanol G0065083 0.977 2422
Zilpaterol-d, 1217818-36-4  C,H,D.N,O, Methanol G0088143  >0.98 268.2
2-QCA-d, 2244217-89-6  C,H,D,N,O, Methanol H0095896 0.980 178.1
Metronidazole-hydroxy-d, 2196180-19-3  C.H.D,N,O, Methanol H3000662 0.980 189.1
Pefloxacin-d, 1228182-51-1  C,,H ,D,FN,O, Methanol F0058438 0.996 338.2
Dapsone-d, 557794-38-4 C,H,D\N,O,S Methanol D0054643 1.000 256.1
Carbofuran-d, 1007459-98-4  C,,H ,D,NO, Methanol E0066530 0.998 224.1
Fipronil-"C,"N, - C,”C,H,CLFN,"N,OS  Methanol A0069672 1.000 443.1
Leucomalachite green-d 1173021-13-0  C,H, DN, Acetonitrile G0093712 0.998 336.3
Malachite green-d - C,;H,,D,CIN, Acetonitrile G0093712 0.596 369.9
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BIEFRILE LY Zorbax Eclipse Plus C18 il
(1.8 pm, 3.0 mm x 150 mm, Agilent); £ 4 40 °C,
JIE N 0.5 mL-min”, FEAEE 10 uL. A A N0.1%
R (7 5 mmol- L' H R #%) 5T, B N LIE; B B 444
1 : 0~0.5 min, 2% B; 0.5~1.8 min, 2%~15% B;
1.8~3.5 min, 15%~20% B; 3.5~6 min, 20%~25% B;
6~7 min, 25%~30% B; 7~11 min, 30%~35% B;
11~16 min, 35%~100% B; 16~26 min, 100% B.

Table 2 Detailed MS/MS parameters of 53 analytes. *Quantitative ion
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Precursor Product Retention Fragmentor  Collision .
Compound . . . . Polarity IS
ion (m/z) ion (m/z) time/min /V energy/V
S-Agonist
Clorprenaline 214.1 196.0*/153.9 5.97 380 8/12 +
Tulobuterol 228.1 154.0*%/119.1 7.00 380 12/32 +
Ractopamine 302.2 284.2*%/164.1 5.81 380 8/12 +
Bambuterol 368.2 72.0*/46.1 8.29 380 57/25 +
Phenylethanolamine A 345.2 327.2%/150.2 11.61 380 13/21 +
Mabuterol 311.0 293.0/237.0%* 8.68 380 9/17 +
Salbutamol 240.2 166.1/148.1* 3.64 380 4/16 + Zilpaterol-d,
Zilpaterol 262.2 202.0/185.1* 3.62 380 21/25 + Zilpaterol-d,
Cimaterol 220.1 202.1*/160.1 3.80 380 4/12 + Cimbuterol-d,
Terbutaline 226.1 170.1/152.1* 3.64 380 8/12 + Cimbuterol-d,
Clenbuterol 277.1 259.1/203.0* 7.10 380 4/12 + Cimbuterol-d,
Cimbuterol 234.0 160.0%/143.0 435 380 13/29 + Cimbuterol-d,
Brombuterol 365.0 290.9%/212.0 8.09 380 17/33 + Cimbuterol-d,
Formoterol 3452 149.1%/121.3 6.98 380 21/33 + Cimbuterol-d,
Amphenicol
Chloramphenicol 321.0 257.0/152.1%* 9.61 380 16/14 -
Tranquilizer
Chlorpromazine 319.1 86.1/58.2* 13.94 380 16/44 +
Methaqualone 251.1 132.1/91.0* 14.16 380 37/49 +
Xylazine 221.1 90.0%/72.0 6.94 380 40/40 +
Estazolam 295.1 267.0%/192.0 13.55 380 25/23 +
Midazolam 326.1 291.1%/223.2 10.83 380 29/45 +
Triazolam 343.1 314.9/308.0* 14.01 380 25/28 +
Alprazolam 309.1 281.3/205.2* 13.88 380 29/53 +
Diazepam 285.1 222.1/193.1* 15.23 380 33/37 +
Nitrazepam 282.1 207.2%/180.2 13.58 380 37/41 +
Oxazepam 287.1 241.0%/162.9 13.51 380 25/45 +
Clonazepam 316.0 240.9/213.8%* 13.89 380 34/38 +
Lorazepam 321.0 302.9/275.0% 13.79 380 21/25 +
Barbital 183.2 140.1*/84.9 5.92 380 9/9 -
Secobarbital 237.2 194.2*%/84.9 13.71 380 9/9 -
Phenobarbital 231.0 188.1%/84.9 9.51 380 9/9 -
Amobarbital 225.2 182.2*%/84.9 13.02 380 13/13 -
Fluoroquinolone
Norfloxacin 320.1 302.1%/231.1 5.32 380 25/40 + Pefloxacin-d,
Pefloxacin 3342 316.3%/290.1 5.47 380 21/28 + Pefloxacin-d;
Lomefloxacin 352.2 334.0/265.0* 5.86 380 20/25 + Pefloxacin-d;
Ofloxacin 362.2 318.2%/261.1 5.38 380 20/40 + Pefloxacin-d;
Nitroimidazole
Dimetridazole 142.1 96.1*%/81.1 5.22 380 16/28 + Metronidazole-hydroxy-d,
Dimetridazole-2-hydroxy 158.1 140.0/55.2* 4.25 380 8/20 + Metronidazole-hydroxy-d,
Metronidazole-hydroxy 188.1 126.1*%/123.1 3.76 380 16/8 + Metronidazole-hydroxy-d,
Metronidazole 172.1 128.0*/82.1 4.31 380 12/24 + Metronidazole-hydroxy-d,
Ronidazole 201.1 140.1%/55.2 4.69 380 8/25 + Metronidazole-hydroxy-d,
Ipronidazole 170.1 124.0%/109.0 9.62 380 16/26 + Metronidazole-hydroxy-d,
Tinidazole 248.1 121.0/29.2* 6.00 380 17/21 +
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Precursor Product Retention Fragmentor  Collision .
Compound . X . . Polarity IS
ion (m/z) ion (m/z) time/min A% energy/V
Quinoxaline
2-QCA 175.0 128.9/102.0* 5.22 380 16/40 + 2-QCA-d,
MQCA 189.1 145.0%/143.0 5.24 380 12/16 + 2-QCA-d,
Carbadox 263.1 231.2*%/130.1 5.43 380 13/21 + 2-QCA-d,
Others
Dapsone 249.1 156.0/92.0%* 7.76 380 10/28 + Dapsone-d,
Leucomalachite green 331.2 316.2/239.2* 17.57 380 20/28 + Leucomalachite green-d
Malachite green 329.2 313.1%/284.1 14.66 380 41/65 + Malachite green-d
Clonidine 230.0 133.1/74.2%* 4.55 380 53/73 +
Cyproheptadine 288.2 215.1/96.2* 13.34 380 65/25 +
Carbofuran 222.1 165.1%/123.0 13.62 380 13/25 + Carbofuran-d,
Chlordimeform 197.1 125.0/117.1%* 6.55 380 33/29 +
Fipronil 4349 278.0/250.0* 16.16 380 37/33 Fipronil-"C,"N,
IN
Cimbuterol-d, 243.2 160.9 435 380 17 +
Zilpaterol-d, 269.0 202.9 3.62 380 21 +
2-QCA-d, 179.0 132.9 5.22 380 21 +
Metronidazole-hydroxy-d, 190.1 127.9 3.76 380 17 +
Pefloxacin-d; 339.2 321.1 5.47 380 25 +
Dapsone-d 257.4 159.9 7.76 380 17 +
Carbofuran-d, 225.1 164.8 13.62 380 13 +
Fipronil-"C,""N, 441.0 251.8 16.16 380 29 -
Leucomalachite green-d 3373 240.1 17.57 380 37 +
Malachite green-d. 334.2 318.2 14.66 380 41 +
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Table 3 The LODs, LOQs, linear equations, ranges, and MEs for 53 analytes
Compound LOD/ug-kg' LOQ/ug-kg” Linear equation Linear range/pg-L" r ME/%
[-Agonist
Clorprenaline 0.1 0.2 y = 5841216.26 x + 87 425.55 0.1-1 0.995 95.64
Tulobuterol 0.1 0.2 y = 6027 646.87 x + 18 522.54 0.1-1 1.000 86.96
Ractopamine 0.1 0.2 y = 2747 991.54 x + 29 099.74 0.1-1 1.000 66.30
Bambuterol 0.1 0.2 y = 5194463.70 x + 44 581.13 0.1-1 0.998 89.90
Phenylethanolamine A 0.1 0.2 y=4057591.55x + 99 910.70 0.1-1 0.998 128.25
Mabuterol 0.1 0.2 y=15193449.89 x + 48 044.08 0.1-1 0.999 69.61
Salbutamol 0.1 0.2 y=13.89x-0.53 0.1-1 0.993 73.17
Zilpaterol 0.1 0.2 y=3.15x-027 0.1-1 0.991 65.09
Cimaterol 0.1 0.2 y=041x-0.01 0.1-1 0.995 49.36
Terbutaline 0.1 0.2 y=1.19x-0.01 0.1-1 0.997 55.38
Clenbuterol 0.1 0.2 y=0.88x+0.02 0.1-1 0.996 78.58
Cimbuterol 0.1 0.2 y=126x+0.09 0.1-1 0.997 73.32
Brombuterol 0.1 0.2 y=0.20x+0.01 0.1-1 0.997 62.23
Formoterol 0.1 0.2 y=148x+0.02 0.1-1 0.993 101.37
Amphenicol
Chloramphenicol 0.1 0.2 y=9551635x-14.83 0.1-1 0.999 69.46
Tranquilizer
Chlorpromazine 0.1 0.2 y=4311198.01 x - 12337527 0.1-1 0.998 91.62
Methaqualone 0.1 0.2 y=5181626.41x-67016.44 0.1-1 0.998 76.57
Xylazine 0.1 0.2 y=1414 15391 x + 11 363.70 0.1-1 1.000 86.53
Estazolam 0.1 0.2 y=1079 542.68 x + 12 236.56 0.1-1 0.998 116.99
Midazolam 0.1 0.2 y=1694281.78 x +2928.75 0.1-1 0.998 58.64
Triazolam 0.1 0.2 y="784153.47 x - 427.84 0.1-1 0.999 107.84
Alprazolam 0.1 0.2 y=722016.87 x - 7329.70 0.1-1 0.999 73.13
Diazepam 0.1 0.2 y=563673.41 x-10515.61 0.1-1 0.999 81.37
Nitrazepam 0.1 0.2 y=75022.22x-1339.64 0.1-1 0.997 57.22
Oxazepam 0.1 0.2 y=374484.50 x + 7 089.87 0.1-1 0.999 263.27
Clonazepam 0.1 0.2 y=51232.53x+520.24 0.1-1 0.996 52.90
Lorazepam 0.1 0.2 y=261090.69 x +2415.79 0.1-1 0.997 234.22
Phenobarbital 50 100 y=442.00 x + 3 375.35 50-500 0.998 91.27
Barbital 50 100 »=349.63 x - 3 857.60 50-500 0.998 63.24
Amobarbital 50 100 y=1200.29 x + 15 337.73 50-500 0.997 85.00
Secobarbital 50 100 y=>55473x-4923.25 50-500 0.998 39.30
Fluoroquinolone
Norfloxacin 0.2 0.4 y=037x-0.03 0.2-2 0.993 268.90
Pefloxacin 0.2 0.4 y=0.47x+0.01 0.2-2 0.999 177.75
Lomefloxacin 0.2 0.4 y=0.13x-0.00 0.2-2 0.996 60.97
Ofloxacin 0.2 0.4 y=042x-0.01 0.2-2 0.997 111.81
Nitroimidazole
Dimetridazole 2 4 y=0.17x-0.04 1-10 0.999 86.52
Dimetridazole-2-hydroxy 2 4 y=0.05x-0.05 1-10 0.996 36.07
Metronidazole-hydroxy 2 4 y=0.09x+0.15 1-10 0.995 57.96
Metronidazole 2 4 y=0.52x-0.08 1-10 0.996 161.30
Ronidazole 2 4 y=0.72x-0.40 1-10 0.998 142.78
Ipronidazole 2 4 y=0.22x+0.08 1-10 0.999 78.37
Tinidazole 2 4 y=310695.06 x + 52 015.05 1-10 1.000 91.53
Quinoxaline
2-QCA 25 50 y=0.534x+0.03 25-250 0.996 112.92
MQCA 25 50 y=5.11x+0.01 25-250 0.998 120.07
Carbadox 25 50 y=3529x+0.40 25-250 0.999 109.83
Others
Dapsone 0.1 0.2 y=146x-0.01 0.1-1 0.997 95.36
Leucomalachite green 0.1 0.2 y=0.59x-0.06 0.1-1 0.995 108.42
Malachite green 0.1 0.2 y=146x-0.18 0.1-1 0.996 60.44
Clonidine 0.1 0.2 y=301538.77x - 7 590.75 0.1-1 0.997 76.02
Cyproheptadine 0.1 0.2 y=2368886.83 x - 24 673.13 0.1-1 0.998 78.51
Carbofuran 0.1 0.2 y=0.82x-0.00 0.1-1 0.999 49.77
Chlordimeform 0.1 0.2 y=1083880.45x+ 15 761.62 0.1-1 0.996 84.15
Fipronil 0.1 0.2 y=0.86x-0.03 0.1-1 1.000 122.19
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Table 4 Recoveries and RSDs for 53 compounds at three spiked levels

1LOQ 2L0Q 10 LOQ
Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
[-Agonist
Clorprenaline 81.65 8.99 83.27 5.52 93.53 6.40
Tulobuterol 84.69 7.12 86.37 3.26 90.42 2.34
Ractopamine 74.17 10.29 71.26 8.35 84.82 542
Bambuterol 76.66 9.54 87.41 5.04 98.90 1.99
Phenylethanolamine A 70.40 6.93 72.93 5.44 92.14 4.17
Mabuterol 77.92 6.10 87.31 2.51 92.87 2.97
Salbutamol 101.52 9.87 93.61 9.07 94.50 8.53
Zilpaterol 114.34 5.21 99.62 5.73 89.48 10.47
Cimaterol 106.96 7.20 83.02 11.04 92.25 7.08
Terbutaline 94.65 9.77 89.19 9.41 82.22 8.99
Clenbuterol 106.31 5.20 116.42 10.44 117.36 7.95
Cimbuterol 79.27 10.45 86.07 9.81 118.64 7.43
Brombuterol 102.95 9.44 113.33 11.05 117.89 1.95
Formoterol 111.92 4.43 105.16 4.67 118.70 3.44
Amphenicol
Chloramphenicol 85.65 2.32 88.29 2.71 94.70 3.43
Tranquilizer
Chlorpromazine 70.92 4.22 81.41 3.42 84.73 9.71
Methaqualone 95.55 8.78 93.92 5.17 96.72 3.60
Xylazine 76.42 5.38 88.01 3.18 97.89 3.97
Estazolam 94.54 6.29 93.84 3.96 102.29 6.10
Midazolam 80.00 7.39 93.12 3.04 102.31 6.14
Triazolam 92.08 7.38 107.75 2.21 116.78 4.37
Alprazolam 110.67 8.49 116.83 2.65 118.03 4.62
Diazepam 97.93 10.26 102.39 6.70 106.23 4.73
Nitrazepam 74.28 7.48 81.54 8.25 86.06 4.63
Oxazepam 78.74 8.78 82.45 8.16 93.86 4.92
Clonazepam 86.37 6.43 81.12 10.44 95.40 8.76
Lorazepam 80.59 8.15 81.34 7.86 91.48 3.71
Phenobarbital 83.52 3.85 96.46 5.93 100.19 1.45
Barbital 93.87 7.54 87.32 5.99 97.23 6.21
Amobarbital 75.73 4.05 87.45 6.94 94.54 3.05
Secobarbital 85.78 4.88 86.79 6.58 86.73 5.35
Fluoroquinolone
Norfloxacin 100.39 5.02 89.32 1.93 84.17 4.61
Pefloxacin 86.99 291 94.55 4.22 95.97 3.97
Lomefloxacin 109.14 4.29 104.26 2.36 104.11 3.60
Ofloxacin 112.11 4.70 101.32 2.14 96.25 7.12
Nitroimidazole
Dimetridazole 104.62 8.29 89.95 1.55 94.29 9.77
Dimetridazole-2-hydroxy 113.47 8.58 99.60 5.50 95.19 12.07
Metronidazole-hydroxy 97.53 7.23 101.34 4.77 97.18 5.16
Metronidazole 86.93 10.67 90.35 4.39 91.06 7.65
Ronidazole 113.83 7.29 92.73 4.15 94.21 9.84
Ipronidazole 92.84 8.01 81.48 8.47 86.78 10.11
Tinidazole 78.74 8.11 88.82 5.84 101.48 5.16
Quinoxaline
2-QCA 84.68 10.03 100.67 8.45 98.38 1.21
MQCA 109.14 6.24 100.36 7.68 98.07 0.69
Carbadox 104.18 9.14 101.76 6.11 99.31 6.42
Others
Dapsone 89.94 4.16 97.97 3.55 96.88 6.76
Leucomalachite green 105.46 10.96 80.71 8.69 94.35 3.47
Malachite green 103.38 8.54 80.43 2.38 71.39 1.33
Clonidine 95.29 9.74 86.11 5.31 87.89 8.25
Cyproheptadine 74.09 3.94 71.91 6.14 83.47 2.67
Carbofuran 88.18 4.05 93.99 5.05 98.36 223
Chlordimeform 78.45 5.35 80.89 5.82 101.92 2.03

Fipronil 96.04 4.31 90.39 4.15 91.07 6.02
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