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24 26
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2

7
0.01 0.04 2

3 2 1 2 3 2
8

9
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1,2)

3) 4,5)

7

50 mL
5.0 g 2.0 g

30

3 115

PL LC/MS Mix1

*1
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PL LC/MS Mix2

5-

N,N- 200
500 

1 

LC/MS MeCN
MeOH

LC/MS N,N-
Infinity Pure

LC/MS

25%
GL

InertSep C18 500 mg/6mL 1000 mg/6mL
C18

InertSep NH2 500 mg/6 mL
NH2 -N-

InertSep  PSA
500 mg/6mL PSA

ADVANTEC
DISMIC PTFE

2.5 3.5
mm

FV-F3
DREMEL MH-1000

himacCR20G Sigma Sigma 
1-15K
EYELA MG-2100

LC-MS/MS Agilent Technologies Agilent 
1100 Sciex

API4000

L-column 2 2.1 mm i.d 150 mm
3 m

A 0.1% B
MeCN 40
0.2 mL/min 10 L

ESI Posi- 
tive Negative

Scheduled Multiple Reaction 
Monitoring Scheduled MRM   

5 kV Positive -4 kV
Negative 500
Positive 400 Negative
HPLC Positive 0 min
B 5% 1 min 25% 3 min 25%

12 min 65% 14 min 65% 18 min 95%
21 min 95% 21.5 min 5% 30 min 5%

Negative 0 min B 5% 0.5 min 5%
1 min 40% 3 min 40% 10 min 95%
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15 min 95% 15.1 min 5% 25 min 5%

MRM 50 100 ng/mL

MS/MS

3

1-1 1-2

3 g MeCN 0.1%
9:1 20 mL MeCN 0.1%

7:3 15 mL MeCN 15
mL 1

1300 g 5 10
50 mL

25 mL
15 mL 7 mL

pH 1M
200 L MeCN 50 mL

25 mL

6 mL
1300 g 5 10

5 mL 1 mL

MeCN 1mL
4 mL

C18 1000 mg MeCN 5mL MeCN
4:1 5 mL

0.4 g 0.8 mL 2 mL
0.2% MeCN 4:1

7 mL 0.5% MeCN 4:1
3 mL 2 mL

1 M 100 L
1 mL

MeCN 600 L

2 mL

10,000 g 10
0

1

1300×g 5 10

 25 mL

 4 mL

5

MeCN

 2 mL

C18 1000 mg

 6 mL

 50 mL

 5.0 g 

 MeCN 15 mL

MeCN 0.1% 9:1  20 mL
0.01%

MeCN 0.1% 7:3  15 mL
0.03%

 2 mL

 5 mL

 1 mL

 0.8 mL

MeCN

0.2%  MeCN 4:1  7 mL
0.5%  MeCN 4:1  3 mL

MeCN 5 mL MeCN 4:1  5 mL
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30 mM 8 mL

10 mL
1300 g 5 10

C18 500 mg MeCN 3 mL 6 mL

2.0 mL 0.4 g
3 mL

0.2% MeCN 4:1 5 mL 0.5%
MeCN 4:1 2 mL

2 mL
1 M

100 L
1 mL MeCN
600 L 2 mL

1

 3 mL

5

C18 500 mg

0.2%  MeCN 4:1  5 mL
0.5%  MeCN 4:1  2 mL

 2.0 g
30 mM  8 mL

 2 mL

 10 mL

  2.0 mL

1300×g 5 10

 MeCN 3 mL 6 mL

0 0.1 0.5 1 5 10 20 ng/mL
20 1 mL

20
ng/mL 20 ng/mL

10 5 1 ng/mL
1 ng/mL 0.5 0.1 ng/mL

0 ng/mL
r = 0.99

- -

1

2
0.01 0.04 g/g

30

3 2 2

2 2 3

Microsoft Excel

0.01 g/g
2 ng/mL

1/3
S/N 10

0.01 g/g

M e C N
M e O H

3,6 9)

MeOH
MeCN

MeCN
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10)

0.1 1%
11,12) 13,14)

0.1%
MeCN 0.1%

9:1 7:3
MeCN

MeCN
15) 30 mM

pH6

5 g 0.2 μg/g
n=1

2 20 mL 2
15 7 mL 40

2 3 8
70 120%

95

96

97

9

12

11

11

7

7

C18 PSA NH2 500
mg 3,16)

8
n=1

20 ng/mL 1 mL
5 mL

2 mL
3

3 C18
MeCN

NH2
PSA

115

a MeCN
b MeCN / 4:1
c 0.2% eCN
d 0.5% MeCN
e 0.2% MeCN / 4:1
f 0.5% MeCN / 4:1
g 0.02% MeCN / 4:1
h 2% MeCN/ 4:1

C18

NH2

PSA

% 70 120 70 120 % <50 50 70 70 120 120

MeCN / 0.1% 9:1

MeCN / 0.1% 7:3

MeCN 115
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a 35 171 71 21 

b 1019 I 91 |5 

C 71 14 I 92 21 
l 

d 19 1101 83 31 
l 

e 7161 97 |5 
l 

f 13 1121 89 1 
l 

g 5113 I 94 31 

h 19 I 91 82 |5 

a 87 | 27 1 
l 

b 59 211 53 1 
l 

C 87 151 23 
l 

d 69 | 8 | 38 
l 

e 54 I 13 I 48 
l 

f 17 I 22 I 76 
l 

g 59 | 18 | 37 1 
l 

h 17 1121 85 1 

a 81 I 16 I 17 1 
l 

b 44 | 29 | 39 31 
l 

C 84 I 13 I 11 1 
l 

d 74 I 22 I 19 

e 44 | 39 | 29 31 

f 21 I 62 | 29 31 

g 44 | 47 I 23 1 
I 

h 22 I 14 I 78 1 

口 ． ． 口 言l
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C18 0.2%
4:1 e

MeCN 4:1 f h

C18 e
f 2

1000 mg

17) C18 500 mg
3 mL e f

3 mL

0.01 μg/g
MeCN 0.1% 9:1

2
2.6.1

n=3
4

70 120% RSD% 25%
50

70% 9 RSD25%

5 g 0.01 0.04 μg/g
2.6.1

n=3

2 70 120% RSD% < 25 0.01
μg/g 15 0.04 μg/g

104
93

7
1 A E

2
3

A 2
B

B’
C 2

50% 70%
D A B B' C E

A

RSD %

%

%

RSD %

n=3
n=3
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A 

2
% 70 120
% < 25 < 30 

< 15 < 20 

B 
% 70 120
%

< 15 < 20

B'
% 70 120
%

< 25 < 30

C 

2
% 50 70
% < 25 < 30 

< 15 < 20 

D 

A B B' C 
2

1
% < 50 120 <
% 25 30

15 20

E 

A D

8 9
7

A 115 66

A D
B C E

D E
LC-MS/MS

B’ A

C D

A B B' C D E Total

98*
(85)**

0 
1 

(1)
0 

16
(14)

0 115

92
(80)

1 
(1)

1 
(1)

7 
(6)

13
(11)

1 
(1)

115

97
(84)

1 
(1)

5 
(4)

3 
(3)

9 
(8)

0 115

98
(85)

2 
(2)

5 
(4)

0 
10
(9)

0 115

90
(78)

2 
(2)

12
(10)

1 
(1)

10
(9)

0 115

108
(94)

0 
1 

(1)
1 

(1)
5 

(4)
0 115

110
(96)

1 
(1)

2 
(2)

2 
(1)

0 0 115

*
** %

115

7

8 9

1

19
11 15 115001

2
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22 12 24 1124 1
3

HPLC
17 1 24

0124001
4 LC-MS/MS

7 2011 70-82
5 LC-MS/MS

,
7 2011 83-90

6
LC/MS/MS

1
39 2009 39-44

7

56 12 2007 1097-1103
8 HPLC

49
3 2008 244-248

9
LC-MS/MS

54 4 2013 290-297
10

52
1 2011 59-65

11 LC-MS/MS

49 3 2008 204-210
12 HPLC

57 2006 187-191
13 LC/MS/MS

28 2002 79-83
14

55 9 2006
651-659

15 LC-MS/MS

8 2007 125-130
16

GC-MS/MS
53

2 2012 75-84
17
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A B B' C D E

1 Cephapirin 5.8 424.2 > 292.2 D E D D A A A 3 0 0 0 3 1
2 5-Hydroxythiabendazole 5.8 218.0 > 191.0 A A D B' C A A 4 0 1 1 1 0
3 Sulfisomidine 5.9 279.1 > 124.0 A A B' B' A A A 5 0 2 0 0 0
4 Lincomycin 5.9 407.2 > 126.0 A A D D A D A 4 0 0 0 3 0
5 Lebamisole 6.0 205.1 > 178.0 A A A A A A A 7 0 0 0 0 0
6 Cefquinome 6.0 529.2 > 134.0 A A D D D D A 3 0 0 0 4 0
7 Ampicillin 6.1 350.1 > 106.3 A A D D A A A 5 0 0 0 2 0
8 Diaveridine 6.1 261.1 > 245.1 A A B' A A A A 6 0 1 0 0 0
9 Thiabendazole 6.1 202.1 > 175.1 A A A A A A A 7 0 0 0 0 0

10 Norfloxacin 6.2 320.1 > 276.1 A A B' B' A A A 5 0 2 0 0 0
11 Ofloxacin 6.2 362.1 > 318.3 A A A A A A A 7 0 0 0 0 0
12 Ciprofloxacin 6.2 332.1 > 288.2 A A A A A A A 7 0 0 0 0 0
13 Marbofloxacin 6.2 363.1 > 72.1 A A B' B' A A A 5 0 2 0 0 0
14 Trimethoprim 6.2 291.1 > 230.1 A A A A A A A 7 0 0 0 0 0
15 Clopidol 6.2 192.0 > 101.0 A A A A A A A 7 0 0 0 0 0
16 Danofloxacin 6.3 358.2 > 340.2 A A A A B' A A 6 0 1 0 0 0
17 Ormetoprim 6.4 275.1 > 259.1 A A A A A A A 7 0 0 0 0 0
18 Neospiramycin 6.5 350.3 > 174.3 A C C A A A A 5 0 0 2 0 0
19 Enrofloxacin 6.5 360.2 > 316.3 A A A A A A A 7 0 0 0 0 0
20 Sulfadiazine 6.5 251.1 > 155.9 A A A A A A A 7 0 0 0 0 0
21 Cephalonium 6.5 459.1 > 337.1 A A A D D D A 4 0 0 0 3 0
22 Sulfathiazole 6.6 256.1 > 155.9 A A A A A A A 7 0 0 0 0 0
23 Mecillinam 6.7 326.2 > 167.2 A A A D A A A 6 0 0 0 1 0
24 Orbifloxacin 6.7 396.1 > 352.2 A A A A A A A 7 0 0 0 0 0
25 Azaperone 6.7 328.1 > 165.0 A A A A A A A 7 0 0 0 0 0
26 Sulfapyridine 6.8 250.1 > 156.1 A A A A A A A 7 0 0 0 0 0
27 Spiramycin 6.9 422.4 > 174.1 A A A A A A A 7 0 0 0 0 0
28 Sarafloxacin 7.0 386.1 > 342.2 A A A A A A A 7 0 0 0 0 0
29 Xylazine 7.0 221.1 > 90.1 A A A A A A A 7 0 0 0 0 0
30 Difloxacin 7.1 400.1 > 356.1 A A A A A A A 7 0 0 0 0 0
31 Sulfamerazine 7.1 265.1 > 155.9 A A A A A A A 7 0 0 0 0 0
32 Morantel 7.3 221.1 > 123.0 A A A A A A A 7 0 0 0 0 0
33 Cefazolin 7.5 455.1 > 323.2 A A D D B' A A 4 0 1 0 2 0
34 Tripelennamine 7.7 256.2 > 211.2 A A A A A A A 7 0 0 0 0 0
35 Sulfadimidine 7.8 279.1 > 186.0 A A A A A A A 7 0 0 0 0 0
36 Sulfamonomethoxine 7.9 281.2 > 156.0 A A A A A A A 7 0 0 0 0 0
37 Sulfisozole 8.3 240.0 > 156.0 A A A A A A A 7 0 0 0 0 0
38 Pyrimethamine 8.5 249.1 > 233.0 A A A A A A A 7 0 0 0 0 0
39 Mafoprazine 8.6 402.2 > 193.1 A A A A A A A 7 0 0 0 0 0
40 Tilmicosin (cis,trans) 8.7 869.7 > 174.0 A A A A B' A A 6 0 1 0 0 0
41 Sulfamethoxypyridazine 8.7 281.2 > 155.9 A A A A A A A 7 0 0 0 0 0
42 Cefoperazone 8.9 646.1 > 530.3 A B' A A D A A 5 0 1 0 1 0
43 Oxibendazole 8.9 250.1 > 218.1 A C A A A A A 6 0 0 1 0 0
44 Sulfachloropyridazine 9.2 285.1 > 155.9 A A A A A A A 7 0 0 0 0 0
45 Oxfendazole 9.3 316.1 > 159.0 A A A A A A A 7 0 0 0 0 0
46 Mirosamicin 9.6 728.4 > 158.1 A A A A A A A 7 0 0 0 0 0
47 Oleandomycin 9.7 688.4 > 158.2 A A A A A A A 7 0 0 0 0 0
48 Sulfadoxine 9.7 311.2 > 155.9 A A A A A A A 7 0 0 0 0 0
49 Sulfamethoxazole 9.8 254.1 > 156.0 A A A A A A A 7 0 0 0 0 0
50 Sulfaethoxypyridazine 9.8 295.0 > 156.0 A A A A A A A 7 0 0 0 0 0

Positive

2 )

No. RT 1 )

(min) (m/z )
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A B B' C D E
51 Sulfatroxazole 9.9 268.1 > 156.0 B' B A A A A A 5 1 1 0 0 0
52 Erythromycin 10.1 734.5 > 158.2 A A A A A A A 7 0 0 0 0 0
53 Sulfisoxazole 10.2 268.1 > 156.0 A A A A B A A 6 1 0 0 0 0
54 Roxarson 10.2 263.9 > 245.8 D D D A D D B' 1 0 1 0 5 0
55 Miloxacin 10.3 263.9 > 215.2 D D D A D D B' 1 0 1 0 5 0
56 Oxolinic acid 10.4 262.2 > 216.1 A A A A A A A 7 0 0 0 0 0
57 Tylosin 10.5 916.6 > 174.1 A A A A A A A 7 0 0 0 0 0
58 Sulfabenzamide 10.9 277.1 > 156.0 A A A A A A A 7 0 0 0 0 0
59 Prednisolone 10.9 361.3 > 147.1 A A A A B' A A 6 0 1 0 0 0
60 Ethopabate 10.9 238.1 > 206.0 A A A A A A A 7 0 0 0 0 0
61 Kitasamycin 11.0 772.4 > 109.3 A A A A A A A 7 0 0 0 0 0
62 Tiamulin Fumarate 11.0 494.4 > 192.1 A A A A A A A 7 0 0 0 0 0
63 Sulfadimethoxine 11.1 311.2 > 156.1 A A A A A A A 7 0 0 0 0 0
64 Sulfaquinoxaline 11.1 301.2 > 156.0 A A A A A A A 7 0 0 0 0 0
65 Hydrocortisone 11.1 363.3 > 327.3 A A B B' A A A 5 1 1 0 0 0
66 Prifinium 11.1 306.3 > 86.1 A A A A A A A 7 0 0 0 0 0
67 Oxfendazole sulfone 11.4 332.1 > 300.1 A A A A A A A 7 0 0 0 0 0
68 Mebendazole 11.6 296.1 > 264.1 A C A A A A A 6 0 0 1 0 0
69 Josamycin 11.9 828.6 > 174.0 A A A A A A A 7 0 0 0 0 0
70 Benzocaine 11.9 166.0 > 138.0 A A A A A A A 7 0 0 0 0 0
71 Benzylpenicillin 12.0 335.1 > 160.1 A A A A B' A A 6 0 1 0 0 0
72 Methylprednisolone 12.0 375.1 > 356.9 A A A A A A A 7 0 0 0 0 0
73 Flubendazole 12.2 314.1 > 282.1 D C A A A A A 5 0 0 1 1 0
74 Betamethasone 12.2 393.2 > 373.1 A A A A B' A B 5 1 1 0 0 0
75 Nalidixic acid 12.4 233.2 > 215.2 A A A A A A A 7 0 0 0 0 0
76 Flumequine 12.7 262.2 > 202.2 A A A A A A A 7 0 0 0 0 0
77 Sulfabromomethazine 12.9 357.0 > 92.1 A A A A A A A 7 0 0 0 0 0
78 13.0 271.2 > 253.2 A A A A A A A 7 0 0 0 0 0
79 Oxacillin 13.4 402.2 > 160.1 A A A A B' A A 6 0 1 0 0 0
80 Fenbendazole 13.4 300.1 > 268.1 D D A D A A A 4 0 0 0 3 0
81 Virginiamycin 13.4 526.3 > 337.1 A A A A B' A A 6 0 1 0 0 0
82 Brotizolam 13.6 392.9 > 314.0 A A A A A A A 7 0 0 0 0 0
83 Piromidic acid 13.8 289.2 > 243.2 A A A A A A A 7 0 0 0 0 0
84 Menbutone 14.0 259.3 > 159.1 A A A A B' A A 6 0 1 0 0 0
85 Nafcillin 14.4 415.3 > 199.2 A A A A B' A A 6 0 1 0 0 0
86 Ketoprofen 14.4 255.2 > 209.1 A A A A A A A 7 0 0 0 0 0
87 Praziquantel 14.5 313.2 > 203.1 A A A A A A A 7 0 0 0 0 0
88 Meloxicam 14.8 352.0 > 115.0 A A C A B A A 5 1 0 1 0 0
89 Dicloxacillin 15.1 470.1 > 160.1 A A A A B' A A 6 0 1 0 0 0
90 Flunixin 15.3 297.1 > 279.0 A A A A A A A 7 0 0 0 0 0
91 Triclabendazole Oxon 15.5 329.0 > 167.9 D D A A B' A A 4 0 1 0 2 0
92 Famphur 15.6 326.0 > 93.0 A A A A A A A 7 0 0 0 0 0
93 Rifaximin 15.7 786.4 > 754.4 A C B' A D A A 4 0 1 1 1 0
94 Altrenogest 15.8 311.4 > 227.1 D D C A A B' A 3 0 1 1 2 0
95 Carprofen 16.0 274.1 > 228.0 D D A A D A A 4 0 0 0 3 0
96 Clostebol 16.2 323.0 > 143.0 A C A A A A A 6 0 0 1 0 0
97 Febantel 17.1 447.1 > 415.1 A A A A A A A 7 0 0 0 0 0
98 Novobiocin 17.8 613.3 > 189.0 D D A D D A A 3 0 0 0 4 0
99 Triclabendazole 18.4 358.9 > 344.0 D D A D D A C 2 0 0 1 4 0

100 Chlormadinone 18.4 405.2 > 345.1 D D A A A A A 5 0 0 0 2 0
101 Melengestrol acetate 18.4 397.2 > 337.3 D C A A A A A 5 0 0 1 1 0
102 Tolfenamic Acid 19.2 262.1 > 209.1 D D A A A A A 5 0 0 0 2 0

No. RT 1 )

(min) (m/z )

2 )
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A B B' C D E

103 Thiamphenicol 6.2 353.9 > 185.1 A A D B A A A 5 1 0 0 1 0
104 Cefuroxime 6.7 423.0 > 206.9 A A A A A A A 7 0 0 0 0 0
105 Florfenicol 7.4 355.8 > 184.9 A A A A A A A 7 0 0 0 0 0
106 Dinitolmide 7.4 224.0 > 180.9 A A A A A A A 7 0 0 0 0 0
107 Chloramphenicol 7.6 321.0 > 152.0 A A A A A A A 7 0 0 0 0 0
108 Clorsulon 7.8 379.8 > 343.9 A A A A A A A 7 0 0 0 0 0
109 Sulfanitran 8.9 334.1 > 136.1 A A A B A A A 6 1 0 0 0 0
110 Penoxymethylpenicillin 9.0 348.9 > 208.0 A A A A A A A 7 0 0 0 0 0
111 Zeranol 9.7 321.1 > 277.1 A A A A A A A 7 0 0 0 0 0
112 Cloxacillin 9.8 433.9 > 292.8 A A A A A A A 7 0 0 0 0 0
113 Nicarbazin 10.8 301.0 > 136.9 D D A A A A A 5 0 0 0 2 0
114 Diclazuril 11.5 404.9 > 333.8 D D A A A A A 5 0 0 0 2 0
115 Oxyclozanide 12.2 397.8 > 175.9 D D A A D C C 2 0 0 2 3 0

2 )

Negative

No. RT 1 )

(min) (m/z )

1 RT Retention time

2 7 A E
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