
A HPLC LOQ
50 g/kg 75%

HPLC/ISP/MS/LSC
70%

12.3 7.6% A D
A

6

6 14C- 5
14C %

A 12.3 7.6 
D 10.3 6.1 

5.4 4.1 
A 8.9 

36.9 17.8 

94
6% 2/3 D 43%

44% 1/3
D 56% D 6%

2 6 24

3 / 1 / 14C- 4
110ppm 2 4

LSC
TLC

0.28 mg eq/kg 
0.04 mg eq/kg

A
5 6 2 25

A
5%

A D
HPLC TLC

- 9
60%
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A D 4
2 26

10 12 3
50 mg/ 30

2 8 24

30 2 0.1 0.23 g/mL
8 2 27

8 8 0 1 2 3
4 50 mg/

2 4 6 8 24

2 24
Cmax 4 2 28

5 7 6 /
25 100 mg/kg

25 100 250 mg/kg
2 4 6 8 24 48 72

8 24 48 72

2 4 8
1.6 43%

6 76% 2 29

6 / / 4 / 14C- 3
528ppm 0 (6 ) 2 5 7

/
7 LSC

HPLC
/

5 0.1 g eq/g
/

0.1 g eq/g
0 797 g eq/g

5 14 g eq/g 7
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69%

D LC-ESI/MS/MS

A LOQ

A D
20- B

2 30

27 4 / / 3 /
14C- 3 529ppm
0(6 ) 2 5 7 /

5
LSC

/
7 2

0.1 g eq/g /
0.1 g eq/g 2

LOD 9 7 g eq/kg

LC-ESI/MS/MS
2 A

1
A D

0 358 937 g eq/g
5 11 g eq/g 7

65%

D
A D

0
2/16 1.6 1.7 g eq/g 14/16 0.113
0.245 g eq/g 0 0.362 g eq/g

0 1
0 6 LOD

0.02 g eq/g
LC-ESI/MS/MS
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2 A
N- A D N- -
A O- A

2 31

3 / 5
500ppm 105 mg/kg / 0

12 24 48 /
HPLC/MS/MS

LOQ 50 g/kg A
/ 0

100 g/kg 12 24 5 g/kg LOD LOD
6

6 / 14 2 
g/ / ; 22 mg/kg 1 2

0 (6 ) 5 10 15
HPLC

6
0.12 0.30 2.21 2.46 g/g 5
2 0.07 0.11 g/g 1 0.06 g/g

5
LOQ 0.05 g/g LOD 0.02 g/g 10

10 1 15 1 LOQ
LOD 7

2 32

7 14
g/g

0(6 ) 5 10 15 

0.12 <LOD <LOD <LOD(5/6)
<LOQ(1/6) 

0.30 <LOD(4/6)
<LOQ(2/6) <LOD <LOD 

2.21 <LOQ(4/6)
0.07 0.11 

<LOD(5/6)
<LOQ(1/6) <LOD 
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2.46 <LOQ(5/6)
0.06 <LOD <LOD 

LOQ 0.05 g/g LOD 0.02 g/g 
n=6  ( )

10 3 4 /
14 2 g/ / 22.2 27.8 mg/kg

1 2 0 (1
) 1 3 5 7 9 12

0 1
3 5 12 LOD

0.1 g/g 8 2 33

8 14
g/g

0 1 3 5 7 9 12 
3.47 3.0 0.63 <LOD <LOD <LOD <LOD 

7.53 5.47 1.57 <LOD(2/3)
0.2 

<LOD(1/3)
0.2 0.4 

<LOD(2/3)
0.1 <LOD 

0.23 0.17 <LOD <LOD <LOD 

LOD 0.1 g/g n=3 4 ( )

3 / 5
0 10 mg/kg 0 (6 ) 3 7

14 21
HPLC

0 1.96 0.47 
g/g 3 0.17 0.28 g/g

LOQ 0.05 g/g 0
0.23 g/g

0
21

LOD 0.02 g/g 21
5 LOQ 0.05 g/g 1 0.18 g/g

2 34
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3 / 5 / 5
8.9 mg/kg 1 2 0 7 10

14 21 28 35 42 49

21
35 42 LOD 0.2 g/g

2 35

3 / 4 / 5
17.8 mg/kg /

21 0.2 g/g
35 0.2 g/g 2 36

4 / 4
10 mg/kg / 7 14 21 28

35 42
HPLC

9
7 LOD 0.03 0.41 ng/g

21
28 LOD 0.03 0.41 ng/g 2 37

9 4
ng/g

7 14 21 28 35 42 
73.7 7.76 <LOD <LOD <LOD <LOD 

<LOD <LOD <LOD <LOD <LOD <LOD 
<LOD <LOD <LOD <LOD <LOD <LOD 

<LOD <LOD <LOD <LOD <LOD <LOD 
1,621 205 30.4 <LOD <LOD <LOD 

25.1 0.35 1.02 <LOD <LOD <LOD 
LOD 0.05 ng/g 0.08 ng/g 0.06 ng/g 0.41 ng/g
0.03 ng/g 
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2 ( ) ( )
6 17 200 mg/ /

0( )
1 2 3 4 5 7 17 HPLC

LOQ 0.05 g/g

2 38

6 / 2 /
3 10 mg/kg /

1 2 5
HPLC

3 7
4 8 LOD 0.02 

g/g 2 39

4 / 1 / 3
10 mg/kg / 1 2

60

0 1.0 2.5 g/mL
48 LOD 0.05 g/mL

2 40

8 3 / 28
220ppm 0 (6

) 2 4
HPLC LOD 0.02 g/g

LOD
2 41

2 / /
100 500 1,000ppm
48 100ppm

LOD 0.218 0.350 g/g
1,000ppm 0.551 0.564 g/g

48
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1,000ppm
2 42

8 3 / 10
228ppm 0 (6

) 2 5
HPLC LOD 0.02 g/g

0 1 0.021 g/g
LOD 2 43

8 20 5
10 mg/kg /

0 3 7 14
HPLC

0 LOQ 0.05 g/g LOQ
3

LOQ 0.05 g/g 7
LOD 0.02 g/g

2 44

3 / 3 / 3
17.6 mg/kg / 0 2 4 6 8 10
12 /

0
4 LOD 2 45

3 / 7
962ppm 0 (6 )

2 5 10
HPLC LOQ 0.05 g/g LOD 0.02 g/g

0 1 LOQ
LOD 5 10

2 46

3 / 8
415ppm 0(6 )

1 5 10
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HPLC LOQ 0.05 g/g LOD 0.02 g/g
0 1 0.083ppm LOQ

1 1 LOQ
LOD 5

10 2 47

12 2 / 7
1,300ppm 124 132 mg/ /

0 24 48 72 96 168

LOD 0.112 0.360 g/g
0 0.432 g/g 1.03 g/g

24
LOD 2

48

25 35 24 5
800ppm 5

10 HPLC
LOQ 50.15 ng/g LOD 12.5 ng/g

10
5 1 74.93 ng/g

LOQ 2 49

10 5
ng/g

1 2 3 4 5 1 2 3 4 5 

<LOD <LOD 

8.46 
(<LOD

25.53) 

6.65 
(<LOD

46.39) 

12.39 
(<LOD

35.28) 

18.30 
(<LOD

74.93) 

12.39 
(<LOD

35.18) 

4.07 
(<LOD

23.26) 

7.49 
(<LOD

31.92) 

2.97 
(<LOD

16.67) 

<LOD 

LOD 12.5 ng/g  LOQ 50.15 ng/g n=10 
LOD LOD 1/2

17 / 3 /
3 500ppm 72.2

75.7 mg/kg / 14
12 HPLC

LOQ 50 ng/g LOD 10 ng/g
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24 2/12 48 2/12
72 3/12 LOQ 4

LOQ 2/12 LOQ
LOD 2 50

7 18 8 /
5 500 1,000ppm

1,000ppm 1 0.37 g/g
4 0.08 g/g 5 LOD

2 51

22 5
500ppm 87 97 mg/kg /

HPLC A
A LOQ 50 g/kg

A 117 g/kg
2 6 LOQ

6

10 / 7 1,300ppm
25 mg/kg

100 mg/kg 24 4
/ LOD 0.141 

g/g
11

4 0.712 g/g
6 LOD 1 0.804 g/g

5 LOD
2 0.282 g/g 6

LOD
2 4.794 g/g

6 LOD 2 52
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11
g/g

1 2 3 4 5 6 7 8 9 10 11 12 
*1 LOD*4 0.36

0 

0.49

4 

0.71

2 

0.60

9 

LOD 0.42

0 

0.80

4 

0.50

8 

0.35

3 

LOD <LOD 

*2 LOD 0.28

2 

LOD 0.24

7 

0.15

5 

LOD LOD 

*3 LOD 4.79

4 

0.35

3 

0.24

0 

0.52

2 

LOD LOD 

*1 -1,300ppm 7 *2 -25mg/kg
*3 -100 mg/kg *4 LOD 0.141ppm
n=10

5 / 8
500ppm 0(6

) 1 5 10
HPLC LOQ 0.05 g/g LOD 0.02 g/g

0 0.0639 0.0641 g/g
LOQ 1

LOD 2 53

Broad Breasted Bronze 6 3 /
7 1,300ppm 0

24 48 72 96
LOD

0.154 0.360 g/g
0

96
24

2 54
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4 6,7/
3 200 1,000 mg/20 g (

) 1 / ( 600 3,000 mg)
surplus honey 8 brood honey 9 1 2 3

2 3
LOQ 2 3

12
72 73

12 3
( g/g) 

(mg/20 g ) a
( ) 

7 14 21 
0 0.05 0.00 0.00 0.05 

200 1.31 0.39 0.33 0.16 
1,000 8.73 3.57 2.46 1.61 

0 0.12 0.00 0.00 
200 1.45 0.47 0.40 

1,000 5.55 4.52 1.98 

a 2 3

5 10/ 11

200 400 mg/kg ( )12

13 1 LC-MS A
B C D LOD A C D 2 ng/g

B 3 ng/g

6 1 1 1

7 4,000
8

9

10 74 beehive
11 75 tylosin technical product A B C

D
12

13
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13
A 80%

B C D 15% 72 74

13
(ng/g) 

(mg/kg
) A B C D 

200 

1 1,230 90 <LOD 110 1,430 
2 1,030 100 <LOD 110 1,240 
3 600 70 <LOD 20 690 
4 870 160a <LOD 30 1,060 
5 4,280 410 70 180 4,940 

400 

1 1,550 230 10 80 1,870 
2 3,740 310 20 140 4,210 
3 500 70 <LOD 10 580 
4 2,110 330 20 90 2,550 
5 5,730 700 80 210 6,720 

0 1 5 <LOD <LOD <LOD <LOD <LOD 
LOD A C D 2 ng/g B 3 ng/g 
a 72 74 16 160

4 / 14 2
20 g 0 300 

mg 100 g
300 900 1,500 mg

9 7 3
1 7 ( 294 )

LC-MS/MS A B
PQL 5 ng/g

14 300 mg
A B

14 72 75

14 30,000
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14 3
ng/g

(mg) A B 

300 

1 179 150 
2 46 31 
3 32 32 
4 <PQL <PQL 
1 114 97 
2 62 44 
3 11 10 
4 <PQL <PQL 

900 

1 29 33 
2 64 48 
3 <PQL <PQL 
4 <PQL <PQL 
1 19 22 
2 80 60 
3 16 13 
4 28 24 

1,500 

1 <PQL <PQL 
2 <PQL <PQL 
3 23 19 
4 6 7 
1 77 60 
2 23 14 
3 16 13 
4 16 17 

PQL 5 ng/g 

56 1
3 200 mg/ / 1 /

1 15

1 16

1
A B LC-MS/MS

15
17 LOQ 0.02 mg/kg

5.34 mg/kg 81

15

16

17 A B A 1.19
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15 3
mg/kg

kg
A 1.6 1.5 13 0.75 3.52 
B 1.6 0.8 7.9 1.12 3.59 
C 1.6 1.3 10.2 3.38 5.34 
D 4 2.9 (4) 5.4  (4) 0.23 0.42 
E 4 3.2 (4) 5.9  (4) 0.26 2.11 
F 2 0.19 0.52 
G 1.6 2 1.4 2.3 0.10 0.22 
H 2.5 3 1.0 2.0 <LOQ (4) 
I 2 <LOQ(1) 1.15 

A E 8 F I 4
LOQ 0.02 mg/kg 
()

11,000 15,000 / 1
4 3 3 18

1
19 A B LC-

MS/MS LOQ 0.02 mg/kg
40,000 1 200 

mg( )/20 g ( ) 1 /
20 1 45 70 mg( )/20 g (

) 1 / 3 6
0 1 2 3 1

16
21

5 2 LOQ

82 83

18

19

20 20g 40,000 
21 A B A 1.19
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16 3
( g/g) 82

(mg( )/20 g
, ) 3 

(0 ) 
4 

(1 ) 
5 

(2 ) 
6 

(3 ) 
0 

( , n=1) <LOQ <LOQ <LOQ <LOQ 

200 
( ,n=4)a 

0.52
1.15 

0.47
1.88 

0.15
1.26 

0.02
2.68 

45 70 
( , n=3) 

0.15
1.87 

0.09
1.93 <LOQ b <LOQ b 

0 
( , n=1) <LOQ 

200 
( , n=4) 

2.11
1.35 

45 70 
( , n=3) 

0.20
1.39 

c

0 ( ) <LOQ 
200 

( , n=4) 
1.43
3.49 

45 70 
( , n=3) 

0.85
1.23 

SD LOQ 0.02 g/g 
a 1 n=4 3
b n=2
c

8,000 10,000 / 1
3 4 3

1
A B LC-MS/MS LOQ 0.02 g/g

40,000 1 200 
mg( )/20g ( ) 1 /

22 1 40 60mg( )/20g (
1 /

3 5 0 1 1 2 3
4 1

17 18

22 20g 40,000 
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23

82 83

17 3
( g/g)

(mg( )/20 g
, ) 0 1 2 3

0 
( , n=1) <LOQ <LOQ <LOQ <LOQ 

200 
( , n=3) 

0.35
1.09 

0.39
1.32 

0.08
2.40 0.09a 

40 60 
( , n=4) 

0.06
1.60 

0.04
2.96 

0.04
2.95 

0.02
3.78b 

SD LOQ 0.02 g/g 
a  n=1 b n=3

18 3
( g/g) 

(mg( )/20 g
, ) 4 1

0 
( , n=1) <LOQ <LOQ <LOQ <LOQ 

200 
( , n=3) 4.97 1.24 1.15 1.97 5.20

1.47 
40 60 

( , n=4) 0.67 1.44 0.22 1.65 0.21
2.22 a 

1.30
1.13 

SD LOQ 0.02 g/g 
a  n=2

7,000 17,000 / 3
5 3 5 3

1 200 600 mg( )/250 g
( ) 1 /

1 1,0000
A B LC-MS/MS LOQ 0.02 g/g

17 0 65 80

23 A B A 1.19
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1 2 1 2

19 20
3 24 1 2

LOQ 82 83

19 3
( g/g) 

(mg( )/250 g
, ) 0 1 2

0 ( , n=3) <LOQ <LOQ <LOQ 
200( , n=5) 0.19 1.72 <LOQa <LOQb 

600(3 , n=5) 0.10 2.76 <LOQc <LOQd 
SD LOQ 0.02 g/g 

a n=2 b n=1 c n=4 d n=1

20 3
( g/g) 

(mg( )/250 g
, ) 1 1

0 ( , n=3) <LOQ <LOQ <LOQ 
200( , n=5) 0.11 4.89 0.10 0.03a 0.13 1.12b 

600(3 , n=5) 0.22 2.67 0.04 3.61c 0.48 1.14d 
SD LOQ 0.02 g/g 

a n=2 b n=2 c n=4 d n=3

14,000 16,500 / 2
5 3 1

200 mg( )/250 g ( )
1 / 1

A B LC-MS/MS LOQ 0.02 
g/g

15
0 71 1

1

24 A B A 1.19
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21 22
25 1 LOQ 82

83

21 3
( g/g) 

(mg( )/250 g
, ) 0 1

0 ( , n=2) <LOQ <LOQ 
200( , n=5) 0.20 2.29 0.02 2.28 

SD 
LOQ 0.02 g/g 

22 3
( g/g) 

(mg( )/250 g
, ) 1 1

0 ( , n=2) <LOQ <LOQ <LOQ 
200( , n=5) 0.16 2.94 0.03 2.76 0.06 2.68 a

SD 
LOQ 0.02 g/g n=3

40,000
/ 2 6

3 3
1 200 mg( /20g (

) 1 / 3 1
200 400 mg( )/250 g ( )

1 / 1
7 14 21 7 21 21

LC-MS/MS
A B A

B
23 24 25

25 A B A 1.19
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21 200 mg
400 mg

400 mg
7 21

1 3 0.57
1.19 g/g 400 mg 0.04 0.11 g/mL

200 mg 1

82 83

23 g/g
mg( ) ( , g/g) 

1 7 2 7 3 7
7 14 21

<0.01 <0.01 <0.01 
(200) 0.04 3.04 0.08 2.50 0.07 1.97 

(200) 0.06 13.10 0.10 5.92 0.22 1.48 

(400) 0.02 3.66 0.03 5.06 0.03 3.99 
SD 

24 g/g
mg( ) ( , g/g) 

1 7 3 7
7 21

<0.02 
(200) 0.54 8.83 3.21 2.18 

(200) 0.07 4.09 0.10 5.65 
(400) 0.16 1.88 0.23 3.62 

SD 
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25 g/g
mg( ) ( , g/g) 

1 2 3
(200) 1.19 1.27 1.10 2.66 0.57 3.43 

(200) 0.23 
(400) 0.11 1.82 0.07 1.95 0.04 4.14 

SD 

26

26 

L5178Y 10 1,000 g/mL(-S9) 
10 750 g/mL(+S9) 

a

CHO 100 1,500 g/mL(+/-S9) 

CHO
500 750 1,000 g/mL(-S9) 
250 500 750 g/mL(+S9) 
1,250 2,500 5,000 mg/kg

/ 2
a 850 1,000 g/mL(-S9)

CHO

L5178Y
1,000 g/mL 2.7 3.8

850 g/mL 2.7 2.8
1,000 850 g/mL

13 25%

CHO
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2 7
55 56

27 2 7 57
58

27 LD50 

mg/kg
LD50

mg/kg
4,000 6,200 >6,200
4,000 6,200 >6,200
2,500 3,650 >3,650

5,000 >5,000
5,000 >5,000

10 800 >800
4,000 6,200 >6,200
2,500 5,000 >5,000
4,500 5,600 >5,600
4,000 6,200 >6,200

B
B LD50 5,000 1,593

483 mg/kg B
LD50 5,000 1,706 323 mg/kg

7

10 /
LD50 3,765 501 mg/kg

7

5 / 0
1,000 2,000 mg/kg

7

6
Wistar 6 / ( 29 28 )
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6 0 0.005 0.2 10 200 mg/kg
/

200 mg/kg /

WBC

200 mg/kg / ALT
T.Bil 0.2 mg/kg / IgG IgM

LDH 0.2 mg/kg /
FSH 10 mg/kg /

0.2 mg/kg /

0.2 mg/kg /

200 mg/kg /
mRNA

7
JECFA NOAEL

NOAEL

2 30
25 100 mg/kg /

M/E /
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2 7 58

1 25 1 2
25 mg/kg /

M/E

7

1.5
C57BL/6 2 5

1.5 0 ( )
1,000 10,000 ( ) 100,000ppm

100,000ppm

2

1 1.5

10,000ppm 1/14 1
1/7 1.5 1

2 59

1
Wistar 4 6 15 /

1 0 1,000 5,000 10,000ppm
[ . 8. (3)]

10
1

1 13 0 68 76 345 391 684 842 mg/kg /
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14 52 0 39 64 192 283 391 586 
mg/kg /

7 12

pH 5,000ppm

0
1,000 5,000 10,000ppm 1 3 4 3

0 0 1 0
NOAEL 1,000ppm 39 mg/kg /

2 7 60

17
Harlan 3 / 17

0 1,000 3,000 10,000ppm
10,000ppm 1 g/kg /

0 1,000 3,000 10,000ppm
1/3 3/3 2/3 2/3

10,000ppm 2

JECFA

2 7 58

2
Harlan 25 / 2

0 10 100 1,000ppm
2 0 10 100 1,000ppm 30 41

70 51%
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2 7 58

Harlan 30 / 2
0 100 10,000ppm

10,000ppm 57% 29%

10,000ppm

NOAEL 100ppm 5 mg/kg /
2 7 58

Harlan 10 / 2
0 20,000 50,000 100,000 200,000ppm

100,000ppm
200,000ppm 12

/

2 7 58

2
4 8 /

2 0 1 10 100 mg/kg /

3

1 mg/kg / 1/8
2/8 1

4 / 2
200 400 mg/kg /
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200 mg/kg /

200 mg/kg /
1/4 400 mg/kg /

1/4

NOAEL 100 mg/kg /
2 12 58

/
2 /

Wistar 40 / 60 /
2 0 1,000 5,000 10,000ppm

2 2 [ . 8. (3)]
10

1
0 106 517 1,080 mg/kg /

0 39 192 402 mg/kg /

3 6 5
10%

5,000ppm 10,000ppm

0 1,000 5,000
10,000ppm 27 2.5 0 0%

28 1 5,000ppm 2 10,000ppm
1.7 23.3%

28
ppm

0 1,000 5,000 10,000 
1 1/60 3/40 10/40ab 8/40b 
2 5/60 6/40 8/40 12/40ab 

a

b p<0.01 (Fisher ) 
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/
4

Wistar
10

Harlan 2
2 7 62

2
ICR 7 8 / 14 17 / 1

2 2 0 1,000 10,000ppm

F0

4

NOAEL 10,000ppm
1,500 mg/kg / 2 7 63

3
Harlan 5 10 /

30 / 2 0
10,000ppm 16
10,000ppm 10 5 2

1 1
6

1 2 5 / 10
/ F1 F2 F3

NOAEL 10,000ppm 500 mg/kg
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/ 2 7 58

Wistar 35 / 25 /
10 6 5

0 1,000 5,000 10,000ppm
0 1,000 5,000 10,000ppm

0 61 70 311 379 635 795 mg/kg /

10,000ppm
WBC

[ . 6. (2)] 1 [ . 7. (1)] 2
/

5
LOD 0.1 g/mL

NOAEL 10,000ppm 635 mg/kg
/ 2 7 64

A/Jax CBA 10 /
7 12 0 100 500 1,000 mg/kg /

2 A/Jax CBA / 0
1,000 mg/kg / 18

4 A/Jax / 0 500 mg/kg /
4

9
7 9

9

NOAEL 1,000 mg/kg /
2 7 65
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Wistar 10 / 15 /
0 21 0 1,000 10,000 100,000ppm

20
15 /

0 21 0 10,000 100,000ppm
21

0 1,000 10,000 100,000ppm
0 60.5 725 4,800 mg/kg /

100,000ppm

100,000ppm

NOAEL 10,000ppm 725 mg/kg /
2 7 66

3 14
0 1 3 g

2

7

8 3 10
0 250 750ppm

7

1 10 /
18 0 220 550 1,100 3,300ppm(

) 8 5

7
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1 25 / 8
0 500 1,500ppm

7

5 10 /
5 0 1,250 2,500 5,000ppm

3

7

10 /
5 0 1,250 2,500 5,000ppm

3

7

Big 6 11 25 /
5 0 500 1,500ppm

7

6
10 40 mg/kg

10 mg/kg 13 18% 40 mg/kg 20 40%
3

40 mg/kg
T S 1

10 25 10 mg/kg
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2 1 20 mg/kg
40 mg/kg

7

1 3 3
90 200 mg/kg /

25 35%
1 m

7

SD 3 500 mg/kg
/ 24

P450 CYP
CYP

CYP
CYP

CYP3A CYP

CYP3A

CYP3A 10% V79
CYP3A

7

2.0 mL 2,000 mg 24
14

48

8 2
7

0.1mL 52 58 mg
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48
corneal dullness

1
14

1
7 7

2 4 7 mg/kg
3 10 mg/kg 8

5 5 mg/kg
3 2 1 2

7

8 100 mg/

3

7

HeLa
100 mol/L

1 pmol/L 100 mol/L

7

100 mol/L
ATCC CCL-82.1 1 pmol/L

100 mol/L
7
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MIC
100 MIC

3 4

10 10
MIC

MIC MIC50 29

MIC50 128 g/mL

MIC50 0.062 g/mL
7

29 MIC 

a 108 
CFU/mL

MIC g/mL
MIC50 

1.5 5.8 0.5 128 1 
sp. 1.8 12 0.25 32 0.5 

 sp. 0.34 6.5 0.031 2 0.062 
 sp. 0.21 13 0.031 0.5 0.062 

 sp. 1.3 5.6 1 4 1 
 sp. 0.46 2.4 0.125 1 0.25 

 sp. 0.46 3.4 0.062 64 1 
 sp. 0.23 8 0.5 8 2 

0.33 5.5 0.125 0.5 0.5 
2.3 59 >128 >128

CFU
a 10 100

MIC 
18

5 106 CFU/spot
MIC 30 67
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30 MIC50 

µg/mL
MIC50 

30 >128 >128
 sp. 30 4 0.5 >128

sp. 30 4 0.5 >128
 sp. 20 64 16 >128

 sp. 30 0.06 0.06 4 
 sp. 20 0.06 0.06 0.25 

 sp. 30 4 0.5 >128
 sp./  sp. 30 0.25 0.06 2 

 sp. 20 0.25 0.06 1 
 sp. 30 1 0.12 16 

sp. 30 1 1 >128 

MIC50

sp.  sp. 0.06 µg/mL
MICcalc26 0.308 µg/mL 0.000308 mg/mL

0 3.3 g/mL 0.3 g/mL 12

3
0 25 50%(w/vol) 0

1 2 6 8 12

1 20 28%
1 8 3

28.6 37.5 42.9% 36.3%
50%(w/vol)

26 MIC50 90%
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50%

1 8 30%
6 68

11 / 12 / 6
20 mg/ /

336 2 5 g/mL

2 7 69

2 / 3 0 2
5 mg/ / 2 3
1 2

2 7 70

1985 5 1987 4
3,812

1%
7

7
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JECFA
2008 ADI

ADI 2
NOAEL 100 mg/kg / 100 1 mg/kg /

ADI MIC MICcalc 1.698 g/mL
0.224 220 g 60 kg

VICH 25.3 g/kg / 30 g/kg
/

ADI 
1.698 *1 × 220 *2 

 25.3 g/kg /
0.224*3× 60 *4 

*1 : MICcalc MIC50 90%
MIC90

*2
*3 A

35% A 36% 64%
0.35 0.64

*4

ADI 30 g/kg / 7

EMEA
1997

ADI 1
NOEL 50 mg/kg / 100 500 g/kg /

ADI MIC50 0.606 g/mL
0.5 150 g 60 kg

CVMP 6.06 g/kg / 6 g/kg
/

0.606 *1 × 2 *2 
× 150 *4 

ADI 
1 *3

6.06 g/kg /
(1-0.5) *5 × 60 *6 

*1 : MIC50
*2 in vivo 2
*3 MIC50 1
*4
*5 99% 1

0.5
*6 :
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ADI ADI
ADI 6 g/kg / 76

FDA
ADI 77 78

ADI 0.3 mg/kg / 79
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2 5 Cmax

A D
D A

C

10

3 L5178Y
CHO CHO

1
CHO

L5178Y

LD50 5,000 mg/kg
800 mg/kg
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/
1.5 1 17

2 3 2
2 /

2 200 mg/kg /
400 mg/kg /

NOAEL 100 mg/kg /
5,000ppm

pH
NOAEL 1,000ppm 39 mg/kg /

1 5 17 (1 ) 2
(4 ) 3

2
2 10,000ppm 500 mg/kg /

NOAEL 100ppm 5 mg/kg
/ ADI

2 /

Wistar

Harlan 2

NOAEL
NOAEL 10,000ppm 1,500 mg/kg /

500 635 mg/kg /
NOAEL

1,000 mg/kg / 725 mg/kg
/ 10,000ppm
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ADI

ADI

ADI 1 NOAEL 
39 mg/kg / 100 0.39 mg/kg /

D D
D

A 35% 31% D

A 35%

36%
64%

A 35%
64%

22.4% 0.35 0.64

ADI
18

VICH ADI

MICcalc 0.000308 mg/mL 22.4%
500 L/ 60 kg VICH
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ADI
0.000308 *1 × 500 *2 0.011 mg/kg /

0.224*3× 60 *4 
*1 : MICcalc MIC50 90%

*2
*3

A 35% A 36% 64%
0.35 0.64

*4

ADI
ADI 0.011 mg/kg / ADI

0.39 mg/kg /
ADI 0.011 mg/kg

/

ADI

0.011 mg/kg /
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31 JECFA

mg/kg / mg/kg /
2 0 1,000 10,000ppm 1,500 10,000ppm

0 100 500 1,000 1,000 

6 0 0.005 0.2 10 200
0.2 LDH

FSH

0.2

IgG IgM

1 0 1,000 5,000
10,000ppm

39 1,000ppm
5,000ppm

pH

17 0 1,000 3,000
10,000ppm

2 0 10 100 1,000ppm

2 0 20,000 50,000
100,000 200,000ppm 100,000ppm

200,000ppm 12

2 0 100 10,000ppm 5 100ppm
10,000ppm

2 0 1,000 5,000
10,000ppm

402 10,000ppm
1

5,000ppm
2

10,000ppm

0 10,000ppm 500 10,000ppm

0 1,000 5,000
10,000ppm

635 10,000ppm

0 1,000 10,000
100,000ppm

725 10,000ppm
100,000ppm
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30 25 100

25 25

2 0 1 10 100 200 400 100 
200

5 0 1,250 2,500
5,000ppm

5 0 1,250 2,500
5,000ppm

18 0 220 550 1,100
3,300ppm( )

8 0 500 1,500ppm

5 0 500 1,500ppm

10 0 250 750ppm

14 0 1,000 3,000

ADI 1 mg/kg /
100 mg/kg /

SF 100 
ADI 2

ADI 0.03 mg/kg /
ADI  MICcalc

VICH
ADI 0.03 mg/kg /
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32 EMEA

mg/kg / mg/kg /
2 0 1,000 10,000ppm 

500 1,000 

0 100 500 1,000 

65 0.1 5ppm 

1 0 50 500 1,000
0 1,000 5,000

10,000ppm

50 1,000ppm

17 2
4

200,000ppm

2 0 50 500 1,000 
0 1,000 5,000

10,000ppm

3 0 10,000ppm

0 50 500 1,000
0 1,000 5,000

10,000ppm

0 60.5 725 4,800 
0 1,000 10,000

100,000ppm 4,800 
mg/kg /

4,800 mg/kg /

2 100 200 400 100 
200

ADI 0.5 mg/kg /
50 mg/kg /

SF 100 
ADI 1

ADI 0.00606 mg/kg /
ADI 7 MIC50 

CVMP
ADI 0.006 mg/kg /
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ADI 
ALT 
AUC 
CFU 

CHO
Cmax 

EMEA 
FDA 
FSH 

HPLC 

HPLC/ISP/MS/LSC / /

HPLC/MS/MS /
IgG G 
IgM M 

ISP-MS 
JECFA FAO/WHO

LC-ESI/MS/MS 
/

LC-MS /
LD50 
LDH 
LOD Limit of Detection
LOQ Limit of Quantification
LSC 
MIC 

MIC50 50%
NOAEL 

PQL Practical Quantitation Limit
T.Bil
TLC 

VICH 
WBC 
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