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BRI TH D 2-F 7 /-2 Faxs A F 4= #4 (CAS No.
292140-29-5) 2O\ T, fEHAMYIOEEFREMERE L H VT, BaRER
ST AT A S L7,

277 /-2 Fax v A5 4 =rfigh (Zn-(HMTBa):) L. HATIE—H
BHEGFEZE (ADD IR E I N TR,

Zn-(HMTBa)s Id, B O #& 5 Stk MNICITEEB KL 2-F7 7
E ke A5 4= (HMTBa) & L CWIX i, HMTBa IZiFiE, &
SOMMTL-AF A=t Eh s,

R EZEEZB SR - FEEFHEMPHESIL, @ RATFA=I12O0 T,
Yy S R OVEBHR I & LTl SN AR IcBWT, BRMICERT
HZEICED NDOREZESRIBEINORVWIENRHLNTH D LB L T
Do

AEAENRIN % R S8 IR EE R 5 L2/ 6 . AREEHR Y 2 3535 0
HEES 5 B CHSEMICIRER G LIZEA 0 WM OERNSA L OERMA. H
ATRBEICHEESL TW B EEA T H0EHAMY L i LT, K&
AREME IRV E B 2 T,

Fo, REEHRIN 2 AW TZfERBRICB W T, B5 L8R EY
BlIHoninoi,

UboZ &t Zn-(HMTBa)e A EEHRNY & L CHEGICHEH I DRV IC
BWTIEL, BMZELETE hOREICKEL B X DI EHE T 2fE &
E 27,
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I. i RAHRMYOBE
1. [RIK
(1) —f4
2-F 7 2 /-2-b Rafx o A F 4=

(2) IEF4
IUPAC
¥4, : Zn bis(2-hydroxy-4-methylthio butyrate) (=8 1)

CAS (No. 292140-29-5) (&M 2)

(3) H¥F=E
363.75 (2R 1)

(4) #BER

H (B 1)

2. HH|
FihkzZ0FEEHA L LEZLOTH S,

3. A&
kDRI E DM DHE KT OB TH D, (R 1)

4. MREAMNEVRME
FEEHEH I L D AREEHRINY OB~ OHELTIRINBE X O EREIZ, £ 1 0L
BOUTHD, (BRI



#F1 2257322 XL ATt = Mishokts
fi Bk~ DO HELE RN & K O ETRISINE (ppm)

it G it whn&E (g & LT, ppm)
HELE & R &
4 (AL EFRL) 20~ 30 200
4 (R 20~ 30 150
A E —a 150
IIES —a —a
73 20~40 150
e 20~40 150
g 15~30 200
Sk 15~30 150
a: mE L

5. FREBMRUERIKER

2- 772 /-2t FuXx v AF 4 =riiéy (Zn-(HMTBa)) X, / — &%t
MBAFE LTz, B oMoz B E Lo AREEENEGEISNY TH 5,
AREBHRINIE, ATFF =0 DKBIKETHD 277 /-2-E RrF U A F
F=r (2-8 Re X -4-AFNVFAEEE, HMTBa) 2 451 & digho ¥ L — K
k&M TH D, —MIC, AR, BRI L N TAERI RN EH W
EZEZOLNTWD, KEEHRIM O EH EIL 16%L EThb, (1)

AARTIL, Hshz & A T 2EEHFMY & L CIRBEHEN, X7 F Nilligh, Wifg
i gn (Rl TR fh) M OB HESh A T A= BNEESNTWD, AT 4=
MEOfREHR MY E LTHMTBa KO DL- A F A= BREESNTND, (B
8 3)

AREEHIIN X, HEA T, KER Y EU 245D & L THEDE - #ikic
BWTHlIEEIN TS, (1)

E WS TIE, Zn-(HMTBa): 1T & N EIES I RMLEMS & L TER I
TR0,

AW, BEMRAKEA DS, Zn-(HMTBa)z (oW T, ik o2 &M Ol &
OE OWEICE T 1EE (B 28 LM 356 5) 5 2 &FH 3 HOBEIC
KO BRI & L CORET OICEESR 8 55 1 HOZHE IS < fi
W) D FEHE ] OSSO R E B9 5 A& b fd B B2 5T o0 F5E 23 e ST,



I REMICRIMEDOHE

1.

ErCIxHTHEEM
AKEBHRINY D JFAR TdH % Zn-(HMTBa)s 1%, BIH O 6f S48 M2 8
N MO BRAMETME A F A= ICREHO LB, Bk okE S
m_ﬁé RNIZ T H$h % O HMTBa & Lf%éuyézné EEZLNTVD,

WY S iv7- HMTBa (%, I, B g% 2 < ORI ET 2BERICE - T
27 F-A-AFNLNFH)RBIRH SN RICL-ATF A= b,

HAIZEBWT, Zn-(HMTBa); ®— HEBEFAE R (ADD 1IREI N TV
W, A%, B EAZ AR - SR EEMPFEAES X, RO LB ﬁﬁa\&
OAF A= 3 HERL L ORI & L TlEFEH S NDHRY I
WT, BMICEETHAZLICED NOEFBZER I BENLORWI &Y %
WTHDHEFHEL TV D,

B, EREHIX, In-(HMTBa): # KEICERLE-BHEIM NS AEESIND
BdZI LT HMTBa 28t N ORISR EZ RIT T aRefhidiluvw & B2 1L T
W5, (M4, 5)

2. HBEBHR

AEEHRIN Y 7 Xt LB I IREE R G5 L 72 O IR IN ~D i gh D HFE % iR
Nl AE, DUNICRE L,

(1) AMREBHERER CbEHF)

WILE RV A X A UFE, 22 X% 23 BE/#E) ICBR{LHESY (ZnO) XX Zn-
(HMTBa): #1103 H R EE ¢ 5 (B B2 Y 7= 0 digh & LT 150 ppm)
L. KO B EEZHE Lz GUETELNERRIARH),

ARBRICBT 2R GELORBIES R 2128 LT,

% 2 WIAFE W ZnO XX Zn-(HMTBa): 84| 103 A [ 1R EF #5352

BT DG B OE IR

- B 5-9E fil Bt H gy (ppm) sy
B 53R Gy M7 IR (mg/H)

1 Zn0O 14 9.6 916

2 Zn0O 150 103 1,916

3 Zn-(HMTBa): 150 103 2,783

n=23 (2 B D 7~ n=22)

A G- DRI K OB T SR RE 2 £ 3 [T LTz,
A IR0 T,

(1,

6)

FE-RERNC 2T




# 3 WIFICEIT D ZnO Xik Zn-(HMTBa), 854 103 H FEET#% 5% O At
Jo OV T o i g i
T #t (ug/mL) WE (ng/g &)
¢ 5-Hi & 5-1% ¥ 5ol A& & G-1%

1 3.64 4.14 182.8 176.7

2 4.092 4.02 183.6 177.1

3 4.052 4.91 178.4 190.4
n=23 (2 # » Z n=22) i R AN B

a: 1L LTHEEZDD (p<0.05)

(2) AREFEAR (K)

K (PIC . Mf 21,454 88) ZIEMEHSNL AW X 1X Zn-(HMTBa), LA %
%%%ﬂ%4?ﬁif@ﬁ&5btomMHMﬂhh%ﬁﬁﬁﬁpi\@H
m%m#5ﬁ@®5%am%zmmMﬂhb%ﬂ’%%mZT&ﬁbko
e 5B bR % O AR FERE L O PERFIC B D IFIE M OB 2 B L. HHEh IR
EERE L (8B EOHIETIERR),

TN Je OB i gniR e 2 R 4 (TR Lz, (R T)

4 KICB T HEKTELEY T Zn-(HMTBa) 8K O BEALE 2~ 5 4 FER F
“C@/rnﬁﬂ&“’ﬁiuiﬁu%ﬁ 2B DL O E R Eh IR (uglg)
ARARJE a RARPE + FRpE b
‘ %5 E
i R JHF gk JR& e JHF gk J& g e
i R R (/) 75.65 +5.2 | 136+ 4.57 90.72 222.1
2 Zn-(HMTBa)2 B 61.45+2.94 | 128 + 3.57 71.73 209.7

.18 n=25. 2 # n=40

;1 #F n=223, 2E$n 191

DR EHRREEX, KoL L TORE

C 1B L g L’Cﬁf?ﬁ&) » (p<0.05)

Q.0 oo

(3) ANEERAR (8B) @

% (WA, WM, 48 P/EE) (BTSN LAY (ZnSO04 - TH20) X
I% Zn-(HMTBa): #5412 14 HEREFKE (High ek LT 6.5, 23.5, 38.5 X
I% 83.5 ppm) L. Tl OIEE HFEESAIEE 2 HIE Le (HEFIELOE &
FRFAH]), 0~7 HiinE TIFEMEAEE (S & 8.5 ppm) DA LZIGET L,
8~21 Hin ¥ T ZnSO4+ 7TH:0 XX Zn-(HMTBa), B K| Z 1R 5 L 7~ %t
BRI, RO A2 G Lic, & 5% O Mgk O E F il gh iR FE %
HE LT,

FF I B OF IS B o o 80 ﬁ%%5_ﬁbtoﬁM$ﬁ EEIL. Zn-
(HMTBa)s 851 D i %iﬁ@ﬁﬁﬁ%ﬁiwﬁ Wotowwﬂi
mﬁm'ﬂM)XiZnMMﬂhb%ﬁﬁﬁﬁ@ﬁﬁﬁguﬂwﬁﬁﬁﬂ\

9



MLV ARSI T,

# 5

JH s N OV Fh B SnIR EE (ugl/g)

(ZM 1, 8)

2B T 5 ZnS0y + TH20 i3 Zn-(HMTBa), Al 14 A HIE &K 5% O

Lk o A Sn I
598 fifh e 5 & (ppm)a — —
! T it S
6.5 (15) 77.064 34.12b
23.5 (32) 81.17cd 74.37¢
ZnSO4 * 7H20
38.5 (47) 88.91bc 106.14¢
83.5 (92) 91.51b 133.464
6.5 (15) 82.79bed 40.49b
23.5 (32) 80.23¢cd 72.99c¢
Zn-(HMTBa), #5l
38.5 (47) 92.46be 122.88d
83.5 (92) 101.00¢ 131.814
poiisyied 0 (8.5) 84.76bcd 34.95b
n==8
a : FEHNPY O O 1 AR o e B i R
b. c. d. e: [FIBXIIEEFNENDOI T LNIZBWT, MUTALT7 7Ny hREEND
BAFAEERL, FMLTA 77Xy FREGENRVWEAITIAE®ED Y (p<0.05),

(4) AREBERHAR (B) @

% (WAL, 1 B, HE 56 PI/EDICHIEE HEy (ZnSO4) X 1T Zn-(HMTBa),
KA 42 A FEEHRS (HeH L LT 50 XX 70 ppm) L. MiF. AFNE. W
g, FEE M OSSP HEMEEAZAE L ETELNERRRAARY), %t
FREEIC X, JLAEfREHC ZnSOy & SN L 7=kl 2 G 6 U 7=, JLa e el b dign
X, 225 ppm Tholz, HEEGHOFEME LG EEL R 6 ITR LT,

# 6 BT D ZnSO04 XL Zn-(HMTBa), 85 42 A MR
& 5 RBRICB T &5 E (ppm)

- w5 %E
7ZnS0, Zn-(HMTBa): Ll
1 Gt FEEE) 50 0
2 30 20
3 50 20

17 Ko OVHEL ik H 80

10

(ZH 1, 9)

BEZR TIIRLE, REBEEGEHRD 2 BEICEBIT 5
g PSR IR L D b A BICE o T,



FT7T BB S ZnS04 XiE Zn-(HMTBa), B 5| 42 H F1REH
B 5 e OV - 1% 0 Mg & OSE % i gn iR B2 (ug/mL
X pglg)

] B hBRAat% BE (R)

1 7% Ko OV gk iE3

21 42

1 Gf BRE) 1.87 1.63

IfiL 7§ 2 2.12a 1.72
3 2.262 1.90

1 Ce ) 19.19 20.18

JHF i 2 20.54 21.72
3 20.34 20.79

1 Cel ) 23.15 22.77

A Rk 2 24.59 21.36
3 26.70 20.9

1 CrlHEREE) 139.02

e 2 138.63
3 151.52b

1 CrhHETE) 144.31

i 2 145.82
3 160.71b

n==8
a: ML EBRL TAEZED Y (p<0.01)
b: xREELO 2R LI L CTAEZD Y (p<0.05)

(5) AREEAR (B) O
¥ (BRHIFE,. 39 Wb, 54 PI/EEIC ZnSO4 KFIH i Zn-(HMTBa),
Az 9 WMEREER G (HghE LT 30ppm) L7z, 5B 4 H% &k OV
PGt iE . RPN, Wi, Mk OE S 2 BRI L. BN & & 5B hs 28 M
O 64 HRRICEA L, iy, FFNR. BN, MRbs. F58 M OVR % o il g0 i i %
AR ATIEIC Ko CTHIE L7z CERBARH), RERBRICEB T 5 B
Oigh G EAE R 8IT/R Lz, MBS EIX, 20 ppm Th o7z,

#8 HITBIT D ZnSO KT XX Zn-(HMTBa), $154] 9 ¥

MR 5 BR IR T 2 Nk 5 & (ppm)
7 B 598
ZnSO4 K F1 Zn-(HMTBa): L5
1Cxt FREE) 30 0
2 10 20

HIE L7 2R 912 Uiz, M. AFlE. B, Mg, +58 M 0P
PSRRI OV T, g O IGIROE NI K D2 BTN o T,
11



£ 9 HBIIBITD ZnSO4 KFn¥ X1k Zn-(HMTBa): LAl 9 ¥
VR BE $ 5t J OV B 1% oD I 7 K OV fk o o 4 3 s
(mg/L XX pgl/g)

BRI 4
M8 Ko OVRH ik FicS
e 5B iR 4 % & B 5-1%
i 1 GxFFRTE) 5.18 = 0.92 5.04 + 0.94
i 2 4.82 £ 0.71 5.44 + 0.53
1 Ge PR ) 26.46 + 1.76 26.95 + 1.63
Ui 2 28.18 + 2.84 30.01 + 8.02
N 1 eI PR ) 24.02 « 2.38 92.54 + 0.94
e 9 234+ 2.61 92.91 £ 1.37
- 1 (xR D) 62.84 + 4.03 47.59 + 3.63
2 54.56 + 3.13 50.25 + 8.83
o 1 GxFFR ) 300.0 £ 9.8 287.8 +12.9
2 300.9 + 14.0 292.3 + 8.2
1 Ge PR ) 37.90 + 2.06 40.30 + 2.49
bR 2 41.26 + 3.21 41.22 + 2.86

n=6 (JE DA n=30) V¥ +IEUERE

(6) AREHHR (L) @

Z Vv (Cyprinus carpio L.. K 10.0 £ 0.03 g, 180 E/#f) IZ ZnSOy4 -
TH20 X% Zn-(HMTBa): %4 8 MR G (#HsH & LT 5, 20, 35,
50 X% 60 ppm) L. AT, W54 . HEE & OV MR o dign i B 4 JR O 5
PriElic X e Lie (EERFRH), AR f disniR X, 12.8 ppm T
bolz, REBECIL, KBS OAERE LT,

FElg . BB . HEF R OVRfR iR E 4 & 1012 Lz, WighoK G5 =
DM AR B en i B X IMEm 2 s Lz, (81, 11)

12



# 10

ZWZBITH ZnSOy *

ORI, BE . HEE R ORAERTENEE (ppm)

TH20 XX Zn-(HMTBa)s R 8 i [ 6] ¥ 5-1%

ifs B Ji i 15 A il SR
(ppm)

5 4719+ 3.21 | 106.96 + 15.81 | 116.2+4.1 | 34.54 + 2.41

20 |45.39+4.52| 108.09+6.72 | 119.2+7.4 | 47.62 + 3.31

f;jéh ' 35 |55.08+3.64| 196.10+7.80 | 138.0+3.5 | 42.43 +2.04
50 | 70.69+5.56 | 214.24+ 15.70 | 143.0 4.5 | 40.98 + 6.97

65 |65.22+3.99| 189.62+ 12.85 | 163.2+6.4 | 56.72 + 3.05

5 52.35+ 3.54 | 115.66+ 14.52 | 1275+ 7.4 |37.21+2.76

7n- 20 74.08 £5.44 | 146.16 +11.26 | 157.2 7.4 | 52.82+0.93
(HMTBa): | 35 |67.12+3.23 | 125.23+11.54 | 171.2+ 10.3 | 54.96 + 1.00
Loyl 50 | 79.70 + 8.88 | 223.47+ 11.05 | 173.0+5.6 | 67.15 + 3.38
65 | 85.52+5.52 | 223.29+ 15.86 | 179.0 +4.0 | 60.36 + 2.41

gl 0 54.58 = 6.98 | 101.37+20.40 | 89.7+8.1 | 33.62 + 3.52

n=32 (2K D 5 n=12) W+ AR HERR R
(7) AREREHR (2L @
Z W (Cyprinus carpio L. . K & 10.0 £ 0.03 g, 180 J&/£f) IZ Zn-(HMTBa):
fIE A 8 R &5 (HgH L LT 200 XX 2,000 ppm) L. FFlE, B5% .
HEF & OV R R i R B 2 RO AT i K 0 lE L (EEBRFAR),
SERE AR A SN IR 1L 12.8 ppm TH U . Zn-(HMTBa)s B B 5 HE I KA #H
U 7= il i B SR R B 1, SRR EEI B koM EZED TER T 181 ik
2,250 ppm T o 7=, XHBEICIXEBEEG L O L2 KB L T2,
FElg. B . HER RO AEPlnRE LR 11 IR L, WghEGED
WAINZ PR, HEE kO inRE A RICHEM L, (B3R 1. 12)
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# 11 T Wik 5 Zn-(HMTBa), 41 8 # MR G- O N, & . HH

LA EenREE (ng/g)

AR N - . .
e ) F ik 5% e 4 fa
(ppm)
101.37 +
1 0(12.8) 54.58 + 6.98b 89.7 + 8.1 33.62 + 3.52b
20.40b
112.74 + 321.99 +
2 200 (181) 203.75 + 16.7¢ | 68.89 + 4.82¢
12.17¢ 50.64¢
144.87 + 257.38 + 332.33 + 116.45 +
3 12,000 (2,250)
28.67¢ 66.24¢ 54.23d 2.044
n=8 Y HFEUERR =

a: FEINAN O BAEIL. BN OEPEZ 34T LTS O v 7 iRk i il o ik B2
b, c, d: #E, BE. FERXIE2fEoLhThOoN 7 ARIZEWNWT, LT AVT7 7y

FREGEENIBEEITAEER L, LT A 77Xy R EGEENTWEEASITAEE
H v (P<0.05),

(8) HMRERHER (VLo®)

U5 (WLWS O (Psetta maxima), KB 4.78+0.01 g, 30 B/FH)IZ
ZnS04- TH20 XiE Zn-(HMTBa), H4| % 8 MR EH £ 5- (High & L T 15,
45, 75, 105 X% 135 ppm) L. IMi&. AFlE&. #A. & kO
REZFLREG T 7 A~Rm ot L lE L (EERAAH),
A E R AR R 1. 36.21 ppm TH o 7=, RIEHEIZIL., FKEEEE O A
ZAa R L7,

Mg, Mg, AR, BLOefEPHpEEZR 12 R LT, Zn-
(HMTBa). #AI#& 5B O F L O AAR PR EE X, 128.69 ppm O H & F
THMLEN, &eHETIEZEALUL EEIL ) »>72, ZnSO4 + TH20 & 5-
HTH, FAkoEmThHo72, (W1, 13)

14




#£12 UOHHIZHIT S ZnSOy -

TH20 X% Zn-(HMTBa). RLAI 8 1 [ I8 £ # 5-

‘omig., g, Hn., Bk OEfE P nRE (ng/mL 33 pe/g)

/\ =,
g | ESRECTR g I N i A i oo bk
(ppm)2
15 28.02 102.88 68.00 72.61 84.29
(54.36) + 2.05 +19.59 +9.14 +4.27 +9.68
45 32.45 110.77 59.74 94.46 115.50
(76.24) +2.45 +22.36 +5.96 +10.21 +5.44
ZnSO, - 75 31.36 104.49 68.10 105.49 124.64
7H20 (106.53) + 3.08 +21.57 + 6.57 +9.81 + 20.40
105 30.91 117.57 73.66 134.87 211.00
(124.83) +1.34 +27.61 +7.80 +14.80 + 26.78
135 36.83 107.66 82.53 136.89 160.68
(165.56) +2.42 +13.72 + 8.08 + 13.87 +27.22
15 33.59 88.50 65.03 + 81.44 80.12
(48.78) +2.14 + 8.08 12.82 + 5.46 + 3.94
45 29.32 106.53 95.41 97.21 100.99
7 (75.38) +2.08 +24.44 + 8.95 +12.35 +9.53
(HMTB 75 35.61 125.89 66.38 109.85 120.91
o) B (110.93) + 2.68 +34.34 +8.72 +13.22 +10.01
105 33.37 93.41 73.12 146.85 166.75
(128.69) + 3.66 +19.93 +9.83 +17.96 +15.23
135 27.82 80.27 65.74 138.24 153.78
(167.17) + 3.66 +9.25 +5.87 +14.38 +24.44
o 0 25.87 106.81 66.12 72.88 75.59
AR (36.21) 13.34 | +22.922 1+ 8.28 +92.12 +9.75
n=9 (&K D #H n=4) )RR

a: FEIN OREIL, RN OFIE 2 30T L T D AL 7= il i i 61 i
(9) ANEERAR (BLFT)

72 %7 (Pangasianodon hypophthalmus'. KT 7.40 = 0.03 g. 300 &/
I ZnSO, (WEEH E LT 15, 30, 60 X% 120 ppm) X i Zn-(HMTBa);
BIF (Hgp & LT 15, 30 Xi% 60 ppm) % 12 BMREEIE S L, M
SRR A RIE U QAUE ik K OVE &R AR , ZE k) o i g0 i 1%,
26.76 ppm TH > 7=, BB IX., EMEER O L E G LT,

R HENEE 2% 13 12” LT, ZnS04 L O Zn-(HMTBa)s #A| o [ #
HROBETHPRECAEREIAON RPN >To, (B 1, 14)

LAY ENHILTHBLTWSIRETO LN IND,
15



#£ 13 ZFEFTICEBIT D ZnSO0, XiE Zn-(HMTBa), K] 12 ¥

PR G % O R digmR L (ng/g)

B 5 WIEGR bom) ) e
%5 & R L e
15 36.08 10.55 + 1.51
30 47.62 10.85 + 2.12
ZnS0O4
60 78.79 11.03 + 3.36
120 124.32 12.58 + 2.97
15 37.16 10.35 + 1.41
Zn-(HMTBa): HL5#l) 30 45.92 11.47 + 2.31
60 74.19 12.10 + 1.89
Poicyiss 0 26.76 10.97 + 3.83

n=30 V¥ o+ YRR A
(10) AREFERAR (A L)

Z N (N F A A =¥ (Litopenaeus vannamei). KE 0.4 g, 60 B/E) I
ZnSO4 - TH2O (High & LT 55, 80, 116, 168, 243 XX 363 ppm2) XIZ
Zn-(HMTBa) #54| (Hifh & LT 39, 52, 65, 78 XX 104 ppm2) % 6 i
FHREERE G- L. 2R K OWFIE R dEgn iR B 2 JE L7e GRIE 5 1E K OVE &R
R, AR EE L, 24 ppm ThHo7-, MREICIT. S
Bto Bz LT,

Z OO R KL OB M gn 2 % 4 % 14 128 L72,ZnS04 TH20 X% Zn-
(HMTBa)s # A % ZnSO4+ TH20 O£ 5-FEIZ B\ T, 2R K& OFF i il
MR EICH B REMXA LN o T, (B 1, 15)

2 SLUEER R LN 2 S e
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F 14 zZNIBIT D ZnS0y » THO0 XX Zn-(HMTBa)s #5416 1 [H 18 65
B 5-1% O 2R L OFRFEF IR E (ugl/g)

. e A NI B HER I

B 5-¥)E fenf 5 & (ppm) . prgm

55 74.4 129.00

80 74.9 99.80

70804 - THs0 116 74.7 99.15
168 69.6 155.00

243 71.1 90.70

363 67.7 157.50

39 74.7 117.00

52 68.4 116.70

Zn-(HMTBa), HL5#l 65 69.6 117.50
78 67.7 98.50

104 74.2 117.60

xf R 24 66.1 97.55

n=10

3. WARFMICHITHABRER
(1) FAEHRER (4)

T (RV AKX A R K 50 Hil, 6 88/8E) 12 ZnSO4 X 1T Zn-(HMTBa),
KA 57 AREER G L, fMERBRAER Iz, KHE~0K5EL2FK 15
IR LTe, —fIREEDOBLE, B N OKRE OHIE ., Mk 5/ M OV iR AL
FRORRA A FEHE S v,

4D 1 BINBGIED T2 T LTz,

(REE, B QNS MR F W & OV IR AL F A IS, ZnS0y & 58 L
Zn-(HMTBa), A G L O CTHEREZT AN RN o1, (B 16)

# 15 F+4%E2H iz ZnSO4 X% Zn-(HMTBa). 8% 57 H MR EE& 5 ERICE

FAHEE &
Bt 5 & (ppm) ST BT AE 2
N &l ~H [iiga) ki ~ U H
1 Gl PRAEE) 30b 10b 40b 70/89 11.5/18.2 43/89
2 150¢ 15b 1500 175/235 | 10.4/25.1 | 169/232
3 450P 15b 150P 496/552 | 15.6/21.6 | 174/239
4 450¢ 15b 150P 518/534 | 10.4/23.9 | 183/236

a: ZEIFMRALICE IR T VOWRMNEOSHE, HidA X —% —fEHZ N O 53 HriE
b : B IR IR R
¢ : HAGIRIE Zn-(HMTBa)2 5

17




(2) FAERR (K)

TR (RHEFE, 26 Hifin, 80 HH/#E) |2 ZnSO4 XX Zn-(HMTBa)s HH| %
42 HIREEHREG L, MBERXBRA LIz, FHE~OREE&EEZE 16 TR
Lic, —MREEDOBIE, BEELMEEZRE L, 1 Y720 8 BHIZ MK T
[ KON IR AR AL 7 B AR A 28 FE it = 7,

BRI, SECHIN 1, 2, 3, 4 KOV5 BEIC, FLFIL 4, 3, 6, 6,
THI I DTN, BHICLDHELEZ NIRRT,

mAERGE (4 XO 5 H) Tk, (MEHEME R OCEEEN, ol Lt
XTI F L7,

MEFHREICBWNT, mHERSH (4 X5 8) ® Hb X MCH 23
SHRERE (1BF) L T, ARICE» -T2,

MR AL FHREICB WL, G ERENT DI o0, mifEd & Xy
B OMIE R IRFBEDEMT DEM N AN, (B 16)

# 16 TK%E M7z ZnSO4 X% Zn-(HMTBa), 854 42 H HIREE & G-3RI B

T A &G E
B 5 & (ppm) S BT 2
i §h &l b ~H b [iigas &l < H

1 GRFPRAEE) | 100/802 b 6/52 4/3a 194/119 15/11 34/39

2 150 170 150 195/180 | 149/145 | 159/162

3 150¢ 170 150 192/184 | 159/144 | 165/163

4 450 340 450 454/398 | 319/271 | 416/417

5 450¢ 340 450 503/435 | 321/300 | 466/427
a: ElX TV AZ —Z —FEHIE I R T VOUWINE O SR, Aix A X — % —faEHZ RN

D 53 M7 il

b LRSI I A A
¢ : HEHEURIX Zn-(HMTBa): H 54|

(3) fAEHRR (B) @

% (ARE, WM. MEMES 10 /) 1IC ZnSO4 X% Zn-(HMTBa),
#Hl (HEgH & LT 50 Xix 450 ppm) % 35 HFREEHK G L., i ilBr ) Ll
SN, EH~OREEEZFR 1TITR LT,

RERHIM P O 2R 2TERIT, 3% THY ., EFHEHIHEZZ ONT-,

5. BAG 21 H KON 35 HEOEEICHOWTIL, Zn-(HMTBa): #5%] D 450
ppm & 5-FE 1L ZnSO4 X iE Zn-(HMTBa): #LAI D 50 ppm 58 & Lk X TIK
VM B 28 22 B 307228, ZnSO04 @ 450 ppm & 5-BEIIM D 3B L LR THEIC
Bnotz, BRI ZB L —HY7Z0 OREEMEILX., Zn-(HMTBa), il
KD 450 ppm #5-FE X Zn-(HMTBa): #A1 D 50 ppm &5/ L LR THE
(2K 22> 72, ZnSO4 @ 450 ppm 5 HEIL, D 3FE L LR THEIZIK) -
77

FBEEEIZ OV T, ZnS04 D 450 ppm 5N D 3 BE L LR THEIZ

18



&Ko7,

Mg 52 /) K MR AL F IR I B W T, BEICL A2 EBIZALN N
> 77,

PlEozZ &b, HEFEHIL, AR 2 fgh & L T 450 ppm O EAN
BETHEICRE#HRELCH, BEELZRITIIRWVWERERLEZ, (R 1, 17,
18)

# 17 HEHMH W ZnS04 XX Zn-(HMTBa), 84| 35 H RIIEEH & 5 BRI 1T

XL
\ o 58 (ppm) Sy BT B (ppm)e
B REUH e | B | ~omov | @ | W | ~oa
1 Zn-(HMTBa): 50 8 60 58/67 13/10 76/96
2 Zn-(HMTBa): 450 25 150 437/451 38/31 127/150
3 7ZnSOq4 50 8 60 60/59 11/8 75/80
4 7ZnSO4 450 25 150 510/454 35/26 185/166

a:EITAX — X —FEHIE I R T VORMBEDOSHE., A7 4 =v ¥ v —GEHZIRINE
D 53 Ml
b : BERG IR I AR ER

(4) AEHR (8B ©

o (UNFHFE, (KR 1940 g, 28 /) IZ ZnSO4 XL Zn-(HMTBa), f
Z S HEMIREF 5 (Hgn & LT 35, 150 XX 450 ppm) L. fazilBrNEE
i S ile, SRE~OFRGEEZR 18ITR LT, —RIREOBILZ, KE MK OE
R ORIE, EINCIIO E &S ORIE 2 I L7, £72. 50 & O
WAL TFHIRAEIZ, 1. 2, 5 X6 HENLH 10 POV THEBEI N,

REBHIR T ETHIEA LN T, —RIREBICHOEREICIDEEITIALNR
NoTz,

R, B E, EINRLOIIERICHEMBOEITIAON R o1, 72, JF
ORI, NI KV IZIFEE O IS b B O E W IT A B 7R )
27,

MR AEIZB W T, RBC KON Ht ICEE OB W Z A LD o7z,
ZOMOMAEIHHE TIX, BRI TAHAEREVAALILTEN, K2 5 BETHE
Thole, thomMHERGH (5 LXTN6H#E) TiL., WBC K UM 42 B2
DR T NH BT,

MEEFIBREICB W T, 6 BEOMF Glu2n 1, 2 KOs BEE BT
AEICKLS, fEd Alb XX X ENRFBEIZE ST, 26D
HEMITEFEHHNTH -2, (2 16)

19



# 18 #HAE MW= ZnS04 XX Zn-(HMTBa): # Al 8 i MR F % 53R 1T 5

55 &
B 5% (ppm) o AT
ik 7 i = < ik} & ~H

1 352 6 25 82 11 69
2 35P 6 25 101 14 62
3 1502 25 150 186 36 145
4 150b 25 150 197 24 164
5 4502 25 150 256 31 160
6 4507b 25 150 504 39 164

a o PSR L3 e MR
b : AR L Zn-(HMTBa)s 55

(5) fAEHER (2L

Z W (Cyprinus carpio L. . /K #E 10.0 + 0.03 g. 180 J&/F¥) {2 Zn-(HMTBa):
fHK A 8 W MIRAEI S (41 & LT 200 Xix 2,000 ppm) L. fiz BN
Fhi ST, GRS IEE L. 12.8ppm TH Y . Zn-(HMTBa)s HAl|
B G REICHEE L 7= SR i g R B 1L R SR Sk o Hish 2 B0 TENLEN
181 X% 2,250 ppm Th o7, FHBEICIX, KB O A EZ R LT,

—fRRB O BIEE | iR A L TR A PLE & & U5 BEAL Rk iR A 2 FE 0
L7,

BEREROATFRIT 9T% U ETH-T-, E2REFHOADKREIIRFTH
D, HEAHFEOIERITA LN o T,

BREECERGICIZEBIL N> T,

MR AL FRRAEIZB W T, 181 ppm & G5HOMEF a L A7 2 — L)
MR L TARICE:LS ., EF 7 LT F=BRAREICKN -T2, L
2L, 2,250 ppm F G5 & R TIIE AN R o T,

My SOD K& O HE g4 SOD #E 1% . Zn-(HMTBa) . BLA| o 1 #% 5-Ff T xf
BRI FEICHEML =,

K HEHE D R RGBS 13 < L BERIBRITHH R L, mECHEERNH LN O 6
ATz, MRFIR2SHEIN L . /DMEA A B MRS & o 7o, R O BRI &
MITHER LTz,

181 ppm 58Tl *HREEIZEE AT, BE OMBRFIRE Xk E L,
PRGBS K OSBRI I 2 BT A b T, IFIRIC BT A b o Tz,

2,250 ppm & 5-# Tid, W& O FRIEIL 8 FIF 7THI TIEH Th o
oo F20 1 B CTITRSIREE DRGNS A v, BERIBRITHE R Lic, g2
TiX, &S HEMEFRICER Th o,

M GHICB W T, A LZHERIRBEERFRICIET Th o7z, (R
1. 12)

20



M. Bm@EETMm

KREVEHIINY O FEAETH 5 Zn-(HMTBa)z 1%, B ARICB W T — HERAGR &

(ADD) IR EI N TR,

Zn-(HMTBa): 13, Eiicft 0 &G S =%, WNICIZHESH & X HMTBa &
LTI END EEZ BN TS, HMTBa 12 ATIE, BlE% % < Ok ICFEE
TOHHEIZEL ST 227 MU ATF AT DEBICRBINT-RIZ, LAT A=
2B,

B EZEZB SR SR EEMFHES L, K OATF A =212 20 T,
B EH S R ORI & L ClEFEEH SR Iz VT, BimIciE
MTH2EICE0 NOEEELZERZRIBENDOR N EDRHALNTH D & PN
LTWb,

A EHRINY) 2k REVICIREE B 5 U2 H . AR I ER Lo digh iR
FEIX, BTSN ARG LG e LR L T, KEREBEZALN -T2, LT
2o T, REIBHNINY 2 ZEEE DR T 2 HE CH LW ICIRER S L%
BOENGH L REREN, HARATEESNTWDHEEhZEA T 2 EEHR Y
EbEr LT, KRE AR AMREMEIRIER W EE 27,

Fo. REEHRMY 2 AW T-fERRICB T, &5 LE8MICREOE
WL ONTE o T,

UbEDZ &Mt Zn-(HMTBa) NN & L CEblcEH S5 |RY
IZBWTIE, BMZz@EUTE hORBICEELH X S EEIIEGA TR
ELE XTI,

21



(GBI - REBEFBT

RN 4 B
Alb TINT I
Glu T a— A
Hb ~NES Y
Ht ~~ hcZ7 Vv bk
HMTBa 2-FT7 /-2t RuFx L AFF =
(2-t F o i-4- A F)VF I EEER)
MCH AR R i BR 2 3R 5
RBC 7 ifn B
SOD A= R—=FF TV RVALH—F
WBC [ I BR
Zn-(HMTBa); | 2-F7 3 /-2-t R ¥ A F 4=
ZnO fiz Al i £
ZnS04 i P L 8y
ZnSOy4 - TH20 | MmiEgHESh LK Fn9
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12.
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14.

15.

16.
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EFSA (Panel on Additives and Products or Substances used in Animal
Feed): Safety and efficacy of Mintrex® Zn (Zinc chelate of hydroxyl
analogue of methionine) as feed additive for all species. EFSA J 2008;
694: 1-6

Al Bk S OV BRI A D 5oy BIAS S B3 285 (BRF 51 4F R ME 55 35
)

= RNRA e A Z—F g v EMEEISS T D RIE Bk 29 4 9 H
12 BfY) GER#E)

Dibner JL, Vazquez-Anén M, Parker D, Gonzalez-Esquerra R, Y1 G and
Knight CD: Use of Alimet® feed supplement (2-hydroxy-4-
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2004; 41
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EFSA (Panel on Additives and Products or Substances used in Animal
Feed): Scientific opinion of the safety of a zinc chelate of hydroxyl

analogue of methionine (Mintrex® Zn) as feed additive for all species.
EFSA J 2009; 7(11): 1381
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17. /) —=RRA A Z—Fati: I by 7 2 WEHRINY I ER
HEHER IRTEE 3-5 GEAR)

18. EFSA (Panel on Additives and Products or Substances used in Animal
Feed): Safety of Mintrex® Zn (Zinc chelate of hydroxyl analogue of
methionine) as feed additive for chickens for fattening. EFSA J 2009;

1042: 1-8
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20054 11 H 29 H
20104 2 H 15 H

2010 2H 18H
201054 3 H 12H
20124 2 H 23H
20124 2 H 23 H
20124 10 H 5 H
20124 10 H 15 H

o 2 FBAER
20174 84 25 H

20174 10 H 25 H
20174 12 A 13 H
20174 12 H 19H
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C

BanfirErE (1EFD 22 VAR 233 5) 5 11 5550 3 HOBUEIZ D & | ADOREFEAZHHR
IBENDIRNZ ERHLNTHDL LD E L TEAGBRENEDLWE EME)
EINTNDATFF=NTONWT, AR EE 2 O TR MR ER M 2 3205 L 7=,
AlEl, RNENRE & ONBREERR O BGEE DS IR N S vz,

AFF =T, ZUNRTEOERT X JBETHY ., B MIBEAT A= a8t X N

VB ERMN DS ERERZ L LTEIRIL TV,

RG-S AT A= K2 T T 2 /-2 KXy AF 4= (AFA4 =K

AL TH Y (AN TATF A =G SN D) 1T, MIfaN & 77 B Ot 72 G
FHS I, ATFA=UPEEINC /2> LTH, BN TRET S, FHEND 2 LT
RN Eoh, Bl iE U CEM A IESS K O ERSIHESR D A FA4 = % & M s
IZHEET 5 Z S idnb o s B HND,

ATFF =%, BHESRS, RN, Bx 7208 COMASEEICB W TH,
AVE TN T 2 R B ORI A BTV,

UEDZ Ent, AFA=0%, BHEIES R OEENII & L ClEfEH S AR
DIZBWT, BINFERET 2 Z L2k AOREEZIEZ ) BXZORNZ ERIH LN TH
HEEZT,



I. b REMAERE SRR UERRNYOBE
1. A&
iy E S (R A )
FABRHANINY)  (BEE D SRAR B 57 DAL D H N5 DAfAR)

2. —f&4&
g DL-ATF A=, L ATF A=
¥i4, : DL-methionine, L-methionine

3. 1tZE4
DL-AF# =V
IUPAC
44, : (2RS)-2-amino-4-methylsulfanylbutanoic acid
CAS (No. 59-51-8)

L-AFFH=>
IUPAC
#4, : (28)-2-amino-4-methylsulfanylbutanoic acid
CAS (No. 63-68-3)

4. HFH
CsH11NO2S
5. #FE
149.21
6. #EEX
0 0
S S
Hsc/ \"/\HKOH H30/ \/fl\OH
NH, NH,
DL- A F A= L- A F A=



(&%)
- 2-TTFX/-2-EROXIAFAZY
1. — k&

27T /2 FrX v AT A=

2. k24
IUPAC
s @ 2-& a3 -4- XA F LT A ERER
¥4, : 2-hydroxy-4-(methylthio)butanoic acid
CAS (No. 583-91-5)

3. 7FXK
C5H ]_OOSS
4. HFE
150.2

5. &=

0
S
Hg/' OH
OH (218 10)

7. FREXRVERKEE

AFF =%, F oI E R T D 20 BEOT 2 JBO—>T, T/
e Ch o, ERNTIIATFVEMERE L TORENEZHINVHET I JBETHD, (B
2, 3)

b ME, BEDNOZ NI EEEBRL, TOMKD THD7T X BRITIK R
%, WU L, MY 7 BOMRBHCHIA LTV D,

AFF =03, BHICARRLALRT I VBETHY, T VBTV ADUGEIC
FIHENA, 72 7 Bk ORET 2 /7 BEA L LTHOHWLN D,

—HRIZ D7 2 BRITAALFNCEN TH DL Z ERMOENTWVNDEN, AT A= D
a1 I DIERL AN THL Z EDRHLNIEINTWD, ZiE, D-AFF
=UNEDFEFEDOETHREZRET L0 TIEAeL KRN TREZOERICLY DA
NLIRICET DD E SN TS,



DL-ATFA=1%, B - KR EORAEWBIOT I VBT o A e WET H120IC
AnbshTcng, (ZE4)

HARTIZ, BHERKNLE LT, AFA =0t AFA=0DRZIZEDHF
BREMREEOWEE L HIWE Liz, DL-A T4 =0 2/ & T 5 BAINATE I
TW5, 2

AR E LT, DA TF A= KN 2277 /-2 Rad v A F 4=
(HMTBa) 2388l DSREE My DDA IR OFfifs 2 BRIZER S TR,
KFGEEE, RS OBUEIL R0,

B E LTI DL AF A= KDL AT A= OFEHABNED LT,
fEAREEITED BTV,

b NAEESE L TUL, L AT A= MEX 287 e, (KREREEEICBIT 5
7 BAimEEZENE LTHWLRTWD,

AR, 2-FT T2 /-2-8 Fax v AF A= di# (Zn-(HMTBa)z) ZfREHRINYIC
FRET 5 2 LR DFHMMERSE A3 72 ST,

L ARFHlEIC BT, JRAIE U CEREMWRE R AT Z BT, B ES 5 M ORI o
XIS & 72 DB S T T T O B 23 72 TrEd 92,
2 2017 4 8 A HIfE



1. REMIZHEINEOHE
KA E I, AR R4 DL A F4 =2, L-A F4 =1 %0 HMTBa |24
% E AR A R LT,

1. RRENREEER
(1) AFF=>

BN EDR L > TAUTEBET X /7 BRIX. /NMEREZ @D T R oA
RAFREENIR L IZ L » TRIRE N5,

WP S U730l T 2 7 BRI, HIIRN & X7 B oG 22 AEHC R A S b,
RSN 7 X B0 756 %ITHAAIND, HLng 7 EIZT ITHRY
IANENZRNT X BBITENC WG R REIR ISR S o 72D, mREloT X/
i, ERES7eu,

AFF=F ATP ERIS LTS T T ) VN AT A= AT D, D%
0 A =/L-CoA ZfETAYZ 3 =/L-CoA ~EEHE N, 7= U EREIKICHBVTH]
Hans,

T BOSRIC LA TEEIOETIL, BT E=T & L CEEE

L. BEIIT =7 ZRRIZ, @FFHEEWITT =7 2 JRBITEHR L THE
425, (M 2)

(2) HMTBa
IR D& ST Zn-(HMTBa)2 1%, LA FIZFEE L 7= KA b oo fi ik g
DO LGB L OV e M S AS A SRR 2 W T2 BOA B RRBR OFE RN S, EEBHAL
BWOMMESIET Tl HMTBa (2d HREEMREEL . fREEL 720 > 72 Zn-
(HMTBa): &, & TN SN AERC1E. #ign T HMTBa & L TR EN2 %
INENDHEBZLNLTND

Zn-(HMTBa)e XTI A FA = HighI oW T, MigpfRE% 0.1, 1. 0 10 J Y50
mmol/L (ZFH%E L7 /KIRiEZ VT, pH OZALICEE S ik e 2 3008 L C ek
L7,

Zn-(HMTBa)2 ® 1.0 mmol/L LA F DO /KEHE T, pH 5 LA T Tl Zn2+ CIFEET
HHENE 80%LL ETH o7, 10 XIF 50 mmol/L DK Tl. fREERAE X
L. pH 5 Tl Zn2+ CIAET D HENTZ 4 40 T 20% 2 Th -7,

AFF =R OKER TIE, pH 5 LT TIEEREICBWT AT A= ififh
DOFRFEIRIEILE < . Zn2* TIEET 2 HisRIE 80% L ECThH 7=, pH 7 {15 TlZ
1.0 mmol/L LA T D/KEEHR TIIfRBER B I m 22> 7225, 10 mmol/L BA - CliX Zn2*
TIAAET D HEER 1T 40%RH T2 12T LT,

10 mmol/L LA ED/KEEHE T, pH 5 LLF Tl Zn-(HMTBa)s 23 A 4 = U ifigh
LU LFEE L) T2, (BRR 16, 19)
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b NMEBD A HESEMIIE (T84) A FHUNT, 65Zn ik X BS ik L7 A T4 =
SR DOIGE LA~ DBUA R Z G LTz, BEHib o A FA4 =ik, dih
JEEE L LC11.2 umol/L IZFH#E L7, BEHIZIZ A F4 = v Hlign LISt o fignii s £
TN o 7=, FERETETR A F 4 = N IERE ) 7R R T E £ TV 2, 65Zn
R T 35S KRR L7 A F A = I & o THIM A 3. 6 ST 9 FEREALER L,
Z D& AR H O HEHE M2 JE LTz,

BALERFEI % O ~D A F A = R ORUAAZZFK 1 1TR LTz, 35S 22k
L7 AT F =2 OMIIE~DEGARIX, 65Zn OBGAHD 0.1%A# T - 7=,

ZDRERIND, AF A= EHENTER A THIIICEIR D AT D & HEHI S
niz, (& 20)

F1 b MEBSAHEEHMI (T84) ~0 657n fEaE X 1% 35S #55k L7~ X F A4 = L High
DOHEGAZ (pmol/108 cells)

JLEREFR (h)
NEDR 3 6H 9
657n F sk 56+ 11 140 + 27 140 + 32
35S HEEER 0.08 + 0.001 0.06 0.07 + 0.02

n=2 ¥ £ EUERE

fiftffe L 7= HMTBa 1332 BHEHOUTHRIREZ Lo THRNICRINE D & & %
bhTns, (R 11, 12)

W S 47 D-Xi% L-HMTBa %, &4 2-t Ref @7 e Funsrh—E Lk,
L-2-t RuX Ut X —BIZ Ko T REERPICERIL ST, 27 h-4- 2T
NTFDEEEE (KMB) (2725, 0%, KMBIZ7 2/ BB S, L-AF 4=
vl b, DATFTH =0 KMBIZAE# ST L AT A= 705,

Zivs HMTBa IZBT D EER 1T, B2 kI /= E L, BT, B2 < offd
WMCL-ATA =t EINnN5, (B 10, 21, 22)

2. BBRER
okt 5 B L,

3. EinE1HER

DL- A F A= KON L- A F 4= OlnalaliE £ 4% 2 12, HMTBa (2250
TIX Zn-(HMTBa): & AW = B aim iRl o R 2R 3 IR LT,
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#£ 92 AFF = OBEEMABE R

FRATE B et 5 & it Z M
in HIm2e5% | Salmonella typhimurium |2~2,000 pg/plate (+ (=33 5. 7
itro R Ey | TA98, TA100, TA1535, |S9)

TA1537, TA1538
S. typhimurium 0.1~2,000 ug/plate e 5. 7
TA98. TA100, TA1535. |(*+S9)
TA1537, TA1538
S. typhimurium 5,000 pg/plate(+=S9) £3s 5. 7
TA98. TA100, TA1537
S. typhimurium =10,000 pg/plate (* =3s 5. 7
TA98. TA100. TA1535, |[S9)
TA1537, TA1538
S. typhimurium 0.2, 2. 20. 200, =3 5. 7
TA92, TA98., TA100, 2,000 pg/plate (=S9)
TA1535. TA1537.
TA1538
S. typhimurium 4. 20, 100, 500, =3 5. 7
TA98, TA100, TA1535. |2,500 pg/plate(+S9)
TA1537, TA1538
S. typhimurium 10, 20, 50, 100, e 5
TA98, TA100 200, 500 pg/plate
(£S59)
E. coli P3478 DL-AFFH=r £3s 5. 7
500 pg X1 6
mg/plate(+S9)
E. coli uvrB, L-ATFH=> =3s 7
uvrBumuC, uvrAlexA 2 mM (30 pg/mL) (—
(lacZ55—Lac*) S9)
E. coli WP2, WP2uvrA =500 pg/plate (+=S9) £3s 5
E. coliWP2uvrA DL-AF A= B 5
10~1,000 pg/mL (£ | (—S9)
S9)
B T2 |~ U R U 3l DL-AFH= 2 5. 7
R | L5178Y/ Tk~ 0.5~15 mM
B (74.6~2,238 pg/mL)=
~ 7 AU oNER DL-AFAH =" £3s 5. 7
L5178Y 46.9~3,000
ng/mL(=S9)
LaffB | Fr A =—ANLZXZ—H0 I DL-ATF A= E3 5. 7
H AR B R(CHO) A 1,670, 3,300, 5,000
ug/mL(=S9)
Saccharomyces cerevisiae |D,L- A FF4 =1 M 5. 7
D6 50 ug/mL(*S9)

12




BEfnfifiz |S cerevisiae JD1 DL-AF A= e 5.
HazlER =750 ng/mL(*=S9)
S. cerevisiae D4 DL-AF A=V =3s 5.
0.3~333 pug/mL(+ S9)
DNA#BE |Fv A =— X224 — |DL-AFA+=> = 5.
ARV | BiiRRHESE V79 fliha 0.3, 1, 3, 10 mM
71V YH) (45~1,494 pg/ml)=
(£89)
Wikt | & b U oRER L-AFF =2 e 5.
PANLNAT 21, 61, 111 pg/mL
BV (—S9)
(SCE#X |CHO #pa DL-AFH =2 G 5.
i) 0.1, 1, 10, 100
ug/mL (=S9)
CHO iz DL-AF A= G 5.
1,670, 3,300, 5,000
pg/mL (+S9)
CHO DL-AFH = = 5.
21.88~350 pg/mL
(+89)
REH b MERMESEHIAL WI-38 DL-AF A= Rk b 5.
DNA A5k 63~1,000 pg/mL (—
kbR S9)
(UDS i 125~2,000 pg/mL
B) (+S9)
in SCE g |~ 2 (CBA/J %) 1. 10, 100, 1,000 G 5.
12147 mg/kg R
i RZE PN 8 -
IEEBR |~ 2 (B6C3F1 %) 3.7. 17.5, 35 mg/kg = 5.
NG
e PN 1 -
~ A (CD-1 %) 250, 500, 1,000 =3s 5.
mg/kg A
i zE PN 12 -

a:DLAFA = DHFEELT149.2 ZHWTEHE LT,

b : JECFA DAl (2006 4=, 2 5) TIX 89 fF/E F THEE L STV 5725, EFSA OREf

(2008 £, 2 T) THEHEMLE SN TWVD,
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7 3 Zn-(HMTBa): O&{nmE

ui’tgﬁXﬁ%

&

i A

RATE H
n  |1EIFZER
vitro | #5x

VAL

F

S. typhimurium
TA98 . TA100 .

TA1535, TA1537,
TA102

1.6, 8. 40, 200, 1,000, 5,000
ug/plate (£S9)a

51.2, 128, 320, 800, 2,000,
5,000 pg/plate (+=S9)b

Pt

e e K FL

#A | CHO #ifia

125, 150, 250 pg/mL (—S9,
3 PR ALER#% 17 iR RS %)
50. 200. 300, 400 pg/mL (+S9.
3 PR AL #% 17 iR RS %)

10, 25, 50 pg/mL (—S9, 20 Kf
fHALER)

30. 50, 200 pg/mL (+S9. 3 i
MALER 1% 17 B[RS 2%)

14

in  |/PEERAER

vIvo

<7 A
(ICR %
UC/EE)

B A
A, MERES: 6

HE - 500, 1,000, 2,000 mg/kg
{KE/A ¢

It - 125, 250, 500 mg/kg (K E
/H

2 H sl O &5 24 REf%
R HL

HE : 250 mg/kg A FE/H
2 HFEIRE O 5 24 Feff%
PRI

M

15

a: S9 EFLETOEEHOEE

H BT,

FAE KON S9 174 T TA98 KT TA100 D&

b : S9 FEFIE FOEREMD 2,000 pg/plate DL EK Y S9 f77E F D TA1535 & O TA1537 @ 2,000
ug/plate UL ECAEBHEN AL,

c : 2,000 mg/kg K/ H&HHED 6 ik, FIEICEL -T2 HEHOEERIC

BHTHSEIRRE TH > 72,

DL- A T4 = KN L- A F 4 = Digflnaet
AHBRD 1 R CHMEDORERTh o7z, ZiUE, 4
EOHIEZR DD TH Y |
AL, BARIEA U TR IR 2 B B O 5 D AL
DD In vitro DIEIFILIRIE AR, 1B15 - 22RE il

DNA {55k, SCE

SR AR |

vitro O YRR H 5

>77,

bk, gmZeZBs

AR OFERDGE T I > 7223,

PEIF 72U &Il L7z,

X, AFA=1

R Tl

. In vitro DEIFZER
LR DN SR T C O IRAE
WP 72 A TF A = DR FRME DM I HE R %
IZipoTelzb EZBLEINTWD, £

Qe R R HRER, Bin

SHIMFEL L, DD 3

VA
i

B O UDS iRz Cch o7z, £/, in
vivo ® SCE iREx &k OV IMZadBR I X2t Ch - 7,
Zn-(HMTBa)e OB MR Tl, MR 2 H 7218 IR 2888 SRR I e, in

14

in vivo O/NERER TlIIfatTH

(ZAEIRIZ & o THRRELRTE & 72 5 81 n T2



4. 2MEFERER

=
2MHEERROM ROV TRATR LT, (B84, 5. 16, 17)

F4 AFF = KO Zn-(HMTBa) D225 ek Bk 5

WE 4 kY] E Rt LDso (mg/kgfA ) i
L-ATFA=" VA A fEfe 4,300 4
2 fE e 3,700 4
D-AFH=r 7 vk [ e 5,200 4
DL-AFH=> ~ A e >2,000 5
Zn-(HMTBa): 7 v () g 500~1,000 16, 17

5. BaMEMHAR
(1) 10 EFEESHEEEER (Sy M)

Z v b (SD 5%, 10 PC) 2 DL-A F4 = ZRH&E (0 X% 2,000 mg/kg
REE/HARY) L. 10 @ Ed A ﬁ%ﬁrﬁ%ﬁmém_o

DL-AF A= B EHOEEN, MG 5 %M OREEGRICBNT, B
IR &R LT,

B 5% D DL- A F A= & GRETIE, B S 72 R EHEININHEIN 2 S i,
F7o. HFlEf oREEEE (MY X7 7oy —8, 74X )-—E, ALT KOt
AST) KOHERRIARENEM L2, =aF v T I RT7 7= UX 7 LAF R
IREEDH B2l N A BTz,

EFSA 1%, Ai#BriZH1F 5 NOAEL (% 2,000 mg/kg K&/ H L HWr L=, (B8
5. 6)

(2) 12 EEESHEEEER (Sy M)

T b (Fry<rRk, B 1208) 12 DL- A F4 =0 ZR#5 (0 X% 1,000
mg/kg AAE/HFEY) U, 12 @M #E 2R MERER D E i S iz,

FEBIG 2 kO 8 W NI A& G2 2 Lo, &5B4s 2 1% 1,000
mg/kg ARH/ A G B RAREIEINING S 722 25 #5-Bks 8 1% M UM
P GRS R & 2 XA bR o Tz, 70 % 55015 2 ugé@ 1,000 mg/kg
IR/ A 5B B g M ORI DR HSERD HALTZ A, B 5-BRE 8 i #4 M OV 4%
F4% TIIoe HRHE & ORI BRI EIT R o T,

EFSA (%, NOAEL ##ETZ ooz, (B 5, 6)

(3) 32 AMEAHSHRER (WNLARXF—)
INIAHZ— (i, 20 PC) (2 DL- A F 4= % {BfH#&% 5 (0. 2,400 mg/kg {KE/
El *Hé‘) l/ 32 ﬁfﬁﬁé ifﬁi nﬁ%ﬁ)%ﬁméﬂf;o
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EFSA 1%, AX#BiZE1T 5 NOAEL i 2,400 mg/kg K/ H &l L=, (M
6)

6. EBHEFEERUENAEHER

(1

b

) ZERBERFRAAMREE (v b)

7 v b~ (F344 &, 1) Z M2 DL- A F 4 =2 OFED AMRER ) ki S 7z,
vxzFa=rry7 Iy (DEN) %H[FEIEENEE (200 mgkg (£5) L, 5 H
BB BRI ENFR IR, 1.5%DL- A F 4 =G AR, 0.06% 7 = /X
e s —)L (PB) G4 K, 0.06%7nuy7-=)L ) Z7urnx%. (DDT)
EAEE, 0.05%PB KT 1.5%DL- £ F4 = &4 fE % 0.06% DDT } ¥
1.5%DL- A FA4 = & H k4 72 MG L, 2 O%EEHEEHCE L, 103 #%
\CHI AT o2, DL-AF A= B, DL-AF 4= KX PB XL DDT & Dig
ABe51X, DEN ICX V51 &E - SNDHFRDPARICEEE KT S0 LR
Lz, &9

. EERASERER

okt B B L,

. TR

AF A =0, BHERS, SRS, fRx 7253 B TOM A ERIZI N T
IHETIZZEMEICET 2RBEOBEIZA B LTV ARV, (B 9)
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M. EF#EFIZE T 5
1. JECFA IZH 1+ 551
JECFA (%, 2004 4£1Z DL- A F4 =275, flavouring agent & L CEH I N5
BICBW T HEOERE CIILeMt EoBaiThne &h, SIEOHERAZED 5
(Acceptable) :f&im L T\ 5, (B 8)

2. EFSA ZH I+ 5%
EFSA 3. 2008 4EIZ A FF =125\ T, MSDI3 (Maximised Survey-derived
Daily Intake) ®OF1EI1Z LV #EE L 7= flavouring substance & L COEEE TITZ&
£ EOBAITR VW E Lz JECFA OftimicRE Lz, (BB 7)

F72. EFSA 3% DA T A= G0N EZ T L T\ 5, 2D OFF
i Cld, *IZREWIMEA T 2 EEHRIN T O 2 F A= 1F, BOMGRICHS N TH
VORI DOERICHA SN, IKNOT I NG VAR —EBIRTENDRER, x5
B ORNIRRO & BESEINT 5 2 L13/e <, @R EITPEE S D L BRI NnT
W5, (H10, 18)

3 AEREFERE A AND D 10% M OMIEFRE CTEI D Z L1 X DB I EHEEE
17



V. BmfEREZETm

AFF=0F, ZUONRTBEORERT X VB THY, B MNIBEFEATA =280
BN BERBRNOEERER L LTERL TV,

G SN ATF A= KO HMTBa (X F A4 =2 OKBILETHY . KN
TAFF = NRE &SN D) 13, MR X7 B o e REHc R A S i, 2
FA= BB 2572 LTH, 8RR TREIS L, SN 2 Lidhn
END, B A T U CEM) A EIES K OEEHRII R D A F A4 = % b ksl
RSS2 s idhnEE 2T,

AFA =%, BWAERS, SRR, Hix 72y cofli HFEEICRB W T
H, INETICLZRMICET 2B OREIT A DT,

F 7o, EBEBICIIT 5 BTSN O flavouring agent X (3 flavouring substance &
LCORMEIZBWT, AFA=r0Re LRSI E IR TV,

UbozZ &nt, AFF=0F, BHEEL X OEERINY & L ClFEHER S
NDHRDICEBNT, BMICE-ETHZEICE) NOFEAER > BZELOR N &
DHLNTHD EBZT-,
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<Ak REEFEIF>

i e
ALT TI7=TI ) NIRRT 2 T—F
(=7 Va2 I VBELE U N T AT I —8 (GPT) ]
AST TANTGXUWET I ) N T AT 2T —F
(=7 Vva I VA aliEs7 A7 I —8 (GOT)]
ATP TT )= R
DDT rsuuY 7= N)supnxTH
DEN vrFr=hkaVr v
EFSA R 2 i 22 A% B
HMTBa 22T T X /-2 Fad v AF 4=
KMB 2-77 h-(4- X F VT A) S IR
Zn-(HMTBa); 2-FT 3 J-2-b Ry AF A=)
JECFA FAO/WHO & [l sh s N B P 5 58
LDso PR BB
NOAEL EFE R &
PB T )N H—)L
SCE Tl iR Gy 68 0 AR A HiL
UDS REH DNA Ak
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<SHE>

1.

10.

11.

12.

BAEAES 11 &5 3 HOBEIZ XY NORELELR > BENDRNT &3]
O THLLD L L TREATEHRENED DWE %2 ED DM CEAK 17 454 5718)
BETH 498 5)

Murray RK, Granner DK, Rodwell VW. EfGRA BEER. “XZ > I EHET X %
DR, A T AR VLA T » Rov—s38—« A% JF7E 27 iR, AL, 2007, p. 265
293. p. 487-494

"AFF =N m AR, O\ /NERE AR B S, 5B 4 R,
FiENE, 2002, p.1387

“DL- A F A= [L- A F A =27 REINAESfFEHE. 5 8 M. A F BHE M
LE— BE. E)IEE, 2007, p. D1614-1621

JECFA: Amino acids and related substances, Safety evaluation of certain food
additives, WHO Food Additives Series 54, 2006; p435-481

EFSA: Opinion of the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in contact with Food (AFC) on a request from
the Commission related to Flavouring Group Evaluation 26: Amino acids from
chemical group 34. The EFSA J 2006; 373: 1-48

EFSA: Scientific Opinion, Flavouring Group Evaluation 79, (FGE.79).
Consideration of amino acids and related substances evaluated by JECFA (63rd
meeting) structurally related to amino acids from chemical group 34 evaluated
by EFSA in FGE.26 Revl. The EFSA J 2008; 870: 1-46

Summary of Evaluations performed by the Joint FAO/WHO Expert Committee
on Food Additives : DL-METHIONINE, 2004

Wepk 20 R BEEORTT 47U X MBI 2 85 E OB R
ZEHMICEA T 2 IR EE PRk 21 4 3 H

EFSA (Panel on Additives and Products or Substances used in Animal Feed):
Scientific Opinion on DL-methionine, DL-methionine sodium salt, the hydroxy
analogue of methionine and the calcium salt of methionine hydroxy analogue
in all animal species; on the isopropyl ester of methionine hydroxy analogue
and DL-methionine technically pure protected with copolymer
vinylpyridine/styrene in dairy cows; and on DL-methionine technically pure
protected with ethylcellulose in ruminants. EFSA Journal 2012; 10 (3): 2623
Yi GF, Atwell A, Hume JA, Dibner JJ, Knight CD and Richards JD:
Determining the methionine activity of Mintrex organic trace minerals in
broiler chicks by using radiolabel tracing or growth assay. Poult Sci 2007; 86:
877-887

Dibner JJ. : Review of the metabolism of 2-hydroxy-4-(methylthio)butanoic acid.
Worlds Poult Sci J 2003; 59: 99-110
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e LS VS S A7 R AV 2
B iATER 52 GEAR)
)= RNA e f U H—F T aF )
B OURHEE 53 GEAR)
J—INR e L U HE—F T a S
B WATER 54 GEAR)
e LS VS S A7 R AV 2
B ik GEAZ)

J—=RNA e f U H—F g
B WATER 51 GEAR)
EFSA (Panel on Additives and Products or Substances used in Animal Feed):
Safety and efficacy of zinc chelate of methionine sulfate for all animal species.
EFSA Journal 2017; 15 (6): 4859 [EFSA 2017]

J=RR e B —FaF i I Ly s RS RIS E RS G
B ORMEE 25 GEAR)

Beutler KT, Pankewycz O and Brautigan DL: Equivalent uptake of organic
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and inorganic zinc by monkey kidney fibroblasts, human intestinal epithelial

cells, or perfused mouse intestine. Biol Trace Elem Res 1998; 61: 19-31

BRI : AF A= X T Fr s O&E~DIGH. &EOHTE 2004;

58(1): 184-194

. Dibner JL, Vazquez-Anon M, Parker D, Gonzalez-Esquerra R, Y1 G and Knight
CD: Use of Alimet® feed supplement (2-hydroxy-4-(methylthio)butanoic acid,
HMTBA) for broiler production. J Poult Sci 2004; 41: 213-222
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%

2-TT72/-2-EFOXFAFF=_UHRICRIBABEZETMMICET 2FEHER(F IO
WTHER - BHROFEEFERIZDOLNT

B ow N o~

. FEhEHIR] PRk 29412 A 20 H~FEK 3041 A 18 H
CRHEE A E =Xy N Ty v A Bk

. REHR 2@
C THWEER - fEHRLONEEE - Sl PR A DRI

THWZER - W

il SO ik R A A e I EIRS

BRI T A ~D 2V ETo
YW AIRE] S F0HET 5 2 & 12N T

W72 & F LTEBORIERIT, 2B
BEFERIIHTHIERELTHEYDEL
72

7ed, RHmIL, Bl E, R ALY
TR DR G~ DFRE M N OvFg R plfg
LEORFEIZIEDE | BRI SR AT -
TBU £,

LRSI 3T B T— HIEEGFR &
(ADI) | DOF#HEIZHOUNT

W2 & F LI BORRRIE, — 72 =t
BEEERIHTHIERLE LTADEL
77

728, ARFHEEO R MR ERAL TIL,
[REHR I & L ClEyic il bR Y
IZBWTCIE, Bfha@ U T ORI
52 D AIREMI I C X DR LRMm L
TWET,




2-TT72/-2-ERFOXFIAFFUERICRIFHENLEER

e = T =
& TE T % 684 AR AEE #5678 Bl A H B
(ZEH1%) (ZZHERI)
22 H . .
Il 22T T I 2 ReF I AF A= 2T AFL2E KXo AF 4=

SIETEFTIX. F 684 MBI BITAH






