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Development of 3-Nitrooxypropanol Determination Method in Formula Feed for Cattle by LC

KIKUTA Yukino*!, NAGAKUBO Shinpei*? and WAKAMIYA Yoichi*3
(*! Fukuoka Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Current affiliation: Food Safety and Consumer Affairs Bureau, Ministry of Agriculture, Forestry and
Fisheries of Japan),
*2 Fukuoka Regional Center, FAMIC,
*3 Fukuoka Regional Center, FAMIC (Current affiliation: Nagoya Regional Center, FAMIC))
A quantitative determination method using a liquid chromatograph with an ultraviolet detector (LC-

UV) was developed to determine the concentration of 3-nitrooxypropanol (3-NOP) in formula feed
for cattle.

3-NOP in a sample was extracted with acetonitrile-water-formic acid (180:20:1). The extracted
solution was centrifuged, and its supernatant was injected into an LC with a UV detector at 210 nm
to determine the 3-NOP concentration. LC separation was carried out using an ODS column
(InertSustain C18, 3 mm i.d. x 150 mm, 3 pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of
0.1 % (v/v) methanesulfonic acid aqueous solution and 0.1 % (v/v) methanesulfonic acid methanol
solution as a mobile phase.

A limit of quantification (LOQ) and a limit of detection (LOD) of 3-NOP in the present method were
30 mg/kg and 9 mg/kg, respectively.

Key words: 3-nitrooxypropanol; feed additives; liquid chromatograph with ultraviolet detector (LC-
UV); formula feed for cattle
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Z3\Z 3-NOP D&% % Fig. 1 IR LT-

3-Nitrooxypropanol
/\/\ NO;
HO o~

3-hydroxypropyl nitrate
C3H7NO4 MW: 121.09 CAS No.: 100502-66-7
Fig. 1 Chemical structure of 3-nitrooxypropanol (3-NOP)
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Table 1 Compositions of the formula feed

P rti .
Formula feed types Ingredient types ro(;zj) on Ingredients
V]
For suckling calves Grains 68 Corn, heat-treated corn, wheat, roasted soybean flour
Oil seed meal 28 Soybean meal
Others 4 Molasses, calcium carbonate, salt, calcium phosphate,

medium-chain fatty acid calcium, licorice extract,

stevia, feed additives

For growing and Grains 57 Corn, heat-treated corn, heat-treated soybean
fattening beef cattle Oil seed meal 26 Rapeseed meal, soybean meal

Brans 16 Corn gluten feed

Others 1 Calcium carbonate, molasses, salt, feed additives
22 K

) AZ—=AVEOT7E =R I VEHEEZa~ 7T 7 (L7 A4V AFEHEER) 2 Huv
7o, FRRITAEEE (EESF 98 %) ZHAVT. A X AR UBIIAEER (§L7 11
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Table 2  Operating condition of LC
Detector UV detector (Wavelength: 210 nm)
Column InertSustain C18 (3 mm i.d. x 150 mm, 3 pm), GL Sciences
Mobile phase 0.1 % (v/v) methanesulfonic acid aqueous solution — 0.1 % (v/v) methanesulfonic acid
methanol solution (23:2) (hold for 9 min) — 0.1 min — (1:4) (hold for 6 min)
— 0.1 min — (23:2) (hold for 5 min)
Flow rate 0.4 mL/min

Column temperature 40 °C

3) B &
Bonr-zo~x N7 a0 bE— 7 HEEZ RO THEZELER L, REFO 3-NOP B4 E
HL7-.
B, TEEOMEL Scheme 1 (2R L7,

Sample 10 g (300 mL Erlenmeyer flask )
added 100 mL of acetonitrile-water-formic acid (180:20:1)
stirred for 30 min

centrifuged for 3 min at 16000xg
LC

Scheme 1 Analytical procedure for 3-NOP
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3.1 EE FREOH TR

3-NOP H MRS EARME 2 7R U7- %P, 2~50 pg/mL O FHEATUT & 72 DR (B & aURHR i
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0.1 mg/kg LA b FEHEMIZH LT /S LLTF) 2= LTz,

RIEOBRH TIRZMRT 5720, BINEGREBRICE VG ONT-E—27 D SN R 3 Ll HRE
RO FORER, B TRIX9 mgkeg TH Y, FRICZY MR T A RT A TED HIL
FAZfE (EYEME 0.1 mg/kg VA b ZEVEMEICH LT /10 A F) 2L T\, &k, BSohnizs
n~v 77 LO—F% Fig. 2 IZ/R LT,
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Table 3  Recoveries for 3-NOP
For growing and

Spiked For suckling calves

ovel fattening beef cattle
eve
(mg/ke) Recoverya) RSDrb) Recoverya) RSDrb)
(%) (%) (%) (%)
30 103 0.8 99.2 2.0

a) Mean (n =5)

b) Relative standard deviation of repeatability

2000 - B
2000 A
O .
> 0 1
'E -2000 A l > l
B £ 2000 |
Z -4000 - £
g 5 -4000 -
=~ 6000 - =
-6000 4
-8000 T T T T T T T T T 1
34 5 6 7 8 9 1011 12 13 8000 +—F—— T —T—— 1
Retention time / min 345 6 7 8 910111213
Retention time / min
C
2000 1
0 .
>
oo | |
}-2000
7
5 -4000 -
£
-6000 4
-8000 T T T T T

34 5 6 7 8 9 1011 1213
Retention time / min
Fig. 2 Chromatograms on recovery test
(Arrows indicate the retention times of 3-NOP.)
A: Standard solution (2 pg/mL of 3-NOP: 10 ng as injection amount)

B, C: Spiked sample solution (B: formula feed for suckling calves, C: formula feed for growing
and fattening beef cattle, each spiked at 30 mg/kg of 3-NOP (15 ng as injection amount))

3.2 HEMEORT
HIEKED 210 nm 1% < OFEYRRINZ DL, KEDICLDPERRTVWEREE SN
TWA72, iz L= EEE S e W BEt 21T > 72, LC (2 X 5 3-NOP I 7E KO R B FH FH 5k



6 fAEHFZE S Vol. 51 (2026)

LR B ER DD, K—AZ 7 —/L (92+8) |2 3-NOP FEHE N A2 1 mmol/L D THfiE L

TRENAK 28 L, 84% « A NIEER T UV A7 MV EJIE L. UV Btgs o
FTdH D 190 nm~380 nm Z JEHFH L LT, K—A% /) —)b (9248) TT T 7 #fiiEEZ L THL
Nt RIL Fig.3 LBV THY, 210 nm LIS CHITEIZE L 72U E — 7 (3R CTE o
727 ORERFEIL 210 nm 28 L 7=,

3.99 v l + 1 " fo i mmms bt o e e et e
3.50 Lwﬂ]

3.00 ]

2.50 7
00 1 1
1.50 1

Absorbance/A

1.00 1
0.50 1

0.00 == SENEFLIN §

150 200 220 240 260 280 BDD 320 340 360 380
Wavelength/nm

Fig. 3 UV spectrum of 3-NOP

(The arrow indicates a wavelength of 210 nm.)

4 F&H
A HBELA AR O 3-NOP IZ DWW T, DSMiEZFEIZ, LC & AW T2k O Ry HT 51~ O I
DA[FICOWVWTHH LI 24, UTORENMELNT-.
1) AED 3-NOP OjE & FRIT 30 mg/kg, il FTERIX 9mgkg ThH o7z, RIE LIZERE FRE O
HTFIRIL, ZUMMRTA RTA VICED BN BEAG - LTz,

X [y
1) BEMKEE  HEDVDOREY AT LK, G345 H 12 H (2021).
2) BEMOKERREEEMEFEES B e3l)  WEHMIIMOFHERESE () G—=tetFo 7
a8 =) , 643 H 12 H (2024).
3) EMHEER R OR SO L O O EIZRE T A IEREOHEICE S  SEHRINY & E
DM, BRI S147 A 24 H, iﬁﬁ%ﬁOE‘UWQ.
4) BB R R OEEHRINY O Ry B FICBT 245, R 5147 B 24 B, A5 35
5 (1976).
5) RANKEAWEE - BREREEM SR REOHIEICOWT, SMSEI2A 1R, SHEH
4714 5 (2023).
6) BEH P, BEAMLK B¥, LT &Kx, %Eiﬂbzﬁiﬁﬁ'¢%ﬁAﬁﬂ¢®&:%nﬁ
X mnN )= VDRE I~ T 7T SIHTEOBFE, fEHFZEHRE, 50, 11-20 (2025).
ﬂAMMﬁﬁ%ﬁ:MMﬁﬁﬁgﬂ(#ﬁﬁ):ﬁﬂ¢@%u$ﬂﬁ%77mﬁ/~wﬁ%%
SIS 1L H 9 H (2023).



AR O 7 TR T 4 A7 4 U RN— /L OB R E BIEOHRS 7

2 BEFRPEPDITHRIAR T+ UR—ILOWMEYFHEEEZDRET

AT BT, RS EET2, SR BRI, RRE RS,
I BT, U W, B R

Study of Flavophospholipol Determination Method in Formula Feed by Microbiological Assay

NOMURA Masayo*!, OSHIMA Shinji*!2, SUZUKI Tokiya®!, TOKITA Kana"}, YANAGAWA Riko™!,
YAMATA Seiko™! and NOZAKI Tomoharu"!
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Institute of Food Research, National Agriculture and Food Research Organization, *3 Fertilizer and Feed
Inspection Department, FAMIC (Current affiliation: Sendai Regional Center, FAMIC))

A quantitative determination method using microbiological assays was studied to determine the
concentration of flavophospholipol (FV) in formula feed.

After mixing a sample with hexane, FV was extracted by adding 0.01 mol/L sodium hydroxide
solution-acetone (1:1). The extract was diluted with buffer No. 7, and the pH was adjusted to 6.9-
7.1. The FV in the diluted solution was purified by a phospholipid removal column and determined
by the standard curve method using Bacillus cereus ATCC 19637 in F-19 medium.

Results of the recovery test (adding standard solution) of two types of formula feed for growing
period broiler and one type for finishing period broiler showed a recovery rate of over 90 %.
Results of the other recovery test (adding the preparation) tended to be different from the recovery
test in which the standard solution was added. Moreover, the recovery rate with the preparation
greatly differed by the difference of the spiked level. Therefore, it was considered that further
examination of the analytical method was necessary.

Key words: flavophospholipol; microbiological assay; plate method; formula feed
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AT —%5T) ROWRICH L CREREDRPH D . FHEFIE, M5 O MR D &S R E &
EZHNTWD D BRETIE, SRR ER L TWDHRERS DA ZFHOMREZ B, B

o T

. ) 1%, Streptomyces J& D 4 FE O HHHE

UORSIATBOE N BEMOKETH B 2 B o 7 — NEERERZZ A
2 [ESIATIERR SR IR N R« B ah PE SR BANHE & W FEREMS £ S AF 52 ER
3 OMNIATBOE N BMOKEE B L et o ¥ — B A, B et ¥ —
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51 AR ERBHR N & L“C?‘aﬂﬁéirw‘: D.FV 252 LN TE 8B OB L OEIL, B OV
BHRINY DR BIFEEICBET 285 9 (LT TS 2n). ) 12k, 7ea4 7 —%2R<BEH

ST O HECHT S M) k07 weA 77— WAL OEBA) T 1~5 gy, BH (ZFH
M) T 2~10 g(IAffiyt, R (FIREIH) T 2.5~5 gyt ERE STV D

WA, EWNIZBWT FV 2RI L7l G NI mE LT Y, Ao RMEE LTHEHAT
TV w7 RTOWTIE FV ERIENEE ST EE NCEO TS, L, EEEEF DLy
ﬁﬁ%nowfi,@ﬂ IRALNT L OO, RIEFHESL SN TR, FLEMEEEHRINY 2 & T kd
A RO U) 72 JEF I, EEATRRR T FIEDOMSI N R R Th S.

T, —%%I%Aé%ﬂ?ﬁéﬁ%%ﬂAﬁsﬁ EPEEM L RMIRRIREFTEEIZBNT
BA%E LB SRR O FV O 8rE (LLF TRIAS &) Lo, ) 9% %23, 7 u A 7 —ailif &k
UM% I BL & BB 2 e AT BB AT I E~ DGR O I B 2 RET L7 D T, TOMEZW|ET 5.

ZE T FV ORERE % Fig. 1 1T LT,

O« _NH,
Ro!
113
_P (0]
HN™ O O/ o WW
O (0]
Rs 0~ “OH
H O NH
N OH
o) /go
O HO
R, R, R;
Moenomycin A CH;4 OH Glucosyl
Moenomycin A, OH H Glucosyl
Moenomycin C, OH H H
Moenomycin C; CH;4 OH H
Moenomycin C, CH;4 OH OH

Flavophospholipol (FV)
Ce5-~75H124~135N6~7040~42P

Fig. 1 Chemical structures of FV

2 ERAE
2.1 OB
1) BlE Rk
PUEMEEREHRI 2 & £ T A 7 —aiiH 2 fEK T v A 7 —% A 1 fifEHz2, £h
ZOUHBME 1l mm DR Y — 2255 L2 T U, BONENGRERH  (BEYERR RN %



AR O 7 TR T 4 A7 4 U RN— /L OB R E BIEOHRS

Do HTHEEE LTz,

728, MEHZAWZE AR Table 1 1278 L7=.

2) FV %K . Huvepharma ¢ (54 & 80 g(Jiffi)/kg, MEWEE KAV TN, TAHB~ T

XU L, gAY TL, TR,

U7FNe Raxv by, B, VU8 O KEBEILY

A, BEFHRToEL, a—raTsI—), T XX URRBILT A FH

3)  ABRAl

FANEIN R R O A IRA & L CRan i3 2 vz,
4)  FnelGERER A (AN o8 ARk
ek Z HWT 2)D FV #1HZ HOHRF ERE LT, FV & LT 8 mg(/i1l)/g O ARG E %2

FHELL, ZHhEAWT, &51C 0.8 mg(F1)/g DAL &2 RE L 7=,
PR TAREEE DT e T —HIEH 1 ZIRE L,
KON 7.5 gyt A 2B 2 L7z,

VvV ALRARE (R b
FV & LTERZE 1.5 g(iil)it

Table 1  Compositions of the formula feed
Forl?ylgzsfeed Ingredient types Prog;:r)tlon Ingredients
For growing period Grains 61 Corn, milo
broiler 1 Oil seed meal 29 Soybean meal, corn gluten meal
Animal by-products 4 Fish meal
Others Animal fat, calcium phosphate, calcium carbonate,
salt, feed additives
For growing period Grains 57 Corn, brown rice
broiler 2 Oil seed meal 31 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 4 Fish meal
Brans 1 Defatted rice bran
Others 7 Plant fat, calcium phosphate, calcium carbonate,
salt, feed additives
For finishing period Grains 65 Corn, milo, brown rice
broiler Oil seed meal 24 Soybean meal, corn gluten meal
Animal by-products 4 Fish meal
Others 7 Animal fat, calcium phosphate, calcium carbonate,

salt, feed additives

22 O

1) RIS E H V.
K (JISK 0211 @ 5213 IZ/EFR SNIZZREAK) 2V, BTG CT 121 °C T 15 /3 mER
K L2 b O & .

2) T iR

7/K1X AQUARIUS RFD240RA (BEPEEHFMERTHLD) X W AR L7=7&

FABH AT HHEF O B 1 Hi 1 D A @ DD Vi)t > THEL L 7=,

3) AR

7 tRER—T 8 b (3+1) %

(ZRREE LT,

FHELL 7%, U B (5mol/L XN 1mol/L) T pH % 6.9~7.1
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4) FV FEAER
WHEERE FV 40 mg DL EA EREICED, AX 7 —NL—Kk (141) ZEMIIMZTEMNL, 1
mg(/Iliy/mL @ FV TR Z A L7z, BRICE LT, BEHERKO—E &% & BRI C E i
WAL, 0.8, 0.4, 0.2, 0.1 XU 0.05 pg(F11il)y/mL (1 g(JiAifi)/t LA DB INENN ERER 0 B2 A
M) X% 04, 0.2, 0.1, 0.05 %Tr0.025 ug(Z11if)y/mL (1 g(Fiil)/t D EANEILELER O BRI AL )
DA EDLEDORIEERZRK L. ods, SREERIT, MWTERER S RE O SR
L L7
5) F-19 5H5ih
% RE = % 2 |3 Bacto Yeast Extract (Becton, Dickinson and Company #%) , % > 7 >3 Bacto Agar
(Becton, Dickinson and Company #) Z vy, FIE T HEHESR 9 HE 1 Hi1 D A O 3)IZHE-> T
FHELL 7=,
6) Mk
FRERE & L C Bacillus cereus ATCC 19637 & Fi\>, 1x10 {/mL O a1k 2 R %L L 7-.
7)) FERFEM
BE AR L2, 49~51 °C (ZfRIE L7z F-19 BisHc, a7z 100 mL 1Zxf LT
0.5mL BEMZ THPITHERYE, ZT0O20mL 277 AF v 7 BPEEH T v— 1 (FNE 90 mm,
B S 20mm) (Z—ARIZIRIS DERICE L72tR, AKCHEICHRE L CREE S8, Fike L7, ¥l b
DR 25 mm O JE EOFBET 24 % Bk LT 907 O E R A, HALEE
AnTaffotAf (N 8mm) AT 7-.
8) i I
0.01 molV/L /KEg{kF b U U LK —T & v (1+1)
23 HEKOEHE
1) FyRetk - ZM 200 Retsch 8 (1 mm A2 U —>, fli fIEFEEEEL 14000 rpm)
2) U VRERRZE I =5 7 & : InertSep Phospholipid Remover (100 mg/3 mL) ¥ — T /LA =2 X
B
3) AT T2 7 4/V%— : 13HPO4SAN (FL£20.45um, E 13mm, H/KMPTFE)  HEEJEMHK
;‘@
4) fEEE : LTI-1001ED  SURE LA ST ILES00 v~ M AR
5) BHIEFHIEZEE : ProtoCOL3HD  Synoptics
24 ERFIE
1 #h
IINTEREL S ¢ - T 200 mL O =7 T A3z A, ~F P 15mL 2%, 2~3 %
2N &R 7. I 50 mL 202 TIRFI L, #EHAIR O pH 2% 7~9 O#FAN TH - 72
e, DEOKBELT FY U LR (5 mol/L 2TV 1 mol/L) T pH 7~9 OHIFHIZFHE L=,
20 Sy EIRE T L2, MitliRo 2 &% 100 mL O F 7 2 8k O R EAE I A,
1500xg T 5 7y Loy BE L7z, .00 BE%, TH 25 mL % 50 mL O®& Y 7 A 3 [ZIEFEICA
N, BET T AaADEREER RV T 7 SR EREZMA T, U B (5 mol/L X T 1 mol/L)
TpH % 6.9~7.1 [ZFHFE LT-th, TITHEMRE CT7 SREKZ M2 7=, REHRKZ A8 (5 FE A)
TAHIM L7k, ZRIEEKORETHD 02 pg(Ifl)ymL 282 28551, FHREET 0.2
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pug(Fy/mL 725 X OIICHIRL, B 7 2B 23 EHER & L (REREHTZHR W T,
FV & LT 75 gyt AT 2B OREHER O AR E1To72. ) .
2) HT AL
AEHAK 10 mL %2 U VIREBREI =87 A2 AR, 3 mL/min BREOHEIZR D X HE5I L
7. 10 mL ORBREE DT LD FIZEE, HIOOFHIR 2 mL 24T, 50D 10 mL ORERE %
HTLDTFICES, ZOKROWHIK 4 mL 2% 07, MHKE AT 707 4 V2 —TAEL,
B IR AR L 7.
3) SIEROE:E
22 O )T L 72K a2 Ay, ST R OE s Ic 8B U, R & O%UEHE
KxEZnZI 100 L 3o, FHEAFLICHEL, 9~11 °C T 2 FEMFFE L-1%, 27~29 °C T
16~24 [ EE 38 L 7=,
4) PHIEMEEORE K G E
P FINE RS E X FAZ Y, BEEZ KX TR ER EOMIEM OEREEZ ZEi 0.25
mm £ CIEFICHE L, &I R EOEEMBIEICHEL, B0 FVIREZRD -
ek, EEIEOME%L Scheme 1 [Z/RL7T-.

Sample 5 g (200 mL Erlenmeyer flask)
—added 15 mL of hexane
—stirred for 2~3 min
——added 50 mL of 0.01 mol/L sodium hydroxide solution-acetone (1:1)
—adjusted pH 7~9
—stirred for 20 min
Extract (100 mL centrifuge tube)
l—centrifuged at 1500xg for 5 min
Lower layer 25 mL (50 mLvolumetric flask)
—adjusted pH 6.9~7.1
—filled up 50 mL with buffer No. 7
— filtered through filter paper (No. 5A of JIS P 3801)
—diluted to 0.2 pg(potency)/mL with buffer No. 7-acetone (3:1) (pH 6.9~7.1) (If more than 0.2 pg(potency)/mL)
InertSep Phospholipid Remover (100 mg/3 mL)

——applied sample solution

——discarded the first 2 mL of the eluate
—collected the following 4 mL of the eluate
—filtered through membrane filter (PTFE 0.45 pm)

Filtrate and standard solutions (prepared each standard solution by diluting with dilution solvent)

prepared agar plate by adding Bacillus cereus ATCC 19637 to the agar medium F-19 (agar well method)
—dispensed 100 pL of each solution into each agar well

—kept the agar plate at 9~11 °C for 2 hours

——incubated at 27~29 °C for 16~24 hours

——measured diameter of each inhibition zone by zone analyzer

Calculation (by standard response line method)

Scheme 1 Analytical procedure for FV in feed
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2.5 USHNEICGERER  (FE HEIR I AN)

22D 4)D FVIEMEFIH O —ERE A X/ —/—K (1+1) TEMIZHRL, 100 pg(SI4fi)/mL ©
PEAREE 2 FHR L CIRIMC AW, So0alEHT FV & LT 1 gt (A&FEHATRH T 0.05
ug(Ffiy/mL) 1% 2 g(Afiiy/t ([ 0.1 pg(FliymL) MY EZFML, L<IBEAELZ#E, 2424t
STERL, FHEIER K ORI LR E 42 R 7z

2.6 TlEAMEGAER (BREERM)  (RIAS i (T uA T =% O ) )

RIAS JEICEWT, BEIEIZFV & LT 20 ug MY EZED LD SN TWH I LMD,
210 YO T AT —#%HA 20 g &> T 300 mL Ofe =477 222 A, 20 ug( Il
2 (OHealER 1 g/t Y &) @ FV MR % 2.5 IZ0E-> TN, 0.0075 mol/L KER{LF b
U LRE =T by (141) % 50 mL A1z, 10 43MHE D BE, HIZ 10 BB E AR %217 -
THIH L7z, i A S0 mL AR Y 7'e v b o ke m DIEAE 12 L, 8000xg T 10 47 fHliz L
Oy LT, OB O B AR E DR Z GO TR TAB LT, A% 100 mL O E— 7 —
ATz, BmODBEROEZ Z O 300 mL O =7 7 A2 lCR L, REOEIET 2 HEO
M ZITV, oAk Eoe—h—Ic8bE. AREE% 300 mL O3 iERHI AR,
Fefe—F /L 60 mL Z 12 T 5 MRV B, FFELZ. THEAZ 100 mL OE&E 7 7 X3l AR,
AR E T 7 BRREER AN Z, 0.2 ug(Fl)/mL OFREHAK Z TR L, LI 2.4 O DTS TER
L7z, 728, FVAEERIZOWTIE, 22 D 40 0.8, 04, 0.2, 0.1 XU 0.05 pg(/1li)/mL DA
HOEOFERERE -,

27 AVT I U0T 4 NE IR DA MOEED i (RINEINGUER (R )

ToA T —%HM5 g 2 E-oT, 200 mL O =T 5 2 2T A, FV EER L 2.5 1IT0E-
TEWNE, 2.4 0 DIZEWVERIELTZ. BOOBEZO TE 25 mL % 50 mL O2 &7 7 A 2 |TIEMHIC
A, RET T AT OEREZB X 720G T 7 5EEREZ M, VB (5 mol/L XU 1 mol/L)
TpH % 6.9~7.1 IZHHEE L=, WITEMRE TT BHREREZINZ . Tk, RENRRZ A% (5
FEA) TAHABMLIELD (AT T T4 N0E—M) L, BIZALT T T7 402 —TAlBLTD
D (AT 77402 —F) ZHBL, LEIT24D3)E-TERELT.

2.8 WANEIGERER (BARAIN)  (EEZE )

22 O NOFRIRIE 4 7 BAEEHK — A %/ —/L (3+1)  (pH 6.9~7.1 IZFHH) 12, 2.2 @ 8)Di
HIRIE 2 A 2% 7 — b —K (141) ICEE L, 2.1 O HIHit-> TRFNZEM LI 7 04 7 —aiHiH 1
ZRANWT 242> TERE L.

3 WRRUEER
3.1 PARAMEMGRER (BEW¥RIRM)  (RIASTE (T rA 7 —%HHADOHE) )

RIAS 51%, EAEIEORBEIZ L D DWERD PN THNDEN, Z05L, TuaA 7—%HHO
FiExEROCT, 2.6 12X TAEIMNEINGRERZ 5 L7z, ZO/5E, FEIUER 60 %% FEl o 7.
ZOHMEE LT, ELOBEROIREDICIREENRO SN 2 Enn, IR & LB O 5y B
RE3THY, WEMIC FV BEAFEL TS DICBEIERESMEW A REERZ 2 bz, £ 2T,
WEOZD, HHEOBRIEICOWT, HLONBEZITO HiEND, SHADARER N 2T 7 —
TS TR AT 2 HIEICEFT S &L 612, WBEE 10g KNS5 g ICZF L CHEPHEM
[ AR BR 2 F2 0 L 7=, T OfER, sEHEZ 10 g IS8T L7284 TIXEINER 80 %, S5glcA R
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L7236 TIEBEIED 90 %R I278 5 7.

AEELZHOTZLICEV~- M) v 7 ZOREN/NEL R, BIERLELLEEZ LN
23, WEHEZE 5 g RIS O T &, SEBPICEEND FV OELHAD T 5720, MR/
SRV EBARAERLAREENZ Z N, £72, WEOT-OFR-TFT L ZMx TRV IEE S
BB LD, ROBHRIR O — 83 Fiie — F IV ~AT LRUEHE IR N R S o 2 &, BHEZ FV
ELT20 pg MY E LT 5 & 2~20 g RN D D201, BB HHIRZ W T 5 &2 H 2%
WAL, BAHBHAR OEBA RS ERER O/ (7 SHEER—T 2 (3+1) ) L#RDHZ
E~DBFELELT.

ZDi=w, FV LRILE Y VEHEROTAWE CTh 5~ VR~ A 22 Ok b I
OfAER O ER T ESEES B, MHEEEZ 0.0075 mol/L KE(LT N U ¥ ARE—T & b
(1+1) 7225 0.0l mol/L KE{tF M U U LK — 7T & F o (1+41) ~EE L, FEfg= F /L TOWIK
SEIZ KD BAE G, MR~ A HWD R FIEICER L., M2 T, B EEZEE &
L, »"&RETHE L, BLOBEEZITo72%, TREZAMTHAET 2 HIEICEE L THRHEZIT
Tl L. F£7, BB O pH Z R O pH L fiz 5728, % OFEHATE % 50 mL
WCERT HERC, pH 6.9~7.1 [IZHHHET o #/EABMLT-.

UbEOBECLVRBHRRERR L= 25, AR DA BB ORARIS BB L. £ 0D
WEDTZD, 27 WS TAY T T T 4 NE =L LD ABMOEEEMER LR, AR
H#EIEIME L, Table 2 O LB VEINENRM ELTEZEND, AT T 740 F—ICL5 Al
RiEMTsZ e LT

Table 2 Results comparing with and without filtration by membrane filter

. a) b)
Spiked level Membrane filter Recovery RSD,
(g(potency)/t) (%) (%)
{ Without membrane filter 88.6 7.6
With membrane filter 98.0 0.26

a) Mean (n = 3)
b) Relative standard deviation of repeatability

3.2 WRINENREER (BRI I)

24D DIZTHOLNIZREBHEIREZ AL T T 7 4 Z—TAIL, 2.4 O 3)IHV, RIMENE
Brze 3 PMTICTHER L7z, 3BHT 2.5 12/E->TFV & LT 1 g(Mfliyt #2498 (&l
0.05 pg(JifiiyymL) ZWML7z7 v A 7 —fifiH 1, 2 KOEHHZH W, ZOR55%1%, Table 3
DOEBY, EHEWNERTT a4 7 —aiH 128102 %, 7oA 7 —aiiH 2238116 %, 7aA4 7
— %I 98.0% TH - 7z,

TuaA 7 —HiA 22110 %EE 25 EmWEIERTH 722 &b, BEEOD, U CIRER
EI=A T LOMMERT LIz, 7 A 7 —FilH 212 2.5 1206> TFV & LT 2 gl 124
& (A 0.1 pg(Mfl)ymL) ZIHFEIM L7, 2.4 D D)IHE-> THil L7 EHAKR 10 mL % YV > 5 B
EI=HT HZAN, WiHKEEZ 2 mL $O8IL T, FiiHiREA L7707 4V F—TAlL,
KW FV LR Z MR Lz, T OREIT Table 4 D LB Y, FiHiK 0~2 mL O® 532381 2 [A]
I 123 % & @<, 2 mL UBEO BT T 5 EIERT 92.7~97.5 % & BAF iR CTh o7z,



14 fAEHFZE S Vol. 51 (2026)

=H T AT HRENE RS Z 1Y, =0T LBV THREMZRE L ENRLRDIEBE
NWhol-l=®, RBICHWDDICHLE DR BEORZHERT L L, HIDOFHK 2 mL %
BT, 20%0O4mL ZHN5Z L E LT,

TuA T —mi#A 1, 2 ROBHHAZ AW, 251285 TFV & LT2 gyt fHY%E ([F 0.1
pg(ZHlymL) ZFMML, 24120V, WMNENGRERZ 3 S0MTICTEM L7z, Z ORI, Table
50LBY, FINEROKENRDONTZTO, VUNEEREI =7 LB EZENT 52
LT

Table 3  Recoveries for FV without phospholipid removal columns
(addition of FV standard solution)

For growing period For growing period For finishing period
Spiked level Phospholipid broiler 1 broiler 2 broiler
(g(potency)/t)  removal column Recovery” RSDrb) Recovery” RSDrm Recovery” RSDrb)
(%) (%) (%) (%) (%) (%)
1 Without column 102 5.1 116 3.9 98.0 0.26

a) Mean (n =3)
b) Relative standard deviation of repeatability

Table 4  Elution pattern of FV from phospholipid removal columns

Recovery (%)
Target
0~2 mL 2~4 mL 4~6 mL 6~8 mL 8~10 mL
FV 123 92.7 93.5 96.0 97.5

n=1

Table 5 Recoveries for FV with phospholipid removal columns (addition of FV standard solution)

For growing period For growing period For finishing period
Spiked level Phospholipid broiler 1 broiler 2 broiler
(g(potency)/t)  removal column  Rac overy” RSDrb) Recovery” RSDrb) Recovery” RSDrb)
(%) (%) (%) (%) (%) (%)
2 With column 91.2 4.5 94.5 1.5 98.2 4.1

a) Mean (n =3)
b) Relative standard deviation of repeatability

3.3 RINENERER  (RLARN)

2.1 @ 4)ITHE - THRFN A RN L 72 /341 R - O TN ENNGRER & F 06 L 72,

FV & LT 7.5 gyt (R#ERENAK T C 0.2 pg(IfiymL) &HT27 04 7 —0iiH 1 %
24 IS TEE LI EZA, BIEN 70 % EIRWEIETH 2. WEDOD, A5 THE
ERTWD FV ORAFIO DM EZ 252, 2.8 DLEBY, MHBELROHFRAEHKEZ 7 &
BN AL ) —IVEF~EEL, FV & LT 1.5 g(Dh)t ([ 0.075 pg(Ffl)/mL) KO 7.5 g(
iyt aaT o7 a7 —miH 1 Z2E&ELEZ. ZORE, 7.5 g/t OEILET 90 % B~k
L7228, 1.5 g(Zifl)/t DELERD 150 %E & 72 - 7z, EERHRINC X 5 RINENGGRER & 8722 5
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&7y, ®iZ, RINREDOENMIEVEINERRE S BROIMERLE LT LND, SHED
HROBMAPMBETHDL LEZ BN,

4 FEOH
LGB O FV OERIEIZOWT, RIAS (£ % BICEF BT I~ O PG O /] H 122V TR

L7l Zh, UTOMERSELI, STEORERIBRHBLETHD EEZX L.

1) RIAS {EIZT, FEVICHRMENGGE (GRERIRN) 21772825, v~ N v 7 AOREL
Z0F, EURESME L 7o B ATREMESE A R Xz,

2) FABSHT RN OFE T O~ LR~ A L DERBIESE ZBEIZ, RIAS EOW R ZRAT-
LA, ARICE DA BBORBHAKRNAB L. AT I 74NV E— 2k b58%ZBMT5
ZET, BTN L, WINENGRER (BEMEREM) OERIEENRW E LR, —HoikEHIBs W
T, 110 %ZHB2HEWEIREE o7, HIZ, VUREREI =T AL AERZBENT 2
LT, EUENGE L.

3) YHNARYA TV DOERIEEBZZBICURE LI HE (KK 12T, 7.5 g/t TOERMENLE
B (AR 24T o T2k RIE, 70 % B EEWEIER L rofc. WEOTD, A THESN
TW5 FV OR-F O N2 252, fHBEELOHREEZ 72 S afmanb A2 ) —E
HBAEE L. 2o@mnEGER (RAGN) OfEE, BIERIT 90 %H~kE L=, 1.5 g
fili)/t DEIEED 150 %E & 72 o 7. BFIRMOTMEGERER O #5513, BEEREINC X 2 3EhnE]
IGEABRRE R E B o & 220, HIZ, WINREOEWVICEVEINERRESERDFERER-
7=

X
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3 EMBYRAFAMOS Yy —F—, EFERUBILIFDFI S XD
VADRKI AT TS TICKBENITEDEE

AR AL, ERRT ET, M K5

Study of Ochratoxin A Determination Method in Jerky, Confectionery and Milk Powder
for Pet Food by LC

FUNAKI Norio*, NOMURA Tetsuya” and NAKATANI Takumi*
(* Kobe Regional Center, Food and Agricultural Materials Inspection Center)

A quantitative determination method using a liquid chromatograph with a fluorescence detector (LC-
FD) was studied to determine the concentration of ochratoxin A in pet food products such as molded
and dried jerky (hard and soft types), confectionery, and milk powder.

Initial analytical methods examined did not yield satisfactory results for jerky made from pork liver
and milk powder. Therefore, appropriate analytical methods were found for each of the samples
by changing the sample volume, extraction solvent, and extraction methods.

Key words: ochratoxin A; jerky; confectionery; milk powder; pet food; liquid chromatograph with
fluorescence detector (LC-FD)

F—U—R AT TV A Uy —F— WA, I VT Sy TR R
n~ b7

1 #% B

F 7T NXT v AT Aspergillus J& KON Penicillium J&D—5 OO FELET 5005 T, BHAE
MO END. iz, A7 7 My A GRS EEOBIUZ LY, SEDHL BB S
N5, 277 b2 OMBHEIT 10 FE ERMONTHDER, 47T bF v A OIFYEE
NiHZN D, BB TIEA 7 7 by A ICBFEEROEBAENSRD 5 TEY, EU TiE
FEMEE L L C, REOWMHDNy b7 —RT0.01 mgkg NREINTND I, BAETIELy b7
— ROEEMEITHRE SN TORNR, BEICBWTEEBHEOBRESRT I TV

T BBl ) AR O AR IS Wﬁéhfwéi&7%#//A® SHTE DI, %%ﬁ%%%74
Ui, B RIABGROY =y MUGICRE L TEBY, AT v 7 EH~O5 ML KITAR % 22 Mk
WTIE, BEIROE T mbghfwéﬂ ZOw, Fpk 27 FORMKESL DLFEFEEICE
WT, —MEE AN B ARG SN A RS (B AAREMRE) B LESE Y OIF ha
ikl Lo ) BRI, BEAERO Yy —F%—, BTHEAOHINVIFOF T T FxT v
A DK e~ 777 (LT TLCY) &W9H. ) ITRDoITEICDWT, EDrsEhi H B4 o i
HIE~OIHEHO A EERF LT, TOMELERETD.

BB A 7 T hxT v A OEERES Fig. 1 1R LT

tOMSEATEOE N EMOKEN B L e kit 7 —Fr o 7 —
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2.1 & B

HO

Cl

Ochratoxin A

N-[[(3R)-5-Chloro-3,4-dihydro-8-hydroxy-3-methyl-1-
0xo-1H-2-benzopyran-7-yllcarbonyl]-L-phenylalanine
C20H18CINOs MW: 403.82 CAS No.: 303-47-9
Fig. 1 Chemical structure of ochratoxin A

2 REBAHE

ALY v —F—, EMEEBEY Yy —F— (N—FRZ A TR T "F A7) N EFFHITIZEN
FNEEENIC A THEL, BEZX lmm O550WE@E L, SoHEREE L. Iy
TEEEHE 1 mm OS5 0WEEL, STHRELE L7z, vk, BEHIHWI=E i@ H &k 2

Table 1 {275 L 7=.

Table 1  Compositions of the pet food

Pet food types Ingredients
Meat (beef, chicken), cornstarch, defatted soybeans, D-sorbitol, glycerin,
Formed jerky for dogs fragraTlce, sodium 1actate., pH adjuster., seaéonir?g, phospha.te (Na, K), .
antioxidants (extracted vitamin E, sodium vitamin C), coloring agent (sodium
nitrite)
Dried j for d .
ried jerky for dogs Ezo deer thigh meat
(hard type) 1
Dried j for d .
ried jerky for dogs Pork liver
(hard type) 2
Dried jerky for dogs Chicken breast, salt, moisturizer (glycerin), antioxidant (propylene glycol), color
(soft type) former (sodium nitrite)
Flour, sugar, vegetable oil, tapioca starch, milk (milk powder, high fructose
Confectionery (biscuit) condensed milk), chicory extract (contains dietary fiber and oligosaccharides),
for dogs lactic acid bacteria, minerals (Ca, Na), leavening agent, flavor, emulsifier, yucca

extract, antioxidant (vitamin E)

Milk powder for cats

Milk (casein, skim milk powder, whey protein), fats and oils (animal oils,
vegetable oils), lactose, egg yolk powder, docosahexaenoic acid powder, dry
yeast, milk oligosaccharides, minerals (Ca, P, K, Na, Cl, Mg, Fe, Cu and Zn),
emulsifier, vitamins (A, D, E, B;, B,, B¢, By,, C, niacin, pantothenic acid, folic
acid, B-carotene), amino acids (L-arginine, L-cystine, taurine), flavorings,
nucleotides
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22 O
) "=y, FEg=F L, ~FH 0 R OMEKGREET N U U AT RS - PCB RBHZHW
AR ) =R o~ 7S5 T7H (B 7 A4 ARDEHMEER) 2. 7 F= U
P SR - PCBRBA A (RTAELICHER) X3k v~ N7 2 7H (BHEHRICER) (bl
BLE7 AV SFOGHER) 2w, U ot AR Rk (LU TPBS) &), ) 1F4 T
Ly b (7<T7 N RY vTF8) ZHOCHRR L7z, SKRET N ¥ L3RR (EES
R 99.8 %) , HAbT MU U LIFTERIERR (HESE 995 %) , FERRILERHR (H&Em5F
98 %) , VU UEBIEAIERR (HES5E 85 %) , HFRITEER R (HEDHE 35~37 %) AWV
. WERET B =v AEdliEiR s o~ b 277 7 1 mol/L KIFIE (&L 7 A v AFneHti L)
Z M7=, Kix Milli-Q Advantage (Merck Millipore #4) 12 X 0 ¥EM8 L 728K (JIS K 0211 @
5218 IZEFR S NIZBMIAK) &AWV,
2) A7 T bxTr ARERER
F7 7 hxRvU AREES (BL7 AV LFEHMEER, A 99.9 %) 5mg 4 &> T 25 mL O
BET T Al AN, by —FiE (99+1) ZMMZ THEML, BITERET ML= —FE
fg (99+1) ZMMATAZ 7 Fdvr AFBFREZFRLZ (ZOE 1 mLi%, 77 hF»
ALLTO02mgaEh) .
BRI LT, 77 X AEH¥ERIKE ImL %2 20mL O£ &7 7 A TEMICAN, £
FHA LS THE L., T h=hUb—k (1+41) Z2MATHEEDEEML, BICERE
T7Ebh=hUb—K (141) ZMZT, ImLHFIZAHZ T FFT 2 ALELTCI0pg2EaHT D
Bl L=, 2o —8%, 7 r=rUb—k (1+1) TIEMIZFRL, | mL $i242
FhXFLUALLTO5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18 XX 20ng % & H T 5 HREMRIE
WA 5 h¥vr AREREREZ R 7.
23 HEKOEHE

1) itk LM-2 A ERER (6 HREEIERE 20000 rpm)

2) RVIREHE Y = — 7 —MW-DRV B ARBLAF TR (f HEF RS %% 300 rpm)

3) REVFIAF— 1 AM-7  HAREHER (f H K2 8000 1% 10000 rpm)

4) AT T 7 )V H— : HLC-DISK25 (FL£& 0.45 um, E£E 25 mm, #/KPE PTFE)  BIHAL

il

5) T AMAR  GF/A (FLFE 1.6 um, EAE 90mm)  Whatman H

6) AL/ T74=FT4—HT72h (LLF [IAC) &9, ) : OCHRAKING i 85 &L {E T

7) LC : Nexera X2 o Hfl{/EfT

24 EEFIE
241 TV —F%F— (KL A—=ZFEMELE LEEbDOERS) ROEEH (BRKRE)
1) # H

IINTRRE25g B - TS00mL OIS T AF v 7 58 (LLF TPPHRIZKEZR LWvwo. ) ITA
L, 7Eh=hrU =K (3+2) 200 mL =M%, 5/rMEE%, 30 0RHEY EE Tt Lz,
i L7z Z& 15 mL 77 2AF v 7 8m 0k (DL PP RF2—7) ). ) ITAL,
2000xg T5 SMELSEML, EELEEZA LT T 7 42— (FLE045um) TAHl LT,
A 4 mL % 50 mL @ PP 8T = — 7 IZIEMEIZ AL, PBS THJ 10 mL IZAR L, 7 LB
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e BRI & L7z, MR Y A O 725A1E, EIZPBS #4950 mL &£ T 7-1%,
7 AMAKTAHBL, AEDED PBS THE LK E LT T, 7 L0UBIZHT 5
AEHERIR & LTz,

2) HT AL
IACIZA by T ay 7 Z 01T, RFEAZIKELFTETAFO BiglZ#ET 5 ETHRRE S
TR Z W & 7. PBS 3 mL % IAC IZ AL T &, B2 PBS 3 mL % IAC IZ A#L
Tl~2mL i Sz, VHF—"—%2H0 7, REHEIRESES IAC IZ A, KA FE T A A
O EWICET S ETH F (BARR F S, LEICN U Ti#E2Y 1 mL/min F2EIZ7225 K5 W5
FIFEE L. LRREER. ) S8, ABHEKDO A>Tz PP 8F 2 —7 % PBS 3 mL T
DT 3 [\ L, WRAIEXR IAC (2, RERICHEE S E2. Big, REHERO A>T\
PP F = —7 % 10 mmol/L FEfE 7 & =7 LK 3mL 5T 3 mIEH L, WK AZIER IAC IZ
Mz, FERICHEHSEZBY F—"—%24 L, FELTEERTRESE. 15mL © PP
Fa—TENTLOTICEE, A% —/L—FE (49+1) 1 mL ZMx TRED T TAHO L
UICETHOETCTMFLTAZ 7 bR AZBHIEL. SOBEEL, TIZAX ) — /L —HE
fg (49+1) ImL $© 2 TC2EIEH S E 7%, EFEL TEEEH IS, BHK%E 45°C LT oK
WETEEN A ZE->THEL, 7 h=hFUL—K (1+1) 1 mL ZIEFEICINZ CHREY Z IS
2L, 5000xg T 53 OmHEL, EEAIKE ANTEHLEEFE A T IZBE L, LCIZX DM
ENHET DA & LTz,

3) B/ me~ NI 7 04—
WEHRIR R O A7 7 hF vy AEWERA S0 uL 2 LCIZEALZ v~ 7T L %157,
TESM % Table 2 (T8 L7z,

Table 2 Operating condition of LC

Detector Fluorescence detector (excitation wavelength: 335 nm, fluorescence wavelength: 480 nm)
Column Mightysil RB-18 (4.6 mm i.d, 250 mm, 5 pm), Kanto chemical
Mobile phase Acetonitrile-water-1 % (v/v) phosphoric acid (230:230:1)
Flow rate 1.0 mL/min
Column temperature 40 °C
4 F K

Bonl-r7o~ N7 A0 b =7 HELOE S 2RO TREREERL, REFOA7 Z
Fe v AEZEME L. LT, 3.1, 32 KO33 1 —7 HECOREA2LH L1,
0k, FEEOWEZE %A Scheme 1 128 L7-.
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Sample 25 g (500 mL PP wide caliber bottle)
——added 200 mL of acetonitrile - water (3:2)
——allowed to stand for 5 min
——shook for 30 min
——centrifuged for 5 min at 2000xg
—filtrated through membrane filter (PTFE 0.45 pm)
——transferred 4 mL of sample solution to 50 mL PP tube
—diluted to about 10 mL with PBS
(diluted to about 50 mL with PBS and filtrated through a glass filter paper (Whatman GF/A)
and washed by small amount of PBS, if the filtrate is cloudy.)
OCHRAKING (immunoaffinity column (IAC))
—— leaked preservative solution of IAC
——washed with 3 mL of PBS
——washed with 3 mL of PBS
—— (when 1~2 mL of PBS leaked, placed a receiver on IAC)
——applied sample solution
——washed the PP tube with 3 mL of PBS and eluted (3 times)
——washed the PP tube with 3 mL of 10 mmol/L ammonium acetate and eluted (3 times)
——removed the reservoir
——drained all solution in IAC by extruding with pressure
—placed a receiver (15 mL PP tube) under IAC
——eluted with 1 mL of methanol-acetic acid (49:1)
——allowed to stand for 5 min
——eluted with 1 mL of methanol-acetic acid (49:1) (twice)
—— eluted all solution in IAC by extruding with pressure
——dried with nitrogen gas under 45 °C (water bath)
——dissolved in 1 mL of acetonitrile-water (1:1)
—— centrifuged for 5 min at 5000xg
LC-FD

Scheme 1 Analytical procedure for ochratoxin A in jerky and confectionery for pet food
except for ones made from pork liver

242 R AN—%FMELE LIV vy —F%— (LLF TIRLAA—=08E) &), )
D # M
SSMTRREE S g (T 25g) Z2B->T 500 mL D AT > L ARKES A F—HAT v 7ICA
AL, 0.5 mol/L V »f#E—2 mol/L ¥iftF ~V 7 A (4+1) 100 mL ZMx, 5 5rfHE%, HICHE
figF /L 100 mL Z 1%, 10000 rpm T 5 3MATYF A A LTt L7z, il L2k % 50 mL
@ PP #F = —TIZ AL, 2000xg T 5 sy OmE L, EBAROENEE T FVIE 2 KRB 1
(S DR & LTz,
2) RIRSTE
AEHANE 20 mL (25 g REUREIZ 10 mL) 2 H 50 U 2 %R N U 7 AR 20 mL % Afu
72 100 mL D43 iRIRFICIEREICINZ, 10 3RV BE7-#%HE L, KE (T/E) % 200 mL ©
=TT AT LT, HRREEFC 2 %REET N U U AEHR 20 mL 212 T 10 4R Y R
THEEL, Ko=MA7 7 23lZKE (TE) 6by, =T E (LE) TFEELE.
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KIBIZpH <2172 £ THfE (1+1) 2R, KB IZHET 230K & Lz,
3)  WRIR SIS 1T

REHAK & ST O 3R FICR L, SEHARDO A>T\ =7 T A a #fifExF /L 20mL T
Vel L CoikimFicimz, 10 MRV IBE-%FHEL, KE (THE) 2xo=f77 X3
A, BTV (LJE) Z8AKEET NY v A30gx ANn/iRHI@E L Tk S En 5
100 mL 2987 Z 2228 L. KEZ SRR L, BEHEROAS> Tz =A7 7 X
2 ZEHR T F L 20 mL T L, SEIEHIIZ T 10 0BHE 0V IRE - %EE L, REOERE
ZiTo7=. W EOWEET BV U A ZEERTF L 10mL THEEH L Tk 2 o237 7 2 a
2B L, 40 °C L FOKIB CTRUEIRME L, EHREE®R, 7 h=1FU/ 20 mL (25 g REUFRIZ
10 mL) % EMEICMZ CEREWMZRL, 10 mL (A 2 mL) % EMEIZ & > T 50 mL @ PP 5
2 —7IZ AKX, PBS THISOmMLIZAIR L, 7 2 24 53 BHAW & L7-. PBS TOAR
RRICH Y DR ONTHAEIE, I AMARICTAB L%, A&V EDO PBS T L, %
WaEabET, 7 LB 23 HAK & Lz,

IF, 2410 )00 HICHS>TEREEToT2. 7ok, EREEOME %A Scheme 2 1277 L7,
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Sample 5 g (or 25 g) (500 mL stainless cup for homogenizing)

——added 100 mL of 0.5 mol/L phosphoric acid - 2 mol/L NaCl (4:1)

——allowed to stand for 5 min

——added 100 mL of ethyl acetate

——homogenized (10000 rpm) for 5 min

——centrifuged for 5 min at 2000xg

100 mL separating funnel A

——20 mL of ethyl acetate layer (10 mL of ethyl acetate layer in the case of 25 g sampling)
—— added 20 mL of 2 % sodium carbonate solution

——shook 10 min
|
Aqueous layer (lower layer) Organic layer (upper layer)
added 20 mL of 2 % sodium carbonate solution
shook 10 min
[ 1
Aqueous layer (lower layer) Organic layer (upper layer)
|
waste
200 mL Erlenmeyer flask
—added HCI (1:1) until pH < 2
100 mL separating funnel B
——added 20 mL of ethyl acetate
——shook 10 min
|
Organic layer (upper layer) Aqueous layer (lower layer)
added 20 mL of ethyl acetate
shook 10 min
[ 1
Organic layer (upper layer) Aqueous layer (lower layer)
|
waste

——through 30 g of sodium sulfate on the funnel

100 mL eggplant flask

——added 10 mL of ethyl acetate to sodium sulfate for washing

——evaporated under 40 °C and dried with nitrogen gas

——added 20 mL of acetonitrile (10 mL of acetonitrile in the case of 25 g sampling)

——transferred 10 mL of sample solution (2 mL of sample solution in the case of 25 g sampling) to 50 mL PP tube
——diluted to about 50 mL with PBS

(filtrated through a glass filter paper (Whatman GF/A) and washed by small amount of PBS, if the filtrate is cloudy.)
OCHRAKING (immunoaffinity column (IAC))

(Same as Scheme 1)

LC-FD

Scheme 2 Analytical procedure for ochratoxin A in jerky for pet food made from pork liver

243 Iz (LUK THIAZ0HE Lvwo. )
D #hoH

IHTERE 5 g Ao TS500mL D AT L ABKREDF AP —HHA L v FIZAN, 1 mol/L Y
Vg 20 mL A%, 10 2rREEE%, 90 °C LL ok £ 10 SRIME%, Km Lz, 7& b
= kU8 mL FO~FH 2 30 mL Z %, 8000 rpm T 5 pMAEYFHA AL THIH L.
200 mL D=7 7 2a%x7 7 F—}OFIZES, KL AH (5 7 B) TRl AE LT
%, BREETERF=FUA30mL THEL, WKREADLE T, RIRSEICHET 230BHAK & L
7.
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2) RIS
BN Z & L Lt b U 7 A 10 g 2 A7z 200 mL O 3R HI2nx, SREHER O
A>TWEZAT7T7 2327 b=F) L 5mL TG L, RiKz2REHRKICAEDER. 105
MR VI %EHE L, HlT NI vat2EhKkE (TH) 2V Trs7E =M L)E
(FfE) %200 mL D2&E7 7 AaZ AN, BT R=FIVLVTERLEZ. ZOH 20 mL %
IEfEIZE 5 TS50mL @ PP T = — 712 A4, PBS TH S0 mLIZARL, BT LB IZHT 5
HEHER & L7=. PBS TOMMEFIZE Y DA ONTHEIX, T A®AKTAHEL, AL
B PBS T LB E &b T, 77 ALHEICHT 23 EhAIR E L7z,
VT, 24102000 - CERBEITo7-. vk, EEEOME % Scheme 3 1Z7x L7-.

Sample 5 g (500 mL Stainless cup for homogenizing)
——added 20 mL of 1 mol/L phosphoric acid
——allowed to stand for 10 min

——heating above 90 °C (water bath) for 10 min
——cooled ti room temperature

——added 80 mL of acetonitrile

——added 30 mL of # -hexane

—— homogenized (8000 rpm) for 5 min
—filtered through filter paper (No. 5B of JIS P3801 under reduced pressure, receiver: 200 mL Erlenmeyer flask)
——washed with 30 mL of acetonitrile

— transferred sample solution to separating funnel
200 mL separating funnel

——10 g of NaCl
——shook 10 min
I I
Acetonitrile layer (middle layer) Aqueous layer (lower layer) n -hexane layer (upper layer)
I I I
200 mL volumetric flask waste waste

—filled up to 200 mL with acetonitrile

— transferred 20 mL of sample solution to 50 mL PP tube

——diluted to about 50 mL with PBS

(filtrated through a glass filter paper (Whatman GF/A) and washed by small amount of PBS,
if the filtrate is cloudy.)

OCHRAKING (immunoaffinity column (IAC))

(Same as Scheme 1)

LC-FD
Scheme 3  Analytical procedure for ochratoxin A in milk powder for pet food

2.5 WINEICGERER
220 ) TIHBIL, ImLHICAZ T hF U AL LTI0ng 25/ T DO 8%, Tk b
=k U—7K (1+1) TIEMECAR LA AWz,
ZmEYAFAE O Yy —%—, EFHEHEOHILZIZOWT, 7T hFv v A LLTER
Z10.01 mg/kg MY E (BERBHAE T T 5 ng/mL) 225 X2 CimML TESBAL, &k
B L7 RICARIEICE > CER L, [BILEERDT-.
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3 BWRERUEBE
3.1 ERR

22D DICE VAR LB MEBEBRIERAAZ 7 bF 0 AR 50 pL % LC ICHEAL, &5
Nierzu<x 77506 E—7 RO E S 2 W THRERZER L7

BONTRERO—FIIXFig. 202380 THY, 4% 0.25~20 ng/mL (FEA&E L LT 0.0125~1 ng
FHY &) O CEMEL R L. 2k, YEREROREGEHIT, £277 %> A %
0.0005~0.04 mg/kg & A 3 2 i Hakkt & ARk (M ERIE, KL =gk RO v 7 55 8TiE)
WCREWTHERL U 72 e iR BBHRIE T O A 7 T by v A BEHPEICH YT 5.

500000 - 40000 -
y = 23220x - 536.96 y=18115x - 17.16
400000 - R* =0.9999 R* =0.9999
> 30000 -
Z E
< 300000 - ~
© £
o -2 20000 -
S 2
-5 200000 - x
d &
10000 -
100000 -
0 T T T T T T T T T | 0 T T T T T T T T T ]
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Concentration of ochratoxin A / [ng/mL] Concentration of ochratoxin A / [ng/mL]
Fig. 2

Calibration curves of ochratoxin A by peak area (left) and peak height (right)

32 WRBIEC KD PR

Y v —F%—, BMEEYYy—F— (h—FR&ZA7) 1 kO 2, EMEEY vy—F— (V7
NEAT) , EAEEOBIALZIZONT, 25 IC6WA7 T hFv v AEREREZRML, 2.4.1
DOWERBIEIZ L 0 IRINEGRBRZ 1T o7, TOREFIL Table 3 D LB THY, FMEHEY v —
F— (N—KEAT) 2 RO I NI ZRWVEAEREHZOWT, Eoi@iW A RS ORBRE VE
11 BRBRIEOZYMEMZRE (UUF TRBEOZYMMERIE] L), ) KEDLNEEDH
FEME (0.01 mg/kg TiX 60 %LL E 115 %L T) Zi7e T RFRARTH o7z, R RBHEL I
inole 2 BHZIOWT, A7 7 X0 A FEERZRINETIC IAC LIEFTE TORTABE 21T
W, EORICA T T MR ARBRERERMLIZE Z A, BT Table 4 DL B0 B4FTh -

T2 &b, IAC TRE COME TRICHE NS D EEZ b,
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Table 3  Recoveries for ochratoxin A (method for jerky for pet food except for
ones made from pork liver)

Spiked level Recovery
Samples
(mg/kg) (%0)
Formed jerky for dogs 0.01 82.7
Dried jerky for dogs
0.01 83.0
(hard type) 1
Dried jerky for dogs
0.01 38.2
(hard type) 2
Dried jerky for dogs 0.01 318
(soft type)
Confectionery for dogs 0.01 76.5
Milk powder for cats 0.01 34.0

n=1

Table 4  Recoveries for ochratoxin A spiked after the extraction step (method for jerky
for pet food except for ones made from pork liver)

Spiked level Recovery
Samples
(mg/kg) (%)
Dried jerky for dogs 0.01 855
(hard type) 2
Milk powder for cats 0.01 94.5

n=1

3.3 HHGIEORE 1 KL N—40MTik

OV N—IZIEA 7 T FX2 2 ADEREPRBDOOLNDLZ END 9, BMEEY vy —F%— (h—
REAT) 2 DEHIZ, TNEEFEMEETL VY —F—12Oo0 T, FICHOWIEORENEKD
BNTWVAEN, 32 OFETIEREINEKRZ 722 Enb, BRBRIESITRLISEEZRFTS 2
L& L7, Table3 HUV4 OFERND, TIAC TREE TOME TRICHER S D EEZEZ N0,
T T REX VU A ICBRDMOME FEERELZLEZA, 7T FFvr A ZBERMENGTCH
Bsstic Lo L, —B7 A0 ) THRHE, WEEZBAEICR LT BOVEEES TRt
LIFERRESNTEY DD, iAW BB OV T, Z7rrdkrs D, FigEx T
O E 7 v iy A EFRREF VOO 9% HW B3 H - 7z,

T, BEERRE LEALD o@E DRI, BV IREHMHEZ ST VS A Xz, BF
PEDmW T B RV LAEFIRTF VICENENET L., EMEREY y—F%— (h—FKZ A7)
21220WT, 25120 EWA 7 T FF v AEHEREZIRINL, 242 O L S—20H1EIC 0 dshnE
B 21T - 72, 728, REHREREZ 25 ¢ L LESALCIRVIREHHOSA LR LE. £
DOFER, TablesS DBV, WEHREUE S g KOKRE VT A A OSEA R b BRIFefER & o
7.
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Table 5 Recoveries for ochratoxin A (method for jerky for pet food made from pork liver)

. Amount of
. Spiked level ] Recovery
Extraction method sampling
(mg/kg) (2 (%)
Shaking 0.01 5 43.4
. 5 91.8
Homogenizing 0.01
25 77.6
n=1

3.4 fHHEORGE 2 - B IV s ik
BRIV Z bR ANtk aEAcE a0 Lz 24, BERE L7, ZORKE L
T, B I AT ITI3KEMRD D2 < & Ei, TREMERD DL WKL AN— S 382222 R LT
mHEEZLNZ. £ZT, WA 7 T FERv v A Stk RIS, HEREOZEE LD
MATREOEBEM GUEtEELSE, BIABTEZEDCTDH20) SE2iTo72. BHINLZIZoO
W, 25ICEVWA T T MR v AR A IRINL, 2.43 O I V7 SRS X0 IRINENGRER
BiTo7. 2O, U UBFNEROMBAEMICOWT LR Lz, ZOfE, Table 6 DL F
D, TRTOFRMETRBIEOZYEMRIBEICED LN EEO B (0.01 mgkg Tk 60 %LL L
15 %LU T) 2l THRTH o720, RBEIMEOFEN>72 Y 20 mL RN, 10 5 NEVE £
A+srz &L

Table 6  Recoveries for ochratoxin A (method for milk powder for pet food)

Addition amount of

Spiked level ... Heatingtime Recovery
Samples 1 mol/L phosphoric acid
(mg/kg) (mL) (min) (%)
20 10 84.4
. 20 15 70.5
Milk powder for cats 0.01
40 10 76.2
40 15 69.2
n=1
4 F&OD

EZHEMYAREO Y ¥y —F—, EFHEEOHMIANIFTOLE T T FFT 2 A IZOWT, Bk
ZHIZ, LC Z AW EREOE BV HAGESEOREBEE~OIREHEO A FICONTHRFLEZLE Z 5,
UTORRRE L.

1) Yry—F—, EFEEOHINZIZOWTHERRIBICL D RMEGRER 21T o 72/ R, KL
—ZEMEHCEA L D Z R Py —F — K OEFHIZOWTIE, BAREIERE LN
D, ML AN—ZFEMEHIER LYy —F — KU IV ZICo0 T, KERETH -T2

2) ML AN—ZFEMEHCHA LY vy —F — IOV TITRBHERE DL T, MG HEDLEE, 1E
VIR 2> D AT U F A R~ D2 T e OMRIR 53 B O Fhii %, #y I L 7 1220 TUIEFUBHR
BOEHE, fiHAEMSOLT, EVREHMENDHRE Y4 JHE~OZF K OB TR OB
FICKY, BHFREINENG LN,
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3) MEARIE 0.25~20ng/mL FHY B (FEARE LT O0.0125~1 ng FHY &) O CEMBMEEZ R L.
E, UHMBEMOBEGMIL, 7277 FXT 2 A % 0.0005~0.04 mg/kg & A3 550 HEE %
ARIEITHEV TR U 72 i A RURHAIR T O IR FE GG R 1T A 975 .
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Study of Determination Method of Aflatoxin, Sterigmatocystin and Zearalenone
in Brans and Food Processing By-products, and Oil Seed Meals for Feed by LC-MS/MS

YAMAGAMI Yohei*!, INOUE Tadashi*?, SAIKI Masakazu*?, NAKAMURA Nobuhito*?,
KOZUKA Kenji*!' and AOYAMA Koji*!
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),

*2 Sapporo Regional Center, (FAMIC),
“3Fertilizer and Feed Inspection Department, FAMIC (Current affiliation: Agricultural Chemicals Inspection

Department, FAMIC))

A quantitative determination method using a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS) was studied to determine the concentrations of aflatoxins
(AFB1, AFB,, AFG; and AFG), sterigmatocystin (STC), and zearalenone (ZEN) in brans and food
processing by-products, and oil seed meal.

An extraction solvent in the method, compiled in the Feed Analysis Standard of Japan, was modified
to reduce matrix effects. The matrix effects tended to decrease as the proportion of water in the
extraction solvent decreased. However, extraction efficiency of mycotoxins also decreased.

At the same time, matrix effects and recovery rates of each mycotoxin in the effluent fraction were
also confirmed using a purification column (Captiva EMR Mycotoxins, Agilent Technologies Inc.;
Santa Clara, CA, USA) and an LC column (Inertsil Ph, GL Sciences Inc.; Tokyo, Japan), which are
different from the method compiled in the Feed Analysis Standard of Japan. Among aflatoxins and
ZEN, ion suppression of AFB, AFG; and ZEN was observed due to the sample matrix in some of
the sample fractions, while AFB; and AFB, showed low recovery in some of the sample fractions.
However, these matrix effects and recovery rates were within the acceptable range. On the other
hand, ion enhancement of STC due to the sample matrix was observed in many of the samples. For
future studies, the recovery rate of STC in each sample will be evaluated using a stable
isotope-labeled STC.

Key words: aflatoxin; sterigmatocystin; zearalenone; liquid-chromatograph tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); brans and food processing
byproduct; oil seed meal; corn dried distillers grains with solubles
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1 # B

BUE, MSTATEOE NEMOKEME ZEEEE 24—, DO®mOI BT 77 FExvy, AT
I R AFUROPEBT TV o OaHTE, SO ERE VE S BE3IH 1 O [ NEOREK 7 o
~ NI 7 E T A ESGHFNC LD —FoE) (UUT I —FIEl Lol ) 20l
FhELTWD. LaL, 2929 BHEOHWIERNTEHO —MIZNOFE—-FIECBWT, fEair
FAERIMK 2 [RRBRIEO YR T A RT74 V) WL EESOHEBEZH-ZS2VNbORH D 2
END YD, MOSGHIEIC LV T EERL TS, b LIESITEZEBL TWARWKRSRH L. 7
77 hRTURNET T L SRR AR E CRERE INRESNTEBY, ATV AT
ITEMKELED THh—_AF 2« =) 7 HHEE] CHEMSSRE LTERY EFsnTnd.
WoT, 5T HOHEMOMMMEMNTEHTYOT 75 Xy, ATV IS P RAFURDBET T L
J T ODNT, BRI A3 HT O FENE S OV AT & SR L TR W RS S OIS D T2, BT IE &
ENLTODVERDD.

B4 FEEIZEDLD N, EHOBLAILVATFTI—XT LAV Y 2T (LLF IDDGS) &0
9. ) EXHL LU THETEZNWEHRSIEZ BRI LIRS, 777 %2 G FITBW T b
Uy 7 ZRBBOONTTD, v~ M v 7 ZRREBORF 21T o720y, WBITITEL R0 o7z,
T, Al 5 ZOHEMCHEMMEMNTETOT 77 xRy Ly, ATV I PV AF UKD
BT IV vk a~ 7T 78 o7 MREESHE (LT TLC-MS/MS] &), ) 1Tk b
ER/T DHIEICHONT, HHEER ORBRY T L2mat LRz ®mE T 2.

BENLT 77 XV, AT VT M AFURPET 7V o OfEERE% Fig. 1 IR LT,
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Aflatoxin B4
(0]

O

(6aR,9aS)-2,3,6a,9a-tetrahydro-4-
methoxycyclopenta[c]furo[3',2":4,5]furo
[2,3-h][1]benzopyran-1,11-dione
C17H1206 MW: 312.06 CAS No.: 1162-65-8

Aflatoxin G4

H O
(7aR,10aS)-3,4,7a,10a-tetrahydro-5-methoxy-
1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
Ci7H1207 MW: 328.06 CAS No.: 1165-39-5

Sterigmatocystin

(3aR-cis)3a,12c-dihydro-8-hydroxy-6-methoxy-7 H-

furo[3',2":4,5]furo[2,3-c]xanthen-7-one

C1sH1206 MW: 324.28 CAS No.: 10048-13-2

Aflatoxin B2

(0]

(6aR,9aS)-2,3,6a,8,9,9a-hexahydro-4-
methoxy-cyclopenta[c]furo[3',2":4,5]furo[2,3-h]
[1]benzopyran-1,11-dione
C17H1406 MW: 314.08 CAS No.: 7220-81-7

Aflatoxin G2

H (0)

(7aR,10aS)-3,4,7a,9,10,10a-hexahydro-5-methoxy-

1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
C17H1407 MW: 330.07 CAS No.: 7241-98-7

Zearalenone

OH @)

HO

(4S,12E)-15,17-dihydroxy-4-methyl-3-

oxabicyclo[12.4.0]octadeca-12,15,17,19-tetraene-2,8-

dione

C18H2205 MW: 318.36 CAS No.: 17924-92-4

Fig. 1 Chemical structures of aflatoxins, sterigmatocystin and zearalenone
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2 EBRAE
2.1 3B
KT, a—r 777 4— K, DDGS, 5T %, W, a—r I LT I —),
KREMT RO RN TIEZNENEBRE 1 mm O R U — 2 2355 Ui Tk L,
T HEELE LTz,
22 RO
221 241 K242 2L T O D~6)DFIE A V2.

1) 7ERF=FYAE LOMS Al (L7 A4V AMEHEER) %M. BT =7 A0
HPLC H] 1 mol/L /Kiaik (& L7 A L aFeisdd) 2 vz, KiZLeMS (B L7 A v A
FOCHISER) 2 Huviz,

2) T 7T hFUUAERFK

TRO7 77 F¥F > (B, By, G, G) BEHEER (%5777 FF v 25 ug/mL, B+
TA N AFHEREL) 27 7T bR U AERERIE & LTz,

3) ATV T~ F VAT UAEREFR

ATV T~ M AF UAEREN (L7 A v AFOEMZER, iR 98.2%) Smg Z &> T 20mL
ODEET7 I A2z AN, T = I AZMATENL, BIERETTE =Y LEMNX
TAT V< MU AF UK EFRAR L7 (ZOWR 1 mL 1%, A7V 7~ hVRAF & LT
025mg =&H) .

4) BT TV BRI

BT IV AAREESR (B L7 AV 2R MEEE, MM 99.7 %) S5mg Z &> T 100 mL D&
7T AAZAN, TERM=FIAZMATENL, BIERETTE=MILENMZTET
T U NERERR AL (o ImLix, BE7 7100610 T005mg28H) .

5) WIMHT 77 by U EUER

T 7T MR VBRI O %, T b= UL TIEMICHRL, (REAEERE L
oo BERICEELT, (REHEERO —HET7E h= MV L TERICHRL, 1 mL 7207 7
TR XYV By, By, GIEUG ELTENEN2S ng ZEWRIMAT 77 b o U HEHER %2R
L7,

6) MEBEBRIERMAAT I 7/~ h o ZAF U RRET I L VIR

ATV T M AFUBEEREROET 7 v VEERIRO ARG L, 7= UL
TIEEICHR L, BRERIERAAT IV V< FAF U RO T I L/ IRAHEEF R 2 8 L
7.

HHICEE LT, BEBHRERAAT ) V< F2AF U RO T I L ) IRGHERERE O — %,
T h=hUL—7K (84+16) TEMIZHFIRL, I mLHIZAT IV I/~ N AFUROET 7 L
J v LTENALN 0.1, 0125, 0.25, 0.5, 0.75, 1, 2, 3 O 4 ng &A1 5 ERIERH
ATV I N AFURNET T L 7 VIRAIERER 2R LT,

222 243 IZFLLTFD 1)~6)Di % 7=,

) 7T r=hVU, ¥E, FBREORAZ ) —1T LCOMS B (EL7 A4V AfesKE) 2/
Wiz, FERRT V=T ATEE T LRI 10 mol/L KIFKR (= Ry v— &) &2 Hvi-.
K1 Milli-Q IQ 7005 (Merck Millipore ) (2 & 0 F5HL U 7= kK (JISK 0211 @ 5218 [T E
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AT EMIK) & W,
2) T 77 bFVUIEAERK
TRDOT 77 ¥ (B, By, Gi, G) IBEIEHER (£7 77 h¥ 2 25 ug/mL, &L
TANLFCHERRL) 27 75 bR U BERERIE & LT
3) AT U T~ bV AT UAEREFR
2T Y I~ hYRAFURERER (L7 AV LTRSS, #E 99.5 %) 5.0 mg 2> T 10
mL OLET7 T AIIZAN, T =M AZMATHENML, BIZERETTEN=MNI L%
M2 TAT VI~ b AF U EEREZFAB L (ZOWR 1 mL X, A7V~ RAF &
LT500ug 2&H) .
4 BT 7L oRERERIK
BT I v SRR (BT AV AROMER, #EZ 99.7%) 2.5mg &> T 50mL D=
T7IAAZAN, TEM=RIAZEMZTENL, BICEHRETTEI=FIALENZTET
T U AMERERR AR L (Zo@® ImL X, B7I7L /080 T50ug 2 ah) .
5) MREMRERA > OVTRIR O MK
FMOBIEERIRKO—FEREGL, 72 b= U LV TERICHRL, RERIERHOEER
AR IR 2 R L 7.
ERICEL T, MERERHAPOFERAEERKO —H%, 7 b=tV —K—H
(23+76+1) TIEMEICARL, 1 mL FIZT7 77 ¥ By, By, G, G KOAT Y I~ b
AF L LTENZLN 0.125, 025, 0.5, 0.75, 1, 2, 3, 4, 5, 10, 15 KX’ 20ng, E7 T L
J v LT025 05 1, 1.5, 2, 4, 6, 8 10, 20, 30 X1 40ng 2 &H 5 HREBRIERH
OHRGEER TR L 7.
6) WA OFRIR S IEER
EMOFEEFIRO—HEREGL, 7 b= IV AV TERIZHRL, RNHAIOEIRGIEE
JR 2 SR L7z
WIMAPOFRAEETEO %, 72 =R U VTEMICHRL, 1 mL #2777 b
FL Y By, By, G, GG ERORAT VI~ hvAF U ELTENREN 2000 ng KOEBT T L/ v
& LT 40000 ng % & i M ARAARHER D, W NC 1mL FIZ7 77 %2 By, By, Gi, Gy
FORAT VT~ vy AF L LTENEN200ng XOET Z L/ > & LT 4000 ng % & Te¥RN
MR EIREROZ TR L 7.
23 HEROSGE
1) Fyketk - ZM 200 Retsch . (1 mm A2 U —>, ffi FHEFEEEEL 14000 rpm)
2) WOEEH : Ly 7 uy =— T —SR2W ZA 7 v 7 & (i ARREI XL 300 rpm)
3) ZiRE T A
ZHEED 7 A1 (2.4.1 BTN 2.42 12fFH)  : MultiSep 226 AflaZon+ Romer Labs #
ZHEHE 7 52 (243128 M) : Captiva EMR Mycotoxins (600 mg) Agilent Technologies
4 A7 77 4/0F— : DISMIC-13HP (fL£% 0.45 um, [E£% 13 mm, BLAKME PTFE) HIElR
LAY
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5) LC-MS/MS :
LC-MS/MS 1 (2.4.1 KO 2.4.2 (2 )
LC % : Nexera X2 Btfl/EpTl
MS ¥ : LCMS-8050 & il /iy
LC-MS/MS 2 (2.4.3 (Zff /)
LC %% : Nexera X2 Btfl/EpTil
MS #B : QTrap 4500 AB Sciex

24 TEEFIE
241 HWHBHOLEFICL D~ Y v 7 AR O

NOEF—FEEZHAY, SR LCa—r AT 7 40— FOBRIEIX 25g L L, MHE
X7 b=k U—7K (10040, 84+16, 70+30 XX 60+40) 4 FilHZ R L7z, KMiHiAEsC
LXpra—rv N7 70— ROMHEREZHEED 7 5 1IZARL, WHKE 2 mL 3§20 L7,
STHLTEHED 5 6 475 L #FNEREMEICE Y, WIMAT 77 b 2 R 25 uL iR
m (&7 77 ¥ & L T0.001 mgkg FHY & (R&HEHAERT T 1.25 ng/mL FHY4 &) ) L,
LC-MS/MS (24 23 EHAK & Lz, RIIRFZ 221 @ 6)Iit> TR LA~ M) v 7 225
ERWVWFEREORZFE L, LC-MS/MS 23 DR & L7z, SUBHATR K OFEHER A 10 uL %
LC-MS/MS 1 IZIEAL, @REISHEE (BLF ISRM] W), ) Zu~ 7T 0855 T, kA
R OERERO E— 7 HRE 2R Lz, WESMIE Table 1 L2 D LY.

Table 1  Operating conditions of LC-MS/MS 1

Column
Mobile phase

Flow rate

Column temperature
Detector

Tonization

Nebulizer gas

Drying gas

Interface temperature

Heat block temperature
Desolvation line temperature

Collision gas

ZORBAX Eclipse XDB-C18 (4.6 mm i.d. x 150 mm, 5 pm), Agilent Technologies
10 mmol/L ammonium acetate aqueous solution — acetonitrile (9:1)
(hold for 1 min) — 19 min — (1:4) (hold for 15 min)

0.2 mL/min

40 °C

Quadrupole mass spectrometer

Electrospray ionization (ESI)

N, (2.5 L/min)

N, (5 L/min)

300 °C

200 °C

200 °C

Ar (270 kPa)
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Table 2 MS/MS parameters of LC-MS/MS 1

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)

. 241 - 39
Aflatoxin B, + 313

- 285 24

. 243 - 42
Aflatoxin B, + 315

- 259 27

. 214 - 38
Aflatoxin G, + 329

- 200 41

) 217 - 37
Aflatoxin G, + 331

- 245 31

Sterigmatocysti + 325 281 _ 37

erigmatocystin

gmatosy - 310 25

175 - 23
Zearalenone - 317

- 131 30

242 SO ZEFIZ X 2RO MR
MOF—FIEZHG, SREtE LTEHY AL (BRIBEYERE) ORBUEIX 25g &L,
AL T 2 h= R UL —oK (100+0, 90+10 31X 84+16) 3 FFEZ MG L7-. SHHEEIZ &
DDA HIHE 2.5 mL 12, £hENT ' b= KU /L—K (59+16, 82+18 Xi¥ 84+16) 7.5 mL
ENZ, ZHET T 5 1 ICAMT DIEOMMMEEOMEA T & F=F U/ —K (84+16) L7225
LM Uz, BRI O — B, B o7 EHARZ LC-MS/MS I X 2 HEICH L
72, WREHRIEE I BERIERA AT U 7/~ h v AF U RO T T L VIRAERERS 10 L %
LC-MS/MS 1 IZIEAL, SRM 7 u~ 77 5% 5. HESRMIL Table ] K2 D LB .
243 ZEED T L2 B HWTZ5E ORIE O iR
STEkEE 25 g - T300mL DA =M 7 T 222 AN, T F=kU/L—K (84+16) 100
mL (53 FKROEDLHNT 150mL) 2%, 60 /pRHR YV EE THliltt U7z, sk & 2okt O vk
BIZAIL, 1700xg T 5 pEONBEL7-. EEAE S mL 2 10 mL O2&ET7 T 2 3 (ZEMICA
, WINARGEERERD25 pL 2L (5T ERPELRDEET 77 bRV RORT VT
<~ hAF L LTO0.06 mgkg fHY &, B7 71 /& LT 1.2 mgkg fHY & (R&KFENARH
WET 77 hFV U ROAT IV~ hyAF L LT 1.875 ng/mL FYE, €771 /L LT
37.5 ng/mL FAYE) , TOMOREHIZET 7T X U KPR T U I~ hAF & LT 0.04
mgkg HHY&E, E7 7L /& LT 08 mgkg Y E ({777 FFL UV RUOAT Y IV~ by
AF L LT 125 ngmL fiY%E, E7F71 /L LT25ng/mL FH4E) ) %, 7k r=rU L
TI10 mLIZER LT, REHAK Z ZHAED T L 2 12 AN, Tiltika 7o A& 122 mL 3 >%
L7z, fHED 9> H 200 uL (ST EROERNT 300 ul) 2ZNLTHEMKICE Y, Zh bl
1 %KL 600 L (53 F R OELDNEL 500 pL) & EFEICNZ, AT 7074 0F—TAEL,
LC-MS/MS (2 X A HIE I 2 aBHRE & U7-. BEYER 2 W0 L2 WEEHZ W T b RIS
L7z, WUBHAH L O i B IERH O s iR SR JE 4 5 pL %2 LC-MS/MS 2 [ZIEA L, SRM 7
n~v T L&, PESMZ Table 3 KN4 IR LTz,
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Flo, v MU v 7 RRMEROIZD, BERERZ BN L 2 WEE O &5 OBk 195 L (5
TEROERDIT 295 pl) Z2ZNENIEMEICE D, TIMHRAEERDS L 23RN L7E (%7
77XV RORT Y I b AF L LTO0.04mgkg MY &, E7 71 & L T0.8mgkg
FYE (A&7 77 bV RORAT VI~ F U AF o L LC125ngmL Y E, €771/
ELT25 ng/mL FHYE) ) %, 1 %HEEE 600 uL (57 F R ONFELNIE 500 ul) ZIEMEICIZ,
AT TV T A NE—TAIBL, LC-MS/MS 212 XD HIEEIT- 2.

Table 3  Operating conditions of LC-MS/MS 2

Column
Mobile phase

Flow rate

Column temperature
Detector

Ionization

Ion source temperature
Curtain gas

Nebulizer gas

Turbo gas

Colision gas

Capillary voltage

Inertsil Ph (2.1 mm i.d. x 150 mm, 5 um), GL Sciences

0.5 mmol/L ammonium acetate 0.1 % (v/v) formic acid aqueous solution-

0.5 mmol/L ammonium acetate 0.1 % (v/v) formic acid methanol solution (4:1) —

14 min — (0:10) — (4:1) (hold for 5 min)
0.3 mL/min

40 °C

Quadrupole mass spectrometer
Electrospray ionization (ESI)

650 °C

N, (40 psi)

Air (70 psi)

Air (70 psi)

N; (8)

Positive: 5500 V, Negative: 4500 V

Table 4 MS/MS parameters of LC-MS/MS 2
Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
. 241 - 47
Aflatoxin B, + 313
- 285 31
. 259 - 39
Aflatoxin B, + 315
- 287 33
. 311 - 29
Aflatoxin G, + 329
- 200 51
. 313 - 31
Aflatoxin G, + 331
- 245 39
Sterigmatocysti + 325 310 _ 33
erigmatocystin
Aty - 281 49
175 - 30
Zearalenone - 317
- 131 36
3 BERRUEBR
3.1 HHEEOETIZ LD~ N v 7 AR O
MOTE—FIE TS 72 b= YLK (84+16) & LTVA. = ORIHIEEO MR
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EEFETLHZ LIV~ N v 7 ZROEBAATRETH DD, HT 77 FF v 241
241K VFER L. ZOREIIFig20 B0 ThY, HHREICE T 2KOEEDELS 725
FERB~ MY v 7 ROWEMB~DOEENERB S WD H 7. o, TEF=HFU A=K
(100+0) IZHWVTIE, WTFNOEZIZEWNTHRE~ U v 7 2 DOHIEE~O B 72 8133

LONSY gAY R Y i
120 120
100 -— - - 100
/_ ./.\.__’——.
80 80
Do o O
g .. S g 60 e v
B ey T e
20 --_~‘. ------------- - 40 \*\ ........ -
T S & \\\*—
————a
20 e VO — X = == = 20 e e e =X
0 0
0~2 2~4 4~6 6~8 2~4 4~6 6~8
Fraction (mL) Fraction (mL)
Aflatoxin B Aflatoxin B2
120 120
100 ./'.‘\_.___’—I 100 E— _ —
—
80 80
o . —
& 60 e g 80 — P
...... e g
40 b L 40 e e ...
\\*‘\s.“ """" ® B ----...:'.--a..
Bnd— 20
20 PE—————v S S LT T K= === = =
0 0
0~2 2~4 4~6 6~8 K s ik G
Fraction (mL) Fraction (mL)
Aflatoxin G4 Aflatoxin G2
—a-Acetonitrile—water (100:0) --e-- Acetonitrile—water (84:16)
-4- Acetonitrile—water (70:30) —»~ Acetonitrile—water (60:40)
Fig. 2 Matrix effects (%) for different extraction solvent composition
n=1

Ratio of peak area of aflatoxins in the presence of matrix to that in the absence of matrix.
The bold lines indicate the range in which quantification is possible without substantial
matrix effects (80~120 %).
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32 HHHBEOZHIC X 2R OHER
31 OfEREZT, hOFE -FEOEMAHBE THL EH A LOBARBEERREIZ AT, &
TV I AFURRET TV U E2RRIT 242 TE DB REHER LIZ. TOMET
Table 5 DL BV THY, NWEH—FEOHHEBETHL T F=FU/L—K (84+16) DL
RIZH LT, ATV I~ bV AFr, BT T/ e b, MHBRECE T 2KOEGMMEL A
DI R RNED Lz, 2ok, MEEOMBITEEE TR zED 5 2L & L.

Table 5 Comparison of extraction recoveries using naturally contaminated corn samples

. Concentration Relative extraction
. Extraction solvent .
Mycotoxin . of mycotoxin recovery *
composition
(ng/kg) (%)
Acetonitrile-water
(100:0) 0.74 45
Sterigmatocystin Aceto(r;l(t)r:lllg—)water 1.25 76
Acetonitrile-water
(84:16) 1.64 100
Acetonitrile-water
(100:0) 11.8 31
Zearalenone Aceto(r;(t)l:]llg—)water 18.7 49
Acetonitrile-water
(84:16) 38.4 100
n=3

a) Relative extraction recovery (%) was calculated as: recovery with acetonitrile-
water (100:0 or 90:10) / recovery with acetonitrile-water (84:16) x 100.

3.3 ZHRED T 4 2 B WA O BEIIEE O RERE
ZHEHE7 7 & 2 (Captiva EMR Mycotoxins) X, A—H—O7 7V r— a3/ — RMIBWT
L9652 LTERVREPONTEDHIICENTRERFRAE DA TS, £, LC b
Z 5D Inertsil Ph X B A NMZT VXN T 2= VI AHES SV T7 2=V DT L0O—FETHY,
TFNBI L DB EER R Y = =V RO o BEFHAEEANB. 777 by, R
FY T RV AFUROET T PR S EREEAT S 2 EM 5, Inertsil Ph 12305
—FETHOLNTWS CI8 T AL TR A% A T 2 LRSI NT. #2T, 243 1T
F 0 FREHEWKIZ 31T 5 Captiva EMR Mycotoxins 7> 5 O it i #]53 Z Inertsil Ph & H W CHIE L 7-.
BLNFRERED S, REMARERETH S DDGS, ST EROELNDO~ R v 7 255K OE
I % Fig. 3 1Z/R L7z
VR w7 2B, BT T T RXVUROET T L T, —EHORBOBESICENTT
77 hXT U B, GROBT I LU 80 %k WK~ TRLUSNDESIZEGFTHY,
SRIICAREHC BV THRER N U v 7 ZOWEE~OBEEREBIRD bR NoT.
ZFY 2 FRF LTI, a—2 AT 7 40— KRR DDGS 1FBEGCThoT-M, ST %Kk
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PEDNIFTEWFTITEB VT 120 %L 0V &<, HEES~OBEREENBEO L. Kbhlnd,

a—2 I NT )b, REMMHT LR RN TIE, —HOEZ 2BV T 120 %I X
120% £ 0 &<, HEMBE~OZENED 7.
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Fig. 3  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
using a multifunctional column and a phenyl column
n=1
Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix.
The bold lines indicate the range in which quantification is possible without substantial
matrix effects (80~120 %) for matrix effects, and the target trueness range (70~120 %) for
recovery rates specified in the validation guideline for test methods in Appendix 2 of the

Feed Analysis Standards of Japan.
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4 FEOH
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5 $HERUKEDRD 24-o 007/ X LBBOKREAI OT TS
AT LBEENWMICEADMEOREREBHYDEEIZCES TSR
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Validation Study of 2,4-Dichlorophenoxyacetic Acid Determination Method in Grains and Grass
Hay for Feed by LC-MS/MS at Concentration Equivalent to the Revised Regulation Values

TAKAHASHI Yuichi*! and YAMASHITA Nana*?
(*! Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Current affiliation: Fukuoka Regional Center, FAMIC)
*2 Nagoya Regional Center, FAMIC)

A validation study was conducted on a method for determining 2,4-dichlorophenoxyacetic acid (2,4-
D) in grains and grass hay at concentration equivalent to the revised regulation values and the limits
of quantification. The method, which uses a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS), is compiled in the Feed Analysis Standard of Japan.

Briefly, 2,4-D and related compounds were first added with water, and then extracted with acetone
under acidic condition. The extracted solution was purified by liquid-liquid partition with a 10 %
(w/v) sodium chloride solution and hexane—ethyl acetate (1:1). 2,4-D related compounds, such as
2,4-D ethyl, in the sample solutions were hydrolyzed to 2,4-D under alkaline condition. The
hydrolyzed sample solution was purified with a solid phase extraction (SPE) column (Mega Bond
Elut C18, Agilent Technologies Inc.; Santa Clara, CA, USA). It was then purified by liquid-liquid
partition with a 10 % (w/v) sodium chloride solution and diethyl ether, followed by further
purification with an SPE column (InertSep GC/PSA, GL Sciences Inc.; Tokyo, Japan). The
purified sample solution was injected into LC-MS/MS to determine the concentration of 2,4-D. LC
separation was then carried out using an ODS column (Atlantis T3, 2.1 mm i.d. x 150 mm, 3 pum,
Waters Co.; Milford, MA, USA) with a gradient of 5 mmol/L ammonium acetate aqueous solution
and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In MS/MS analysis, a
negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on five types of grains and grass hay. 2,4-D and 2,4-D ethyl were
added at following levels: 2 mg/kg for oats, wheat, milo and rye; 0.01 and 2 mg/kg for barley; and
5 and 400 mg/kg for wheat straw. The results showed that mean recoveries ranged from 87.1 % to
100 % for 2,4-D, and 81.2 % to 93.0 % for 2,4-D ethyl. The relative standard deviation of
repeatability (RSD;) was 7.3 % or less for 2,4-D and 8.4 % or less for 2,4-D ethyl.

Key words: 2,4-D and related compounds; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); grass hay; grain; validation study
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1 #
24-vV7uu7 /)X UREEE (LLF [24-D) EW9. ) 1F 1950 FICENEHEINEZT7 =/ F v
ROBREHTHY, F—F T AEMIC K VY O 3L BREITEH LS, XEOHFELAET
EHDHETHREGREZRTEZSZLNTND D,

TRETIE, BHKEATICEO TEELOBE R OREMENRES N TS, FF 6 4F 8 H
26 HAFIFCEEIH D 2,4-D (2,4-DF MU UL, 24DV AFANT I UM, 24-DF ), 24-DA
/7mtwf24D7%#/:%w&024D7wﬁ/~w7 g (LR 124-D BR#EWE] &

L) EET. ) OFRBEABEINGIESN, AR, KE, IE, A2 k0T A £ 0.5mgkg
75>E 2 mg/kg (2, FEIE 260 mg/kg 75 400 mg/kg [IZHEEER S| & EiIF o/, LarL, ZThboo
fAEHZ Té%ﬁ1ﬁéﬁﬁ@ﬁéﬁ#%;éhfwﬁw EMD, HUMRERNBZ Lo T
5.

%:T,é@,zhi,kﬁ,mf,74H&@?4£K0wfﬁﬁﬂﬁﬁ%@”Kﬂﬁéﬂf
WO v~ s 7T 78 07 MRVEESHE (LT TLC-MS/MS] EW9H. ) i (2D 1) |
@,%%Kowfm,ﬁ%(%@z)Ki@2AD@&E%®%@ﬁ%EK£Hé%%ﬁﬁM%ﬁ
S27DT, TOMELRET D, Flo, REXOCBEFT O 2,4-D OE&E FTRIEEIZIIT D 2 M
BT OTHETIET D, 2B, 2,4-D BEWEIZIE, KGRI EY 24-D ([ZEHEL TH
SLEETOIEMNBZENTVD Z b, KREHE 2,4-D KT 2,4-D BEEE 7> 5 IN7K 53 fif 53 &
BER24D = FNNEBRELCHEMT HZ LITLE.

£E\2 2,4-D f ¥ 2,4-D = F L OEERE A Fig. 1 IR L7z

Tiji

2,4-D 2,4-D ethyl
Cl O Cl O
o o.M
OH o
Cl Cl
2,4-Dichlorophenoxyacetic acid Ethyl 2,4-dichlorophenoxyacetate
CgHeCl203 MW: 221.04 CAS No.: 94-75-7 C1oH10Cl203 MW: 249.09 CAS No.: 533-23-3

Fig. 1 Chemical structures of 2,4-D and 2,4-D ethyl

2 EBRAE
2.1 B
i/ui K&, &, v~f v, FAZLPUV 4 — A —ZZNETNEBE lmm ORA 7Y
— U ERIEE LIS TR L, S THRENE LT
2.2 ﬁ E S
) 7Er=RrUN, TELIS, EBTFIL, VZFAL—T), LT 2, ~FH 2 LT
FU DL ROEEARGEEET Y U AT R - PCBREBHZ W, A% 7 — L i3RI
IR SR - PCB RBR A &, IWEERICIT LO/MS AZ AW, BT v =7 AT 1 mol/L
HEfe 7 B = A (LC W, BE7 AV 2REMMEE TR 2 M-, Ald Milli-Q
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Advantage (Merck Millipore ) (2 & W AEHL L 72 @ik (JIS K 0211 @ 5218 IZEF S duic @l
K) Tz EOMORIEITRR A Tz,
2) 2,4-D FEHEJF K

2,4-D e (BIH LR H, H0PE 98.0 %) 25 mg 2 B> TCS50mL DEET T AaIZ AN, T
T hrAEMATENL, FIERETTE 2 MAT 24D EERIFELZRL L (Z0WF 1
mL {E, 24-D L TO05mg 25 H) .

EAIZEE L T, 24-D EHFIRO —%Z, A%/ —/L—FE (1000+1) TEMIZHRL, 1
mL H1(Z 2,4-D & L T 0.002, 0.004, 0.006, 0.008, 0.01, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3 &}
0.4 ug &9 5% 2,4-D EHERZ B L 7=,

3) RAE, KE, hE, ~AaKkOT A ZEIMA 2,4-D FEAERKR

2,4-D BEMEFIRK DO — %= 72 b CTEMICARL, 1mLHIZ24D ELT20ug 23 HT D
RIFE, RE, INE, A0 KROT A EEEMRERMA 2,4-D EHER K O 1 mL F1C2,4-D &
LTOlpug Zza A4 5 REEE NRIEERMMN 2,4-D R HER 2T L7,

4) 74— A Ma—I{RIMA 2,4-D AR

2,4-DIEHER 80 mg ZEH-> T20mL DB T 2AalZ A, T hr2MATHEML, EIC
EMETTE M ZMATY 4 — b A b —REER RN 2,4-DIEHER (Z 0#E 1 mLIE,
24D L T4mg%aEH) KX 1ImLFIZ24D ELTS0ug 28/ 57 44— A ba—iE
BT IR RN 2,4-D A=A 2 iR L 7.

5) 2,4-D = F VAE IR

2,4-D =F VAZHEN, (Dr. Ehrenstorfer 4, #lifE 97.0 %) 25 mg Z# &> C 50 mL D& 7 A
AN, TERNCOEMATHENL, TITERETTE N ZMMZT 2,4-D = FLEERE K %
PR L2 (Zo 1mL I, 24D =F Lt LTC05mg2a4) .

6) AAE, K&E, /hE, ~AakOT7AZEMA 2,4-D = F /UL AER

2,4-D = F VIR O — %27 & M CTIEMICAHRL, I1mLHIZ24-D=F /L& L T20pg
EERTDHRNE, KE, N2, A kOT A ZEEM@RERINA 2,4-D = F VAR K O
ImL 224D =F e LTO0lpg a5 AT 2 REEE FIRIEERMA 2,4-D = F /VEEHER &2
FHELL 7=,

7y U4— MRS —IINH 2,4-D = F UEEAERR

2,4-DTF LIEHER 80mg A > C20mL D E®E Y 7 A 2Z AN, T M2 THEMNL,
FIHERETT M 2MATY 4 — b A b —EHEEBEERINA 2,4-D = F VERER (Z0
W1mLiX, 24D=F L L TadmgaEA) KO 1ImLHFIZ24D=F e LT50ug 25 H
THU 44— MR e —FERE NREERIMAH 2,4-D = F/UIEHER 205 L7z,

23 HEROSGE
1) Byiet : ZM-200 Retsch 8 (1 mm %2 U —>, i FEEEIEEE 14000 rpm)
2) IRVEEH : L7 a0y = —H—SR-SDW  Z A1 7 v 7 & (ff fEHEEI % 300 rpm)
3y A TN I NMMET Y IV =HF A Mega Bond Elut C18 71—~ U v ¥ (FETAHA
# 1g)  Agilent Technologies %
4 777574 M=K,/ ZF LoV TIVNTaEA I ) A A NVTEREI =8 T
2 : InertSep GC/PSA 1 — 1~ U v ¥ (FETAHKIE 500 mg/500 mg) ¥ — /LA = Al
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5) LC-MS/MS :

LC #B : ACQUITY UPLC System Waters
MS E§ : ACQUITY TQD Waters i

24 TEEFIE

RIF, RE, INE, ~vAvKROT A RITEE T EER 6 =E 1 #i 2.1 ITEWEELZ. 2
2L, EREMFEREICSTI2RBRICBNT, HEEKRT O 2,4-D RENREHRORPEIMNCRD Z &
BPBENT-T0, BEKEIRO—EEE AL /) —L—FB (1000+1) TSHEFNLTHLHEEL
7o, U4 — hA b —TEE AT R ER 6 TEE 1 #i 2.2 ICIEVWHERE L 7.

EBIEDOWE 2 Scheme 1 12, LC-MS/MS DI ES:f: % Table 1 TN 2 (2R L7-.

Table 1  Operating conditions of LC-MS/MS

Column

Mobile phase

Flow rate

Column temperature
Injection amount
Detector

Ionization

Source temperature
Desolvation gas
Capillary voltage
Cone gas

Collision gas

Atlantis T3 (2.1 mm i.d. x 150 mm, 3 pm), Waters
5 mmol/L ammonium acetate aqueous solution — 5 mmol/L ammonium acetate methanol solution
(70:30) — 10 min — (0:100) (hold for 10 min)
0.2 mL/min

40 °C

5 uL

Quadrupole mass spectrometer

Electrospray ionization (ESI) (Negative ion mode)
150 °C

N, (800 L/h, 400 °C)

Negative ion 0.6 kV

N, (50 L/h)

Ar (0.2 mL/min)

Table 2 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) %) (eV)
) 105 - 35 20
Pymetrozine 218
- 78 35 40

B, NMKGREZED 2,4-D=F i3 2,4-DIC/2DZ 0D, 2,4-DF L ZRM L CTIHRMIENIR

FRER A 1T o TZER D[RR O FH LI

L BB R BT O 24D BEKAIZL D 24D TF

JLRICHE L, IRINL72 2,4-D = F L ORI IEETHR L TEOEGEZRODL ZLICEVIToT-.
HEH D 24-D =F )L E=4 % 249.1/221.0
A REBRNLRDIZHET D 2,4-D &
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Sample 10 g (300 mL of Erlenmeyer flask)

——added 20 mL of water (grass hay: 30 mL) and allowed to stand for 30 min

——added 5 mL of HCI (4 mol/L) and 100 mL of acetone (grass hay: 120 mL) and shaked for 30 min
— filtrated with suction filter (No. 5B of JIS P 3801) under reduced pressure

——washed with 50 mL of acetone

— filled up 200 mL with acetone

——diluted sample solution of grass hay 500-fold with acetone

8 mL of sample solution

I
Liquid-liquid partition I (300 mL of separatory funnel)

——added 100 mL of sodium chloride solution (10 % (w/v))

——added hexan-ethyl acetate (1:1) and shaked for 5 min (two times: 100 mL and 50 mL)

—— put hexan-ethyl acetate layer into 300 mL of Erlenmeyer flask

——added sodium sulfate

—— filtered through filter paper (No. 5A of JIS P 3801)

——evaporated to dryness under 40 °C

——dissolved in 2 mL of methanol

Hydrolysis reaction

——added 1 mL of NaOH (1.5 mol/L)

——refluxed in water bath (80 °C) for 30 min

——adjusted pH to 7.5~8.0 with HCI (1.5 mol/L)

——added 16 mL of sodium bicarbonate solution (0.1 % (W/v))

Mega Bond Elut C18 cartridge

—— washed with 10 mL of methanol and 10 mL of water

——applied sample solution

——eluted with 20 mL of sodium bicarbonate solution (0.1 % (w/v))-methanol (1:1)

Liquid-liquid partition 1T (300 mL of separatory funnel)

——added 5 mL of HCI (4 mol/L) and 100 mL of sodium chloride solution (10 % (w/v))

——applied sample solution

——added diethyl ether and shaked for 5 min (two times: 50 mL)

put diethyl ether layer into 200 mL of Erlenmeyer flask

—— added sodium sulfate

— filtered through filter paper (No. 5A of JIS P 3801)

—— evaporated to dryness under 40 °C

——dissolved in 5 mL of acetonitrile-toluene (3:1)

InertSep GC/PSA cartridge

——washed with 10 mL of acetonitrile-toluene (3:1)

——applied sample solution

——washed with 5 mL of acetonitrile-toluene (3:1)

—— eluted with 30 mL of acetonitrile-toluene-formic acid (75:25:1)

—— evaporated to dryness under 40 °C

——dissolved in 1.0 mL of methanol-formic acid (1000:1)

—— diluted sample solutions of orts, barley, wheat, milo and rye, to which the reference concentration
has been spiked, 5-fold with methanol-formic acid (1000:1)

LC-MS/MS

Scheme 1 Analytical procedure for 2,4-D in grains and grass hay
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2.5 IHNENEER

22 D 3), 4), 6)K YOI 2,4-D FEAERE ST 2,4-D = F )VERHERR Z2 B INZ 7z
B~ OREMER ORINE, #EF 1 RIS O ZIRIA 2,4-D B HER SUTIRINA 2,4-D = F VIR O
W= OBRETNT HZ & TiTolz.

24-D L LT, RAE, /INE, A kT AZIT2mgkg fiY & (R&ARHEKY T2,4-D &
LT 160 ng/mL) , KZFEIZ 0.01 X2 mgkg Y& ([F 4 X160 ng/mL) , V44— FA hr—
25 KON 400 mg/kg FAYM & ([A] 4 KOV 320 ng/mL) (2725 K HicEnNETNRHRME LSEAL, —
KERE LT21212 2.4 126> CTER L, FHENE & OR UIEE 2 R 7.

£z, 24-D = FNLE LT, ZAE, MR, vA KT A EIZ 2 mgkg HYE (R&REHA
WH T 2,4-D & LT 142 ng/mL) , KFEIZ0.01 LT 2 mg/kg Y& ([ 3.55 KOV 142 ng/mL)
U4 — FA Fr—IZ5 K400 mg/kg tHY & (A 3.55 LT 284 ng/mL) (2725 K 9 IZENENIR
MEERAEL, —E"HELEBIZ24 10> TEEL, FBEIERE ORE LR E 2R 7.

3 HRRUBE
3.1 IRANENEER
51280, e O R K OVE & FRIRE CORMENGGER 2 Eii L7z, £ ORRIT

Table 3 KN4 DLV, 2,4-D IOV TITFEHEUERIT 87.1~100 %, & O UG B 13 AH k5 1E
7= (RSDy) & LT73%LUTF, 2,4-DF L HOWTIEEHEINER I 81.2~93.0 %, RSD:I%8.4%
PLF ORAENSG DAL, AT SEERIRK 2 ORBIEOZ B MEMHERTA T A4 (LLF T4 M
RAARTA ] L. ) CEDLNT BEME (FHE 70 %Ll E 120 %LL T, KA @ 0.01
mg/kg TIiX 22 %LL T, 2 mg/kg TiE 14 %LLF, 5 mg/kg TiX 12 %LLT, 400 mg/kg TliX 6.4 %LA
T) Mz THRThoT. B, BoNT@&IRCHRE 7 v~ 877 L0 —Hf% Fig. 2 IZ/R L
7.
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Table 3  Recoveries for 2,4-D

Spiked Oats Barley Wheat Milo
level  Recovery” RSD,” Recovery’ RSD,” Recovery” RSD,” Recovery” RSD,”
mgke) %) (%) %) (%) %) (%) %) (%)
0.01 — — 100 7.2 — — — —
2 89.4 1.4 87.1 1.3 89.0 6.3 91.8 2.8
5 — — — — — — — —
400 — — — — — — — —
Spiked Rye Wheat straw
level  Recovery’ RSD,” Recovery’ RSD,”
(mg/kg) (%) (%) (%) (%)
0.01 — — — —
2 91.1 2.2 — —
5 — — 96.8 7.3
400 — — 93.6 2.5
— : Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability

Table 4  Recoveries for 2,4-D ethyl

Spiked Oats Barley Wheat Milo
level  Recovery’ RSD,” Recovery” RSD,” Recovery” RSD,” Recovery’ RSD,”
(mghke) (%) (%) (%) (%) (%) (%) (%) (%)
0.01 — — 89.2 8.4 — — — —
2 84.2 3.0 93.0 3.2 82.5 2.3 81.2 2.1
5 — — — — J— — — —
400 — — — — — — — —
Spiked Rye Wheat straw
level  Recovery” RSD,” Recovery” RSD,”
(mg/kg) (%) (%) (%) (%)
0.01 — — — —
2 85.1 3.2 — —
5 — — 81.5 8.3
400 — — 81.4 2.7
— : Not tested

a) Mean (n =5)
b) Relative standard deviation of repeatability
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and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2.

A: Standard solution (300 ng/mL of 2,4-D (1.5 ng as injection amount))

Typical selected reaction monitoring chromatograms of 2,4-D in standard

Arrows indicate the peak of 2,4-D)

B: Sample solution of barley (spiked at 2 mg/kg of 2,4-D (0.8 ng as injection amount))

C: Sample solution of wheat straw (spiked at 400 mg/kg of 2,4-D (1.6 ng as injection amount))

D: Sample solution of barley (spiked at 2 mg/kg of 2,4-D ethyl (0.8 ng as injection amount))

E: Sample solution of wheat straw (spiked at 400 mg/kg of 2,4-D ethyl (1.6 ng as injection amount))

4 FEO

PN O IZ R T 5 2,4-D KON 2,4-D =F /L2 HOWT, INEIGRERZ £ L= & 2 A,
LT OFERDZG S0, SR AT EYE I STV D 0 HTiE O L YEM IR FE X OVE & FIRIEE ISR 1T
D FZBPEDN R S T,
1) 24D KW 24D =F)LELT, AE, NE, A BKDTAEIZ 2 mgkg FHYE, KEIZ

0.01 O 2 mg/kg FIY4 &, 74— FA b —|Z5 K400 mgkg S EZRML, AREHE-ST

5 mOMTOaNTE S L, BEIGEROWIE LEEZRDTZE 25, ZYUMEMHREITA RT7 A4 TED

BNT-EEROGHMTRE O BIEEZ - T/ RER G o7,

X M

) BNEEEESEIKHEMHAS  2,4-D BIEGHME, YRk 29 4 12 A (2017).

2) BARAES SRR OEEHRIMY O B EICET 2845, WBRS14E7 A 248, BHRESE
35 % (1976).

3) BMOKEERWHE - ZRERE®RA  FEOTEEORIEIZOWT, SFfSH 12 A 1R, SHEE
4714 5 (2023).
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1 M7 FEAMFORXEHAMICLLIAMEEIZDONT
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W %%, 2k ToEs, M T

1 B B4
fEL - SR RG2S, SRR A ERRT, KM 25, SRS o i@ etk
SR DOTIEZTT ) 2 L2 XY, S RCEESMOMER M L2 Y, R TofritZ2mEL,
FREE D E R E R O EE O RMICE T 5.

2 #HEHHORAE
A FREE D F RO A R
C 3Bk - - 88 A EHECEHE A Uk
D&kl FRERA LI v 7 X
% BB (AK) OO o WTIE, S 7 EEIXER L TR,

3 HaEdoRRE
3.1 E4ERR
ST 6 A19HKW6 H 20 H
3.2 RGP
MSTATBOE N RARK B 2 2B v 2 — B i A
3.3 @EI5IA
1) ARE
HBAE 1 mm OMA 7 U — 2 2335 Lo i Chme Lo 9 5 Bl Bl A RS 80 kg %
VY, UUTFOFNEIC L v akp 235 17,
Rk Z L<BE LR, 9 %0 L. 20oH0 4 Kfiz—2llAbETLIRELIEE, 4
HEHLTRICR L., ZOREELER 1 ORGKERICED 7EFERY KL%, SXE XD —FE
B (20g) LRSI AN, 1484720180 g AV Ok 310 82 7% L 7=.

UOMSEATBOE N BMOKEETE B 2 it o 7 — BB A, BRI AT

2 MSTATBOE N BEMOKEIR B it o 2 —HLiRE v 2 —

S OMSATBUE N BRMOKER L it o 7 — et 72—, B BHOKEEHE - B2
OMSEATEOE N EMOKE N B L ekt v 7 =4 R v 7 —

S OMNIATBUE N EMOKEH B L et v 2 —Et & —, Bl BN 2R

O PMSIATBOE N BEMOKEMN L2t v 7 —fmiit o 7 —, 3 BRWKEEHE - &R
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®1 EEGRKEX
B % I O m IV V VI WI
s 6 7 7 2 8 2
xmgs 2 3 8 6 4 6 5
9 1 1 9 3 1 4
4 8 5 3 9 7 3

2) C ekt
BB ORMEY) 2 BRrE L%, BB U THEL, £ 218U 10 BEOFE (i
1 70kg) ZIAEXDORAH G CREEDEHBZ AV, AREE FERIC 1484720 5 180g A
0 OFEL 310 [HA TR L 7.

£2 CHHOEHERUZDESES

e {ﬂﬁ/\iu s /rb (=) i']

Ok 4 (%) Bk 4 (%)
EobAZL 30 E— hoL 7 8
N 20 RS 3
NIERi VR 10 W E 3
etz g 10 I 3
DDGS 10 IRER T IV T b 3

3) D&
FHRERM 7T LI v 7 2 80 kg vy, A FUEHE RIFRIC 1 R2720 K 180 g AV DK 310
L7 REICONTIEER 1 ORAXER IV-VII © 4 BV IR LT-.).

4 SWEETEERUVERER

4.1 ptriEEEA

AL - -k, Mo ABRE, HEN, HM#kiE, KD, v v s, VROV ) ~A v

Y7 rYU A (SL)

CalBl - - - fPEHEBE O H K OVE DIRAEIE OHEE

DB - -8, HHKLOTZUBET TV
4.2  FEhEEH

(5Fn 7 4 FE RS o @ aliBHT K 2 ot e EfZEaH ) (68 X—) 2K 5.

5 #BEHBOHEEEE
A BT A BE LK Sy, D B ClIs & OFigh 42 4341 L, Thompson © @ harmonized
protocolVIZ S X, KB OEMEZ MR L.
FUHDTHRER -2 10 WTH 2 mOHMTON LR 2 £ 312, £, TOMRITES< —
BLE DB TfE R 2R 4 1R LT,
WTHOREHIIBWT S, bt Fold F EREZ TEY, AEAYE 5 %IV TREHICAE
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®3 ARUDHBHONWIIHER
AR} Dk}
= HrEABRHE HLK 5y 4 Gk
B (%) (%) (g/kg) (g/kg)
No. runl run2 runl run2 runl run2 runl run2
1 17.42 17.46 5.04 5.25 28.67 29.19 34.82 35.09
2 17.19 17.38 5.13 5.32 29.03 28.67 34.11 35.93
3 17.38 17.39 5.06 5.12 29.10 28.98 34.65 34.65
4 17.07 17.19 5.14 5.14 28.87 28.26 35.36 36.09
5 17.10 17.51 5.12 5.37 28.44 29.25 37.16 35.02
6 17.08 17.39 5.12 5.35 28.51 28.06 37.16 36.31
7 17.29 17.53 5.04 5.03 28.85 28.69 35.17 35.79
8 17.38 17.59 5.09 5.26 29.10 29.34 36.26 36.32
9 17.26 17.23 5.04 5.11 28.47 28.21 36.94 35.88
10 17.49 17.41 5.08 5.22 28.86 29.06 35.64 35.26
x4 ARUDHAHBDODRHAEHER
o il WA F BHEE RO Fanii 4= F B Y
S ) V=S/p Fo=V,/Vg F (a=0.05)
AOBE T A4 0.2374 9 0.0264 1.25 3.02
MW7z BE SHrikzeE E 0.2110 10 0.0211
ABLE e i T 0.4483 19
A 0.0901 9 0.0100 0.79 3.02
R 5y E 0.1264 10 0.0126
T 0.2165 19
A 1.6209 9 0.1801 1.95 3.02
&l E 0.9216 10 0.0922
— T 2.5425 19
A 8.5928 9 0.9548 1.76 3.02
i 8h E 5.4306 10 0.5431
T 14.0234 19
6 SmEER=E
6.1 ZMFRBRBHRE KL NZEDONR

I 204

Ob  FRHRGESE A BALR - 135
BRI B S BALR - 12
BRI oy i B - 17
fl R A i KRS - 40
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7 = 7 Microsoft Excel ®E8%f QUARTILE.INC % W TR 7=.
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NIQR =
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x @ HRBREOSHTE
b HAE

F7o, 22 AT OMEHED 3 UL EO ST EEZ RFEME L HW L, ZNEFA L%, FHHEDO 95
Y s XM & R 7=,
7.2 TR
CHEHZOWT, ZOWERBEZR 8L IT/RLT.



53

ye1r 1 TIT ST € 89 10T 1T 8090 Lo 1 sort 90~ 1 8¢¢ 8€0- T 9l'c SLO- T T6E ¥o- € LELL $00- 1 SSTIL s
LI'T T OLLU 0S

800 [ TS 08C 1 ¥y 19T 1 6LLl 6L'T 1 00°€l 4

€10- 1 1°0C LSO T €89¢ 010 T 0€8C L00- € 0Sh 60°'1- T €850 €5°0- T 0’1 w90 1 8¥S 910~ € €T¢ o0 T 60 ¥C0- € Iv'LlD 90 T T o
€8T 1 T¥S 90~ 1 8¢¢ 0S'I- T I8¢ 9%'¢- 1 sv'e ¥20- € Iv'LL €0 T 697T1 94

90 I ¥b'S S€0- T LI'E 9r't- 1 98¢ wi- ¥ LULL ree- 1 SLTI 144

€6°0- T 9SYE ¥L'0 T T06T §TO- 1 €650 0C0 T 080°T SE0- T LES 610 € Pee 0C0- T 00 9L'1- € OI'LL wo- 1 Syl &

w1 89¢ [USH SR 4 ST ¢ 86'LI 69T 1 0611 w

Sv'0- T LTSE S¢'I- T 80'LT 910~ T +6S0 ¥LO € 90L'L Pe1- 1 9T¢S 6L'1- T TLT PE0 1 80 600- € VLl ov0- I 9vTl |34

wo € vy SLO- T L8SO 16°0- T SvO°'L o 1 9rS 890- T €6'¢ wi- € LULL 860 1 08Tl U4

050- T 0650 000 T O0LO'L €Te 1 LLS 600- € §T¢ 180- 1 l6¢ 81'¢- T 1891 & 1T 16Tl 6€

080- I TS l6'1- T SL¢ €80 € €9L1 90 I T 8¢

8yl- 1 0Tro 0v'9- T 09L°0 800- I 0OFS 98'1- T 0OLT sTS 1 08% 9T 1 0081 8¢C- 1 00Tl 9¢

650 € €vh €0 1T 0090 €0 T L¥'S 900- T WY €60 € LSLT 8I'T 1 $8¢l 143

0C0- 1T 00 88°0- € 8TLI 680~ I $ETIL 3%

9¢0 1 v0T PeT 1 98¢ €10- 1 107 Y00 € Lv'Ll 9Tl 1 8Tl (43
wo- 1 vLy we 1 090 P10 1 LLO'T 680 [ ISS 60 € PS'LI cro- 1ogscl 1€

9T 1 90 ¥00- T 890°L STI- 1 LTS €L0 € IS°E ¥81 1 0€t 860 ¥ PELL ST 1 6Tl 0¢

€6°0- v LTLI 6C

90 1 'S LST- 1T 6LT 900 1 ¥V 860 € 99°Ll $60 1 6LTIL 6C

€5°0- 1 86l $90 I S69¢ LSO 1 88'8C 160~ € vvb 9T1- 1 1850 660- T Tl 000 [ I¥'S o 1 0l'y 60 € TS'LL oro I 997l 8¢
IL1- 1 8e¢ee 9T1- 1 TeLT 10T 1T 8090 grel- T 00 w09 1 809 Ye€T € 107 L¥'0- T 96°€ 197 v €I'LL [£U Sl SR A ¢ LT

6O 1 T8 90 I 'S wl- T s8¢ 600- € LD 910 1 09l 4

¥wo ¥ SSLL T

weT 1 LT S60 1 6€°LE wo- 1 8LLT LT T L190 8T0- T 950°1 860 I 0€¢S 190- T 60°¢ S60 1 LIV ILT- € II°LT P01 L9TI T
8y'1- 1 T6l 860 I ¥89¢ Lo 1 8LLT Y0CT- 1 L'ty 910~ T 650 900- T L90'L o 1 9IS S6'T € 68°¢ $6'0- T 68°¢ 8L0 € T9LI cro 1 6scTl €C
000 I To0T w@
0r'0- 1 661 60 1 0v9¢ 6o 1 €88¢C 880- € 6'¢r 000 1 9650 €9'1- T 1660 L10- 1 6€¢ ¥wo € Tt 0T0- 1 00% €9°0- € €€LI ¥00 1 LSTI 0T
90°1- 1 8Sh LT0- T 6€8¢ 99°'1- € CTI'LL 9€0- 1 LvTl 61

w1 8¢ S€0 € 6£¢ 880 I 9y 96 ¥ 6£61 v 1 SSTIL 81

800- I OF'S SI'T € t9°¢ 61~ T 8¢ 60°¢- ¥ €891 8C0- I 6vTl 91

€0 € 19 65°0- T 6850 980 T CIl'L 90T I ¥9°¢ 0C0- 1 00 Y10 T 6VLL ¥C0 1 9Tl St

0T 1 L8l P€0 1 8F9¢ S€0- 1T 608T S A V3 4 000 T 9650 8C0- T 9S0°L 90 1 peES €o- v 8l'c wT 1 8l wil- ¥ LU'LL S8°0- I SeTl al
vi'e- 1 €CTlIe wi- 1 6l'LT 000 T 9650 19T T 8pI'l SE0 I S¥S a0 € Tee o 1 0I'y $€0 € €S°LIL 180 [ 9L7TI 1

89°1- T 9LS0 800- T 990°1 90 1 'S 87°0- T €l'e 900- 1 20V 000 € O9v'Ll LSO T oLzl 01

0s'e- I 206 o T e P€0 1 80 000 T O9v'Ll LS0- T Trel L

90 € 9y &= 1 6LS0 90 1 'S wr Ity 8L0- ¥ O0€'LL 6v'c- 1 S6'1l 9

61T 1 0LSO ¥80 T 11D 90~ 1 8¢¢ wr € 99¢ o't 1 0Ty 000 ¥ 9L T 1 18Tl S

LT 1T 01T Sv0- 1 8TSE ¥20- 1 8I'8C wo € 8vh 10°T- T #8S°0 SP'0- T 8¥0'1 680 [ ISS 8€0- ¢ 9I'c 0C0- 1T 00 670 € 9S'LL 0co I 197l 14
98¢ I 86 900- 1T 20t $00- I SSTIL I
A1008-Z “oN &%) 21008-Z “oN &%) 21008-Z “oN &%) 21098-Z “oN O/ W )5) 21008-Z “oN O/ (W )5) 21008-Z “oN %) 21008-z “oN %) 21008-Z “oN (%) 91008-Z -0 %) 21008-Z “oN %) 21008z “oN %) 21008-Z “oN (%) L

g g g e gLy g g 4 g g g e %UW
ALALTPAT g ik Iy (L ks CRIA L H)TS A0 T L AL £ 21 ] e EERE] 2
HEd

(1) BHGLOMEANTY GE



fREHRFZEHE Vol. 51(2026)

54

000 I T0T €10 1T L19¢ 0r'0- T S0'8C 9¢€0- € 9Mb €€0- T TS0 cro- ¢ 901 LTO T ¢€¥¢ €L0- T S0°¢ 890 T €IV €0 € LSLT w198t sl
9I'T T 908 w07T 1 TS0 Wl T 6Ll 9T0 1T 'S 0C0 T 907 vco € IS'LI LS0 T oLcl ol

ST0 1 6650 vL0 T 90I'l o 1 9'S wr ¢ ILLn 860 I 08Tl 611

€€0- T T6S0 ¥00- T 890l 68°0- 1 1€¢ L9'1- T 9LT LT0 1 LOY 890~ € TELI €0 1T LT ST1

6CC 1 61T €0¢- € 01y weo 1S90 €T T 0cl'l 45 SR 1Y 'L € 9¢ 180 ¢ SIv 600 € 8PLI 190- 1T 1¥Cl €Il
wo- 1 YLy €€0 T 0090 0r'e- ¢ 0260 080 I 0SS 980 T SS€ oSt 1 STy 6v'0 € 9S'LI w1 98T 111

v 0Ly

| X/ S G 4 LEO0- T 0Ov'se &1 1T 096C 10 € 8¢Sy L60- T 09 L90 T %090 - T 9001 6L'1- 1 1T¢S LSO T 9¥¢ oLt 1 8Ty 88°0- € 8TLI LS0 T oLzcl (181
wo- 1 TLy w0T 1 0290 ¥'l- T 0001 L6 T €96 €L0 € ISE ve0- 1 86'¢ €0 € LSLT €0- T €vTl 801

€10- T 8Ly €€0 1 0090 98l T 091I'L 970~ I 8¢S 610 € O0SLI 800- I ¥STI €01

ore 1 190 §9°¢- T €680 4 SR 1Y 610 T g€ $60 1T LIV 610~ € TPLI L9°T 1 LeTl 66

oL'l- 1 TTS §T0- T 0T¢ LT0 T L0V 000 € O9¥'LI PET T 687l 86

€80 T 66 €6'1- 1 €LS0 8TI T TEl'l 800 I TS 900- 1 Y €90 € 6SLI 0co I 197l 96

€00 T T09¢ or'0- T S0'8C STO0 T 6650 060 T VIl 9Ly T 88%F €0 1T 6971 S6

ST0 T 619 wo 1 SL'8C €€0 T 0090 01’0 ¢ SLO'T L0 1 6¥s 1°0- T TI't w0T 1T 8P €T € L9L] 9¢0 I 99Tl 6

9C0 I tb'S 900- T WY L € 69'Ll o€l I 88Tl €6

9C0- 1 00T wo 1 0£9¢ 0C0 1 9S78C 600" € Ltb 91'0 1 8650 6€0 T 6801 Po- 1 9¢°¢ 000 ¢ 8T¢ €10 1 SOY £€90- € €€LI 8C0 I €971 16
90T 1T 8I'S 65T € 66'Ll LST- T €6'11 06

SS0 1T g£6v 65’¢- 1 106 Yco € IS'LI 91T T 60¢l L8

€€0 1 0090 LTT T 0960 SE0 I S¥'S vo- T vI'e 180 1 SIY LTI- T 0TLL oro I 99Tl €8

wo 1 1090 LSO T 8601 86°0- I 0€¢ SO T 19°¢ £3 21 SR O (A 4 860 ¥ 99°L1 ¥C0- 1 0STI 8

L8T 1 60°¢ o- € LELD $6°0- 1 €€7TI 18

€0 1T 90C 600 € Sy vEl- 1 0850 000 T 0L0'T L0 1 6bS 8T ¢ 89°¢ 900 T Y 18°1- € 60°LI 8C0 I €97l 6L
LTO T ¢€F'¢S 9S'I- € VI'LL 80~ I S€TI 8L

€8T 1 £« 1T0- T €97s¢ LT0O T $S'8C wo € vy 18°0- 1T 9¢7l LL
81°0- I 897¢¢ 8C0 I €9'8C €0'1- € L'ty 000 T 9650 S9'1- T 0660 9C0 I tb'S - T 18T 6Cl 1 @y €0'1- € STLI $0°0- I SSTI oL

€0 1 90T 9L°0- 1 I8%¢ 000 T 6£8C 061 1 0th 080- I TES 0cc- 1 el €L
¥ o66h 0L

or'0- 1 66l 610 1 STot SL'O T €06T L00- € 0Sh wo- 1 vLy SLO- T L8SO 0o T oIl 000 I 1I¥¢S LLO T TSE vE0 1 80 610- T TPLI €0- T €vTl 0L
80 1 9090 SI'L T 9Tt 080 I 0SS t0o- € LELD ¥T0- I 0STI 69

800- T OFS 60'1- T 6T 880- I 06¢ 860 ¥ PELI yI'L 1 ¥87TI L9

§S°0- T €I°se SS1- 1 80°LT 0s0 1 2090 900 T €LO'T 90T 1 8IS cro- € e vso 1 11y 8L0 € T9LI °eo- 1 8Pl 9

1T1- 1 g6l €L0- € I wo 1 1090 w00 ¢ 10T L10- T 6£¢ o- T yTe o0 T 60t 000 € O9¥'LI ¥0°0- I SSTI 9
90 1 8F¢S 000 T €0t 6v'0 € 9S'LI w1 oI87Tl 19

L90 1 L0T 18°0- € 0%h 650 1 €090 w00 T 10T €50- 1T SE¢ 0L'1- T SLT v€0- 1 86'¢ 6£0- € 8ELI or'r I €87l 65
880 I 6CTLE tP0o- 1 108C ¥8°0- 1 9850 LY'0- T LYO'T 1L°0- 1T €€¢ vso 1 1Y ¥00- € SPLI °wo 1 9Tl 8¢

So'e- 1 LEIE 9€0 I 0L'8C oLt ¢ viy €€0 1 0090 7W90- T 0ov0'1 oI'l- 1 8TS o € 1Iv'e vE0- T 86°¢ 99l € O08'Ll ore I ceel LS

800- T S65°0 200- T 6901 800- T OF¢S 9T T 80F 180 1 SI'v wi- ¥ 1TL $0°0- T SSTI sS

ver 1 018 650 1 €090 6v'0- T 9%0°T SE0 1 S¥'S °e0- T 8l'e 610 € O0S'LI Wwe 1 L6'Tl 13

ore- 1 1LS0 660- T TW'1L 90 1 8FS ¥S'L T 9L€ S60 1 LIV wi- ¥ 6l'Ll wo 1 9Tl s

21008-2 "o (/%) 21005-2 ‘0N ) o5z oN (54/%) 21008-7 "o W ABOD] .2 o A,:EELHSWA.N? 08 ooos.z o osz oy S o %) 1008-2 ‘0N 06 ooos.z o B ioosz oy ) z
gL gLy gLy ] gLy gLy gLy gL gLy gLy gLy i gL gLy W.W
VLA LEWAT 4 Wi £ (I T4 L0 ) TS 0 TaAA L T TH ST WE YT (2 «mﬂm

ke d ad

(@) BHGLOMEANTY GE



55

6T0 1 0v9€ 6L0 T 906T 8I'T T 0190 Wl T opl'l YET- 1 9T'S LST € LLE $6'0- T 68°€ 610~ € TWLI T T 68T 881

970- 1 8¢S ST T L9€ 850 € 8S'LI Tro- 1 €S L81

&1 1 €190 LT 1 €SS 90 1 UV (43 Sl WA 680 1 8LTI 81

¥60 1 60T L00 € TSy 910 T 8650 PLO T 9011 9T0 1 'S 000 T 8T¢ 0S'1- T I8¢ L0 € 19'LI oF0 T 99Tl €81
680- 1 I€S 0T £ 16¢ or0 T 60F 600- € PFLI 010 I | 81

650 1 68'8C 650 € 6'Sh S8 1 8190 Ir0 T 0601 LO'I- 1 6TS 880 1 9t €60 € S9LI LSO T 0LTI 181

sy'1 1 €T LT T LS'SE €10 1 0$'8C €€°0- 1T T6S0 wo T Sor't LT0- T 6 LS0- T OI'E oo T 60 9L'T- € OI'LI 000 T 95Tl 6L1
880 T 00§ SLI

690- 1 99 $80- 1 9850 910 T 8LO'T 88'1- 1 0TS vE0- T 86°€¢ LOT- € ¥TLI 860 I 08Tl LLT

€10 1 €0C 90 € 09 650 T €090 1€0- 1 $S0°T €5°0- 1 S€§ 000 T 8T¢ 9I'l- T 98¢ 8L0 € TYLI 180 1 9L7TI 9LT
0T 1 LT 66 € S0S €5°0- 1 S€ 6£0- € SELI PIl- 1 8TT SL1
88T 1 91¢ e 1 €TTE SLO 1 €06T 1S0- 1 0Ly 61T 1 0LS0 0T0- T 0901 S€0 1 SHS 16¢ T 0St 9¢'l- T €8¢ 600 € SpLI 80°0- I #S°TI vLI
W1 TS 90~ ¥ 86T 880- 1T 06°€ - v €TL €L0- 1 8€TI €L1

690 1 96 6LT- 1 1TS o- € LELI 690 1 €LTI 1L1

- 1 T6l P00 1 €09¢ 80T I 1€6C 9Wo- I I'Ly 800- 1 0'S oL1- T SLT §90 I Tt oLl
L90- 1 L6l 0 1T S19¢ §S°0- 1 T6'LT 650 € €t 8I'T 1 0190 SE€0- T €501 wo- 1 9€'S 99T € 08'LI 680 1 8LTI 691
L90- 1 L61 0T T 88°TE S6'T- 1 68T 86 € T€S 891
60T T 6090 PLO T 90I'L S€0 1 SpS €6°0- 1 66T 81 1 0€Y Y20 1 79T L91

200- 1 T0T oF0- 1 SESE 1T 1 61°0¢ 880 € €9 STO- 1 €650 §S0- T €01 680 1 1SS oF0- T L6E 6€0 € ¥SLI 860- 1 T€T 91
LEO T 68 L6'T- 1 61'S 60~ € OF'LI 0 T 68T €91

990- € Tt 680 1 1SS PEO € €SLI Ly'1- 1 0TTl 651

0ST- T 69°€€ oIt 1 Te6T L90 T 090 90 T €T 88T 1 19¢ vST T 9L 190- ¢ t6°¢ 85°0- € PELI 690~ 1 6€TI 8S1

0T 1 USO LOT- T 8I0'T 080- 1 TES 190- T 60°€ SLO T vIY o- T LELI 8T 1 06Tl LST

0TI- T +I've LTO- T 91'8C wE € 96y ¥80- 1 9850 ¥80- T 6201 Lo 1 6rs Wl T €Le LTO- T 66°€ yI0 € 6FLI 0ogl- 1 ¥TT 951

690- 1 16'€ 96’1 T S00E 800 T L6SO 6v'0- € 90’1 PET 1 9SS ST0- 1 0T€ 890 I €IY 85°0- € PELI ¥T0- 1 0S°TI €51

LLT- T SLSO T0- T ¥90'1 L6'T- 1 61'S wWl- T s8¢ 610 € 0Ll 690 1 €LTI st

e 1 LLee 090- T 88T 0$0- T 0650 w80 T OI'T 09T 1 0L'S 0ST- € 0ST LT T 9¢ LT1- T 0TLI or'r 1 €8Tl 11

0T 1 USOo wWT T 860 000 1 It'S 80 T LEE 0T0 T 90% 000 € 9FLI 000 I 95Tl 0S1

wo 1 9'S SLO- 1 6 610 € THLI 60 1 6LTI 8yl

19%T T $0€0 9011- € SES0 STI- 1 LTS ¥E0- € 6ELI €L0- 1 8€T 91

LI0- T 6 0z0- 1 IS°TI Sa

LSO T T89E 8TI- 1 0€LT L90 T +090 Lyo- T LYO'T 9T0 1 'S 000 € 8T¢ 0T0 T 90 000 € 9¥LI 8T0 1 €971 Tl

S8y 1 L8 86T 1 €811 821

000 T 18 0T 1 USOo LT el S€0 1 SpS 0To0 T 9% o € SSLI 690 1 €Tl orl

90~ € 8¢ 90 1 'S o0~ T L6E €8°0- € 6TLI 8I'T IS8Tl 8€1

LT T €S 600 T I€€ 601- T L€ 600 € SPLI To- 1T €8T vEl

ST1- T LTS 610~ € TWLI €0- T 8rTl €€l

- 1 ST vET- T 98T 90 1 <y orT € S6LI oro- 1 9¥Tl 43

890 I €IV LOT- T YTLI 901- T 0€TI 0€1

000 1 T0T €0 1 199€ wo 1 SL'ST WS 1 ¥ES0 61T T 960 LT0- T 6€°S 90 € 8¥'¢ Ly0 T oI 89°0- € TELI 680 1 8LTI 8TI
Q1008-Z "oN Amw_\mw A1008-Z "oN Aa—\mw Q1008-Z "oN Am\av Q1008-Z oN C\AERVWV A1008-Z "oN C\GEDNVRV QI100S-Z "oN T_\ev QI00S-Z "oN A.Kev Q1008-Z "oN Afev Q1008-Z "oN Ae\cv Q1008-Z "oN Ae\..v Q1008-Z oN Ac\ew QI1008-Z "oN T_\av L
gL g Mg gLy gLy gLy gL gL Mg g } AMEE gLy Wuw
VLA LEPAT 4 ik & G g Lo 5)1S a T Ly AL 2 ST /ST S iy

HEd ¥V

(€) By OoMEANTY GE



fREHRFZEHE Vol. 51(2026)

56

966 1 0£50 SI'l- ¢ vlio'l €5°0- I SE¢ S0 € Sve SL0- T T6E 600~ ¥ ¥rLL LET 1 86'1L {374
880 I 00S ore- 1 IL50 6€C 1 98Il ye1- 1 9T¢ 910~ ¥ €T¢ 60’1~ T L8¢ €80 ¢ €911 wl- 1 9l 8T
oro- 1 6%6l o 1 €19 orr- 1 9¥'Lc SS0- 1 69 &l- 1 6LS0 €5°0- T 0’1 ILo 1 6vs 660 € 65°¢ 0L'T- T 8L'¢ Wl o SLL o 1 8yel ovT
000 [ TO0T €l € 69 €60 1T 0090 650 1 660°1 SE0- I LES 8C0 T LEE 880- T 06¢ €60 ¥ S9'LI $80 I LLTL 1449
16°1- 1 8LS0 VL€~ T 688°0 080 1 0S¢ oL'T € 18¢ LEY T L9V L01- € ¥TLL €¢ 1 Spel &
SE0- I LES 86'1- T PL'E 9L'T- ¥ OI'LL 910 1 097l (444
ws 1 vEs0 Wy 1 S8TL ¥8¢ 1 909 €0°0- T LT¢E we 1 65T 0C0- I ISl 174
0s0 1 T090 90 1 8¢¢ €ro 1 Sov 86°0- ¥ 9CT'L1 vel- 1 €Tl 8€C
080 [ 80T 880- € 6ty 0S0 1 T090 &% 1T 8811 SE0 I SPS €00 T 6T¢ €ro- ¢ 10Y Y20 € ISLI ovo- 1 9Tl LET
€€°0- 1 T65°0 (LI9SR 2 ¢ LT T €rs 910 I ¢g€¢ LS1- 1 08¢ 610 € 0SLL o 1 9T 9€T
800- I S650 000 T 0L0°T 1Ts- 1 8v €T T L0V 890 1 ¢€6'¢ 65T € €691 S€C
69T 1 1578¢ It 1 €€6c 050- T 0650 °wo- T 6501 wT 1 89¢ €L1- T WLT $S0- 1 S6°€ L6t € LT8l 690- 1 6€TI e
91T 1 1190 ¥20 T T80l LT T €rs 620 € TSLL P00 1 LSTI €€T
0S0- 1 0650 0C0 T 0801 680 1 ISS 160- T TI'e LT0 T L0V LT € I8Ll ovo- 1 9vcTl [4%4
¥80 1 9090 ILo- 1 €e¢ ¥00- € SYLI 60 1 ¥rel 6CC
920~ I 00T €€0- [ Spse 600 1 L¥'8C vLO 1 L'6v 190- 1T vl 8CT
w0 1 8vS €L°0 € IS¢ ¥€0- T 86'¢ 000 € 9Ll 0g'1- 1 ¥Ttl 8TC
€0 1T 0090 000 T 0L0°T ILo 1 6vs 600 T Ig¢€ €0 1T Sov or'c € S6'Ll 680- 1 ¥eETI sTT
80°0- I €8°¢E 680 I Sl'6T §TO I 6650 0C0- T 0901 SE0 I S¥S 600- T ST¢ oI'l- T 98¢ €6°0- ¥ LTLI 180 I 9Ll T
6L0 1 SI'LE V11 T96C 0S0- 1 0650 90 T oor't 000 1 I¥v'S €60 T 66T 180 1 SIY 610~ 1 T¥Ll ¥co- 1 0STl (444
90 1 v0T 620 1 I¥9¢ LT1- 1 1¢LT 90 € 9k 8LT- 1 €950 S§°0- T €01 800- I 0OFS 66'0- T L6T 890- T ¢€6'¢ 610 T O0SLL cro 1 6sTl 0CC
90 1 L0T 650 € €hh €60 1T 0090 00- 1T 6901 90- 1 vES 600- € ST¢ 0v'0- T L6'E 000 € 9¥LL 80 I €97l 81T
wo- 1 L8%E L00- T €€78C 81T I SIS 0S0- 1 0650 €0°'1- T 0001 89¢- I 00°¢ $6'1- T L9T SLO T vIY 890 ¢ 09°L1 wo 1 9Tl 11c
ov'o- 1 6%6l €60 I 9¢LE v8'1T 1 S6'6C P81- € 9T wo- 1 9¢¢ veo 1 9Tl 60T
SE0 I S¥S STT 1 9¢Y €5°0- ¥ SELI §80- I ST 80T
800 1 L6SO 080- T 1¢0°1 €6°0- 1 SEC €L0 € 19°L1 800- 1 ¥STI LOT
8- 1 06F wWoe- 1 89C 620 1 TSLL 86C I €811 90T
13 S S 3 4 €60 1 0090 €60 T 9801 881 I T9¢ 900 T ¥ ¥€0 € €SLI w1 811 S0T
€L0 € 19LI 0T
150- 1 8I'se L00- 1 €€78C 96s- 1 88T0 6€0 T 680°1 wr 1 vy vI'l- 1 8CTl (4
yer- 1 9T¢ LTe- 1 9L'TL 102
oTI- 1 vIve w0 1 Ll'6T 910 T 8650 6v'0- T 90l 9r'1- 1 8T¢S ¥00- 1 SSTI 00T
800 I L6SO €50 T 9601 wo 1 9v'¢ 080- T €0'¢ (LS B G A 4 €$e v 8181 LS0- 1 Tl 661
S€0 € 6g¢ 60'1- T L8¢ ¥00 € LYLL 861
€0 1 LS €0 1T SoY Iy € SS9 680"
80T I 6S'LE LS0- 1 06'LT 050- T 0650 910 T 8LO'L 080- 1 TS €L°0 € IS¢ 0c0 I 90% €60 € S9'LI o
£€5°0- I 86l [1o- 1 6L°SE I1°0- 1 67'8C 61T 1 TY0 8C0- T 9S0°L IL0 1 6F¢ wi- T 06T 000 T €0V £€9°0- ¢ €EL1 800
€ro 1 0€0T S0 1 8L'9¢ 9€0- 1 80'8T YT ¢ 08y 991~
€60 T 0090 w90 T oor'l ILo 1 6vs €8°0- T ¢ w;e 1 65T 890 ¥ 09°L1 06C
€0 I L¥S STS 1 08% €re- 1 891 w1
21008-2 0N B9 21008-Z “oN. 5 21008-Z “oN EV5) 21008-2 0N G 21008-Z “oN. Gy e 21008-Z “oN %) 21008-2 0N %) 21008-Z “oN. %) 21008-Z “oN %) 21008-2 0N %) 21008-Z “oN. %) 21008-2
e gL g e gL g 222 gL g 4 g
WLALEWAT 4 {5 G Lo 8)1S 2 T QA £ 1B T e CERE

HEd

() B LOoREANYY ¥



57

oS- T 69°€€ 880 I 16T 910~ I 650 wT T 8860 LT 1 €SS vET 1 SST 190- ¢ t6°¢ STT € LI ort- 16Tl 66C

Lo 1 6v's 98°1- 1 8O0'LI $00- 1 $S°TI 967

800 1 L6SO €€0 T 9801 800- 1 O'S 96’1 € 98'LI 6v'0 1 89Tl 6T

1S0- € ¥vb IL0 1 6t 860 € 99°LI T€o- 1 8pTl €6

€5°0- 1 86l €1°0- 1 SL'SE €10 T 0S'8T L90- T 8850 L60- T €20'1 860 1 TS 8TI- ¥ 88T L0~ T 96°€ wr o€ ILLl 40 B A 6T
910 T 8650 800 1 'S 000 T €0¥ 8L0 ¥ TYLI LLO T SLTI 167

L90 T L0 80'1- 1 €€ Lo 1 006T 90 € 9t €0 1 0090 W6E T 09T €0 1 L¥S 8T € ILE €10- ¢ 10t yI0 € 6FLI 91 I T8T 067
L6'1- 1 6l 6THl 1 €LL 9I'l- € 98¢ SIT € 06'LI €91- 1 91T 88T

LIS T €690 W1 TS 900 € 0¥ 620~ € OFLI LSO T 0LTI L8T

€ly- 1 6 610- T THLI €L°0- 1 8Tl 987

0S0- T 0650 0T0 € 0801 €5°0- 1 S€§ 0T € 9T ¥s0 T IV 6£0- € SELI 9€'0- 1 LPTL S8T

800 1 L6SO 9T0 1 €801 €0 1 L¥S €10 T SoY LET € PLLI oF0 1 99Tl 8T

L90- T 8850 9T 1 L6I'l 65¢- 1 10°S e TSt e 1 ey LET- T SI'LI 6v'0- 1 Pl [314

€5°0- 1 86l 000 T 96SE W60 1 LI'6T Wwo 1 16y 10T T 8090 YLO- T PEO'I 6L'1- 1 1TS LSO T 9E oo T 60 86°0- € VELI 90 1 TLT 78T
LSS 1 6LV wT 1 LEY €L°0- T I€LI 6S'T- 1 LITI 087

vETl- 1 T6l 650 T 98°9¢ 0o 1 8’8 PI0 € €S SLO- T L8S0 60'1- T LIO'T 860 1 TS 9I'0- € €T°¢ 190- T ¥6€ ¥T0- € IFLI §90 1 LTl 6LT
€10 1 €0T 99°0- € TH¥ 90- 1 €S LT € I8LI ¥20- 1 05Tl 8LT
080 1 S§ LTO0 T L0V o- € LELI €L0 1 pLT 9LT

SLT- 1 169C T € 9Ly LLT T L190 1€ T 8560 €0 1 L¥S 000 T €0F ¥E0- € 6ELI 910 I 09Tl vLT

890 I €IY €L0- € IELI 9% 1 THII €LT

80T 1 09LE 0€0- T €1'8T 060 T L090 €0 T 1601 W18 T0- T vTE oro- T L6€ €5°0- ¥ SELI 8T0 1 €971 e

970 1 #'S 880 T 9IY Y00 € LPLI 80 1 €9°TI LT

€e- 1 S0 €81 € $8°¢ wWT 1oy 0T € PLT o€l 1 88Tl 0LT

e 1 16 910~ T 650 S8's- T L8LO LT 1 €9 oro- T L6€ SE€T- T 8691 €O T Y9TI L9T

LT 1 6811 997

90- 1 €S 6L 1 9Y 190- 1 ¥6°€¢ €8°0- ¥ 6TLI Tro- T o€sT S9z

¥60- 1§61 €60 1 LELE 9TI- 1 TELT YET- T 0850 LO'T- T 8101 LT0- T 6€°S wWo € seE wWl- T s8¢ 860 € 99'LI 000 T 95Tl Y97
LI 1 €S wo- T SI'¢ 9T € 08LI $80- 1 SETI [374

65¢- 1 10°S 900- I 0¥ 610~ € THLI $9°0- 1 0OrTl 09T

961 T 00°€E 0T0 1 95'8T €€0 1 0090 90 T 00I'T LT 1 €SS 680~ T 00°€ v81- T 9L'€E 6T0 € TS'LI SL'T T 66TI 65T

0s€ 1 8T STI- 1 L0bE 190- 1 L8LT LIS € vy - 1 6LS0 197 T 8pI'l S€0- 1 LES €L0 T 1S°€ or0- T L6€ €60 € S9LI S80 1 LLTI 85T
LLO- T 6LYE 8I'l- 1 6€LT 60- 1 S8S°0 00 T 10T 970- 1 8 oro- 1 L6 €L0 € 19'LI T 1 68Tl LST

LTE- € SS€ Ly S 9LLI 95T

IWe- T €5°€ 850 ¥ 8S'LI 95T

wo- € 8t 970- 1 8 S60- 1 68°€ €L0- € I€LI $00- 1 SSTI SST

0S0- T 0650 60T T €Tl 800 1 'S L€ ELLl 190 1 1.2 1254

176 1 €8% 080 € €€ €10- T 107 LTT- € 0TLI 180- 1 9€TI 354

9T € St 60T T 6090 wLo- T SE0'l LOT- 1 6TS 600 € I€€ o0~ T L6 9Ll € T8LI PET 1 68T1 454

oIt 1 €9LE 8I'L- 1 T€TW (8% 1 10€°0 €6°0- T ST 800 1 'S SLO 1 vIY €60~ T SELl 9€0 1 S9TI 1sT

vET 1 TIT 0S1- T OL'€E LUT- 1T 0FLT 650 € 6'Sy Lo 1 6vs ¥T0- 1 0§°TI 0sT
QA1098-Z “oN GiB) 21008-Z "oN. @B QI1098-Z "oN. S QAI09S-Z “oN C\A_ﬁ?:ﬁ QA109S-Z "oN G\A_ﬁi\vmw QA1098-Z “oN (%) Q1008-Z "oN. ) QAI09S-Z “oN. %) QA109S-Z "oN (%) QA1098-Z “oN %) Q1008-Z "oN. %) QI09S-Z “oN. %) £
gL ) Wig s g B gL L2152 g gL gL gL g gL %.n_H

WL LTHAT 4 L i3] (e 37 2440 1) 1S R4 & 5)T1S X T LAY £ B e ke @m{u

(@) BHHLOREANYTY ¥



fREHRFZEHE Vol. 51(2026)

oS
CH U A, v Wox v MAGLEE ©
oo >o a9k € Moz € WAL EE € Wox € A €
Mmoxc Moxc SEAGEAA \vluyw 4 Mo T TEFHH A T Mox T T T BALOEE € AT G 2 T Mo T
PR 1 TG T O 1 FOEZEAR 1 e 1 =3 L bmw U s e dotiy 1 TEHE T AL 1 PR T SR ALy 1
FLLIHES 0N FAREL ON TLYAHES ON AL N TLIHES 0N TLIHES 0N FHLIAES 0N HLAREL ON TLYIHES ON AL ON TLYAHES 0N
WLALFHAT 4 5 B (1S) T4 N2tk 4 I T QA 2] E i KT HEN W 2
(2@ 0 R QA YIRIYRY BTG T ONCYES ¢ T
SE0 1 st'S 91 T €T €L0 v 19L1 88'1- 1 01Tl 13
€L0 T 90LE 68T 1 66%6T 650 1 €090 8T0 T #80°1 90" T ¥ES €00 € 67€ 0C0 T 90t PI0- € EpLI 690 1 €LTI 60€
§TO 1 6650 6v0 T t60'T SE0 1SS €T T 69¢ 9T 1 0Tt 60'€- T €891 LT 1 6811 L0g
88'1- 1 0TS 8T0 € LE€ 88°0- T 06€ 860~ ¥ 9TLI 901 I 8T 90€
SLO- 1 L850 9y T 1671 SE0 1 SPS 80T 1 €9¢ [T O B A LET- T 8ILI vel- 1 €eTl so0¢
P00 T €09€ 81'0- 1 €T'8C 050~ T 0650 IS~ T 0060 W00 1 8§ 870 T €rE &= T e £90- € €€L1 9T1- 1 STl o€
PET- T 08570 - T 0170 9z0- T 8€ 080 I €€ L§1- 1 08¢ vEO 1 €SLI €60- 1 €Tl 20¢
L01- T 6T vI0- € €Ll 9€0- T LYTl 10€
80€- I TElE vIT € 08y 8T€ 1 S€90 0L0 T HOI'l 0L1- 1 s 900 T 6v°0- € 9€LI 0r'l- 1 6221 00€
21008-2 “oN ( v_\mv 21008-Z “oN. S 2100S-Z “oN Awut ) 2100S8-Z “oN G;_Ermvmv 2100S-Z “oN :\G@Rv HEoum.N ON %) 2109S-Z “oN %) 21008-Z “oN %) 21008-Z “oN %) 2109S8-Z “oN %) 2100S-Z “oN %) Q2100S-Z “oN. %)
s gy ey el e ey e e ey ey e gy
VLALFWAT S L 1 (R FE ML) TS (T & T ) TS g TasAk 2 BT YHHHTE BEY UM ad
s yEdi ¥V

58

(9) BEHLOMEANTY GF



59

HEBREH

(Ut
0eel
0Tel
oret
00°€T
06CT
08°CI
0LCt
09°C1
0¢Cl
[
0€TI
(\raat
orer
00°CI
0611
0811
0L 1T
0911
01T

T YAsts1
N
T3l
NEIR
s0'31
s6'L1
s8'Ll
ULt
so'L1
oLl
stL1
seLl
sTL1
STL1
so'L1
$691
¢g91
sro1
s991
sso1
svot
WG9l

] Ya0s° €l

02307 —#

(%)

QEZ3NF— 4

(%)

WNOSTTT

A5

H-ABE (A

X44)

K5 (A

HABEH

HEREH

q raoer

0Ty
ory
00'r
06t
08t
oLt
09t
05t
oF'e
ot'e
0ce
ore
00t
06'C
08¢
0Le
09'C
05T
oF'T
0£'T

Trassy
0S't

| sty

ov'y
N34
0y
sTh
ocy
STt
or'y
NIXd
00
S6'€
06'€
s8¢
08'c
sLe
oL'e
s9'¢
09°¢
sse
[N

3T —4

%

D3N F —

(%)

ket

ojz2

(%)

A5

rafAE (A

A4

#AERE (A

HABREH

HEEY

YLt

0sT 1
0ET'T
01Tt
06T°T
0LT'T
0ST'T
0ET'T
0IrT
0601
0L0'1
050'T
0€0'T
0101
0660
02670
05670
0€6°0

0160
o680
[ os0

BroLs

25

20

15

10

I
[T zo¢

(=]

TATES
8Lc
bLS
0Ls
99°¢
¢
85°C
pss
05°s
9r's
s
8EC
PeS
€S
9Ts
ws
8IS

s

[ ors

[ 905

WTO'S

QZ|Z3NTF — ¥

(%)

0

QZZ30T— 4

(%)

A5

AL oL (A

A5

RS (A

THRED S| (1)

N

% 1



fREHRFZEHE Vol. 51 (2026)

60

SBEH

BREH

e 0

= Tvrses

| 995
Lss
Bt<
[ g2
0€s
1z
Tls
€0s
et

Sy

i

S8F

9Ly
L%
8k
6tk

[V had
ey
farad
£l
¥or
s6t
fapeee
o N

14
12

TY359°0
£09°0
8690
€690
8290
€290
8190
€190
8090
£€09°0
8650
£65°0
8860
€85°0
8150
€150
8960
£95°0
8650
| €sc0
| 850

LN 8YS 0

30

(g (i) /b

QiEks -~ 7 7HE

OZZ3DF — %

(%)

DR R

QEMITE 20T — 5

wiEifk s o 7 7iE2I0F— 4

H)I/RADFRIDL (A

e =Y

A44)

) (A

SREHN

AT

12
10

4

4 4
3 4
2 4
1

0

o rassor

s0or
£5°68
s0'6t
CERE
SOBE
Se'LE
So'Le
§5'9¢
S09¢
[N
Sose
SSrE
SOrE
SEEE
s0ee
sece
soce
SSIE
SO'IE
£5°0¢8

N
|

i

ojz|2303

(g/kg)

bkecot

- 7108°0€

S0
0£0g
S0°0¢
08'6C
S'6T
0£'6L
s0'6
08'8C
CE8T
0e8T
SO'8T
08°LT
SE°LT
0t'LT
S0'LT
08'9C
§69T
0£9T
S092
08'sT

B
]
N

)
=
e

olzz

(gke)

N OR'ST

A4

HEin (D

A4)

(D

W M~ o oWt e — D

REREY

ERGEER
§'€T
[ 44
6°CC
9CT
£7T
0T
Le
Fic
e
80T
st
coc
661
961
€6l
061
L81
F81
181
8Ll
B¥RL

OjZ23D T —%

(g/kg)

A5

JL (D

7__

A
N

HITUBE

TR ED S (2)

N

1

T



BN T AR R O SLlsEHT X D T E IS oW T 61

£6 ARHHOMITRER

e K5y HL7-ABE HHLAE NS FHAHAE FHLIR 53
(%) (%) (%) (%) (%)
T — 5K 196 187 158 110 190
B 12.56 17.46 4.03 3.28 5.41
TRREE FLE 11.83 16.85 3.59 2.35 5.08
b BREEFE 13.29 18.07 4.47 4.21 5.74
B 12.54 17.46 4.03 3.27 5.41
I U 7= 0.25 0.21 0.14 0.35 0.11
ZEERE (%) 2.0 1.2 3.6 10.6 2.0
95 %fE#EX R 12.50~12.58  17.43~17.49  4.01~4.05 3.20~3.34 5.39~5.42
% % HIL v SL (BN ™ SL (Fkhsyriiue) ™
(%) (%) (g(FAhy - >) (gt - >)
T2 120 127 27 48
Rl 1.070 0.596 48.1 45.1
TRREE FE 0.925 0.560 41.7 41.0
b RREE SE 1.215 0.632 54.5 49.2
S 1.070 0.595 48.3 45.0
TR A A= 0.048 0.013 2.3 1.4
ZEEMRE (%) 4.5 2.2 4.8 3.1
95 %IEHEX ]  1.061~1.080  0.593~0.597 47.4~49.2 44.6~45.5

1

X3 1 OEMEITHE SN oHHEPSHH LR TH Y, K53 213 XK55 1 THE

LTz z- A a7 OfEns 3 L EORFHEAZRA L THRBELZHRTH 5.

2 z-A A7 O HEN 3 ODEEFRETH 5.

3 SL (BELHE) X, PV I ~A v NI U AOREERER N7V B —A( V=
7 vavikEEHLEERTHS.
4 SL (FABMIHTEEYE) 1%, BV ) ~A v F N TADEEKI a~ N7 T 7iEEH
LIzfERTHhHD.



62 fREHFZEHE Vol. 51(2026)

&7 DHAMOBITER

X 4yt &l i $n gL UBRET TV
(g/kg) (g/kg) (g/kg)
F— 2 65 65 47
| Hh o fE 28.39 35.96 20.2
TR B L 2 25.85 31.45 18.0
b FREE LA 30.93 40.47 22.4
14 4 28.40 35.79 20.3
2@%@% 0.85 1.48 0.8
EERE (%) 3.0 4.1 3.9
95 %IEHEHIX [ 28.19~28.61 35.42~36.16 20.1~20.6

El X3 1 OFAEITHE S TemrEr b BB LEFERTHY, K
4y 2 1EIXK4y 1 THEH Uz z- 2 2 7 O#asHE s 3 DL o B il & B
HALTHEHLEMETHS.
2 A7 OMExHEN 3 ORFMETH 5.

x8 REBAELEEHOEERE

— BAED *ﬁfﬁ@ﬁ e s
(%) - — - - N (%)
%%EI EF, %¥£2 /)\%ES §+

EobAZ L 30 104 0 0 104 0 100
INFE 20 43 35 13 91 13 88
yNERVNR 10 17 78 5 100 4 96
PRI 10 7 82 9 98 6 94
DDGS 10 2 50 16 68 36 65
E— kL7 8 9 58 15 82 2 79
%K 3 3 18 19 40 64 38
SEER ) 3 0 66 75 29 72
B 3 0 100 102 2 98
REE T L™ A 3 0 77 79 25 76

H 1 BRELEEEOHESINDIEEEIEN 15% U EEHESINZLO.
2 B LEFEEOHEE SHAIREEIED 5 %L E~15 %Ki & G Shizbo.
3 BMHLEFEEOHE SNDIREEIED 1 %L F~5 %Rl EMEINIZHD.



A0 T AR R O ShlEH T X

BOATEEEIZOWT

63

HE 1

9 EAELERERHUNIBHEERESAZLD

*ﬁﬂjﬁ*/l’% 57 El/il EF'EEZ ,)\;é/is g
LEA=B S 1 23 29 53
O BRIV T I 0 0 20 20
a— T NT I —)b 0 15 2 17
St 0 0 16 16
KZ# 6 5 2 13
2V iR 0 8 5 13
5T F 1 9 3 13
~A " 1 5 2 8
TN T IV T 7 I —)b 0 4 2 6
A= ITNT T 4 — K 0 5 0 5
T E T 0 3 2 5
HFEICHNT 0 2 2 4
Fp RS 0 0 4 4
E TR AP A 0 0 3 3
Fhh 0 1 2 3
T4 %E 1 0 2 3
INEE Ry 0 1 1 2
7T T — T 0 0 2 2
2Ll 0 1 1 2
A== TRy b 1 0 0 1
IRAF T 0 0 1 1
B — L 0 1 0 1
ARI=—74—F 1 0 0 1
i L7 B OHEE S DIRAEIG N 15 %L Ee@EI N D,

2 R L7ZEEIOHEE SN DIRAEFIEGD 5 %L E~15 %A & #iE Sz 0.
3 MR LB OHEE SNDIRAEEIGH 1 %l E~5 %Rl & H®iESh7cbo

LIF,

8 HAMOMARTEREVEERE

ST BRI OB R T,

I HTIERIIC

%@@ﬁﬁﬁ3uiw HTEAZ BEME U CEAL, FHE, BEERZELOCEEBREZ RO
ISHEZ LR LTWD z- 2 a7 OMEHED 3 DL EOBIZ O\ TIE, HEOWERDOLET —Z O

%ﬁﬁn%%w
8.1
1 XK 7

SIHTAEIE 196 AR D WMERH Y,
TS BRI E L

o,

L7 THb.

AREE (P99 BRNBLE SR OfbTHE R

T T =2 TR MEIZESLS z-2a 7 2Rk,

VAN

RANA MEIZEL D 222 a7 OfEHED 3 L LD 013 7 44T

12.54 %, Z @ 95 %EEX X

SIRTIER OEATHRERIE, UTFD LB THoTz.

BB AT FEE DT

12.50~12.58 % T > 7=.

0.26 %X 2.0 % Tdh o 7.

ZOMDTETIE I (9B 222237 OFEHEN 3 L EDO DI 01F) OMERDH T,

I, 1931 (9 b z-2a7 OHMEN I U EOLDITTH) OWERH Y,
T DOWHIE, FEHER =R VAR E N E I 12.54 %,



64 FEHFIEHE Vol 51 (2026)

2) M7-ABHE

AT 187 RO HENH Y, v AN MEIZL D z- A2 a7 O N 3 L ED b DX 9 T
Holz. TNDHERWIZEMMIL 17.46 % T, Z 0 95 %(EHHEXME X 17.43~17.49 % TH - I-.

SYMTIEBI DRI RE L, UTFDEBY Th-oTz

FRDBE Sy AT BEYE - BREBIEEIRRIE TIE, 81F (9 Bz-R a7 OMHENR 3L LD b DX 1)
DW|ERDH Y, ZOFEHE, EEREKONEBREIIENEN 1742 %, 038% 4K 22%Th
> 7.

FREL M FEUE - AR U BRI RIETIE, 17 (9B 222 a7 OfExtEs 3 LLEob ok 2
) OWENHY, TOFEHME, BEERELOCLZBRETIZNEN 17.27 %, 024 %KXV 1.4 %
ThHoi-.

BB AT ELVE « BREETETIE, 1321 (9B z-2 a7 OMEHEN 3 LLED S DI 3 1F) D
WV, ZOWEE, FEEREZL OEERBITENZEI17.50%, 019 %KV 1.1 % Th-o7-.

H BT L D HETIE, 296 (Db 2227 ORSHEN 3L EO S DIE3 ) OWMEMN
HO, ZOVE, EERERZEE BRI ENZEN 17.34%, 020 %X 1.2 % TH-o7-.

ZOMDFETIZ L (DB -2 a7 OEHED 3L LD DIX0) OMENH 7.

3) HANENS

SN IS8 DOHENRH VD, v /XA MNEIZE D z- A a7 OMHEN 3 L EDO L DX 9 T
Holz. ZTNHEBRWEEWMEIL 4.03%T, 20 95 %EHEXMEIX 4.01~4.05 % TH - 7=

IHTERDRATRE RN, LFTD LB Tholz.

AN RHETIE, 861 (D B z-Aa T OHMixHEN 3L LD L DX 6 F) OWENRH Y, %
DI, FEER 2 K NVEERBUIE N ZE 4 4.09 %, 0.13 %433 % Tho7.

HEIS IR K 2 FIETIE, 691F (9B -2 a7 O#HEN 3 L ED b Dix 2 1F) D #HiER
HY, TOVHME, EAEREROCEZEIREIZIZNZEI3.96 %, 0.12%K%TU3.1%THh-o7-.

ZOMDFETIEIM (DB -2 a7 DA 3L LD DI 1) OMENH 7.

4) ke

SN N0 DR ERH Y, B NNR MEICE D z-A a7 OfftxHE? 3 L EDO DX 3 T
ot ZNHEBRWEEWEIL 3.27%T, 20 95 %EHEHXMI 3.20~3.34 % TH - 7-.

IHENOBATRERIL, LTD LB Tholz.

BT HELHE - B R CIE, 11 (DB -2 7 OMKEN 3L EO L DIE 2 14) OMEMN
BV, TOVHE, EAERZEROZIREIIZNEN 3.21 %, 0.56 %K% N 17.6 % THh - 7=

BT ELYE « ATEIETIE, 561 (Db z-Aa 7 OMKHEN 3 L EDO S DX 1) OMEMN
BV, TONYLE, BEAERZEROEEBREILZENZI3.16 %, 030 %K% 194 % Th o7z,

H BT L D HETIE, 391 (Db 227 ORSHEN 3 LLED S DIF 0 1) OHEMN
BV, TOVHME, ERERFEROZEREIZIZNZEIN 347 %, 026 %K% N75%Th 7=,

ZOMDFETIZ A (DD -2 a7 OfHEN 3L LD DIX 0 ) oMENH 7.

5) HLIK5>

SINTAEIE 190 HFOME R H Y, B /NRA MEIZL D -2 a7 OMIHEN 3 LLEDO L O1E 18 14
Thole., ZTNHZEBRWIZEEIMEIT 5.41 % T, 20 95 %lEfEX ML 5.39~5.42 % Th - 7=.

IHTER ORATRERIL, LTD LB Tholz.
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FABE T B HETIE, 188 1F (9 Hz-A a7 OAERHMEN 3 L EDO L DIX 181F) ORERH Y,
ZOWEE, EEREK NEESREIIEN LN 541 %, 0.11 %K N2.0% Th o7z,

ZOMDFETIE 2 (DB -2 a7 OfxHES 3L LD DIX 0 ) OWMENH > T-.

6) HILTT A

MBI 120 HEO@WENH Y, nANR MEICE D -2 a7 OMEHMEN 3 LLED b0 12 14
Thotz. D ERVZEHMIZ1.070% T, Z 0 95 %(F XML 1.061~1.080 % T > 7-.

SIMTIEBI DRI RERIL, UTFTo B0 THh-o7z

FRAEL T HEHE « S 2 T =T AETIE, 171 (Db -2 a7 OfEHEN 3L ED b o
1) OoWERDHY, FOVEME, FEERELROCZIREITIZILZE 1.098 %, 0.054 %M O}
49 % ThHoT=.

FARE AT BLYE - RO EEE TIEL, 994F (D Bz-R2 a7 OfExHED 3 L D b DX 10 1)
DW|ENRH Y, ZOVHHE, FHEREROEIHREBIZENZE 1.064 %, 0.048 %KX T 4.5 %T
ol

ZOMDFETIZ A4 (OB -2 a7 OEHED 3L LD DI 1) OWMENH 7.

U

SN 127 FOWMERH D, BN MEIZK D 22227 OMXEN 3 L EO S DI 9 T
bol=. ZTNHEBRWVZ T 0.595 % T, Z 0 95 %EHEX M 0.593~0.597 % TdH > 7=.

INTIERIONTRER X, LTOE B THhoTo

BT EAETIE, 122F (DB -2 a7 OfERHEN 3 L ED b DIX 7 1) O®ENRH D,
ZOIWEIE, R ZE R OCEEREUIZ NI 0.595 %, 0.013 %K 22 % Th -7z,

ZOMDFETIES M (DB -2 a7 OfHEN 3 UL LD b olX 2 ) oMENH 7.

) WU/~ T ) TLA

BEONETIX, OMTEIEH Y J~A > U o AEEINEE CRECAR) 7 Z > 7 i
EDOMENBETH HH, SENIHE SR WOHTEO®RE Th 2720, SR HTEHEIZ L2
SFTE L DRNCENE LD WREEN D -T2 &b, ZNb AL TE L.

BEONE GREERER N7 o —A V7 v a k) Tk, OEIE 27 fFosEn s
D, BN MEIZED z-2a T OfRHER 3 L EOL DI 1 HETho7c. T OFHEIT 48.3
gl b T, T D 95 BIEHEIXM A 47.4~49.2 g(JIili)/ ko Th o 7=

AN RE (RIA 7 v~ N7 T 71k) TIE, OFEIX 48 HFOWMERH Y, v R MEIZ
L2 z-2a7 OIMENR 3L EO L DIX 5 ThHo 7.

IHERN OATRERIL, LTD LB Tholz.

BRI - R ERIETIE, 224 (5 b -2 a7 OfHEN 3 L ED S DX 1) DO
NV, OB, EUERFZE L OEEREITENEN 47.9 g(Jiffi) b2, 2.2 gy ko &
MN45% THoT=.

BEONE s 7a—A V7 a ETHE, SHEORERDHY (5D -2 a7 Ol
N 3LLED DX 0 ), FOFEE, EERZEROCESMREIIEN TN 48.9 g(Jfl)/ k>,
1.0 g( i)/ b > 2.1 % T o7z

FABHI T RYE - JiIK 7 o~ b 7T 7IETIE, 48O ENRDH Y (95 -2 37 OHEED 3
UEDHDIE 5 ), ZOHHE, BEERZEROCEBREILENZE 450 g(ifi)y v, 1.4
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gy KRN 3.1 % ThH o7,
AR R YE - A FERIETIE, 2 ho@ERH Y, MEKES VRN N2 ME
IC R DTS, 28MEE L CEHEEAFE I LR, 48.5gUiffi)/ M Thoiz.
82 D#El (FHREMAT LI v 7 R) Ofifth iR
1) 4
INTEIEL 65 HFDOHRERH D, v NR MEICE D z-A a7 OffakHEN 3 L EO DX 1 4T
otz ZHHEBRWIZEHEIL 28.40 g/kg T, Z D 95 %[FHHIX ] IX 28.19~28.61 g/kg TH >
7.
IHTER ORATRERIE, LTFTD LB Tholz.
AR AT HRAETIE, 621 (D Hz-AaT7 OMMEN 3L EOLDIX 1) OWRERHY, £
DN, R K VB BRI T2 28.43 g/kg, 0.76 ghkg KN 2.7 % T - 7-.
ZOMDFTETIEIMH (DD 222 a7 OfxHEN 3L LD DIL 0 ) OWMENH > T-.
2) #i $h
IIHTEIE 65 tEOWENRH Y, B /NNA MEIZELD z-A2Aa 7 OMHEN 3 LEDO L OE 3 T
bHolz. T ZBRWIZEHMMEIL 35.79 gikg T, Z 0D 95 %IEHEIX M1 35.42~36.16 g/kg TdH >
7.
INTIEBI D FRMTAE R, LT LB ThHhotz
AR T HEHETIE, 631F (D B z-AaT OMIMENILLEOLDIIE3MH) oWENRH Y, £
DI, FEHER 2 R VA BRI E 24 35.82 g/kg, 1.50 glkg KTV 4.2 % Th -7z,
ZOMDIFETIE 2 (DD -2 a7 OfixHE 3L ED DI 0 ) OWMENH > 7-.
3) JZUBBET VTV
IHTEIX 47 tEO#WE (WTIL LRSI EMEIC L2 0015 Rd Y, m/ X MEICKD z-
AT OHSHEN 3 L EDO L DIX 1 Th o7z, 25 2RV, R OVEE%
BIIZFn <1203 g/kg, 0.8gkg XM N3.9%TH-72. Z D 95 %I XM X 20.1~20.6 g’lkg TH
> 7.
8.3 CaE (87& HEBHEEHE S TR D8 ERiE
RBALEZ 10 EOFE ORI E ZDRAEGOHEEZIT- 2. FEHEAE A OHEEIX, 15 %
Ul b2, 5% L 15 %RiEahaE, 1% Es5 %Rz bEs LTHRELRDE.
104 DM ERH VD, BAE LIZEELSMIHI L #ERH o 7 EHT 23 B TH - 7.
BELIZEEHZOWT, £96AZ L (BREHIHA 30%) (X, 1044 (B3 100 %) O®RED
HY, FEHEAEIGOHEEONFIXZEN 104 1, FEN O, VENSOIFTHH-T-.
NEQREEIE 20 %) 1, 91 1 (M=K 88 %) OHENH Y, TOWRILLEN 43 ¢, &
B|N3S M, PEN I3 THS T,
KRenrd (BREHE 10 %) X, 100 (B 96 %) OmENH Y, TONFITZLEN 17
i, ER 781, PENSIHETHST.
iR T GREHIE 10 %) (X, 98 fF (K= 94 %) OWRELH YV, TONRITZLEN 7
i, &R 821, LENIHTH-T.
DDGS (EAEIS 10 %) 1%, 681 (MH =K 65 %) OWMENH Y, TONFUTLEN 2 14,
BN S0, PEN 16 TH T,
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E— LT (REHIE 8 %) 1%, 82 fF (B 79 %) OoWMERHY, ZTOWNRIZZEDN 9
, &N S8, LENISHTHTZ.

ok (REHA 3 %) 1%, 404 (BRHEFE 38 %) OWMENHY, ZONFUILEN 3 4, &
18, EMN 19 TH ST,

WEH (BAEIE 3 %) 1, 754 BHEE T2 %) O®RERHY, TONFUILEN 0 14, o
BN, DEN 6 TH- T

B GREHIA 3 %) X, 10217 (R 98 %) OHRENRH Y, TONFRIEIZLEN 01, TEM
21, LEMN100ETH -T2,

REEIIN DL (REEIE 3%) 1%, 79 (BIEET76%) O®RELRHY, TONFRITLEDN O
R, hER 24, LERSTTIHETH-T-.

Mo TR SRR E LTIE, HEXPRBZL<, 53 homErdbo7z. RNT, VAR
BN TR0, 2= T NT I =N 1T V.

l

l

X

1) Michael Thompson, Stephen L.R.Ellison, Roger Wood: The international harmonized protocol for the
proficiency testing of analytical chemistry laboratories, Pure Appl. Chem., 78(1), 145-196 (2006).

2) BMOKEEHE - ZRREES - SO ITEREORIEIZHSWT, FMSE12 A 1R, 5HLZSE
4714 5 (2023).
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(B%)
DN 7 RS DO ILERRHT & B ol E R E R

1. B

fA Al - fARHRIN RSS2, BIEHMRAT IR EAEET, R HT RIS 2 k5, kS o mik
BHC X 29 EE AT O Z L2k 0, DR OB ERMOMEm LAY, e ToriazEs i
L, fkEEomERfE; N EEROERICET 5.

2. JEEEORNE
AFREL-- 9 5 FH Rk B A AR
C ok} 85 & FH AR FUEHE A& U
Dl FKERHA 7L I v 7 X
OB TAEELRE, BEE (B OOMIEERL EEA.

3. oirEEEHEH
AR - - - KGy, Mo ABE, HIEN, HMRHE, MK, iU Ls, U ROHY <A
YT R UL
C#BF -« - fBREI O K RS R E OHEE
DB - -, ROy = BET TV

4. HyHTERE BEAE
(1) Bt EFIEZ, TR (FFM54E 12 A 1 BT 5 IR 4714 52K
FEE N - BERE®RM) ICED L HFIERO TR OE RN O oy R 2523 58 5
D—EEWIET D2EBTEORMATICONT] (BBF1 6349 H 5 BT 53 & B 2173 5, 53K
K5 164 B REMKELSHERE - KETREELBA) ONLICHLYY ) ~f v F MUY
LXNTER TS MY UL ZELREROER G IEIZHERL TS ZE 0.
REB, BEETICING ONIEOHRR: (BB EES (&) ) 2RI LET.
T, HOMEORREIL, BERBESEO—fZGE#HLELZOT, 2B L LTFI.
(2) BIRLIESHEEHHD Y B, FHRBREBICBWTEMAEREE (RHH TR THHA)
WZOWTHHT R EZITV, LT E5FEEOREERNX (Microsoft Excel FEX. AFTTHIEIX
5 (1) 2. ) 12T, #ELTEE.
(3) HBPHEHIMEEICRE L, AT, HIRICELTIES V.
(4) EEOHHE (B, Hi-ABEICBT 27V E — WEROYREEE) 12X - THfr Lz
B, YU OHRFLA LT REELZRIBEMR L TWELEE, THEIEI V.

5. S HTHEEE RO O
(1) AWl O EM R HOWTIE, M TEIENBKKEEE Z 2 ¥ —F— A~ —
> (http://www. famic. go. jp/ffis/feed/sub2_teawase.html) £V T[S0 7 4 EGREEE O L@
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REHC X 2o rEERRREE) 24 v o — KL T Microsoft Excel EFTREAL, WMELT
<&,

WEE R 247 rn— R 5E, FAMIC A— A= N E(ICkHE L TWARnZ &I
FV, =27 —=PHHZEnHVET. =T —NHEERE, BIR TFAMIC R—LX—=T D7 7 A
NEF R 2B LU TRFL TS 0.

(2) ABEZITA, CRKUODRETERENELRY ETOT, SHHERARET 2 EHZ SN T
INZENFRALTL7ZE. EREV FLDOFFARBOREEZE F2RBEF L LETD
T, ARBIOREFEZIZONWTEOTEITO2RVWEE b LTRHALTIEE . )

SIMTIELE, K4y, M7l ABE, MM, HMkHE, MK, I T AR Ao N TR
%T, YU /=4 F M) TAZONTIE gUl)/ T, 8, a7 U BET
T NI DWW TIL g/kg DHEAL TR LTIV,

Koy, M7z A B8, MR, HHE, MK, Sk OHEEE DI, NURLLTE 3%
WEHA LTRSS 2/ALE T, DA T ARRY OONHEIT /NS A2 U A LT
FH3NET, VU /)~ F R DARRT T UBRE T VT VO HHEIT/ NI UL T 2
MEUERALTHRE 1M E TRRAL TS ZEI 0.

IHER O RN o s L, MEMICEEF T EZRLAL, £ OFEM A R ZEHEAUE,
AL TS ZE0.

Fo, i EOFRRFEHERHNL, TOELRAL T EI .

KT DWNT, EIRFLEE 2 D CTEIEH I R ED LRI L v JIE L&, (1. ok
ST EAE ) AL TSV, ElRZEE DA OEIERE W56, Rz v
0, INEGREE, R DEIRIOITEREDO SR L B D561, 2. 2ofio k) Z@RL, H
WICHEER D A — 1 —, IERMTFOFMZTLAL T EI V.

HM7zAAEIZOWT, 7 A BROKRIEBEZHWTHEEL, Eaby MEZHWTHE
L7e%G a1l T SR TR (v 2 —E (BRIBEEERWINE) ) 1 F720% T2, B
Y (g —nilE OR UBEIRRINGE) ) | 2R TS, AEIZAREES CAYEE,
WELISGAIE T4 BBV i) 22BN T 7230,

HLR 3 IZDWT, JRIGIREZFRAL T Z&E 0.

(3) HEEMEIT, MM LCEEAZ#RESE (3) O THOBREEEA ORI %A THRER
BIAMICEEA L, HEINDIRAHAIL, Z& (16%LL L) , F& (5% E 15% K0 &
DD (1%L ES5 %R »HBIRLTLIZEW. 1 %R EHE SN D HBEDIT, B
BFAIIEFEA L 2T EE . 22ds, CREHIIT 10 MEOREE ARG L TWET. FF
VIV ERHLEBAIIWERERIRL T2 0.

BHTEIL, U TR FZBEINL TSN, (BHEEZXSNIBAERLTOMERRSN
TeHt, FTHMAR (M) CRRALTSEZEIn. )

(4) T O—EZNORBREECTHEME L-SGA1E, i L-RBR=EL & omER Z2H)EED (4)
O L <IFHMERFD A — LARIZFEHEH L TS 7230,

(5) B 749 30H (k) FTITRELTIZIW,

(6) HMEEIL, BT IEBMEIERESFICLY TRIW S TEHRERA—ALT FLRITE
LT ZEn. #iIEED 7 7 A 41% RBREES (ARBOEFES) _#HBR=4] & LT
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KFEEW., ] RBREES1IEZEFAMI CAIHSOBE : [1_FAMI CAE] )
BROBEEFBBINAEAIE, 77 ANVADORBICAEENDONS LI ICEE 51T
TLEESW. (G2 oomEELRET 56, 1-2 L2272 L)
WERA =L OHLIE (BT FEFELEOIERRE _RB=ESL) L LTEE0.
FRHE A OWMEFEICITTIEERH 556 130412 [HRH] A A— b LB T
eI Y FH A~ THHE S &,
ELLZETEREEA, 0H1H (k) ECEZERRA—AVEEEFVEZLETS. G
Y HEMCREHEINTESGE, 2OREVEND FTHEEDL ZSVWETHRITTALIZE V. )
RHELEREEY 7 A VI EHEA AP ELS ETHELALV TS ES 0.
A=V TOREERHEDE L WG AIFHYE E CIEKEIZEN

KA MW



S0 7 FEPE RN O H@FREHT L 2 TR EIC DWW T 71
SRTHEELEEOSLRREH X 2 o e RmsdE Bk X)
AREREA S E
MAIL
TEL
(1) ABE SR KBS 5
SRR 5 4 SIHTIE I
K5y SyNTIE 1 b oy b B e
% 2 E DD L
H-ABE SyNTIE 1 AR FEHE (Vv — ik (BREEEEMER L) )
% 2 fARIHTEHE (T —E R VBRI IE) )
3 BT EE (BRBELE) A=y —
LU=y
4 BB ST A =T —
iU
5 F Do ik
HRE R SyNTIE 1 B oy AT FEvE
% 2 HEVHTI A —Hy—
2
3 F DIk
FR A SybTiE 1 ARk FEHE  (FEs)
% 2 fAEH T EEHE (AHiEYE)
3 HEh M A= —
pinl] ft
4 FOMoJE
FER 5y LYW 1 oy AT AR vE
% JRACIELEE C
2 ZDOMDIFE
HIN T L LINTIE 1 R R HE (V2 UET =T LE)
% 2 Akl EHE (R R)
3 ZOMMDFE
NS Sy 1 fAgp o pT FLvE
% 2 ZOMDFIE
PV <A SyMTIE 1 HGEE Bk
R 2 7u—A V=g ik
v A g (i) /b 3 BRI (k2 m~ k75 7)

LC x—#h— /5K
Rtds A —H—
T L A—T— R
P (mm)
iR (um)
4 ST R (UE R E BTR)

£ & (mm)




72 ETEHIFIER S Vol. 51 (2026)
(2) DEE iR B
SIMNT I3 4 SIMTAE ik
4 4B 1 Al oy AT FEvE
2 Do FE
g/kg
HEn LYW 1 il or AT FEvE
2 ZDMo Ik
g/kg
7 T U WRE LYW 1 Al oy T AR UE
T TV T E S
g/kg LC #—#—/Mzk
Mg A—h— K
BT A—d— A
PN (mm) £ & (mm)
2% (um)
2 ZOMDITE
(3) CalEl #Ekis B
T H R4 HEEE Bk i J& REES
T BB

%8 (15%Lh 1)

& (5%LL L 15%1)

DB (1%L EB%A)

B Ik

T b3S AR

Z OB AR LA

1 AR

2 PR

3 Tk LB
4 Fofh

W) I0HEEOFEIZREG L THET, F'ALOBRHEEL O U 2 R GIEIRL T ZE0,

1 HH R R

TEDHEIR

RE 2N TAZE INZE

N EovAZL ~Af ok

5 K &y PN 5T F Z R

K ihHd E— L a—V AT T 4 — R AT V—=2 T XLy
AI=—T74—FR a—y I NT I —)b b FEITHNT Y7 T Uil
Ak atiivNe N ES RN Ll TEMNT
KREHT DDGS WER CF, I, IR 7 ==K
v TINT T 7 I—)b v— kL7 AT T
IR B IREE T V2 0 AR IV T

MKTF X I = LGB ITRER 28R L T ZE0n,

(4) SREFEEDFENMEH % TR o L@
HEENHIUTTEA L TIIZE W,

AEHZ L2 o) (LT, BER., EM.
(A= VAL TH )
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HEER
1 FAHPOEEMEZEDE=FJVIJEDOHRIZONT (FH75E)
Monitoring Results of Undesirable Substances in Feeds (Fiscal Year 2025)

EEARE e AR AR BB E 55— R
i o 2 AR

1 H 0]

MNATEIE NEMOKPEH B Z 22— (BLF TFAMIC) & 5. ) TiX, eSO
WERKR LI > T, AESEYD (ZEES0OW, L, TomogHIctIn s EEY TANOEEL 2
ROBENRHDH D) BAEESI, NIFEESHFITHENELDLZ LICX ) EEMOAENHE S
N5 Bl d 2 Rns, BHKEANPBEED TS TREOZEMICET A E W E
DY —=_A TR - B=F Y TRERGHE ] FEIZESE, ERETEDLN TV D EEEEDOHESE
WROFE=2 ) R OEEEENRES N TV ARAWEEYEEDEAEELITET OOV —
NATA (LLF 222V 7% L), ) 2F LTS, 4, SMHEEOE=21
TEHEOMRERD ELDT-OTHRETS.

2 A &
2.1 =XV 7O GRE
TR TE4APSTME3 HETOMIT, BMKES (M7REURE) DR OZ 2O
RE OB OBEICET DEME D (LUF TEEL L] L), ) 5 56 FOBEICESE,
BY A 22X U O AR 2 5206 L 72 BRI E U728k, FAMIC D3EEHLE 2L 57 52O HLEI
HKox, HRERTY, BURAHEE TSI LT ARE 2 i L 72 BRI Uz SRS I O
WY —=_A TR IV BB R EF G I B W TR L 2Bt 2 R e L, £=4
Vo 7EORRE LR R OR LR 1 ITRLE.
22 E=ZV U T HEOXMGRSY
BB RIESE 3 &E 1| HOBEICESE, kR OEEHRINY Oy B SEICET 245 2
(LLF THOOHEEE D) L), ) I8BWT, B oREWESOMRSHE (LIT A5
i) Lo, ) BDEDLNTWD. £, WEOREDEOEEEER OCFHILE BT,
Sl EE T O A E W E E OfR B L OVEHIEEME (DL THREREES] Lvw). ) BEDLR
TW5., FRBHIRT 2E =4 U U 7FE MM, b OEME[FEOM, fEOJRER, B
ORHEREEZMET 5L LI, BERAGFEHOMRESSE, AN TV IREEEICLEEL
TUTOLBDIEE L.
1) AEWE
i WO (24 B57)
7 OREREEESENED LN TN HO (45K
EOBAT LTRGBS AEEESOIEHEEELED SN TNWDLT 7T M
VVUB, BTV Y, TAXFV=AL )=V KEOTE=V Y (B, By KO B OfRF.
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UTRUC. ) x4l L.
A TLHNOOREE (20 K5
SRS BT B HE DI FEENHE STV AL T O 20 By 2 xtg & Lz,
PONE 77T FXT Y By, G, Gy, ATV~ MU AF Yy, HT2 ¥y, T2 b%
vy, FxAYT=F =, THFL )X, 3T FATAF =N ) — L,
15- T FALTFTA XL =N ) —)L, =L /) —)b, PTERFFL AL —
WV, THXRV=ANL ) =3 T ar R, 7T RRVA YR =2, o8
T2 )=, BT TT )=, BT TT Y, a-BT TV — A KD BT
v/ =
i EeRE (4 55)
BHEEBENED LN TNWDL A FI UL, KE, 8WETOFEEZRNZE L.
i EHE (57 plisr)
T OBAREEENED LN TVDHHD
R BIREEE TINERE 1 O 1 O()ICEBTEEENED DN TVDRIE 59 frD 5> Ho
31y ekt & Lie.
A TSR
AR AT IS HFIEDHE SN TWDRIED S B D 26 i axtg & L.
2) BSE J&4P5 IR D RSy
i Blki-ABE
BT B EE D INRE 1 O 2 ITHE SN 4EE G L T 58 OB SRR A
HEZxg L L.
i ANEEMEAHY
RO BB IR 1 O 5 O()ITHE S8t 2 x5 & Lz
3) WIEMAEY (FLEXRT)
Bl iR & fal Bt J OV B AR B L A kP e & LTz
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£1 E=RIUIEEERLEERRURE
H B BRI
RS S TRO AR EWH BSER DS ILIC(R 5B
. BRI A BE
O ig AU R K gages ELISA PCR if‘zg ?V;
BE MR R
FC S el B B 4 A 21 21 8 9 5
7oA Z — 8 AT A A R 1 1
7 A 7 —[BE % W A AR 2 2 1 1 1
i 5 7 B i & fRD R 1 1
BRI (ST 5 . 7 R A & E720 b 0) 1 1 1 1
EILH IR B Rk A G R 3 2 1 2
B R B A 3 2 1
PRI L A i 7 7 1 1 1
TR B Al B A R 3 3
Tl R £ & BC A R 2 2 1 1 1
i JR B FE AR (Z AL IR &2 & £ b ) 2 2
R EFLI A R AT LT B A e 1 1
B EHEE R A R 5 4 3 3 4 4 4 3
B g1 4t 5 P L 2 B s s 1 2 s s s 3
* Sh A AR B R R & A Rk 1 1
PR AR I E R BL A e Ak 15 9 3 4 10 10 10 2
P A g I B f R 5 1 2 2 5 5 5 2
AR (R R O & G5 b 0) 1 1
AR BRI 2 S5, BT AL EERVH0) 4 2 2 2 2
AR QR R EAZEE2 0L 0) 2 2
JEARAAE DB AL - TWIrh7y RRIR A SR 1 1 1 1 1 1 1 1
Bk 7= A B IR A R 1 1
W W 5 f R 1 1 1 1 1
LR LU IR A fi 17 2 2 2 17 17 17 7
7N 7t 108 72 25 28 46 45 45 30
ErbAZL 41 41 41
TV INVH L (A1) 1 1 1
& ORE 11 11
o 7 7
Ky 1 1
74N 7t 61 61 Iy}
ke Ckbanilnd) 6 6
z a—> I NTF 74— F 23 23
5 LOBLAILYRAF T =X LAY Y7L (DDGS) 6 6
Z v—nd 3 3
\5 BN IS 50 50
¥
22 4 4
/I ) 92 92
E a—L I NTF I 23 23
:}i R Nd 18 18
wo TRTRdmA T 7 6 1
é N it 48 47 1
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£1 EZRYVITEEERRLEEHRURE (HE)

I B B o #0sk 5
TRV T ROR AR HEWE BSER IS LIRORE 0
Bk A VR
O fg PO HRR RIS gagss BLISA PCR iﬁg ZL;
BE MR WER

FxoI— 15 2 15
;% IR & B 9 1 9
gl KER ) 1 1
PE g 6 6
fjr faky 12 4 12

4N it 43 7 43

TALTFNT 5 20 19 1 1

fig > 5 1 1 1
w A—Fv—RITR 1 1 1
W x—sr 772 1 1 1
ores— 4 4 4

TA 7T A 1 1 1

7 B 28 19 9 9

@iy Pk i i 49 49
T o B b i | 1
Z; LHES 6 6

/N s 56 6 50

& it 436 297 41 79 46 45 45 50 74

23 YTV T HESE
1) AFWE KON A O 534 Ak
AUBHE, SR ERAEMESE VNCIVEI, RE L. £958AHZL, LA YT A
(vA ) ROHHEL, fEFOREOREITR D8I O L EHRRLZ.
ST EEHE, SRR BT EHESS 2 EOMEIC LI VR L2
2) Bk A BESE OS5 BT R
BT, SR IEYES 16 B 1 B0 EIC L VR, RELROHE L.
3)  REEMEARKY) O 5347 R
FEHEMAR ATl BRYE DOFEHR UG IEICHERL L 72 R O FIEDIZ X D S-E L 7-.
I A AT X v — ) —HO EHO ST 2T, Ry 7T — (BREK
300mL) ZHAWT /Ay FO L, FEHECFEHO 3 &8s 2 RRL, Zhb xR
LTk E LT,

2.4 #BRTE
1) AEWE
i OE

AL AT R UESS S MICHE SN B L D E L 7=,
i EARE%
AR AT B UESS 4 B 1 HiICHHE SN2 HikIc L v FEi L=
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i g 3K
FREL o HT FEHESE 6 TICHLE S FiBIC K 0 FEha L7z,
i~il OFERAIEOEE TR, BT RRE OEIER TR AT B I S T 5.
2) fAkt~OBW KT A BB %O R AR
UTO3EEFHLCERLEZ. 72k, BRAMBROKRIL, FE255 e 3 268 O R
DI NTAR D FGEAE QOHEFIE (F)  (LLT NEARERAEEFIH Lo, ) ITEIS%,
WEBITHIE L.
i SRS T
FRBF o T ELVESE 19 B 1.1 PREERDIKL O 1.2 BEMEEMA 2 G H Lo E HiE 0ic Xk, B
B (AT B OFELZME L. BEFEOMELZX 1ITRLE.
ii ELISA Bt
FRBF AT R HESS 17 BB 2 & 1.1 OGNTHE SN HiEIC L v 32 L7-.
iii PCR kB
4 AERAFENE, B MR 16 EHE 2 LLICHRESNEFEICL Y, 1FEmH
K DNA % % GUTIRA O M2 fes8 Uiz, S AGEHE, B BT LS 16 B85 2 fi 1.2 128
EINTZHIEICELY, KT 58 H K DNA 2R/ GITREAOAEZER L. 7ok, MG
SENFEREE U CERASUTIRA D ATREMED & 2 3BT, fEHY BT ISR 16 355 2 #i 1.1 fF52iC
MESNTHIEICLY, LRGEREBLEEZIT 7%, EidilBre 3 L7z,
3) ANEPERHY
AT B EEDRHERE 1 OS5 O (1) OTICHES NI HFIEICI Y FEii L.

4 YrExXT
BBy AT JEMESS 18 B 1 ICHIE SN HiEIC L v Ehe L 7-.
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W
—— 1 mmiffd.5H\ A i
——1 g&OrH =
SRy BE
—— tE SRR aedRL A AD
—— B ANDOEZIRED
—— 59205 R FE
A 1
—— 7aar)V A E (R ) I BEL 7= R EHEEN 2 Ak (STEA) TAIH
—— ARk E L5
—— A EOFESE100 mLOM—/LE— I —|Z% 3
TV A7) ALER
5 % /KR LT N D AVERR20 mLA INZ 2
—— 30> &
K B
ok CHEE, LBRERE GKBIEI s % THRDIET)
TR E

S BASE (5 2850~1001%)
ERBASSE (5 220~30%)

1 HAMPOREMFOBEMBREESTE

3 # =
3.1 AEWHE
AEVWBEDE=4Y) » THEORRIZONT, AFEEELAOEELEEFOFEICIIY ZNE
WED £ L7,
) MOH
B Ak 72 08, HREEL 225 SUICOWTC, BEEEESENAED LN TNDET 77 hx v
Y By, BT IV, TAFVEANL )= RO TE=V D 4 Ry DE=L Y T RO
—_A T A, IR BEREEERED SN TWRWNDE 20 oD —_A T X &%
i U7z, fREEEESESED LN TS 4 RO EE2%E 2-1 12, HEEEHEENEDONT
UNZRUN 20 RS @F%%%22_mbk.Iﬁ#UﬁKOWT@ﬁ%i,HT@k%DT%O
7.
i 777 X B
FLIR A EREL 53 M D I &S o 7.
EOBLAZ LAl m 4 b S (BHEFE10%) , KKRMHEIE 0.002 mg/kg, “FHIEIT
0.001 mg/kg TH v, EFEHILEME (0.02mgkg) DL DT o7z,
i Brorsv
PR Bk 53 AT b &, KRKREIE 0.090 mg/kg, FEIEIL 0.034 mgkg TH Y,
EHEER (ZEROREACKHE SN IEAEET 0.5 mgke) ZH2 5 b DX RNl
HRERRE O E R EEZITED DN TORND, A2 L 41 fAF 40 Hr bR Sh
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(B =R 98 %) , FKRMEIE 0.25 mg/kg, “FHEIE 0.051 mgkg Tho72. £ H AT LOAN
TRIEMOEREMER &L, a— 7T 70— ROYHfEIL 026 mgke (FAE 1.1
mg/kg) , DDGS O FEJfEIE 0.13 mg/kg (B RAE 0.21 mg/kg) M= —r 7T I — )LD
P 1.3 mg/kg (B KfE 4.1 mg/kg) TH o7z,
iii TFF =L —)L
FLiR &R 53 A 52 mb i S (=R 98 %) , KRMEIT 1.1 mgkg, FEIMEIZ
031 mgkg TH Y, FHEEE (KT 28 (1FAFMOLOZRL. ) ITHE SN HEAH
BHE 3 mgkg, & (KT 288 (FAMObLOERLS. ) 2R<. ) ROFEAICHE S
NAEIEHT 1 mg/kg) X Db DIERNoT2.
EREE O EEEESITTED 5N TRV, 96521 41 A 40 806 S
(B3 98 %) , RAMEIZ 1.2 mgkg & m<, FEHHEIZ 035 mgkg Tholz. £H9HAHZ L
DIMTEIEDOEBEMENREL, a—r AT 74— ROYHEIE 3.0 mgkg (KRIE 12
mg/kg) , DDGS OFHJfEIL 1.9 mg/kg (B KME 3.9mgkg) KV a—r 7T v I — /LD
E1% 0.23 mg/kg (B RfE 1.1 mg/kg) TH-oT-.
iv 7E=V
BliR Ak 53 S Tho i S, ®mAMIE 1.5 mgkeg, FHMHEIZX 037 mgkg THY, &
HEEE (REAOEEAUICKHEINIEEEEHT 4mgke) ZH X256 DR T-.
HARERE O FR BT ED DTN, L9852 LIk 41 SeThbhiish,
BARAEIL 1.6 mg/kg &<, FHEIT 035 mgkg THo7=. OB AZ LOMILEIEYDE
BEE, a— 70T 70— FOFEHEIT 0.29 mg/kg (B KIE 0.81 mg/kg) KO a—r 7
T = )V ONEEIEL 1.8 mg/kg (G KfE 6.3 mg/kg) Tho7c.



80

FAEHFFE S Vol. 51 (2026)

= 2-1

EEEEBEEIEOONTVEINUEDE=R I VIRUVY—RAIFUVRADHER

777 h&xT OB (BT 0.0003 mg/kg) 7oLy (TR 0.0003 mg/ke)
=K Y TED 3 o IbtEhizb o e . I bR SRz b0
REGEL IRy L IR ROKE P IRy g IR ROKE P
(mg/kg) (%) (mg/kg)  (mg/kg) (mg/kg) (%) (mg/kg)  (mglkg)
775 XU UBO -
RIS oo T 00
Eiiiﬁi; kD #0.01 2 0 0 0.5 53 53 100 0.090 0.034
VRO
R oo ) #ooz 4 0 0
AR A R 53 0 0 53 53 100 0.090 0.034
EHrbAZL #0.02 41 4 10 0.002 0.001 — 41 40 98 0.25 0.051
TV INT L (A1) - 1 0 0 - 1 1 100 0.0007 0.0007
K — 5 0 0 — 5 4 80 0.003 0.001
I — 5 0 0 - 5 4 80 0.003 0.001
ks Ckuad Hiad) — 6 0 0 — 6 5 83 0.056 0.017
a—LINTF T 4— R — — 23 23 100 1.1 0.26
LHEAHZLYAF F—A LAY V)27 L (DDGS) — 6 0 0 - 6 6 100 0.21 0.13
E—nd — —
ST F - 8 0 0 — 8 7 88 0.01 0.003
Fdan — -
A= AT I - - 23 23 100 4.1 1.3
PNERAE — 9 1 11 0.001 0.001 — 9 9 100 0.018 0.006
Ayt eYiiivAs N — —
e — —
at 134 5 4 180 175 97

= 2-1

EEEEEFIEOONTVEILUVEDEZ RV VIRVS—RASVADHER (i E)

FAF =L =)L (B FIRY 0.003 mg/kg) 7E= (B+BytBy) (FRHITER 0.0006 mg/kg)
E=H ) TED A stk S bt shizbo e g " pREY i Y W R N0
pIE-Sav b S ﬁ& - MR EKE I HLHEfE ﬂg( o MR RKfE 2
(mg/kg) (%) (mg/kg)  (mgkg) (mg/kg) (%) (mg/kg)  (mg/kg)
(77T R¥T VB DOR)
El A gt (FLAA)
ﬁiiifﬁﬁ;ﬁﬂ% 3 23 23 100 1.1 0.37 4 53 53 100 1.5 0.37
TRA AR
it ! w9 09 027
AERA R 53 52 98 1.1 0.31 53 53 100 1.5 0.37
LyBAHZL - 41 40 98 1.2 0.35 - 41 41 100 1.6 0.35
LAY NA (= A1) - 1 1 100 0.035 0.035 —
K% - 5 4 80 0.091 0.059 —
NG - 5 2 40 0.043 0.030 —
Sk Chianilnd) - 6 1 17 0.043 0.043 —
=V INFT 4 — R — 23 23 100 12 3.0 - 23 22 96 0.81 0.29
LIBAILYAF F—AY LAY )27 L (DDGS) — 6 6 100 3.9 1.9 —
B — 3 0 0 -
ST — 8 6 75 0.15 0.11 -
Fhh — 4 4 100 0.27 0.17 —
A=V IANF I - 23 22 96 1.1 0.23 — 23 23 100 6.3 1.8
KE N — 9 0 0 -
ey AN — 6 1 17 0.017 0.017 -
(ES — 6 1 17 0.024 0.024 —
i 199 163 82 140 139 99

D) %4 2 RURA SR ORI F O LB Y.

777 k¥ B
YT7rILv v FEROFEE A

TAIX=AL = KT8 (FAHO LD ERRL .

TE=VY  RZEROFEEF AR

) H

2) BEORBIEDN & D HTIT OV T, RWH O FIRZFEH L7,

WO, TuA T —RERH, (LR Rk ONERL A
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K22 BEREEBEEIEDONTVELLUVEDH—RAIFUADHER

SbREnZb D

R TR Akt

Y= T RADKBK Y (mg/kg) S e R ROKfE LA
(%) (mg/kg)  (mg/kg)

77T h¥TUB, 0.0003 134 0 0
777 h¥TUG 0.0003 134 0 0
77T h¥T G 0.0003 134 0 0
AT v R AF 0.0003 145 35 24 0.009 0.001
HT-2 h %3 > 0.002 185 60 32 0.044 0.015
T2 hF v 0.003 185 67 36 0.065 0.010
XAV TG =F— 0.002 185 6 3 0.005 0.003
THL X 0.003 185 1 1 0.041 0.041
3T EFATAXT =L —)L 0.006 185 19 10 0.18 0.046
15-7 2 F LT AF =1 ) —L 0.006 185 94 51 1.1 0.16
=L = 0.002 185 98 53 0.19 0.025
CTERFTRAIAAR ) —L 0.002 185 6 3 0.008 0.004
FAX =R ) =3 F ) a R 0.002 185 140 76 0.95 0.077
F7 T hRTUA 0.0003 291 119 41 0.013 0.002
vhU=v 0.002 272 43 16 0.23 0.012
a-BT T 7 ) —) 0.002 151 0 0
B-ET T T ) — 0.002 151 2 1 0.003 0.003
vros v 0.002 151 25 17 0.028 0.009
a-BT T L= 0.003 151 21 14 0.010 0.005
p-BTTL =L 0.003 151 33 22 0.023 0.009

TEEORBAED B DT OWTIE, BV O FIRZ L.

2) EER%

FliR &kt (BAKFEBMH A FR<) 25 /i, WHES% 9 AL URHE (BB EKORER) 7
RIZOWT, BHEEBENED LN TVWIESBREARSOE=F Y VT RO —A T A
EERELE. TOMEERIITRLE. BEROMEIL, UTFToLkY ThHhoT-.

i BRIV A

BEA IR 25 R 8 M bR & (BRHIEE 32 %) , AKRfEIE 0.10 mg/kg, FHEIT
0.07 mg/kg TH VY, EEIEHEME (0.8 mgkg) X2 HLDIXhoTz

LS 9 i 3 i DR S (B 33 %) , EOKMEIL 0.08 mg/kg, “E¥IMHEIT 0.07
mg/kg TH Y, EHILUEM (1 mgkg) B2 5 HLDIE N7z,

BB R TI, A4 ST OB SN, BRKMEIE 2.1 mgkg, FHIHEIE 1.2 mg/kg
Thol-. WEKE 3 SA0rbiIEENRho7. WTFR L EFILHE (3 mgke) A
B DI ino T,

i KR

ALiR AR 25 i 13 b & (R 52 %) , RKMEIT 0.05 mg/kg, FHIET
0.03mg/kg TH YV, EHEMEM (0.2 mgkg) ZHZIDLDIEIRN-T.

LR 9 5 S SRR S AL (R 56 %) , IORME 0.09 mg/kg, FEIMEIL 0.05
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mgkg TH Y, EFHEEM (0.4mgke) ZHXDHDIERNoT-.

B E R TIE, A 4 REeETHrLRE S, RKXMEIX 0.67 mgkg, FHHEIL 0.48
mgkg Cholz. WEMEI A THLOME I, &AM 0.25mg/ke, FHIMFEIX0.12 mg/kg
Tholo. WITNLEHLHEM (1 mgkg) ZEBX2HOE o7,

iii £

BlIR ARl 25 S 5 S BRI &4 RIEEE 20 %) , HKIEX 0.5 mg/kg, “F¥IMHEIZ 0.3
mgkg TH Y, FHEMEM Q2mgke) ZEIDLDITRN-Tz.

W 9 S L m b s (MR 11 %) , TOHEMIL 0.4 mgkg TH Y, FH
% Bmgkg) ZH2HbLDIT 0o,

B E PR CIE, B 4 5 2 AR S (BHEE 50 %) , AKEX 0.5 mg/kg,
EEIEIL 0.4 mg/kg Thoto. WEBER 3 A 1 Ao S (RHFE33 %) , EOH
EMEIX 1.0 mgkg Thotz. WINLEHEHEE (7Tmgke) 2B LDERNoT-.

iv UOF

BR G EEE 25 i 11 B bt S (B 44 %) , &OKMEIE 0.41 mg/kg, FHIMEIT
0.18mg/kg TH-7-. bbb AR HES S A2 mhbmbsh MHEEKR25%) , &K
fEIX 0.26 mg/kg, FHIMEIZ 024 mgkg THo7. WTINLEHEHEME Qmgke) 28251
Dotz Fio, bbb 1 SOWPEMEIL 2.4 mgkg TH Y, EEEAEE (7 mgkg) %@
25 DIERroT.

B EEE R TIE, B 4 S ETHhOMRIE S, &AMIL 7.8 mgkg, FHIEIT 6.2 mg/kg
ThHV, HWEHLEWE (15 mgke) ZHADbDIERN-7-. ABEKE 3 SHhbITmHE Sk
Mmoo T,
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K3 EEREDEZL VIRV —ARAFUVRADHRR

Ty HH YL a0

A e i g PIE RO T %i;?
5 (mg/kg) (%) (mg/kg) (mg/kg)
0.8  BURAER GERUKEEHZRL) 25 8 32 0.10 0.07
1 HE PR 3 33 0.08 0.07
7RI YA 5 faky 4 100 2.1 1.2 0.03
P E R 0 0
@ 2t 41 15 37 2.1 0.36
0.2 BUIRAER (BRUKESHZRL) 25 13 52 0.05 0.03
0.4  FZBCESE 9 5 56 0.09 0.05
KGR | o 4 100 0.67 0.48 0.01
PRy s 3 100 0.25 0.12
3 3t 41 25 61 0.67 0.12
B A Bk (R EB R & 15 <) 25 5 20 0.5 0.3
i il A 1 11 0.4 0.4
£ ; i 4 2 50 0.5 0.4 0.2
R 1 33 1.0 1.0
7Y 2t 41 9 22 1.0 0.4
5 Bl Akl (RAKEEB A 25k <) 25 11 44 0.41 0.18
WS (Wb b & R<) 8 2 25 0.26 0.24
0% 7 bbb 1 100 2.4 2.4 0.03
15 =Sy 4 4 100 7.8 6.2
7 P E R 0 0
Y z 41 18 44 7.8 1.7
3) & K

BliRAEIE 28 &, B (L2 LA LKV~ A 1) 42 mROWHE 9 JJIc >0\, A4k
EEDED BTV D EH 31 iy M OE T IEEENED 5 TWRWERE 26 B OFF 57 Ak
FIZONWTE=Z VTR —_A T 2% F LTz, AOEEENIEDHATND 31 5K
SOFEREFR 410, BEEEMENED LN TV 26 OO RELR S IR LE. B, &
B I EE % Lt%@i&#ot.

i 7TkE7x—h
BHFEREME (0.5 mgkg) BDEDLNLTNDHEIHAZL 11 GHF 1 @bt (B

F9%) , TOHEEMIX 0.018 mgkg Th-o7z

i OO STz R
Bl Ao RRBIETHLTNLVEZA NI KRNI A N VR, ASEEBENED LI

TWRWEESETE 28 S 1 mib i & (BHEHE4%) , ZOREMIL 0.029 mgkg T

bol-. Fiz, BHEEMBNPED LN TOARVEKIZCONWT, HEISETO 1 ENDBY 7 =

JaFY = KO T T al =R, WE2ENPLGE T 2 Y ORI NIRRT S s

SR A N Tan B Wl
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£4 BEDE-ARA)VIRUVY—ARASUADER (ASEEBAEHONTWLDES)
- _ N B e b ENEL D B H
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
y-BHC (VU 5> )  mmass @576, 5 0.05 14 0 0
FLIR A B (R4 ) 0.4 14 0 0
e B 0.4 9 0 0 0.005
FEYEME oD 70 iR} — 31 0 0
it — 68 0 0
BHC Ficl 1R A il Bt 0.005 28 0 0
%E 0.02 9 0 0 0.005
FEEE D 72 R — 31 0 0
G — 68 0 0
DDT B VR & Bk 0.1 28 0 0
Wt 0.1 9 0 0 0.00
FEVEAE D 72 Fl ) — 31 0 0
it — 68 0 0
TET7z—h EobAZ L 0.5 11 1 9 0.018 0.018  0.003
7RIV EHbAZ L 0.2 30 0 0
JUA IR AL (v48) 0.02 1 0 0
e B 15 9 0 0 0.02
FEAEAE oD 72 R B — 28 0 0
#t — 68 0 0
T I u— EobAHZ L 0.02 30 0 0
FUALYINT L (w4 1) 0.05 1 0 0
M 0.05 9 0 0 0.02
FEEE D T2 R — 28 0 0
Gl — 68 0 0
TR EW Bic 78 A ik 0.02 28 0 0
F A4 RY o 0.02 9 0 0 0.02
FEVEAE D 72 Fl ) — 31 0 0
it — 68 0 0
AT IR A EHOHAZT L 0.02 30 0 0
FEHEAF D 72 il B} — 38 0 0 0.02
) — 68 0 0
TFF o 20 9 0 0
FEAEAE oD 72 R B — 59 0 0 0.02
#t — 68 0 0
RV Bicl 1 & B k) 0.01 28 0 0
B 0.01 9 0 0 00l
F2 MEAE O 70\ i ) — 31 0 0
G — 68 0 0
7 a Uk R LobvAHZ L 0.1 30 0 0
UL v IAHL (w4 8) 0.75 1 0 0
e 13 9 0 0 0.01
FEVEAE D 72 Fl ) — 28 0 0
it — 68 0 0
ZaAEYRAAFL O HEAHT L 7 30 0 0
TLAYINH L (w4 1) 10 1 0 0 0.02
FEVEAE D 72 U FAl Bt — 37 0 0
&t — 68 0 0
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x4 BEEDE=ZAFVVIRVY—ARAFOADWEE (BAHEEBLIEOONTVDIHS, &E)
=

. B o B e S>bfEhib o i
G S = YIS AT T
(mg/kg) (%) (mg/kg) (mgkg) (mg/kg)
ran e ErhRA 95T L 0.05 30 0 0
FEAENE D 72\ R — 38 0 0 0.02
s — 68 0 0
VA=V oA Br i SN L9952 L 0.05 30 0 0
FEHEAE D 7 M BE — 38 0 0 0.02
A — 68 0 0
DA hxT—k L5 L 1 30 0 0
LA INH N (wA 1) 0.2 0 0
B 2 9 0 0 0.02
FEAENE D 72\ R} — 28 0 0
s — 68 0 0
ATV EHbAHZ L 0.02 30 0 0
JUA L INTE (wAE) 0.1 1 0 0
B 10 9 0 0 0.02
FEHEE D 72\ k) — 28 0 0
7t — 68 0 0
FNUEARNI R EHHAZL 2 30 0 0 0.03
[NA= 0 NV TLA L YANH L (w4 1) 0 0 0.03
B 5 9 0 0 0.045
FEHEE D 72\ k) — 28 1 4 0.029*  0.029*  0.03
s — 68 1 1 0.029* 0.029*
FILT IR A E9HA5Z L 0.01 30 0 0
TULA L INH L (A1) 0.05 0 0
BE 1 9 0 0 0.005
FEHEAH D 7 R — 28 0 0
s — 68 0 0
EYIHRRAAFIL Eo9bAHZ L 1 30 0 0
JUA L IAA L (oA 7) 1 1 0 0
. 0.02
FEHUEAH D 7 R — 37 0 0
s — 68 0 0
T4 Ta=)L EHbAHZ L 0.02 30 0 0
FUA L INH L (A1) 0.01 1 0 0
) 0.003
FEAENE D 72\ ) — 37 0 0
s — 68 0 0
Tro=huaFFr EHbAHZ L 1 30 0 0
JUA L INH R (A1) 6 0 0
B 10 9 0 0 0.02
FLHEME D 72\ R — 28 0 0
#t — 68 0 0
Tz hxz—h EHrbAHZ L 0.4 30 0 0
TUA I NH L (wA 1) 0.4 1 0 0
LY D 20\ R — 37 0 0 002
7t — 68 0 0
ZES ARG PR BLRAETRE (B - 595 0) 0.5 10 0 0
BRA R (BKH) 4 4 0 0
B A et (R 8 14 0 0
et 13 9 0 0 0.02
FEUEE D 22 R — 31 0 0
i — 68 0 0
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K4 REOEZRV VIRV —ARASVADKE EREEBEIEDHDLONTVESES, HiE)

YN = N -
FT=HY ‘/\7“%0) T=4 :/7“%?@ gé@w@ B 9*;51:9;; é.j;:;;) O)M?i,ﬂﬁ ﬁﬁﬂé
G5y i Gkt R ) (mrke)
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
v = DA UV I g 20 9 0 0
HHENE O 72 R — 59 0 0 0.02
2} — 68 0 0
~TH 7 av Ficl I A5 i 0.02 28 0 0
i 0.02 9 0 0 0.02
HYEE D 722 R — 31 0 0
=t — 68 0 0
VAR EobAZL 2 30 0 0
JUAYINHAA (w4 1) 0 0
P 55 9 0 0 0.02
HHE(E D 72\ R — 28 0 0
2} — 68 0 0
NXoT4AZY Y OB AZL 0.2 30 0 0
JUA U INH L (w4 1) 0.1 1 0 0
W (AT icls) 150 1 0 0
Wi (77 r a7y 2l 2000 8 0 0 0.02
FLUENE 0D 72 B — 28 0 0
3t — 68 0 0
RAAw K Eo2vAZL 0.05 30 0 0
UL IR (v A1) 0.05 0 0
P 40 9 0 0 0.02
FLUENE O 72\ S - 28 0 0
2} — 68 0 0
AL —Fh Eo9bAZL 0.05 30 0 0
TUAYINAL (A R) 0.05 1 0 0
U= 1.5 9 0 0 0.02
HHEE O 72 R — 28 0 0
= — 68 0 0
~T7FF EI9bAHZL 2 30 0 0
FULUIAHL (w4 7) 6 1 0 0
P 135 9 0 0 0.02
SEUE(E O 72 U ) — 28 0 0
2} — 68 0 0
AFHEF EH9bAZL 0.1 30 0 0
TUAVINH N (w4 1) 0.2 1 0 0
L= 12 9 0 0 0.02
HAEGE O 7 B - 28 0o 0
=t — 68 0 0

B TH o7 T LD M TR 2 E L, M TR ETH ol a2 K MIE L T
B L7272 DB TIRRIEOME & 72> TV .
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x5 BEDY—RAMFTUADHER (ASEEENTDOONTULELES

s 1 b ERCLAESE AL LA Fhili
B i S ISR N [N T ) TR

(%) (mg/kg)  (mgkg)  (mgke)

EPN 68 0 0 0.02
Ay TaFF5 68 0 0 0.02
A TRk A 68 0 0 0.02
TF 4T kA 68 0 0 0.02
Th7xrray s R 68 0 0 0.02
J AR A 68 0 0 0.02
JajL—jLAF )L 68 0 0 0.02
a=Vi% % 68 0 0 0.02
sy Y L— h 68 0 0 0.02
Tz afy— 68 1 1 0.034 0.034 0.02
T INET o 68 0 0 0.02
FTafy— 68 1 1 0.70 0.70 0.02
KU TZATY 68 0 0 0.02
Sl NI N 68 2 3 2.0 1.0 0.02
T/ R 68 0 0 0.02
Ty F A 68 0 0 0.02
Tz T afFy— 68 0 0 0.02
A ANE SN 68 0 0 0.02
L RT = 68 0 0 0.02
a3 Ry 68 0 0 0.02
Fuas= )L 68 0 0 0.02
VA=DAVIE BN 68 0 0 0.02
FuvratFy— 68 1 1 0.63 0.63 0.02
TaEsFR 68 0 0 0.02
A K I RRA 11 0 0 0.003
ARI A brEY 68 0 0 0.02

3.2 fRk~oOEW KT A HEEOR AR
E N CTRE SN IZHAM A E RN AR A R 1 A, BN E Ekﬂ%ﬁﬂ/\ﬁ%ﬂ,,” LA
At E LA R S R, WHAIEE HE AR 10 ,ﬁ, WA B AR 5 8, FEEAT —
CHELG R 2 5, FOMOFFIRAFEREE 11 SUIZOWT, BEMBEEE, ELISA 35 % O' PCR
ﬁ%%%mbtﬁ% FHkTZA E FDIRAIL m®6hﬁﬁot._ﬂE®%%%%7K%Lh
W S A7 A IR A SRR IOWT, BHfMEEEEE, ELISA ﬁ%ﬁ&o PCR #BRIZ L 54 H
KeTo v VB DR NFERR A I Ltﬁ*% WTIDOEED D BIRAFED ONRNoT. ThHD
MR AERGITRLT.
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RT7T DYHERE-ABENEZZ2 ) VJORKE (BNEESARANSE)

AR BT ELISARABR PCR#BR PPN

HE, ERE EHkZABE 13 7L E) 4 B Sk DNA H

ABr B BRSO KB R MR BB M BREER R

mEE R () RIS mE (%) mEE R () TS

2F A fi el A
FELW 4B RN AR AR ] 0 0 0
4 4 R B A ) 4 0 0 4 0 0 4 0 0 0
FLA A E B A R 5 0 0 5 0 0 5 0 0 0
A A4 IR E A sk 10 0 0 10 0 0 10 0 0 0
WA 4= 5 5l i - £ sk 5 0 0 5 0 0 5 0 0 0
RS LR 2 G A, B TR A S TR 5 D) 2 0 0 2 0 0 2 0 0 0
[ERAL 5 b BT L - 7w IR Otk 1 0 0 1 0 0 1 0 0 0
W W o R} 1 0 0 1 0 0 1 0 0 0
FEE LA O R A L A 9 0 0 9 0 0 9 0 0 0
i 38 0 0 37 0 0 37 0 0 0
*:8 EBYHXRF-ABBEOE=ZAYITDERE (BAGRSE)

BRI BT8R ELISA B& PCRERBR Ba

Bg, BRE sk A BE K39 Bt kDNA - HIEE

A B BRSO R®KEBR okt BREE S ®KBR B BREE B

R R (%) RE B (%) RE A (%) R

E IR A Ak

T AV A EE 4 0 0 4 0 0 4 0 0 0
77 A 2 0 0 2 0 0 2 0 0 0
o [E 2 0 0 2 0 0 2 0 0 0
& &t 8 0 0 8 0 0 8 0 0 0

3.3 ANEMEARHY
B & U CHIAT, Wil L W2 B IR (FERR BV MR AR, EINE I, BAWIEE)
49 SR ORFEBPEIAE 1 RUZOWT, KRR OEH B2 RIE LR, REMEARMY
DRI EBZD L DERhotz. TOMEEFKIITRLE

K9 FBRUTHYOE=R) U ITOHKR

TR Y TD N Sl e RAE SEEIAE
COIEZE el 0.15%LLF 49 0.064 0.020
Ry E B T AR 0.02 %LLF 1

34 YILERT
[E Py CHLE S 7 BUREDE 44 SR OBLIR A R 30 U OWTE=H2 U & 7 % il L2 /68,
PLERT BRI N2 b OIX R o7z, 7ods, BUREENCIX, AR ORI~ & ICHH
KX 2% Tholo. BIBEEETIX, ATMFEEROATAFE L I LERTIIME S TR
S
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1) Ef: fEOZ MO K N EOSGEICE T 21EME, W 2844 A 11 H, ERE 35 5
(1953).

2) BARES  ER R OEEHRMY O BS54 5, WRSIHFETH24H, A58 35 5
(1976).

3) EMOKERSEREBRN - SO EWE O L OB OV T, BT 63 410 A
14 H, 63 B % 2050 5 (1988).

4) RBMKEZHEE - ZRRE®A GRS EEDOHIEIZONT, BMSHFEI12A 1 H, SHLSE
4714 5 (2023).

5) BMEZERRIEM @ SEERAEFEREHEOBIEICOWNT, B 5245 H 10 A, 52 & B %
793 5 (1977).

6) EMKEERHE - BERESKEZLEHREBRMN . FEPOREEOREIZONT, VAL 1845
J126 H, 18 {2255 2322 5 (2006).

7)) HARMALFSEERBIELZBSR 2.1 SUBHRIRG 1, AR HTRBRIE 2013 K, HA
L2242 (2013) (ISBN: 9784931249066).

8) R TR, A MEsE, Fi =, A8 B SRR, 27, 233(2002).

9) JEMIKFEL A PE R G PEH FERIR R A (ARSI Y) FHEE  Fa2xtR s T 585
R OB\ OWT, TRk 1445 11 H 8 B (2002).

10) BEMOKESEER @R KT 5 BRI ~DOKT > B E k- A BB ORAN R
THHARTADHIEIZONT, FERR 1346 A 1 H, 134EF5 1366 5 (2001).
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2 fHAHEPOBEKEOERMEE=421) > JHAE ($M5~6 F£F)

BE Bk, EA AR B A, AGRE EEES, D% W, A (T

Monitoring Results of Antimicrobial Resistance of Enterococci Isolated
from Feed Ingredients and Formula Feed (Fiscal Years 2023-2024)

ARAI Eiko™!, AOKI Kaho*2, OKUYAMA Noriko*!,
KUBOTA Eri*?, YAMATA Seiko"! and HASHIMOTO Yoshiyasu"!
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC (Current affiliation: Sendai Regional Center, FAMIC),
*3 Fertilizer and Feed Inspection Department, FAMIC (Current affiliation: Yokohama Office, FAMIC))

An antimicrobial susceptibility test was conducted on enterococci, which is isolated from soybean
meal, fish meal, poultry by-product meal, swine and poultry by-product meal, and formula feed.

Enterococci were isolated from samples through the following process: selective enrichment culture
in AC broth; selective culture on Enterococcosel Agar; and two-successive pure isolations on Brain
Heart Infusion Agar. The isolated gram-positive cocci were detected by the cultivation in Heart
Infusion broth supplemented with 6.0 % NaCl.  After confirming their physiological characteristics,
enterococci were identified with PCR and Rapid ID 32 STREP API. The minimum inhibitory
concentration (MIC) was subsequently measured using the broth micro-dilution method according
to the guidelines of the Clinical and Laboratory Standards Institute (CLSI).

A total of 182 enterococci were isolated from feed ingredients and formula feed, including 46
Enterococcus faecalis, 41 E. faecium and 95 other species. The resistance rates to each
antimicrobial were obtained from 124 isolates, with values ranging from 0.0 % to 38.7 %. No
isolates were resistant to vancomycin.

Key words: antimicrobial resistance; soybean meal; fish meal; poultry by-product meal; swine and
poultry by-product meal; formula feed; Enterococcus faecalis; Enterococcus faecium,
minimum inhibitory concentration (MIC)

X—U— N FEAImE  REHAT; 8l FX I — IKBIRAREW ; BEEfE
Enterococcus faecalis ; Enterococcus faecium ; fx/NEH FHIEEE (MIC)

1 #& E}

WA, SRANMHE B L 2 EGYE OB MR RIS ST D D 2015 4 5 A IZBEfE S L7 it
FAREMRE (WHO) ofesTTix, [#FHHFImM (Antimicrobial Resistance, AMR) (2R3 2% 7 o —
T I vay s Ty BDRIRENTE Y. T ESZT T 2016 4F 4 A HARBMIL TERAMME

(AMR) |7 7> av 7o) ZAEKL, v, @, &5, BREEICET 2 EAIMEREIZS
W, IS EGE (Do~ AT T r—F) RS TEd). BRI, T3EAImME (AMR)

UORSIATBOE N EMOKETH B L B o 2 — NEERERZZ e A
2 MNIATBUE N EMOKEE B 2 et o ¥ — Bk A, B et ¥ —
3 OMSIATBUE N R MOKEE B 2 it v 7 —IEfEHLE SRS, B BRI ESAT
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XRT 7 a7 T (2023-22027) | WCESERHEIAED SR TN D Y.

WGEK B  (Enterococcus) 1%, t N OERBLG TIXIERD OREMEME < BRAEERE & LTH 2
BILTE . Lo, 1980 AR REARRIC H R % 5 104 [E T E. faecalis X N E. faecium P 2% F| A i1k
B DN RBE N AIE O EEREINE & e o7 9. ENORETIE 1999 006 Fii S TV 28
KIEAIMMEFEE =4V > 7 (Japanese Veterinary Antimicrobial Resistance Monitoring System, JVARM)
DOFAET, 4, WEOHE (LLF TEHEMW ) Lo, ) OB & FEAN MR EK R 25 & B
TRISATWD 99 BHEWIC AT D FEAIMNMENGER B 1 X & ED 22 0 L C R an T PRI G E 2
FlEREZTAEERND Y, SED BRI & OEAMEDOBEEIZ OWTHENED LA TWND
10 =55, fECIIEANT I T L fE T O KA APERGER B D 43An 1019 e OB 8 & o 3EA it
DORHE NZONTOHREIXH D2, ENORIUET HHHRITTTTRY. 20 b, 2018
FREDN D 2020 LSS T, EIPTE O SRR OB & Sk s & 5 ERE 2 0B L, SEAIIE O
FEEEEET L2 HME LA LT o2 D19,

[ 3\ THHEREE O 3 BER 2N LI = 02 o 72 b O L VE BV D @ WO AZER T O 75 BEJR & 72 o 72
b O &P, EEFEEE LCREHNT, #8), T3 I -V ROKBREGHETHE, BEEE
ELTHM, BAKOEMZRSRE L, 2023 FEICH] EHiE 2024 5 RRO T A 2 FEhi L 7-.
STBELTEERICOWCHMRE D b, EAEZERRAIT 72, 20720, 2023, 2024 FOHE
THONTET =25V ELOOTHET .

2 EERAZE
21 &R
FUBHE 2023 4 4~12 A K11 2024 4 4~11 A ICEN OfEHGEF RT3 T, kSR A 5 fi
A 20\ BLE S AT AR BR A OB OB EUTIE TEREL L 72, NER% Table 1 (27" L7z, 38
TR A E T4 °CTRAEL, BB S HMUWNICRBIC L7z, 22k, BAEEHIRB W T,
A EHCAREAIMER ST b ORI L.

Table 1  Samples

Samples No. of samples
Soybean meal 2
Fish meal 40
Poultry by-product meal 25
Swine and poultry by-product meal 28
Poultry feed 11
Swine feed 10
Cattle feed 27
Total 143

22 O
D) RIETERND Db OIFHRAE M. KT RFD230RA CREFERUEFTR) (2L v R L 727
zkUmenawm3**Eéﬂtwmm)XimewﬂB(mmmm@)Ki@%@b
77888k (JISK 0211 @ 5218 IZEF S NI-7KEAK) ZHWT-.
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2)  AC {RREE HE

AC 74 3 B (HKBREERLD) 505 ¢ KO Db F b U U A (L7 AL AFLHiSE
) 0.25 g KB /K 1000 mL [Z¥&7> L 500 mL 553K 12 250 mL 437 L C 121 °CC 15 Sy @& e
IR LTz,

3) =y rmayab VR (LR TECS BREGH) ). )

Enterococcosel Agar (Becton, Dickinson and Company %) 56 g X |3 Enterococcosel Agar (#i #
RUSR T 3M1) 58 g 27K /K 1000 mL TR L, 121 °CT 15 HRESERSWE L=, Zhz
60 CETHHILIZAR, 7T AF v 7 BPHE Y ¥ — VI —HRICIEA D £ 912 15~20 mL 53 7% L #E
B, 20%, BIELTSTLEZDLTNITH L, 37 °CT 1 KHEEHE L TR w4 i 8
ST

4 TrAnN—h T a—Ta M (LLF TBHIZRE ] 2D, )

Brain Heart Infusion Agar (Becton, Dickinson and Company ) 52 g Z#7Z5# /K 1000 mL (Z¥&)>
L, 121 °CT 15 @ EARKWE L. i 60 CETHH Lk, 77 AF v 7 BHE >
Y — VI —RRIZIEAN D & 51T 15~20 mL 0k LEEE S 72, £ 0%, 37 °CT 17 KLl LRI
L, O a2 Ix—2a VRN 2R Lo, ERHREIZKEDN &> 2856 1387 L
TESTZHLTNIT 5L, 37°CT 1 KFEHE L CigiRm 2 i I 7.

5) ALK

HAET U T LARED 09 % (wiv) L7225 X HIZABKITMATENL, 121 °CT 15 53[H

e FEZR SR L7z
6) 77 LYtR, Btk

AR 7 N 7 7V —iR, BaRiTe s ) vy ) — VIER, BYaRIE 7 7 =
VR (BT HKEEER) 2R,

7 1.6% (wiv) 7aE®7 LY ——F )2 ) — VIRIK

TaEZ LY =R —=TN (FLT7AVAFEHMER) 08 ¢ =X /) —/L 47.5 mL IZIED
L, Z&8/K25mL {2z Cfd L7,

8) 6.5% (w/v) HALT FU DA N—h AT 2— a UiiEEE (LT 16.5%NaCl il HI i
REEHL) 25 )

Heart Infusion Broth (Becton, Dickinson and Company %) 25 g, #ifbkF rVU v A 60g, 7 RKv
Bl g MOFERIEL LT 1.6 % (W) 7087 LY — =T )Lk ) —)LIRHK | mL % 7%%
K 1000 mL IZ¥EA L7z, 2 ARBRE (WA 10mm) (23mL 237EL, 121°CT 15 srH&EXK
SR L7z,

9) Rapid ID32 STREPAPI (4 2 U = —f8) (LLF TAPI} &5, )
10) InstaGene Matrix (Bio-Rad Laboratories )
11) PCR 774 ~— (HEHEFREHH)

B FRHEIZH W2 PCR 77 A4 ~—% Table 2 (27 L7z, IBERE B O HIZIX 16S ribosomal
RNA (LLF TRNAJ &0 9. ) BEIEHET 2774 ~—t v b2z 2D IGEREEO R
HZ X E. faecalis, E. faecium, E. casseliflavus, E. durans, E. gallinarum }2 OV E. hirae (2551
7% superoxide dismutase (sod4) fERAMEET L2774 ~—ky b2V 2, K77 4 ~—Z
JHEES AT L s A T RZEFELAR LTE. BRENTT T A ~—F#Hi/K T 100 pmol/L
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(IR LT,

Table 2  Primers (genus and species)

Primer Direction  Sequence (5'-3") Amphcon Positive control Reference
size (bp)
Genus detection
16S rRNA gene El F TCA ACC GGG GAG GGT 733 21)
E2 R ATT ACT AGC GAT TCC GG
Species identification
Multiplex PCR
E. faecalis FL1 F ACT TAT GTG ACT AAC TTA ACC 360 ATCC 29212 22)
FL2 R TAA TGG TGA ATC TTG GTT TGG
E. faecium FM1 F GAA AAA ACA ATA GAA GAATTAT 215 ATCC 6057 22)
FM2 R TGC TTT TTT GAA TTC TTC TTT A
E. durans DU1 F CCT ACT GAT ATT AAG ACA GCG 295 ATCC 6056 22)
DU2 R TAA TCC TAA GAT AGG TGT TTG
Duplex PCR
E. casseliflavus CAl F TCC TGA ATT AGG TGA AAA AAC 288 ATCC 700327 22)
CA2 R GCT AGT TTA CCG TCT TTA ACG
E. gallinarum GAl F TTA CTT GCT GAT TTT GAT TCG 173 ATCC 49753 22)
GA2 R TGA ATT CTT TGA AAT CAG
E. hirae HI1 F CTT TCT GAT ATG GAT GCT GTC 187 ATCC 8043 22)
HI2 R TAA ATT CTT CCT TAA ATG TTG

12) 10xPCR #&f#i% (EFE[FE M)  10xPCR Gold Buffer (Thermo Fisher Scientific f)
13) 25 mmol/L T AF L X7 LAY RV UBEAK (HEREM) 2.5 mmol/L dNTPs
(Thermo Fisher Scientific )
14) 25 mmol/L it~ 7 x> U iR (EFEEEHH) 25 mmol/L MgCl, (Thermo Fisher
Scientific )
15) DNAKRYU A7 —Bik (FMFEMH)  AmpliTaq Gold DNA polymerase (5unit/uL) (Thermo
Fisher Scientific $)
16) PCR SR (BRI H)
i E. faecalis, E.faecium } N E. durans % 7R\ KR HY 3~ 2 BOGSR
7 DNAKRY AT —FiE&E% 0.7 ul & U7 S o i il
10xPCR #EfE{Z 2.5 pL, 2.5 mmol/L TAF L X7 LAY R=ZU URIBAWK 2.0 uL, 25
mmol/L ¥ifb~ 27" %2 7 AR 1.5 uL, DNA R Y A7 —8{K 0.7 uL, %774 ~—0.2 uL
(E1, E2, FL1, FL2, FMI, FM2, DUl &X' DU2) K ONEE#HiK 14.2 uL # &4 L7z PCR
FSH 2250 %2 PCR Fa—7 1 Kbz OLEREE Lz, Zhb0REICHONT, KLE
Ay oEE~A 7 nFa—7 (K& 1.5mL) TRAG L GRR L.
A4 DNARUATZ—BHEE 0.3 uL & L7z KSR O E
T ORBICHWEZRELED S L, DNA RY AT —Pik (FMEREH) 0.3 pL, #ifik
14.6 pL (R &2 & 2 CRBR ISR L 7=,
ii E. casseliflavus, E. gallinarum XX E. hirae Z 8B HEH T 2 KOG %
7 DNAKRYU AT—FiE&E% 0.7 ul & U7 S o i il
10xPCR #EFE{#Z 2.5 uL, 2.5 mmol/L T A XL X7 LAY K=V UERIEAWK 2.0 uL, 25
mmol/L ¥ifb~ 27" %+ v AR 1.5 uL, DNA R Y A7 —8j#Z 0.7 uL, %774 ~—0.2 uL
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( (E1, E2, CAl1 }&O* CA2) , (El, E2, GAl KU GA2) Xi% (El1, E2, HIl KO
HI2) ) K OVEMK 15.8 uL 2R A L7 PCR KS#K 22.5 upL % PCR F 2 —7 1 KH72 0V O
VEREELE., ZOORFEIZHONWT, NERKSOEEZ~v A /2 F 2—7 (F&1.5mL)
TRAL TR L.

A4 DNARYU AT —BU&EEL 0.3 uL & L7z KSR O 5

T ORBICHWEZRELED S B, DNA AU AT —Bik (FEMEFEEH) 0.3 pL, @Btk

15.4 pL \ZH 2 2 2 CRBRICTREL L 7=,
17) PCR B5tExt R (BEHE R E H)

FEHERK O E. faecalis (ATCC 29212) , E. faecium (ATCC 6057) , E. casseliflavus (ATCC
700327) , E. durans (ATCC 6056) , E. gallinarum (ATCC 49753) } ONE. hirae (ATCC 8043)
ZHEL T, 2.6 D DO FETHEED DNA 2 L7,

18) Tris-acetate, EDTA #£ffi#k (LA T [TAE #Efik) &9, )
S0xTAE &R (= v R v — M) 20mL ZBHK TAHRL T 1000 mL & L7-.
19) 2.5%7 Hua—RAT )

Agarose L03 [TaKaRa] (& h 7 /34 ##Hl) 2.5 ¢ % TAE #&#K 100 mL (2%, EFL Y
THEVL CTHENL, FADEINB 3~4 mm il b X0 a—AEEZLIAATE S VA —I—ITik
LiAd, =R THE LELI .

20) EXRIKEHGOFERIL  6xLoadind Buffer (¥ 1 7 /34 4 H)
21) DNA %y f&~—7H— 100 bp DNA Ladder (¥ 1 7 /3o A i)
22) VYR

0.625 mg/mL BAb=F Vv KRR (7 a v 8) 40 uL % TAE $EE#K 50 mL (200 2 C YR

L7z
23) N— AT a—Ta iEEEM (LU THURIER ) v, )

Heart Infusion Broth (Becton, Dickinson and Company %) 25 g % 788 7K 1000 mL (25 L7=.
INERBREIC 2mL SEL, 121°C T 15 & ERSHEE LT-.

24) 20% (wiv) AFXFLINANZHK (LAF 20%AF LI LT LD, )

Skim Milk (Becton, Dickinson and Company %) 200 g # 77K 1000 mL |2 L7=. Zivz
BRI 2mL 437E L, 110°C T 15 2@ ERKIRE LT-.

25) N—hA T a—Ta  EREM (LT THIZREM] Svwo. )

Heart Infusion Agar (Becton, Dickinson and Company %) 40 g % 2K 87K 1000 mL (23870 L 7=.
LIF, 2.2 @ 4)& FIERICHEAE L.

26) FAEZMHRBHE 7L — N R (FA—F—7L—}F) EHMLFER (UTF [7e—X
Y= LS )

PR ERA K OV 3R A O PR FEHIPH & Table 3 [C/x L7z, 71— X7 L— NI 2 f5R51T 9~12
BEPEIC AN U 7o & 384 e OF Ca?*, Mg¥ % MH IIAESHIICIINL, 6% 96 K~A 7 a7 L
—MIHRELEZLOEHAWZ., 7u—Xr 7 L— E-80 °C THEMEE L, AR ITRIE T
W LURBRICH W,
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Table 3  Antimicrobial agents
. . L Concentration Breakpoint
Group Antimicrobial agent ~ Abbreviation range
(ug/mL) (ng/mL)
Aminoglycosides Gentamicin GM 025 — 512 500 ®
Kanamycin KM 05 — 1024 5129
Streptomycin SM 05 — 512 —
Fluoroquinolones  Ciprofloxacin CPFX 012 — 128 4"
Glycopeptides Vancomycin VCM 0.12 — 128 320
Lincomycins Lincomycin LCM 025 — 512 256 ¥
Macrolides Azithromycin AZM 025 — 64 —
Erythromycin EM 012 — 128 g b
Tylosin TS 012 — 256 16 9
Penicillins Ampicillin ABPC 012 — 128 16 ®
Phenicols Chloramphenicol Cp 025 — 512 320
Polyethers Salinomycin Sodium ~ SNM 012 — 32 —
Polypeptides Bacitracin BC 025 — 512 —
Tetracyclines Tetracycline TC 012 — 64 169

a) Defined microbiologically in the Japanese Veterinary Antimicrobial

Resistance Monitoring System (JVARM) from epidemiological cut-off values

calculated based on MIC distribution.?
b) Criteria published by CLSI?%

27) PCR 77 A ~— (FEHIMIMER s 1 H )
HANMHEBAS T OB EICHWZ PCR 77 4 ~—% Table 4 IR L7c. w7 17 A NiftEERx
FIZONWTC, 7 ua7A4 RBRKEET 5 508 7=y h® 23S rRNA % £ F /UL LA & b
X EWFELa—FTD ermd LN ermB WNZ~7 0T 4 Refisicdi+a27=-A B8 %
a— K95 mefd/E \ZFR BN T T4 ~—Fy EHWZ P, I 4 ~—3dtifET AT A -
YA T ATEFEARRL, BHMAKT 100 pmol/L (2725 & 5 M L 7-.

Table 4  Primers (resistance gene)
gene Direction  Sequence (5'-3") ;Aizrle”lp(li)Cp(;n Positive control Reference
resistance gene
Multiplex PCR
ermA F TAA CAT CAG TAC GGA TAT TG 200 Staphylococcus 25)
R AGT CTA CAC TTGGCT TAG G
ermB F CCG AAC ACT AGGGTTGCT C 139 Campyloabcter 25)
R ATC TGG AAC ATC TGT GGT ATG
mefA/E F AGT ATC ATT AAT CAC TAG TGC 348 Cloned into pMA vector 25)
(Genebank accession
R TTC TTC TGG TAC TAA AAG TGG No.U70055)
28) 10xPCR FEMEIR (HEAIMIEEIZFMEA)  10xEx Taq Buffer (Mg?* free) (#1734 F

)
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29) 25mmol/L 74X X7 LAY R=U UBIRGIR GEAIMYEEMS B H)  ANTP Mixture
(&5 F 34 FH)
30) 25 mmol/L Hifb~ 7% U AR CGEAIMMME B M) MgClh (2734 A1)
31) DNA R U A7 —vBik CEFIMMHESFHIEA)  Takara Ex Taq (5 unit/pL) (X7 Z /34
)
32) PCR BUGR  CHEAIM & =1 )
10xPCR #EMEH (CEANMM &R A) 2.5 ul, 2.5 mmol/L T4 F T X7 LAY K=V~
FRIR G (A E SR A) 1.5 pL, 25 mmol/L ¥gib~ 7 % o 7 AR CEAIMVE &R
Rt ) 1.5 L, DNA KU A7 —8ik CEAImMEEREFRBREA) 0125 L, &7 74 ~v—
0.125 uL (ermA, ermB Je O mefd/E) S VMK 17.6 uL % {RA L 72 PCR K&K 24.0 L % PCR
Fa—T 1 ARKbEYVOMNEREL L., ZROHOREIZONWT, MEARESOEEZ~YA 70T 2
—7 (FE15mL) TRALTHRELL.
33) PCR [kt R (FEAIMN MBS 4 HE )
ermA KO ermB @ PCR [ ME%T BRI RAROKPES Bh = SR A T 2> © 43 B5- S 4U7- DNA R
% M 72. DNA %, DNeasy Blood & Tissue Kit (QIAGEN #) % T, ermd IZ& > TITKH
KEET RUKEND, ermB [ZH o> CTHKHEKE I s 2 —hbz it anz b
DTHD. mefd/E D PCR 5%t IE Thermo Fisher Scientific 23#2t L TV % GeneArt /& 1-&
Y —EZAZFH L CEEAR L. ARSI Sug OB 7 2 2 3 K DNA Z2@Hik T
FfE L, 0.01 ng/puL (IR L7z & 0 23 BRICH W,
23 HEROEGE
1) A vFa—F—:FMU-1301 @& T¥R, 1S802 Y~ hEZH
2) OESREEKEE - BX41 AU Lol
3 IORF v EEHE Y y—LV AR 90 mm, &3 15mm =7l
4y TN 7wy 7 EER  Dry Thermo Unit DTU-2C 4 A 5 v 7 il
5) 1EDTEER - MX-300 I LH
6) DNA HifE2%E : GeneAmp PCR system 9700 Applied Biosystems %
7) BRIKEVEEE : Mupid-exU 7 KX =l
8) ERIKENNZ — R AT I 0 AE-6932GXES-U 7 h—Hl
9) FFvAT7y—kyv b AT LH
10) ~Af 77— ) —F 77— i T 36
2.4 4B
1) BIUHHEE &
HEE B E CERE L7238 25 g & AC TIRIRESHIC A, IRV IRE /=%, 37 °CT 18~48 W[l Es
#LT.
2) IRy HERT A
BRI O 1 A4 H % ECS 2RI E#REA L, 37°CT 18~72 REfH;#E L7-.
3) Ry HERE
ECSZE R X v, MERE O MBIV T b 2 BN B A TR CHONEER 0%
W 12 HSE L, TR AEREAER 10~15 uL TR\ L7-. FERBIEO 1 A4 H % BHI %



Bl ONGERE OFEFIMME =& U o Z3HE (5T 5~6 FE) 97

RESHUCEBREAT L, 37°CT 18~24 Mefi]h538 L7-. BHI ZERE M ISR S iz | £% 2 8HE
L, FE BHI ZEXEHICH& LT,
2.5 MR e
1) JEREFRIMEIR
OYBERR DI REF R MR 2 HER T 5 720, 7T AYeaa Ehi L7z, HI EREHMNS 1 HE¥ %
I L, AR 10~15 pL (Z8E L7, BBIRE A 74 R27 7 A RIS RIS T B IRFL S
L, N"—F—T@RHEmZ KREE L. BHEICATRARKRE o L, 1| oHiRE L72#E,
KEFE L. AIRERNE TS 2 b ETHERZM T LKL L. 0%, BRaks 1+
STF L, 1 REEE L%, KELZ. AT74 K7 T2 EOKGEARTSER -7, MR
EFHMBETBIEL, V7 ABMERETHLI0EERN L. Rl 2 Ix—va a2k
R,
2)  AEFRERYMEIR
STBERR DRI MER 2R T 5 720, mE T N U U AWE, SR 0w & FE i L 7o
BHI 2 XEEHIN O HARRT 1 EREZHE L, 6.5 % NaCl Il HI {RIREEHUCEERE L C, 45°C C
18~24 HERIREEE LR ZBIZ2 L7-. 6.5 % NaCl Il HI IR i3 SR 67 B 35 60K Gl B X
IXIRE D B o T2 0 BERILE LT N U o AE R VRIS e & Uiz, £/, aFEA
IFEEZBEL, MO REATH ST BRIIEMEE L, BAXIEZ YV —AETh o 0HE
MRizpart s L7z,
2.6 PCR JE% 7= FEH &
250 DIZBWTTZ 7 AGMHERE TH D Z EBER I, 22D 2.5 O 2)TBWTEE/T Y
v I M ON i IR 23 BE i C do > 72 70 BfERK 2 PCR Ik L 7=
1) DNA i
PR Sy BERR 2 BHI 28 KEFHI TR/ %, RSB H% % 1~2 E$IE L 100 L D42
BB AT 1.5mL F=2—7I28E L. BEL7-EKEZ 12000 rpm T 1 5y MO0 L =
B ERE L. D%, InstaGene Matrix & H T v F OFBHEIZHE > T DNA Ol #
TEZATVY, Bt B J O DNA 3UEHK 2 Ji 8 L 7-.
2) AR S O
PCR )ik 22.5 uL % PCR F = — 72 A#1, DNA #EHE % 2.5 uL % T PCR U2t 5
AUBHAWE & L7-. WFEZ, PCR SUSIE 22.5 pL (B B STtk 2 2.5 uL 2 T, Bttt
HRR Mo OV M e FRUHR 2 G Y L 72
3) PCR )it~
K RBHRIE,  BPE S RIE K O PE T BRIE D A > 7= PCR F = — 7 % DNA HE4EE I A, E.
faecalis, E. faecium, E. durans, E. gallinarum X O E. hirae 1%, O : 95 °C (4 /3R FE) —
[95°C (30 FPRIFREE) —55°C (1 43fEIfREE) —72°C (1 43fEREE) 1 (B0 U A 27 L) —72°C
(7 ZrFERFE) DOSIET PCR S %EAIT-7=. E. casseliflavus 1@ : 95 °C (10 sy RfRFF) —
[92°C (30 FVRIFREE) —45°C (1 Z3fEIfREE) —72°C (1 43fEREE) 1 (B0 U A 27 L) —72°C
(7 53R FR) DA T PCR UG EAT- 7.
4) FEXIKHE)
TAE F&1E 2 AN BLIKENERE 2 2.5 %7 W — A7 V& Aiz. PCR ST L=k
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BHE W, et BRIR, BEME R K% OV DNA 43 &~ — 1 —4% 5 uL (2B Kk E 38R 1 ul
EENETNMATRA L. FREBGROBELZXOT T —A7 VD0 = VIZEAL, 100V
DEBETTOET = ) — /LT =R /D 4~5 cm BENIT 25 F CEXKEZIT-72. &
RKBPE T LT Ha— A7 V& NAVREIRIC A, £ 30 g L TeE L, BERIKE) S
H— i v AT LT 312 nm DEESNER A AT L, PCR HIRPEY) & a8 L7z,
5) CHIE
BEPExHRIRIC B W TR ERE B X OB IBEREE O R R 77 4 ~—& v MZxtic T % PCR
HEEEM N T N TR S, R BRIKICI VT PCR BIEEM N R OSE, o, ik
WIRIC B W TR ER R B K VB IBERE R DR R 72 7 7 A4 ~— & v NIk T 5 PCR HIEEY
PRI SNTZHGEITE T T4 ~—y MIxHET 2BERER S HE L. £72, REHRRICE
WTHBEKA B ORI 77 4~ —t& v MIXET 5 PCR HIEEM O BN SN T-GET
IHERE B & L CHlE Lz,
2.7 API % A\ 7= E R E
26 IZBWTHEENHIE ST, HEKEE L ORHE S NIZaBERIC DWW T, APL 2V TF
v FOBAECE VR FEE L. WEMRONEEREY 7 hThHDH APIWEB® & H 7=,
HIERE D Tacceptable] , [Tgood] , [very good] X% lexcellent] OEGEITHIE SN HE%E
BHLT.
2.8 A E
PCR XX API OHEFBREZHEREOFMEL L, BERE & HE SN oBikD 2 B, EED
FEICEL oz b D, FOAHFEEANMEN PCR XL API THIE SNIZEHEOMR E R —%T
& o7 b DIX Enterococcus sp. & LTz, 70k, &AL T MU U AMERRETH 72546, @ik
PEREMETH ST E, 77 ABMEERE CTH D 2 ENR TE o 7284 XX PCR CHEERE
B EHIE SN o A, IBERE O BEN 7o 72 Lol L7z,
2.9 Bk ORAF
OYBERR 2 HIWERE 2 mL & 20 % AF AL 307 2 mL 2RA LZIRICBE L, -80 °CTHE
R LT,
2,10 FEHNEAZ MR
RREAE S Lkt L7z, 7Zpd8, [ —R) B ARt S 4v7z 2 BR oD B FE [R]E O s —
HLELGETOTA» L EZRBRICILL, BRAZ2BRTHoTHETOT oKL REBRICH L.
1) BRI 0 F Y
OYBIERR &2 HI 28 KBS HC 35°CTC 18~24 i RS2 L7-. B S 7= 4% % $5 L McFarland No.
1 LR XOABAEAKICEE L., TIig, R LUZEKR | mL 24 AHAKImL THRL,
PR & L7z,
2) HR OBERE K ORE A
NI AT77—y FEHWTHEM M A ICERBEKRE AL, £ZIZRLE 96 B 7L —
Mo —X7b— MR L., 8%, 7e—X 7L — MNZAH7ZE LT, 35°CT
16~24 el K748 L7z,
3) CHIE
BELEZ7o—X T L—he~vAuFL—h ) —=F 4 I 7 —DRICEE, WIRTE
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H ST DD S 72 WA L OVEE D & > THEED 1 mm & T 1 HOEE IR BN
b, ZRUSNOEEITRE LA L. SHHEEHOERENHILE SN EAORIKREL2 S > Tk
/N EBHLIE R (Minimum Inhibitory Concentration) (EAF [MIC] &w9H. ) & L7z, 7mr—
R 7 L— FOEFNEE £\ Ca¥, Mgl MH IR IS FEE SN2 o = VTR B AR
D HIRWGE & OIRFI A PRI I AR B 2 BB bicha (A% vy 788) 3HR
BraiTo 2 &b L, BRBRICBVWTHATROERNRBD LN SEAITRBRAK L Lz,
BIAOMPERFME (LT T7v A4 27 HKA >~ w5, ) %, Clinical and Laboratory
Standards Institute (LAF TCLSI) W9, ) BHET LT LA 7R A 2 kN DKW IJVARM TH
IVl (ZWEMEZ R 3 MIC A0 T A) 9% vz, ko MIC R 7 LA 7 WA
N ETH o e GG ITMEE & Uiz, MHPESRITMRRE. GREANLE 2o b D& FRL) I
B D MMEREE D EIS  (MHPERRE/ MR X 100) THIH L. ARBHER, Nravwaf v
[ZDWT DA 24 Kf[EIE# %, £ OMOIEANT OV TIE 16~20 FEHEEEZITIT > 72
4) BN R R B
K FE A BERE D E. faecalis (ATCC 29212) @ MIC {543 CLSI O JE 8 2 f 45 BRER Sl 29 LLN C
b5 & aRBRRSIAITE L.
2,11 FEHIMMHE ST OB
1) DNA it
PR E OBRIZHIH L 723k 2 DNA BEHR & L THW .
2) ABHEKE O
PCR iR 24.0 uL % PCR T = — 7|2 A4, DNA #EHK % 1.0 pL 12 T PCR SUGICHET 2
ABHAW & L7, [FIFFIZ, PCR SUSHRIZBEPEXRT FROUT MK Z 1.0 uL Nz T, Bh sk PRIk &
OV ME X FiR 2 R L 7z
3) PCR K its
A RBHRIE, B PE T IR IE K O PEX IRIE D A > 7= PCR F = — 7 % DNA HYEEE 2 Af,
94 °C (5 /o RfAFE) — [94 °C (1 3R EE) —55°C (1 0fMRFF) —72°C (1.5 > MRF) ]
(35 %A 7 V) —5T72°C (7 5rfEIfREFs) DFMT PCR IS ZEAT > 7.
4) FEXIKHE)
2.6 D 4) L [FAIARIZFE R L 7-.
5) CHIE
Bo M Sk R L 8 C A R AN it AR 1 DO RF R 72 7T A ~—F » MZxET % PCR HEIERE
Vs S A, BEMRRRIRIC IV T PCR HIREM B AL 05 G, o, BMEHARIZHB W T
K SEAN P BAR T ORI 7 74 ~—& >y MIxIET 2 PCR HIEED M S 256X
xf 3 2 HEANR M8 AR T 23 Btk & e L7z,
8, T OMEE % Scheme 1 (278 L7,
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Selective enrichment

Selective isolation

weighed sample (25 g)
added sample into AC broth (250 mL)
incubated for 18-48 h at 37 °C

streaked culture sample on Enterococcosel Agar
incubated for 18-72 h at 37 °C

Pure isolation (primary)

streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C

Pure isolation (secondary)

streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C

Phenotypic identification

Gram staining
NaCl torelance and temperature torelance

:inoculated one colony to HI-broth containing 6.5 % NaCl and incubate 18-24 h at 45 °C
Pigment producibility: observed the color of colonies on Brain Heart Infusion Agar

PCR Rapid ID32 STREP API

E. faecalis

Identification

identification

DNA extraction with InstaGene Matrix
prepared reation mixture with genus/ species -specific primers
amplified template DNA

, E. faecium, E. durans, E. gallinarum, E. hirae :

95 °C (4 min) —[ (95 °C (30 sec) — 55 °C (1 min) =72 °C (1 min) ] (30 cycle) —72 °C (7 min)
E. casseliflauvs :

95 °C (10 min) —[ (92 °C (30 sec) — 45 °C (1 min) —72 °C (1 min) ] (30 cycle) —72 °C (7 min)
electrophoresed at 100 V on a 2.5 % TAE agarose gel
stained with ethidium bromide solution for 30 min
visualized with UV light transilluminator at 312 nm

Antimicrobial susceptibility tests for Enterococcus spp. isolations (with broth microdilution method)

MIC determination

Resistant strain

Detection

Scheme 1 Antimicrobial

streaked culture sample on Brain Heart Infusion Agar

incubated for 18-24 h at 35 °C

suspended in saline solution to a concenration of 1.0 McFarland standard
diluted 10 times with saline solution

inoculated 96-well microtiter plate with the suspension

incubated for 16-24 h at 35 °C

examined each well for growth of isolates

prepared PCR mixtures
amprified template DNA
ermA , ermB, mefA/E :
94 °C (5 min)— [94 °C (1 min) —55 °C (1 min) —72 °C (1.5 min) ] (35 cycles)—72 °C (7 min)
electrophoresed on a 2 % TAE agarose gelat 100 V
stained with ethidium bromide solution for 30 min
visualized at 312 nm on an UV light transilluminator

susceptibility test of Enterococcus spp. isolated from feed ingredients
and formula feed
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3 HBRRUEBHE
3.1 fABHEURE B OVEC & Bk oD 5y BR B oD A HE R 350

A ORGSR & U7z R OV & 8RBT 35 1 2 I ERTE O B 51 43 BESH L 2 Table 5 1278 L7

(B FE A FFE T X 220 o T2 GEREE 2 D\ TlX Enterococcus sp. & L CRtdi L72) . fRiKE L7z 143
AED 9B 98 MBI DIGERE S DEES Lz, IHERE & LTS 7s 182 #Rod 9 b 116 FRIC
WCHNFRE Sz, E faecalis B3 b % < mBES 4L (46 #R) , KT E. faecium (41 #£)
E. hirae (14 ¥%) , E. durans (12 ¥%) , E. casseliflavus (3 ¥%) ONEIZ 3 BESE DN m - 7=, Gk
JFOB & OB A BT W T, EBERBGERE T WIS E. faecalis Y E. faecium T > 7.

Table 5 Isolates from feed samples

No. of isolates

No.of

Samples No. of Enterococcus- E. casseli- Entero-
P o0 . E. faecalis  E. faecium casselt E. durans E. hirae nero Total
samples positive samples flavus coccus sp.
feed ingredients 95 57 32 20 3 7 7 38 107
fromula feed 48 41 14 21 0 5 7 28 75
Total 143 98 46 41 3 12 14 66 182

3.2 HHEAZME

HREFEIC LV BERE EHE SN 182 kD 2 6, FULRAENOHEES, F—HEHKTHD AT

REMEDH D b DO EBRVZ 134 BREFRABZHRBRICHE L. 26 10 KRIZ> W TiE7vr—X 7
L— M ECTEEREORENRROONT, RBRHEREZ/BL LN TE o7, BBRREED
ZENTE 124 ROIKRZMEE Table 6 (R L7-. b FEREOBENOEEL SR TV
VCM (2% L T2 R T EERIL 2 o 72, 2D, GM, CP O ABPC [ZxF L C & it IER2
AL oo, Fio LCM KT DIMPERIL 5 %LU, TC LT CPFX (%3 HMtESRIE 10 %LL
TEWFRHEDL -2, WTFROOEANCHEZ R L-EKIE 80 #dH v, EM [ZiitEz ~T b
DDEIGIN 38T %E L 7=.

TBERREL D % Do 72 E. faecalis, E. faecium M N @fﬂ@ﬂ%ﬁki TOWT, FEHFNT T DM
Hk Table 7 IZ/R L7z, BETEWIERNEO bz EM 2250 T, M2 FHFOEKIT E
faecium 2% < FL.o Tz,

2023~2024 T3 HES L7 EM IHERGERE 2 X512, ~7mJ4 KR, VravA Ty fmEkD
ARNVT NI T I URMTTREMYE (MLSg Mfiff4: : Macrolides-licosamides streptogramin B fif 1)

DBO BTG 9ermd, ermB K ONZ VD & M EFERE D IR D mefA/lE D3IFEO~ 7 0T 4 FRK
AN PER B T ORARBUC OV TIHELZE Z A, EM, TS KU'LCM (Z%f L TE W MIC Z 7R
L72 3BRIZDWT ermB DA NRD B, ermB 12X D MLSpMHERAE L TWHHDEEZ BN
2. ZOMD 1 EHRIZ DWW T mefd/E DERARBD BT, ermd AT HHEKITAGNT,
EM [ifPE 2R 48 KR D 9 B 44 BRIZO W TIEW T RO E S T ORA LR bk o 7.

EM DET5~v7 74 FREANIE FROHEKEIZBNTEZILH SN TEY, JVARM (2
BIFTD 2022 F0 L EGEHROBEKEICET 2WETH ®WIIRMERIRIN TS, KREIC
BWTEMIZMitHEZ R LIZEKRD 5 B, b hRFEEH KO~ 7 0T 4 NitEGERE CEICHRH S
NDermBBGTEEATDLDIEIREDT N TH o2, £ mefd/E Bn 113 1 RO BB
HEI, ermd BEFIIHRE I o2, Z0OZ NG, KFEAEIZBWTIZZ N0 OE &S
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FOEHIZED EMTHERENE LS R b O TH W EB 2 bk,

Table 6  Antibiotic susceptibility of Enterococcus spp. from feed samples
2023-2024 (124 isolates)

Range MICs, MIC,y, Resistance (H;;L)
(ug/mL) (ngml) (ngml) n (%)
KM 1 - >1024 128 512 24 194 512
GM 0.3 - 32 8 16 0 00 500
SM 4 - >512 32 128 - - -
VCM  =0.12 - 8 1 2 0 00 32%
TC =0.12 - >64 0.5 2 12 97 16”
Cp 2 - 16 8 0 00 32%
CPFX =0.12 - 16 1 2 11 89 4
ABPC =0.12 - 2 1 2 0 00 16”
SNM  =0.12 - 8 2 2 - - -
BC 03- >512 256 512 - - -
AZM 0.3 - >64 8 32 - - -
EM =0.12 - >128 2 16 48 38.7 Y
TS 0.3- >256 4 16 20 16.1 169
LCM 1 - >512 32 64 324 256

Table 7 Antibiotic susceptibility of E. faecalis, E. faecium and other Enterococci
from feed samples

E. faecalis (n =28) E. faecium (n =29) Others (n =67)

MICs, MICy, Resistance MICs, MICy, Resistance MICs MICy, Resistance

(ng/ml) (pg/mb) n (%) (ng/ml) (pgml) n (%)  (ngml) (pgmb) »n (%)
KM 64 128 1 3.6 256 512 8 276 128 1024 15 224
GM 16 16 0 0.0 8 16 0 0.0 8 16 0 0.0
TC 0.5 64 4 143 0.5 16 4 138 0.5 2 4 6.0
CPFX 1 2 0 0.0 1 2 2 6.9 1 4 9 134
ABPC 1 1 0 0.0 1 0 0.0 1 2 0 0.0
EM 2 2 7.1 8 32 24 82.8 0.5 16 22 328
TS 2 2 7.1 8 8 1 3.4 8 16 1 1.5
LCM 32 64 2 7.1 16 32 0 0.0 32 64 1 1.5
CP 0 0.0 8 16 0 0.0 8 8 0 0.0
VCM 2 2 0 0.0 1 4 0 0.0 0.5 1 0 0.0

4 FEO

[E] N i a8 OO i BHEURE e OVBL A B Bk 2 & AGER B 2 20 BfE LU, SEHFIME ORI 2 FH <72, 2023~2024 4
EORHEICBWWTEONTZMAEZLLFITRLT.
1) FAERNGRELTI143 HOREZNEL, 595 98 S bIGEREN THE S .
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2) 182 HMROBERENSEESH, 9B 116 BRICOWTHEMINHE S iz, B4 BESEE X E.
faecalis 73 b <, E. faecium, E. hirae, E. durans, E. casseliflavus ONEIZ &> 7.

3) RO RN LN 124 RO 5 B 80 HRIZ W TEAMMENFRS 537z, EMIZ2OW\WT
EWIPESR (38.7 %) R LA, b FRER&EHKRDO~ 7 v T A FIPEGERE TEICHRE S
D7 m A FREFMERIEFEZRAT2H0EFDTNTHY, AFEICIEWTIEI NS DI
PR F ORFIC LY EMIERBE S Ro7eb D TEARWEEZX bR, £, b MEROH
RIPOEEHIND VEM IOV TIEWTHOEKIZEBW T HIMEZRD o 7.
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3 RBEFMMREBRFICONWT (M7 FE)
A 22 R AT AR 55 AR
Results of Official Testing of Specified Feed Additives (Fiscal Year 2025)

BEdshny &%, koL 2O L OE O E T HiER (B0 28 E A 35 5. DL
T MRtz Evwo. ) BIRE I HOBEICESERENED SNTFEHRMY D 5 6, fid
B O 2MEORER K O E OWEIZRE T 2 EMMITS (B S1UAEBRE 198 5) 52 &8 2 5
EO LI HIEEWE A %2\ D . RREIRNIE, SRR E2EFE S &S 1 HOBEIZXLY, AT
BB N MK PEE B R a2z % — (LLF TFAMIC] &\ 9. ) BMTHOIREEZZT, REAK
AR SN b O TRITFIIEBGE L TEIR bR L E&NTWD. L, fELaES 15
B HOBRGERE T R ESEE G ES (LT TR e SEREER] Lo, ) BREL,
[FES 16 =5 1 HORRF ST b O K OFES 21 55 1 OBk 2 52 1 72 A6 E i E ) 55 5
WEEHENIEL, RIEE 2HOERBMFINTZEDIZHONTIE, ZORY THER.

BT FEEIZ FAMIC (2% L TRIEDHEERH Y, ZHIZEH LIRERIIMIZONT, ks
EVFLDIEDOTEOMELRET S, Flo, S 7 FE OGRS EEFERIEET IC L D RFER
Y OEGEBREFICHOWTHIETIMET 5. ok, O 7 FERORER T, SERE DR S
EF DOBGRILIR .

1 FREBINY ORE RRE S KN4 %

BT EEICREICER LIZFERNIIZONWT, TOMBEE O E PGEEENICE 112
~ L.

HEEIX 4 2E0OH Y, FIEENSOMBIIRho72. HiEDOH 72 4 EHOZEh ol
RS X, ORAORIEDHEIT> THDH DN 2 EH, QRAIOEADHREFT->TNDDN 23
FEThotz. ok, EWNEEORANH WS TV 5 RS FEAIZEA S TH - 7=,

BT FEEICREICAR LI FE RN L S FiSE, 78 (RTFEEE S FRJE, 78M) Thoiz.

F7, MALEICOWT, BEOEWMALEIL, TEIT~A T UNEE, FIUnKE, 75
RTZHATHVR—=NVERY Y )~ F NI ARTVATY T, 8RO AL E I,
FU )AL F R ARRT T, U NPET, 4 HE (REE 4 TE) ThoT-.



106 fAEHFZE S Vol. 51 (2026)
= gy s L= __EBS
RERBEEBERUOREGE—E
A
(SM7 EE)
- . s . fAEHR I . & i
X N A R RN O FRSE pre 54 (me(J7 i ye)
. TEIwA T O |¥—< vz %200 200
= o S 2
7 SRl >S5 O [ErF /8100 100
ﬁ“ AA==2— kU g otk BY A F BT L O YU A 10%EF] K- 100
vy 7 bR T FwA L O T T~ A 8%R 80
O |[#= vz %100 100
. VA RIS S RN
7 |Huvepharma Japanif =2 #1: %2 s v @) =y 7 Z200 200
TGRTH AT x )R O |77F~=A180 80
it A% 293 ST idiil

X AFRE X BB - HERE - BRI, MEEX TR - PE LAk - ME
22 A EE ITREY

2 FRERING O TR O RE A RS A

BT QR E RN OFEF R O E S A, AR R ONFEE MR &4 5 S 45
KOG 6 FEEDRERE L bIZRKR2ITRLT.

BT EEORESKIEENT 87 1, SRR 611 N CEEAMBEEIL 77 o (Jiffi)T
bolo. M, BEROERINMHEE &EOETFEELIEL, 221967 %, 121.5%, 122.7 %&
20, FEIEHIE L2 b 00, BHEROEENMEBEERIIREIHEMLEZ. T 7 o
¥, HEROERNBEBEERRKE ML THWDIZERERO—2LEEXIOND.

BT EEORESKBEEZFEENCHAD &, TTVUNEIRD 46.0% (FAIFEE 263 %) Tl
H %<, WNTHY J~A v F MY T A404% (BIFEES03%) , TET~A 2273 % (A
FE131%) , 79874+ A7+VAR—1L59% (RIFEIS%) , =2 T7~<A2204% (HitFE
0.8 %) t7xoT-. FT-, EENMEBEEIZOWTIE, SR 7HFEIIVY ) ~A4 > F M) D
LRERD 482 % (IR 51.5 %) THH %<, KWTHT 363 % (RIFEE 21.0 %) , 7
BT~ A 115 % (RIH4ERE 209 %) , 7R 74 A7+ ViR—/L 3.7 % (BI4EFE 6.1 %) , —
I AT03% (AMFEFERF0.5%) Lioiz.

BEAKBEZEINCHRAD &, S THEEIX, RN —T LR 864% (HIEE 76.6%) , 4
WRY=A RN T3 % (BIEE 13.1%) , RAKRZ V3 Uy REN59% (RiEE 9.5 %)
RYXRTF RED 0.4 % (AIFEE 08%) Thol.

BT HEEOREGKBELOERNMEBE R ZAMEE L RS HE, T 3FHL, ¥
V) ~vArF M) UNIRIRENR, =T~ y, T7RT A ATV R— LV EOTET
~A AT LTz

[FIRRICBERNCRITEE & i35 &, MEAKBELROEENMHBRER L bICHR ) =—7 LRI
WML7zebon, RYXTFRR, RAKZVa) ey RREOAN Y v A 2 RIFHD L.

GRSy b T VTR 28 FEEMND, S AT HA RIS EENS, BT aTd~v A v
YF MU T AT 19 FFEND, BRI MU T AESR S FEENS, TYe Y R RY
U AT 22 FENS, Ba A UATFER 1 FENOBRIEOHFENR R, ZhbIE a7
EELHEN 2o T, B, /I ~THAR, TRV T RNI AR Ty KPR D
LUE, BIBOKRAIRLIZEBY, BEAFEHREHEREET IC L2 MEEBEL 72,



107

DWT (Ffn 7 HE)

-
-

TR T RN B RE R R A

IR —
Leet sIet L'96 0'LL €6L 1'68 £'86 $001 1401 (%) 7 X Ay MH fx
0001 | OLELL 0001 |0z6019 | L8 |0001 |TSO'E9 0001 | s66T0s |06 |0001 [97618 0001 |o0gerey | 101 2 &
00 0 00 0 0 00 0 00 0 0 00 0 00 0 0 g NG
— — — — — — — — — — — — — — AR a2 A W x
S11 $68°8 €L SLY'vY a 6'0C 081°€1 '€l 00659 81 L'0T $8691 vel ST6H8 T 4 NG ¥
STl $68°8 €L SLY'vY 4 6'0C 081°€I el 006°S9 81 L0T $8691 rel ST6'H8 T ARy LAL| RV EALTANE
S'P8 66£°S9 ¥'98 $86°'LTS | L9 U 81LSt 9°9L SLI'S8E |19 | ¥sL SHLT9 €08 Str'60s | 89 g [
- - - - - - - - - - - - - - T4 £dAnfl
— — — — — — — — — — — — — — 4ba;+xmx%w,%%mlHa%
€9¢ €01°8C 0'9% ST0'I8T |9z |0l 8TTEI €9C sLTeel | T 9°0¢ £10°ST S'6¢ stost | € AL
- - - - - - - - - - - - - - Th (bRt yrlEm L
T8y 96T'LE oy 0969y | 1v | SIS 06¥°CE €0S 006csT |6y | 8tb T0L9¢ 80 0z0'6sT | st R AN (I R A
Le 088°C 6'S 000°9¢ 9 19 0v8°c $6 0008 8 ¢ 088°C LS 000°9¢ 9 12 \[ Wl cAaq
Le 088°C 6'S 000°9€¢ 9 19 0r8°c $'6 000'8t 8 S'¢ 088°C LS 000°9¢ 9 AU—t (¥ LrFowio] ©BOLELE
€0 L61 0 09%'T 4 S0 413 80 0T6°c € 0 L1€ 90 096°¢ € g [
— — — — — — — — — — — — — — BIP -
Fl £L 03k
€0 L61 ¥0 09%°C 4 S0 413 80 026°¢ € 0 LI€ 90 096°€ € ANl E
— — — — — — — — — — — — — — — ARLA ANEETR
(%) | (WD) | (%) @) Gp | | @D | (%) @) Gp | o | @z | (%) @) (4)
Ty éw.m%%w HA Y BRAC MM BRIk %WWW&W A ) MM A ﬁmwk%ww WA o wmww VT Co G 05 " 5
ALy ok & sy g
(FH/HS~FHSHS)
(IFE5E) EERPEENTYERAS RHNSTH CE




108 fAEHFZE S Vol. 51 (2026)

3 REEWINY) O NG Btk fe OVREHR B O 1 7 A4 0

FrEWIMIL, HBRZOMIEFEOE NI LY, BRIy S d . miEi, ik
WIE DA ARGy D Fr % BER IR D> DA R OFE R U 7o @i o s FRIRICH R 5 b 0T, #%E
X, FUEMEOARZASY, BSOSy R OVE AR RSy & T RE AR IR A Ho M L T BUOE R
BIZHXTL2HDOTHD.

AR T AR QR E I O R B K O BB O RUE SR 5L, BB E R OV & i &
R3O LIZ.

R D FERRIL R <, TNTHEBHRDOH TH - 72,

)T EAL ROV v A 2 N U X, EEGRE SPER O W AR E STV D
D, BETEEE, ST EA NI EEEEEROEL L b RIEDEFEN L, U <A
T N U U BITEENR O BARE O EAED B o T2

K3 REAKGH AHRUERVEENMBREE BERIER - AR

(SM7 EE)
Uici i | gl kB %
N e e - BN nvs s | FRI | B | A s | FE I
L il BOE WM W 0 R | | BREOR | T g | g | ARER | T

) (kg)  |(kgUUfili)| (F) (kg) | (kg(J7fill))

[ AN N A — — —

KUY RTF KR T AT 2 2,460 197
) NT AR — — — — — —

ARAKRTZYa) ey NR TIGRT F AT VR— )L 6 36,000 2,880
YU )AL YDA — — — 41 246,960 37,296
v FaTw vy F Y YA - - -

AU = —T IR FT v 26 281,025 28,103

ERXTUT R DL — — —
FHr T RF MU UL — — —

Fov bV~ AT F TEIwA Ty 12 44 475 8,895
Z D, Eafeag v — — —
& 3t 0 0 0 87 610,920 77,370
| = (%) 0.0 0.0 0.0 | 100.0 100.0 100.0
- EERL

X RRT, UG OBER RN L EIRT.

4 BRGNS EfREME RLG 1T X D BETIINY O RE RE s

BT FERD ORES T, RSB PRI THER = I~ Ay, Y~ A v
YFRITL, ST EAR, ERVUFT MY TLARD TR Y RS R U AR D B EREE
ERRFERIEEFOFEEGL L TREESN TV D,

AT R OB E SR ERLE T I X DR ERNY O REHE R OV E MR E &L R 4
R LT, B, JUANTEAR, ERVUCFTRNITDALEORY T Y R R T AL, £2T
ML EBYREFEBIT o 7o, BERFEB SRS ER I L 2UEFERH - 72,

B0 T EE OSSR E RS RE R I L D R ETINY O BAES R T 904 b2 (RFRTAEEE b
110.3 %) , EEIMHHFEEIL 137 Fo (Jiffi)  CFRTFEEL 1054 %) ThoT-.

BT HEEORER X, EXV T NIUA, B AT R A, THrY RS
FIDL, JINTEZAR, 20T~ OIRIC, EENMEREREIL, T T MDA,



B E R BOER RFIZHOWT (7 HEE) 109

FHuy RFEI UL, B ) ~vA L F MU UL, 2 Txvy, JUNTIA ROIEIZE)»

> 7.

K4 EHRRFREAMFHREXBICLIIBERNYOXNERESF
(K6 -7 FE)

45 FN64E B ST E

5o e T TR O R A ’jf%ﬁifﬂﬁ Ly ﬁfﬁﬁi@

(ke) (ke(J7 i) (ke) (ke(J7 1))
N e AV 20,400 1,632 42,940 3,435
RYXRTTF KRR | o ~THAFR 40,740 1,630 61,620 2,465
7N 2 61,140 3,262 104,560 5,900
Py )= F MY A 184,720 18,472 202,880 20,288
. _ EFERXTUFT MY T A 432,260 86,452 415,740 83,148

R T—=T IR = -

2= BV Nl NV AN 141,920 21,288 181,140 27,171
7N g 758,900 126,212 799,760 130,607
Ha &t 820,040 129,474 904,320 136,507
%t AT OAE FEE (%) 108.7 113.6 1103 105.4

X R E AR ROE SR L B S HY

5 FFERINY O R 8%

BT EEORERMND OBEAHEE (HEROEA) &Rk e EREET I L o1
EHEOKRF (LT k& Evo. ) ROZOEBNMEBEEZ R S ITRLT.

SR TAEEICEIE R A SN RERINIT S FHEH 0, BEEEFENICAD E, YU
~AT T RITULN (297 %) , ERCVUF NI TA (274 %), T2 (185 %) DJEIC
2L, HANTEHARY) =T LZNEHE<, 1,328 b (BE 1528 by, Bé%k:800 hy) &4
o 87.6 %x i, £, EENMBHEEZMEEIICADE, TR F R T A
(389 %) , YU /~Av > FhIDA (269%) , 77 (13.1 %) OIEICEZL, FHITH
R T—=TVRBERH% L, 196 (i) (BRE : 65 ~ (Ui, & : 131 () &4
KD 91.6 %% Hb7-.

WIZ, SRR 28RN B A 7T HEE £ ToRE 10 FEMICB I 2R EHRNY OB R OER T
i E EOER OHERB Z TN 1 KO 2 1R L.

BHEFWELAH L bO0, BOEmTHELEZ., £72, TOEBAWMBERIBBIELD
HIHER L.

REBHEBMEIZOW IR H 5 b 00, BN CHER Lz, £/, EENMBEEDSH
BRI ) CTHERS L 7=

B ERRE E A BE S RS S ET K D ST 19 R E DA I AL TER Y, AL 29 A D AT
TR TO 3 EMBE N 3 EENRE, BEGKEEL EEl>TWS. S 7HEEIL, FER
¥ O Em 2R D 59.7 % (RIFEE 62.0 %) , E&IMIHEE2ERD 63.8 % (HIFEE 67.3 %)
Ze B R E fE S RS R I L2 EN S T



110

fAEHFZE S Vol. 51 (2026)

K5 BRERYOBKYESF

(SM7EE)
Kool 5 T VRN O R RS Hepk b | MR | R
(kg) (%) (kg(/71ifi)) (%)
R A WA N A — — _ —
. . L e 4 45,400 3.0 3632 1.7
R RTTF KR - -
JvNTHEA R 61,620 4.1 2,465 1.2
/N =t 107,020 7.1 6,097 2.9
. TSR TF AT UK=L 36,000 2.4 2,880 1.3
AAKRZY Uy R%
VEYEY FR - T 36,000 2.4 2,880 13
AT A% WA 449,840 29.7 57,584 26.9
Yy FadvA S RY UL - - - -
. FT 281,025 18.5 28,103 13.1
R z—F V% 7
EFRLVUF MY A 415,740 27.4 83,148 38.9
SHas RFRY LA 181,140 12.0 27,171 12.7
/N = 1,327,745 87.6 196,006 91.6
FTESw A 44,475 2.9 8,895 4.2
FA RV oA TR Ei .
/N z 44,475 2.9 8,895 4.2
e e — — — —
D
T O /5 2 0 0.0 0 0.0
i =t 1,515,240 100.0 213,878 100.0
—  EEe L
X1 MRMEAKEE &R eI SERIE (T I L 2 EKEORE
2 ME AR &R E SRR I L RGO EEEHRE & ORET



R TE IR I B R A LS

DWNT (T AR

(k>)
1,800

1,600

1,400

1,200

1,000

800

600 H

NN

400 A

200 H —

0

N

AN

:h\\\\\\\\\\\\\

O

Vv
&é" & &é"

(k2 (F2 1))
220

4&

173

4&

4&“‘4&@

&(‘* &(‘* &(“4' Ygf‘ﬂr Q&@ Y&@’ &%’ &@ 6(‘{‘1?
A

4&“’

‘%/
3
4§

RBEDHR ()

200 H
180
160 H
140 H
120
100

80 7%2%

60 H —

=

40 M

20 [ —

0

=

—

-

-

AT

I

'1/ rl/
& & 4{5"

4&

R

173

4&

6&&

*3

M2 BERMYOHLBHDE

Vg&

sz&

‘éﬁ’fr &@ &(“xr &(“r Y&‘%v Y&é“r &@ &‘@r \&‘%‘Ar &@

RII—TIL %R
(B8

M RIRTFEZR
(B85

FTILbIRADUFR
(RE)

RYI—FTILR
(FR7%E)

O RRAKRT)a)EYRZR
(%)

B~<oo34 kR
(]R7E)

OTr9190 %
(BR7E)

MARIRTFrHR
(R7E)

RUT—FIL %R

(&$%)

M RIRTFEZR
(&$%)

A EGPE
(HR7E)

RYI—FILR
(FRE)

O /RRARTYa)EVR R
(#3E)

B <oos/4K%
(IR7E)

OFcS919)0%
(H&R3E)

M RYRTFEZR
(1&R3E)

ENMBEEDHT (FFEH)



112 fAEHFZE S Vol. 51 (2026)

6 E K
1) M7 FEEORERMDOREDFERIL, LTDLEEY THD.
i @E’A%Ltﬁiﬁmwm,4¥%ﬂ%$ﬁéME,5@%,7%mf%ot.
i BEAKMIEIL 87 1, SREEIT 611 b, EEDMBEEIZ 7T ()T, BIEEIC
TS, Rk VR R i E & & ’%Mbt.
iii MEICAH LR EERMIE T X TR CTH v, KRR OER T o7,
iv MEGKEELZFENICADE, 7V, PV ) ~A v F RITULA, TETA
DI o T=. Fiz, REDMBEEIIVY )~ F NI UL, TV, TEI<
A DONEICE - T
v BREGKEEZEINCAD L, NY o —T LV RIFRMHEEICHETEM LR, RU T F
R%, RARZ VY Ey FREORAL N Y= 3@ Li-, £, EREAMBEE
FROERTH -T2,
2) AT OB EAR SRS ET I L B0 R, UTOoEBYTHD.
i OBERERERRMERIE R IR SN TS DI 1 ¥5 1 THTHY, 5 EEREL, REK
BT 904 by, FEENMBEET 137 M) T, RIFEEICHAST, BEHEKOERS

flifata & & Iz m L 7=,
i FEEERIIC %ké?: @Eiﬁt%i%*‘/“/‘/%%UT?A YY) )~ A TRV UL, T
Y RF MU TLADIRIZE 0T, T, EEAMBEETER VT NI TLA, TR Y

FFRrUDLA BV /74’V/TI\U'7A®ILE ey
3) BT FEEDORERNY OB EEDOFERIL, UTDLBY THD.

Ry EBIND DR E AR & BB R E B FREER I L 0 RERE L 265 Lk EL
@ﬁ%_ﬁék PV ) ~wA T NI DA, EXV TR DA, FIUVDIRIZE o
7=, ¥z, EEBIMMBEEICRBWTL, XY F NI A, YU <A YT A,
FT U DNBIZE o T



188 A X

(#E%)

1 Trial for cyp51A4 gene variants to discriminate Japanese Aspergillus oryzae from A.

flavus

KANAZASHI Yuhei, YAMAGAMI Yohei,
FURUKAWA Tomohiro, YABE Kimiko and
KUSHIRO Masayo

JSM Mycotoxins, 75(2), 55-57 (2025).
DOI: 10.2520/myco.75-2-1

2 LC-MSMS IZ X B8EEHEMY A L—F08T 70 ) VBRI AF v =

NV = VAT G O = ) 3R] AR

gaR andE, & H fdkE
A LA S HERE, 66(6), 165-171 (2025).
DOI: 10.3358/shokueishi.66.165

3 Quantitative Real-Time PCR for Fusarium graminearum sensu stricto and F

asiaticum Infection in Wheat Kernels

YAMAGAMI Yohei, KANAZASHI Yuhei,
INOUE Hiroyoshi, NAKAGAWA Hiroyuki,
KUSHIRO Masayo and FURUKAWA Tomohiro
JSM Mycotoxins, 76(1), 3-8 (2026).

DOI: 10.2520/myco.76-1-2

4 Survey of trichothecene contamination in imported and domestically produced feed

in Japan

YAMAGAMI Yohei, NOMURA Masayo and
AOYAMA Koji

Mycotoxin Research, 42(33), (2026).

DOI: 10.1007/s12550-026-00637-1



114

fAEHFZE S Vol. 51 (2026)

1 Trial for cyp51A gene variants to discriminate
Japanese Aspergillus oryzae from A. flavus
KANAZASHI Yuhei, YAMAGAMI Yohei,
FURUKAWA Tomohiro, YABE Kimiko and
KUSHIRO Masayo
Aspergillus section Flavi contains Aspergillus oryzae,
an important species in Japanese traditional brewing,
and also A. flavus, an aflatoxigenic species. Genetic
discrimination of 4. oryzae from A. flavus is very tough
since they share over 99% sequence identity of their
genome. Recently, cyp514 gene variants were reported
to be a promising indicator to discriminate strains of A.
oryzae from those of A. flavus. In this study, we applied
the indicator for Japanese 4. oryzae strains. Consequen-
tly, contradictory results were obtained for more than
one Japanese 4. oryzae strain.
JSM Mycotoxins, 75(2), 55-57 (2025).
DOI: 10.2520/myco.75-2-1

2 LC-MS/MS [Z & 58HEMY A L—oFhDtE
TIL/OoBEUTHFRLZNL/ —LDHE
DESEEERY ]

gk i, EH RKE

A collaborative study was conducted by eight
laboratories to validate a method for the determination
of zearalenone (ZEN) and deoxynivalenol (DON) in
silage using LC-MS/MS. Corn silage and whole-crop
rice silage were spiked with ZEN and DON at the

following levels: 0.2-2.2 mg/kg of ZEN and 1.2-14

mg/kg of DON for corn silage, and 0.48-2.6 mg/kg of

ZEN and 0.8-10 mg/kg of DON for whole-crop rice

silage. The resulting mean recoveries ranged from

104% to 111% for ZEN and from 97.9% to 107% for

DON. The repeatability and reproducibility, expressed

as relative standard deviations (RSD; and RSDg), were

less than 6.1% and 8.8% for ZEN, and less than 8.3%

and 19% for DON, respectively. The HorRat values

were less than 0.53 for ZEN and less than 1.2 for DON.

These results demonstrated that the method is suitable

for the inspection of ZEN and DON in silage.

R iR TR, 66(6), 165-171 (2025).
DOI: 10.3358/shokueishi.66.165

3 Quantitative Real-Time PCR for Fusarium
graminearum sensu stricto and F. asiaticum
Infection in Wheat Kernels

YAMAGAMI Yohei, KANAZASHI Yuhei,

INOUE Hiroyoshi, NAKAGAWA Hiroyuki,

KUSHIRO Masayo and FURUKAWA Tomohiro
To develop effective measures for controlling

Fusarium head blight and mycotoxin contamination in

wheat, accurate quantification of Fusarium infection is

essential. We developed a species-specific real-time

PCR assay as a reliable quantification method for Fusa-

rium graminearum sensu stricto (s. str.) and F. asiati-

cum infection in wheat. Two types of assays were
evaluated: SYBR Green and TagMan assays. Total

DNA was extracted from wheat kernels harvested from

a field where F. graminearum s. str. and F. asiaticum

infection in wheat was artificially promoted, and EF'/a

gene copy numbers were quantified using both assays.

Strong correlations were observed between the copy

numbers obtained from the two assays (»= 0.97 for bulk

samples), as well as between the EF/o gene copy
number (SYBR Green assay) and ergosterol content (»
= 0.88). These results indicate that real-time PCR
provides a reliable method for quantifying F. gramine-
arum s. str. and F. asiaticum infection. In particular, the
primer and probe sequences prepared in this study were
specific to F. graminearum s. str. and F. asiaticum,
making the TagMan assay suitable for quantifying
infections by these species.
JSM Mycotoxins, 76(1), 3-8 (2026).
DOI: 10.2520/myco.76-1-2

4 Survey of trichothecene contamination in
imported and domestically produced feed in
Japan

YAMAGAMI Yohei, NOMURA Masayo and
AOYAMA Koji

As part of the Surveillance/Monitoring Programme

AAbfE, HBROT & VRO AT TR L TV ET. EERIIIBRGEE 2 RIT T A 8RR L ET
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by the Ministry of Agriculture, Forestry and Fisheries
of Japan, we investigated trichothecenes in 301 feed
ingredient and 176 complete feed samples collected
from across Japan between 2016 and 2022. Ten
trichothecenes, including six type B trichothecenes—
deoxynivalenol (DON), 3-acetyldeoxynivalenol, 15-
acetyldeoxynivalenol (15-AcDON), deoxynivalenol-3-
glucoside (D3G), nivalenol (NIV), and fusarenon-X—
and four type A trichothecenes—T-2 toxin, HT-2 toxin,
diacetoxyscirpenol, and neosolaniol—were quantified
using liquid chromatography—tandem mass spectro-
metry. Type B trichothecenes were frequently detected,
whereas type A trichothecenes were less common.
Maize contained the greatest diversity of trichothecenes,
with higher concentrations of DON in samples from the
United States and of NIV in samples from Brazil.
Contamination in maize varied depending on its origin.
As a primary component of complete feed, maize
contributed to overall trichothecene contamination, as
indicated by similar yearly variations in total (type A
and B) trichothecene concentrations; positive correla-
tions among DON, 15-AcDON, and D3G; and the same
most frequent combination, DON + 15-AcDON + D3G
+ NIV detected in both matrices. Although DON
concentrations in complete feed samples remained
below the guidance values in Japan, multiple trichothe-
cenes were frequently detected. These data provide a
baseline for regulatory monitoring for both imported
and domestically produced feeds in Japan. Furthermore,
feed diversification, attributable to increased feed costs
and climate variability necessitates continued monitor-
ing of susceptible ingredients, as trichothecene occurre-
nce and concentrations can vary by feed type, origin,
and year.
Mycotoxin Research, 42(33), (2026).
DOI: 10.1007/s12550-026-00637-1
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