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Development and Collaborative Study of Determination Method of Sodium Nitrite
in Pet Food by LC

Yasutoshi SUGIMOTO™?, Saori ITOU"? and Masayoshi KUWABARA ™3
("* Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Nagoya Regional Center, FAMIC),
"2 K obe Regional Center, FAMIC (Now Fertilizer and Feed Inspection Department, FAMIC),
"3 Kobe Regional Center, FAMIC)

We have developed a quantitative determination method the concentration of sodium nitrite in pet
foods using a liquid chromatograph with ultraviolet (LC-UV), and conducted a collaborative study.

Sodium nitrite was extracted with ammonium acetate solution. The sample solution was
deproteinized with zinc sulfate solution and sodium hydroxide solution before its filtration. The
filtrate was further purified with a SPE mini-column (graphitized carbon cartridge, Sigma-Aldrich
Co. LLC.; St. Louis, MO, USA), and injected into a LC-UV to determine the concentration of
sodium nitrite. LC-UV separation was then carried out on a NH, column (Asahipak NH2P-50 4E,
4.6 mmi.d. x 250 mm, 5 um from Showa Denko K.K.; Tokyo, Japan) using phosphoric acid buffer
as a mobile phase.

Recovery tests were conducted on eight kinds of pet foods. Dry food for cats, formed jerky for
dogs and dried jerky for dogs (hard type) were added with 20 and 100 mg/kg of sodium nitrite
respectively. Semi-dry food for dogs and dried jerky for cats (soft type) were added with 20 and
200 mg/kg of sodium nitrite respectively. Confectionery (biscuit) for dogs and milk powder for
dogs were added with 20, 100 and 200 mg/kg of sodium nitrite respectively. Wet food for cats
was added with 5, 30 and 100 mg/kg of sodium nitrite respectively. The resulting mean
recoveries ranged from 92.4 % to 108 % for sodium nitrite. The repeatability in the form of the
relative standard deviation (RSD,) was less than 7.0 % for sodium nitrite.

A collaborative study was conducted by eleven laboratories using six kinds of pet foods, all of
which were added with sodium nitrite according to the following specifications. 160 mg/kg for dry
food for cats, 80 mg/kg for semi-dry food for dogs, 30 mg/kg for wet food for cats, 120 mg/kg for
formed jerky for dogs, 50 mg/kg for confectionery (biscuit) for dogs, 20 mg/kg for milk powder
for dogs. The resulting range of mean recoveries, repeatability and reproducibility in the form of
relative standard deviation (RSD, and RSDg), and HorRat, were 95.2 % to 102 %, less than 4.6 %
and less than 7.6 %, and less than 0.93 respectively.

This method was thus validated and established as adequate for use in inspections of sodium
nitrite in pet foods.
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Table 1  Composition of pet foods
Pet food types Ingredients

Brans (wheat bran, rice bran), beans (soybean meal), starches (tapioca), vegetable
protein extracts (corn gluten meal), meats (poultry byproduct), oils and fats (chicken ail,
vegetable ail), fishes (bonito meal), yucca extracts, vegetables (dried carrot, broccoli

Dry food for cats powder), minerals (Fe, Mn, Zn, K, Co, Na, Ca, Cl, Se), amino acids (DL-methionine,
taurine), vitamins (V. A, V. B1 V. B2 niacin, pantothenic acid, V. Bs, V. B12, V. C,
biotin, folic acid, chaline), coloring (food yellow no. 5, food blue no. 1), antioxidant (mixed
tocopheral)

Grains (wheat flour, etc.), meats (chicken, etc.), sugars, potatoes (sweet potato, etc.),
vegetables (carrot, pumpkin, spinach, etc.), minerals (P, Na, Ca, Mg, K, Fe, Zn, Cu, Mn,
1), quality preservation agent (propylene glycal), thickening agent (glyceline),
preservative (potassium sorbate), amino acids (L-lysine hydrochloride), vitamins (choline,
V. E, V. C, niacin, pantothenic acid, V. A, V. Be, V. By, V. By, fdlic acid, V. B12, V. D),
pH adjuster, antioxidant (sodium erythorbate, mixed tocopherol, rosemary extracts),
coloring (titanium dioxide, food yellow no. 5, food red no. 106, food yellow no. 4, food

Semi-dry food for dogs

blue no. 1)
Wet food for cats Bonito, chicken, pllgo§acgh§rlde, minerals (Ca, Cu, Mn, Zn), vitamins (V. A, V. E, V. K,
V. By, V. By, falic acid, biotin)
Meats (chicken, beef), wheat flour, defatted soybean, brans, vegetable oil, sorbitol,
Formed jerky for d propylene glycol, minerals (Na), sodium polyphosphate, seasoning, antioxidant

(potassiumu sorbate), pH adjuster, sodium metaphosphate, coloring (food red no. 102,
food red no. 106, food yellow no. 5, food blue no. 1)

Dried jerky for dogs (hard

type) Deer meat
Dried jerky for cats Chicken (white meat), glycerin (humectants), propylene glycol (quality pretention
(soft type) agent), antioxidant (sodium sulfite)

Wheat flour, margarine, caster sugar, chicken egg, rice embryo and fermented soybean
Confectionery extracts, tree extracts, galacto-oligosaccharide, protein concentrated whey powder
(biscuit) for dogs (dairy products), dried skim milk, milk oligosaccharide, vegetable ail, sweetener (D-

sorhital), calcium carbonate, green tea extract, antioxidant (V. E, rosemary extracts)

Milk protein, dextrin, animal fat, dried skim milk, vegetable ail, dietary fiber, glucaose,
bifidus bacteria for animal, dry yeast, chondroitin sulfate, glucosamin, DL -methionine, L -
arginine, L-cystine, L-carnitine, milk oligosaccharide, pH adjuster, emulsifier, vitamins
(V.A,V.D,V.E,V.B1,V.ByV.Bs V. Bz, V. C, pantothenic acid, niacin, folic acid,
biotin, choline, carotene), minerals (Ca, P, K, Cl, Mg, Fe, Cu, Mn, Zn, 1), inositol,
nucleotide, flavour (butter, milk cream)

Milk powder for dogs

212 &

1) W NU UL, TUE=TK (EESE 28%) , BT =0 A, KRtk N D
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2) EEET L E = v DR

HEfE T v E=TU L 80 g & /KIIEMLTLIL EL, ToE=T/K (1+44) TpH % 9.0 [ZFH%E

L=, MEAICELT, ZORDO—ER%Z/KTI0HBICHRLZ.
3) FmifREE SRR (10 wiv%)

fifg s L/AKFI®) 178 g 2 KIZIE/ L T 1L & L=,
4) KEebT bV U AR (30 wivob)

Kb R U 7 A 309 ZKIZEALT100mL & L7z
5) VU L EEAEEIR

UUBKFEZFT NI UL KA 1799, VU BE_IKET MY v AR 078 g KR
IR U v A —/KF 14.049 ZKICIENLTIL & LT,

6) HERHEET KU v AEEAER

HififE> ~ U w7 A (105°C T 4 RM#H L7 6 ) 500 mg % EHEIZ & > T 500 mL D45~
T AN, KEMZTEML, HITHERE CKREZMZ CHMERT b U v S EUERE % 551
L7z (ZOW 1mL %, S r) vAatLTilmgaEaflmT5. ) .

EAIZER L C, E¥FRO —E &% U CBREEIR CIEMICARL, 1 mL HICHEAEET R
A& LTO041, 02, 04, 06, 08, 1, 2, 4, 6, 8 XN 10 ug 2 &4 T HAHEWER 2 8L L
7.

213 HELEROHE
1) F#efk : ZM 200 Retsch i (EBiZ 1mm X7 U —>, fifi FR[E165 % 14000 rpm)
2) 7—FR7uty¥—:MK-K8O RFV=vw il
3y /79774 "I —RrI=4F 2L :ENVI-Carb (FETAAIE 500 mg UV — —%& 6 mL)
Sigma-Aldrich %
4) AT T 7 4% — :HLC-DISK 13/k% (L2 045um)  PBIsqb i
5) LC: Prominence &t/
214 E=ITIE
1) #fiH

SINTRRES g Z IEREICE > T 200 mL O KEE T 7 A AN, BT »F=1v MEER
150 mL Z /0%, B L TRV IEE /1%, 80 °C O/KInH T 10 /5 MEHE L=, fe\\ CTHiBR TSN
Wik (10 wiv%) 20 mL # %, % L CTIRVIRE721%, 80 °C O/KinH T 5 /rfilE L.
BIOKH T 5 MEE Lo, KT MY U LAEK (30whv%) 2mL 1z, %L THERY
BE-#%, 10 0MEHE L. BRERE7 I Aa0ERETY VBEE KR AN Z, A8 (57 C)
TAEBL, FIDOAHEKI20mL 2T, TOHO A 5mL UL EZFEHRR & Lz,

2) h T LALE

T3 7 A NI—HR I =hT7L%K5mL THREFLE. REHRREZI =07 AICAN, B
REF &, FIOOHHIK 3 mL 2 C. 10 mL ORBREZ D 7 L0 FICEE, TOHOH
Hg 2 mL 23 1) 7=,

IDWREAT T T 40— (LB 045 um) TAHBL, k7 e~ 7Z 7 0 —icfitd
LRBHAKR & LT
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3) Wwikrsu~hsrI77 40—
AREHAIR L O AR T R U w7 MEYERSS 20 UL %2 LC ICIEALZ a~ b7 T 2 &2457-.
ESAEA Table2 IZx L7-.

Table 2 Operating condition of LC

Column Asahipak NH2P-50 4E (4.6 mmi.d. x 250 mm, 5 pm), Showa Denko K.K
Mobile phase Phosphoric acid buffer

Flow rate 0.8 mL/min

Detector UV detector (Wavelength: 220 nm)

Column temperature 40°C

4) i =
BohnizZa~ 7500 —7HBLEOE I Z RO THRERZIER L, #EH O WmANEE
F RV LAEEZEE L.
nE, EEEOHEZ % Schemel iZ/x L7,

Sample 5.0 g (200 mL volumetric flask)

—add 150 mL of ammonium acetate and shake

——hest in awater bath for 10 min at 80 °C

——add 20 mL of zinc sulfate solution (10 w/v%) and shake
—— hest in awater bath for 5 min a 80 °C

——cool inicefor 5 min

——add 2 mL of sodium hydroxide solution (30 w/v%)
—allow to stand for 10 min

—fill up to 200 mL with phosphate buffer

—filtrate through filter paper (No. 5C of JIS P3801) (discard 20 mL of the beginning)
Graphitized carbon cartridge (500 mg)

(prewash with 5 mL of water)

—— apply sample solution

——collect the elute 2 mL (discard 3 mL of the beginning)
—filtrate through a menbrane filer (0.45 pm)

LC

Scheme 1  Analytical procedure for sodium nitrite in pet foods

215 KMV — 7 O HEK
1) 77V
HEHAE VRN T 214 0O DR 2ITHEVFERLL 7-.
2) FERRT = L) EEARE K
212 D 2QDEIET =7 AEE T Z 2.1.4 D D)OREHRIRT OREELFECICRD L5912V
VAR BN TR L 7.
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3) WREEHSN/ U o BEGE ER
2.1.2 O I)DOFFE A ENEIE (10 wivd) % 2.1.4 O 1)OFREHAE T OMRE LR LItk b k9 i
U FERREETR AR L 7.
4) Kb N YU DAY R
212 O HO KT b Y T AER (30 wivde) % 2.1.4 O 1D)OFRENAR T O & [F Ui
5 XY VEEEEIR CAR L.
5 K7 A8 R E K
Table 1 ® K7 4 85, (JH) 5.0 g Z 1IEMEICE > T 500 mL otk =/~ F 2aiz A, V
VFERREENR 250 mL T 20 o RIR VRS CHIH L7, Mtk a A4k (5FEC) TAB L%, A
RoO—ER%E Y o BERE K T 50 fFICA R LT,
2.1.6  IRIMNEGER
212 ® )OO HifEEET N U U AMERERR A U 2 B ENR T IEMEIC AR LRI V2.
K785 A , Yy —F%— (RH) ROEMGEY Y —%— (h—FZ A7) (K
) 122W T, 20 &Y 100 mg/kg FH Y & (sl BhAR ¢ 05 KOV 25 pg/mL) , B R7 A
B (RH) ROFEMEERY Yy —%— (Y7 & A7) GH) 1220 T, 20 KT 200 mg/kg
FAY & (RERUBHRIR R T 05 LTS ugimL) , 878 (RAERA v ) KO Iy (RH)
IZ2W\C, 20, 100 K Uf 200 mg/kg #A 2 & (F#&alEHER < 0.5, 25 X85 pg/mL) , U= v
NG B AH) 12OV T, 5, 30 XU 100 mg/kg HHY & (R &FUEHA TR H C 0.125, 0.75 X TY 2.5
ug/mL) 12725 X2t L<IRAL, EHIZ 214 (2> TEE L, FHIEIE K OHGK L
BEAEZRDT-.

2.2 JL[ERER
221 R EER HE0RE
21 OREIDH L, RIAA8E GEH) , B R84 (RA) , v=vy & O
A Y v —F%— (RH) , B8 (RHEAZ v ) KOHILvs (RA) 1220w, #6 g7
O/NF LSO GREMA T IR R) & 2 RE2REBHRE L U CEF 12 82 SlBr=1ch M Lz,
222 PFfFRE
1) HHAHEET b U U A HERUK
HAEEE S N U A (105 °C T 4 FERIRLE L 7= % ) 1000 mg % [EfiflZ & > T 500 mL D4 &
77 AN, KEMATHENL, TITERE CKEMZ THEMET Y ¥ LM RRK %
U7 (ZoW1ImL L, #HEEFFI AL L T20ug 55675, ) .
2) R R YRR
1) TR L - AR - U AEYERE 125 mL 2 250 mL DE|R T T A a2 Ak, BICHE
METY UEBEERAZ M, 1L mL PICHEMEET Y 7 A~ LT 1000 ug =567 5 & E
Rl A Y IR % Y L 7z
3 NI A RMAII AR ERR
D) TS L 7- AR U AEYEFE 80 mL & 100 mL DR T T A 2|2 A, BITHERR
FTAREMZ, 1L mL HICHEHMEET Y 7 AL LT 1600 ug 2 &H 925 N7 A 85N %
iz T LT,
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4) I N7 A R-EERINAEER
D) THRE LT b U v AEREFE 40 mL %2 100 mL O2R 7 7 2 22 A, FICER
FCOKREMZ, ITmL FICHMEST RY 7L L T80 ug 2567951 FT 0 BRI AE
ik 2 R L7z,
5 U= MUSRMAEER
D) THRE L Z AT b U v AEREFR 15 mL 2 100 mL O2' 7 7 2 22 A, FICER
FTAEZMA, 1 mL FIZHAEEST FY AL LT300ug 2 EA 357 = v B ERIN RS e
2 TR L7z
6) AT v — % — USSR YR
D) THRE L ZdimEe ) b U o AERERE 60 mL %2 100 mL O2F 7 7 X 21 Af, HICHELR
FTAEZMA, 1 mL FICHAEET FY AL LT 1200 ug 2 aH T 5 Y v —F — RN
FEYEWR 2 e L 7.
7) BT REUSIN AR
D) THRE L Z e b U o AEREFE 25 mL 2 100 mL O2R 7 7 2 22 A, TICER
FCKREMZ, 1 mL PICHMEET Y AL LT 500 ug &4 55N A Uil 4 R
7z,
8) ¥ U IRINAREYER
D THRE L Z e MU v AEREFE 10 mL 2 100 mL O2R 7 7 2 22 A, FICER
FTAEZMA, 1 mL FIZHEREES RY 7 AL LT 200 ug 2 & A 9 5K 2 L7 BN RS #Ei &
TR 7.
2)% 1 AR I)~8) &4 2 A, JEEIFIEEM T 2.21 ORBRARE & 8 THERBR=EITEAT LT,
223 optraket
RO 2 SKET, 221 ORBRAREZ AW, okl s LTk, #Emm rY vak
LT R85 (i) 12160 mgkg 4 & GUBRHEEL 5 gloxf LT N Z o 850 AR HEK
05 mL¥EI) %, I RI 085 (KA) (280 mokg fiY & (REBRAREIS gl LTI R
7 A WEEINAEHERR 0.5 mL ) %, v = MUS (i) 12 30 mg/kg #H 2 & (GRER A 0B
59l LTy =y MUSLFMAERER 0.5 mL i) %2, MY v —F— (KA) 12 120 mg/kg
Y GREARE 5 g ok LTl Y v — 3 —RIMAE®ERR 0.5 mL N %, E 18 (KA
B Ry b)) 12 50 molkg AR GRBRHRUE 5 g loxt U CHE RN A EEHER 0.5 mL ¥n) %,
By (KA 1220 mg/kg tHY & GRERAFEL S5 g2kt LT v 7 IR #EHZ 0.5 mL s
) %, BRBREICTHOMBMOERNICHRM L THRE L2232 .
224 EEITIE
21412 K~ 7.
225 #HEHIE
223 OoHTEREL 12 JSOSHHEIE, raErhiRE (mg/kg) TEL, 4 HIBZUEEHALT
BB IMTECHESE LI L L LTz,
2.2.6 53 S 11 ]
VR BLHELHAH 7THMB K 3LE2H 1HET
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227 fRAT L
HROMITIZONTIE, EEREMICA—FT A X ENEEFARBRICHETSFIE & Y255,
Cochran 27, single Grubbs 1 & & (" paired Grubbs i 217\, AAUE O A M %2 8 Lz LT
el =R, #ak RSB (RSDy) K OV=ERIFFBURE (RSDr) #H ML, 67 RSDr b, f&
iE Horwitz & 1% F\\C HorRat % sk ¥ 7-.
228 A=
A KA AL o WEEHR RSB RAET 4T - s 2 —, U=z ¥ = AR
e, M EE AR BB A L RBEOR Y F —, M EITEA B AR SR B S
AT, M EEAN B AR SSNTE ¥ —EET IR, MNIATBOE N BAMOKE N B 2 A v
2 — Rkt R SR, FfLiRE 2 —, Aty —, AaEREr2—, Mty 42—
K ONAEfE M T v 2 — (Gt 11 3R =)

3 BRRUBE
3.1 HrikBAF

311 ME
212 ® 6) I X VB L7z HialEE T b U U AERERR A 20 uL & LC IZHEAL, ol e~
N7 B E— 7 HEAOE S 2D CTREREER LT,
BonzmERO—FIXFg 1O THY, HHEEFT MY 7 AL LTO01~10 pg/mL (EA
& LT 0.002~0.2 g HH Y4 &) OHFiH CEMMELZ R L.
nE, UHMBEROREGIEL, MRS MY U A% 4~400 mg/kg G A T 5 T HEUE & ARk
IZHE VIR U 72 S BRI O L AERE T b U O A OIREFRIFHICH Y T 5.

1400000 - 120000 -
y=11,244.3699x- 19.1041
1200000 - y=114,523.4760 x- 235.3778 100000 - R? = 1.0000
R? = 1.0000

2 1000000 - =)
< < 80000
g 800000 - 5
= § 60000 -
g 600000 - 2

o
3 240000 -
< 400000 - <

200000 | 20000 1

0 . . : . : ‘ ; . . : . .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration of sodium nitrite/ [ug/mL] Concentration of sodium nitrite/[ug/mL]

Fig. 1  Calibration curves of sodium nitrite by peak area (left) and peak height (right)

312 U774 NAI—AKRUI=HT L5 OFHE S O
ALY v —F%—509 % 2140 D)ICE VAR L= T 23 2 REHRK IS, HANER T K
Uk LT 100 mg/kg FH 2 B A4 iRl (R alBHAR 1 C 25 ng/imL MY &) L, 77771 b
N—R =T EDEOFHE MR L. TOMEIT Table 3 D EBY THY, HAHEET)
R U T AL 2~8 mL D5y TiX 98.7 %Ll O AR D=, Z 0w, WL L R
MHOWHEK 3mL 28T, Toko2mL 2HWALZ L& L.



ELiE P OEEIR T U U LD v~ h 7T 712K D ERIEORFE K O R 9

Table 3  Elution pattern of sodium nitrite from graphitized carbon cartridge
(%)°

0~2mL 2~4 mL 4~6 mL 6~8 mL

Sodium nitrite 26.0 98.7 9.8 9.9

Target

n=1
a) Quantitated concentration in sample solution after column treatment /
Concentration in sample solution before column treatment X 100

313 WiEWE O

Table 1 OEHiENY A LS 1 BikZ vy, REICL Y R L3R EHAKZ LC IZHEAL, 15
b/ u~ NI L0%MRLIZEZA, WTHOREBHIBWTHHEE T N U AOEEE T
FArE—Z xRN RhoTo. B, fonizsu~ NI T AO—fFl% Fig. 212/ LT,

F£7-, Fig. 2D B~F TiX, HEFE O 25~35 pEICKE R —7 N HELL, ZO%, WLE
N~ A T ADEZRTEBNHRINTZ., ZOZLICHOWNT, 215 TR L& EiK%E LC I
HEAL, REROREHOFEICLDZ 70~ b T 2DENNTHOWTHR L. ZORE, Fig.
3DEBY, 7T WRKLOREETFEE ) o ERAEE K O Bk #h & 5 T IR IR C O B[Rk O %6 8)
DHERINT=Z Enb, ZoFE 2R3 HRITHEHARFICE TN MR ICHEK T2 b0 L
AR ENT. 20D, REFETRENAEREZNET 2561E, 1 Kbz OERHEZE LD,

ZOEEFPNEV /7 u~v N TLOR—=RATA VPREETDHI L AR T OINERNDDLEEXD

ni-.
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Fig. 2 Chromatograms of standard solution and blank sample solutions
(LC operating conditions are shown in Table 2.  Arrows indicate the retention

time of sodium nitrite.)

A: Standard solution (0.6 pg/mL: 12 pg as sodium nitrite)

B: Dry type for cats

C: Wet type for cats

D: Formed jerky for dogs

E: Confectionery (biscuit) for dogs
F: Milk powder for dogs
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Fig. 3 Chromatograms of blank solution, reagent solutions and sample solution
(LC operating conditions are shown in Table 2. Arrows indicate the retention time of

sodium nitrite.)

: Blank solution

: Ammonium acetate / Phosphoric acid buffer

: Zinc sulfate / Phosphoric acid buffer

: Sodium hydroxide / Phosphoric acid buffer

: Dry type for cats/ Phosphoric acid buffer

mooOw >

314 IRIMEIGEER
2.1.6 12X 0 EmEIGRERZ FEhi L7z, ZOf5RI1X Tabled D LBV, FEXRUEIX 92.4~108 %,
Z DA UK T R (R 2% (RSD,) & LT 7.0 %L T ORRE NS S, BB H&iEHE o
BREESE 11 ERBPEOZYMEMEE (UT RBRIEOZYMMRIE] &), ) KED LR
B R OV TREEE O BAEME 2 7= 3 BiF e R ch -7z,
ks, fFonlcrsa~ 87T AO—Hl% Fig. 4IZR LT,
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Table 4  Recoveries for sodium nitrite in pet foods
Spikedlevel Recovery?  RSD,”

Samples

(mg/kg) (%) (%)

Dry type for cats 20 93.0 7.0
100 101 16

Semi-dry type for dogs 20 108 12
200 100 0.7

Wet food for cats 5 108 2.7
30 924 13

100 U7 13

Formed jerky for dogs 20 107 14
100 103 16

Dried jerky for dogs 20 102 17
(hard type) 100 97.3 0.7
Dried jerky for cats 20 102 11
(soft type) 200 93.2 0.8
Confectionery (biscuit) for dogs 20 105 0.2
100 101 0.7

200 102 0.4

Milk powder for dogts 20 108 14
100 103 2.8

200 101 0.7

a) Mean (n=5)
b) Relative standard deviation of repeatability

70000 - l/ 70000 - \L
60000 - 60000

2 50000 | 5 s0000 -

€ 4 £ il

£ 40000 £ 40000

£ 30000 - £ 30000 -

© ©

£ £

5 20000 - 5 20000 -

2 2

Q2 Q2

< 10000 << 10000 L

i . LA N J

-10000 -10000

0 ; 1I0 1‘5 2‘0 2I5 0 5 1‘0 1‘5 ZIO 2I5
Retention time/ min Retention time/ min
Fig. 4 Chromatograms of sodium nitrite
(Arrows indicate the peaks of sodium nitrite peak.)
Left: Standard solution (6 pg/mL: 0.12 ng as sodium nitrite.)
Right: Sample solution of dried jerky for cats (soft type) (spiked at 200 mg/kg
of sodium nitrite (0.1 ng as sodium nitrite))

315 JEEMRAR (TIR) KUOBRHIRA ORET
AR T b U U A OB EME 2R L2, 0.1~10 pg/mL O Fiftir & 2 55 (v
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= v MERLISNE 20 mg/lkg FHY & (B RUBHR IR E 0.5 pg/mL AHY &) , = v FRMIE S
mo/kg FH Y B (R ECEHE R 0.125 pg/mbL FHXY &) ) OFRMEILEER O &R, 5 %ﬂf:t~
7D SN WA 10 L ETholclo®d, b aHfEiE;T FY v AoE&RA (TR OREE L
7o, 72k, EERA (FIR) REICHT 2EMENGRERRSFIX Table 4 D& B0 BAFCTh o7z,
ORI, ELiEhW AR O (100 mgikg) 1R LT, 15 (V= v NULEITKSER
HI0%ICHE L7256) ThY, REBEOZYMEMRIEICED b BEEATZ L T\,

RIEOKRHBR ZHRT D720, BMEIGREBRIC IV G on-v—27 0 SN t|:75§ 3L DIRME
R, ZORE, MHEBRE, U=y MDA 6 mgkg, Vv MLEIX 2 mglkg T
bofo. ZOREE, FBRICHEREOZYHERHERIEICED bz B A7 LTz,

3.2 JL[ARER

BHZE L7 o ATiE O =M B BUSE 2GR 3 2720, 2212 X 0 HEHERZ i L7-.

FERIX Table 5 D& B0 ThY, RIA®E FH) , I FI708E% (RH) , vy M
i (), B Y Yy —%— (RHA) , 78 (RHERXZ7 v ) KO Ivs (KA 1220
T, ‘FHEUCEIX 952, 102, 97.1, 100, 101 %X 99.5 %, RSD, % 1.4, 2.2, 44, 1.5 18 K
4.6 %, RSDri% 5.3, 7.6, 7.2, 2.6, 53&0“71% HorRat {Z 0.70, 0.93, 0.76, 0.34, 0.60 & "
0.70 TH v, FRERIEDZ Y MR T BV Tz E M BN L O B AR AE 2 72 RAF RS R
BEoni-.

SEORD, FRBETHEMA L LCOMME% Table 6 127 L7-. £72, LCH 7 AFE2TOR
B 58 C Asahipak NH2P-50 4E (N 4.6 mm, & 250 mm, ki 5um, BEFIE TH) 244 L7-.
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Table 5  Collaborative study for sodium nitrite
Dry type Semi-dry type Wet food Formed jerky Dried jerky for dogs MilK powder
Lab. No. for cas for dogs for cats for dogs (hard type) for dogs
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 137 135 84.8 825 25.9 25.2 121 121 46.0 45.6 1347 14.0°
2 140 144 90.8 89.5 28.2 29.9 126 124 50.4 48.6 19.5 19.2
3 143 1627 787 775 28.9 325 119 120 54.2 54.9 21.3 213
4 159 156 68.3 68.1 28.4 25.6 118 118 48.1 49.6 16.7 18.1
5 154 153 85.7 80.3 30.2 324 120 116 49.0 487 18.6 19.8
6 162 157 74.6 77.9 27.4 26.7 116 119 50.6 48.6 19.4 21.7
7 155 151 87.6 84.5 29.1 275 118 120 7077 69.9” 2847 2879
8 157 159 83.8 80.8 315 30.7 125 125 53.2 55.3 20.9 213
9 150 147 87.4 89.6 29.3 29.9 115 120 50.3 50.8 19.4 19.4
10 159 160 82.3 83.4 310 29.7 124 120 50.6 515 19.5 19.8
11 156 154 79.8 79.4 30.7 29.9 118 118 50.4 50.0 19.9 22.4
Spiked level (mg/kg) 160 80 30 120 50 20
No. labs® 10 11 11 11 10 9
No. outliers® 1 0 0 0 1 2
Mean value (mg/kg) 152 817 29.1 120 50.3 19.9
Mean recovery (%) 95.2 102 97.1 100 101 99.5
RSD: ” (%) 1.4 2.2 4.4 15 18 4.6
RSDr? (%) 5.3 7.6 7.2 2.6 5.3 71
PRSDr" (%) 75 8.2 9.6 7.8 8.8 10
HorRat 0.70 0.93 0.76 0.34 0.60 0.70

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

c) Data excluded by paired Grubbs test

d) Number of laboratories retained after eliminating outliers

€) Number of outlier laboratories removed in parentheses

f) Relative standard deviation of repeatability within laboratory

0) Relative standard deviation of reproducibility between laboratories

h) Predicted relative standard deviation of reproducibility between laboratories calculated from the modified

Horwitz equation

Table 6

Instruments used in the collaborative study

Lab.No LC

Prominence, Shimadzu
LC-2000Plus series, JASCO
Prominence, Shimadzu
Waters2487, Waters
Prominence, Shimadzu
Prominence, Shimadzu
Prominence, Shimadzu
12601 nfinity, Agilent Technologies

© 0O N O Ol A WN P

Prominence, Shimadzu
Alliance 2695, Waters
Alliance 2695, Waters

e
= O
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4 FE®H
SIS TN HMMEET MY T AICHOWT, haEmEAZRIC, BowEErnnEns

EZELEW G O L7 ICHLBEARER LC 2 W ERBEZRE T L L bic, HFERER

BERL, BEHAFEEESEOREE~OBEHOABICOWTHRIFTLIZEZS, UTORENED

A, WHANARETHDL EEZ L.

1) MEMRIE, 0.1~10 pg/mL (FEARE LT 0.002~0.2 ug fHY &) OFPH CHEMRMEEZ R L. 7
B, UHmBEMOBEMPEIL, M R A% 4~400 mglkg &G AT D00 B2 ATEIC
TEVTREL U 72 B i BURHA IR T O R EEREPH ICF M 37 5.

2) AEFAWIZEEHZSOWT, KB THRLNTZZ e~ M T AIZBWT, EEEZHIT 2%
E—Z i35 b no T,

3) HMHEES MY ULALLTRIA®E ) , Yy —F%F— (RH) KOEMEEREY v —
X— (N—F&ZAF) (KH) 1220 T 100 mgkg FHY &, &I FI 085 (KH) ROEM
WlEY v —F%— (Y7 hE A7) (A) 1© 20 LT 200 mglkg FY &, F 7 (RAEA7 >
) ROy vr (KRA) 1220, 100 %8200 mg/kg FHYS &, v = v MG OfFH) (25 30K
N 100 mg/kg fHY EZ RN L, ARIEIZHE- T 5 ROHMToN &2 320 L, B ERK ORI U RS 2 2R
Wic & ZARBIEOZ Y HERERIEICE D N BE R OPHTREE O BARE 2 79 RAF 2R 12
Boni-.

4) REo#EMEST N v LAOEERER (FIR) 1%, 20 mgkg (V= v FMLLIX 5 mgkg) Tho
7. MHRARIT 6 mgkg (7= FEEIX 2 mgkg) ThHorz. RELEZEERA (FR) KO
RS T, BBRIE O Z Y HERERIEICED b BAE &7 LTz,

5) WA FY AL LT RIA 8 OfifA) 12 160 mgkg fIM &%, & K70 848 (RAH)
|2 80 mg/kg FHY &4, 7= v MEE OfH) 1230 mgkg Y &%, AT vy —F— (KH) I
120 mg/kg FHY &4, HFH (RAEA7 > M) 12 50 mglkg Y &%, ¥yI/v27 (RH) 12 20
mg/kg A EEZ RN L7232 AT 11 BBR=EICB W TARIEICE VIR £ L7 & 2
5, RBRIE O Z Y HEMEBIEITED b AV E M BB E O BIRE 273 BRAF R/ /R,

# &
HERFRBRICSI L TWz2niz JA AR b W EEHR A St B IRGER 04T - BIsE v & —,
VAR A, M EE AN RMERE E L REOR S X —, RIFEHIEA

HARR iR P S 60T, — kM EIEAN A ARSI v 2 — B ZEETIC BT 5 BRE FALIC
BHOBEEZRLET.
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2 fARPOHILERS 7T MEFERHOTILFITLvH X PCR ZEIZTKBIE
BIEEZDAFR VL RFER
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EAS R0, R EmES, i R

Development and Collaborative Study of Rapid Identification Method of Seven Serovars
Salmonella in Feed Using Multiplex PCR

Yoshihiro SEKIGUCHI™*, Masaru KONDO'*, Masaki KASAHARA™,
Chisa SHIMAMURA 2, Miyuki ASAO™® and Toshiaki YAMATA ™
("* Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Kobe Regional Center, FAMIC),
"2 Fertilizer and Feed Inspection Department, FAMIC,
"3 Fertilizer and Feed Inspection Department, FAMIC (Now Audit Office, FAMIC),
"4 Fertilizer and Feed Inspection Department, FAMIC (Now Food Safety and Consumer Affairs Bureau,
Ministry of Agriculture, Forestry and Fisheries)

We have developed a rapid identification method of seven serovars of Salmonella (Salmonella
enterica subsp. enterica serovar Choleraesuis (S. Choleraesuis), S. Dublin, S. Enteritidis, S.
Gallinarum, S. Hadar, S. Infantis, and S. Typhimurium) in feeds using multiplex PCR, and
conducted a collaborative study.

In the multiplex PCR method, a sample was incubated in buffered peptone water at 35~37 °C for
18~24 hours. Then, DNA extraction from the supernatant with InstaGene matrix (Bio-Rad
Laboratories; California, USA) and Ethachinmate (Nippon Gene; Tokyo, Japan) was performed.
The PCR was conducted in a reaction solution which contained the extracted DNA, seven
multiplex primer sets for detecting target-serovar (Hokkaido System Science; Sapporo, Japan) and
KOD-FX (Toyobo; Osaka, Japan). The amplicon was subsequently separated by the
electorophoresis through 2.5 w/v% agarose gel, and stained with ethidium bromide. After the
electrophoresis, the test result was examined according to the presence of the amplicons with the
identical size of the positive target serovar DNA fragment.

The seven multiplex primer sets were able to determine whether 128 Salmonella strains with 50
serovars (including 102 strains isolated from feeds) were the relevant serovars. Minimum
concentrations of Salmonella in buffered peptone water with which we could successfully identify
Salmonella serovars using multiplex PCR method ranged 10°~10° CFU/mL for almost all of eight
sample feed ingredients and seven feed samples.

A collaborative study was conducted in six laboratories, which used five sample feed ingredients
and three feed samples inoculated with Salmonella. All laboratories correctly detected the seven
serovars of Salmonella inoculated in samples.

Furthermore, a comparison between multiplex PCR method and reference method (culture

LOMSTATEOE N AR FE N B A E Y & — BB AR AR, B My & —

2 OMSTATECE N AR PEM B 22 2 Hil Y v & —BEfE L S RER, Bl EEEAS

"3 OMSTAT B N B AR OK PETY B2 A E Y L & — AR R 2 R A D

OMSTATEOE N EMOKE N B R i v 2 — IRER R SRR AR, Bl BAKEERNE - LR
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method) was performed for 272 commercial feed samples. Excluding two samples which inhibited
PCR, 270 samples were correctly identified as negative to seven serovars. While rapid
Salmonella detection with inv4 gene was also studied, it was found further investigations were
necessary because of high false positive ratio of 4.9 % to 14.3 %.

However, the multiplex PCR method mentioned above was thus validated and established as
adequate for use in inspections of Salmonella in feed.

Key words: feeds, Salmonella Choleraesuis, Salmonella Dublin; Salmonella Enteritidis;
Salmonella Gallinarum; Salmonella Hadar; Salmonella Infantis, Salmonella Typhimurium;
multiplex PCR; rapid identification; collaborative study

F— U — K : i} ; Salmonella Choleraesuis ; Salmonella Dublin ; Salmonella Enteritidis ;
Salmonella Galinarum ; Salmonella Hadar ; Salmonella Infantis ; Salmonella
Typhimurium ; ¥ /L F 7 L v 7 A PCR ; Uk [EEE ; Il ER

1 # &

B OV NLERTIERIL, FE + FXADOPFLEXTREEIFRE 20, 72, SESLMNERESH
HZEWCEVNOBRPTEDORRKE R VELZEND, FEWMELT TRIAREEOmMND L E
ERMETH D V.

MSTATBOE N EMOKEN B L 2B 2 — (LLF TFAMIC) & 9. ) 1%, fRtORZ 2D
Ml K OB OB BT 5k S, MR O LERTOE=FY kR 1976 4F
PHEERLTEY, ZORBRIESE U CIEARIHEE Y45 18 # 1 @ 1.1 OE&RE (LT THEEE)
LWV ) EHNTWS.

REBYER TR 2T, $VEXRT DS b, Salmonella enterica subsp. enterica serovar
Gallinarum (biovar Pullorum /% OF biovar Gallinarum z&%e) (LLF [S. Galinarum) ERSEET 5. fih
OMmIER S LLFREBRICKTE T 5. ) DEEMBYIH ORIEIL, S. Choleraesuis, S. Dublin, S.
Enteritidis & O S. Typhimurium 23)& R G4R ORIEIR S L TIRE SN TWD . 2406 DN EED & R
H SN2 H BT, K OIRYERIR DR A T B R O F AJERS 1L D 72 ) O HGR R RS A LB & 72 2
D, BERIETIE, MENHATLETIC 46 HEIZZEL, BEOEE, SR O mERM £ Tk
10 HFEIREZEST 200, I0EHBTHLERXT0MEMERET 2 HERRD LT
5.

PIERT OMIER 2 HHIZFET 2 HikE LTE, vV F 7L w7 A PCR %o iikn
HENTWE PO HEDL L, BORELWORBICEEEZ KIETZERMOA TS EER
MmigH & U<, ki 5 iMmiEAIC S, Hadar X OV S. Infantis 2Nz 72 7 iR OV LT (LLF [E
TMIHER ] LWvWo. ) ZRBEICRIETE LT 74 ~v— %% LT

2T, ABFETE, fAEHR o EEmMER A2 REICRET S HEE LT, MELORBELETT
A~v—%H\Wle~vVF 7Ly 7 A PCR IEIZ L 2 GE R E 15K OFE O L 31 7 O 4 il
WCHET B HEE LT, invd RIBAZ 94 ~—%2 AW VEXR T ORBERIIEEZHET D & &
b1z, M@ K R A EM L, ST EAE~OBEH O S A BmE LD T, ol
EWETD.
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2 EERAE
21 HTIERZE
211 ARERE
Table 1 ® &Y, FAMIC THEJii L TWAHEIOE=4% 1 > ZIZB W TEEN D B S - HE
BRI N AR RS, RAMOKPESS Ehi 5 3K S i A AT S O NEAT BUE N R 2E - B i PEZE BT G 58
e E At seer (Bl ENCAFZEBRIEVE N R 2E - B0 PEZE BN #e G AT JERAE B W i A= A SR
) 2260 5 SN @EKEOF 128 £ (50 MiFHA!) ZMEHIHW . RBREKIE, REBREGE T
10 %A 3 A 2 )L T80 °C THfERFE L7=.

Table 1  Serovars of Salmonella used in this study

Serovar Numper qf strains !\Inumber of strains Serovar Numper qf strains !\Inumber of strains
uesd in this study  isolated from feed uesd in this study  isolated from feed

Agona 8 8 Livingstone 8 8
Albert 1 1 London 1 0
Amsterdam 1 1 Mbandaka 1 1
Anatum 2 2 Meleagridis 1 0
Bareilly 9 9 Menston 1 1
Blockley 1 0 Minnesota 1 1
Cerro 7 7 Montevideo 2 2
Choleraesuis 1 0 Muenster 1 1
Cubana 1 0 New port 2 2
Derby 1 1 Ohio 2 2
Dublin 1 0 Orion 1 1
Enteritidis 1 0 Oslo 1 0
Fyris 2 2 Putten 1 1
Galinarum 1 0 Rissen 1 1
Gaminara 2 2 Senftenberg 13 13
Give 1 0 Singapore 1 0
Hadar 1 0 Sofia 1 0
Havana 9 9 Tennessee 6
Heidelberg 1 0 Thompson 0
Infantis 4 4 Typhimurium 11 6
I sangi 3 3 Weltevreden 4 4
Krefeld 1 0 Wippra 1 0
Lexington 1 0 Worthington 1 0
Lille 1 0 018:z4,223-- 1 1
Liverpool 1 0 03,10:g,m,s 2 2

Totd 128 102

212 R ¥

AN AW RURHE, 2 TR £ THEUE S 4°C THRE L.
1) HlH TR K OB IR e Rkt
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R s T2\ TR U 7= SR ECRE 8 FlEH 11 A K OVBCIR A Ak 7 Fi%H 8 s oDt 19 41
ikt LTHWEZ., Zhbid, SO0 COBEECHENTLVERTBEETH L Z L 2R
L.

2)  BEMEEE

YRR 10 AEE M B R 25 FEFE E TIZ FAMIC S RB L7238 Bt D 5 B, BEEIBIC X v BTk L &
AVTZRREE 44 50 (BUR G ERE 14 53, BV MEEDEHEURE 26 53, AREADVEETEHEURE 4 550 &2 Hvie.

3) =%V 7 Ak

WL 26 4 4 A6 12 H £ TIZ FAMIC 23 ERER L 72 308F 272 5 (BB & AR 111 41, Bk
FAEHECEN 122 550 &% O PE A BHEURE 39 a0) & V7=,

213 & ¥
1) KEfF MY oA, EHBREOEAT N U AERIERHKEZH V. JKiEX, RFD230RA
(ADVANTEC #) |2 X R L7228k (IS K0211 @ 5213 (2 EFK I 7= K) , Direct-
Q 3 UV (Millipore ) 12 &L v &8 L 7@K (JS KO211 @ 5218 IZEF S - @HliK) KO
EEHIK 2 @S EZAKBE (121 °C, 15 ML L) TP L 723 ik 2 vz,

2) 7L ArN—h AT a—a FERKEH  Brain Heart Infusion Agar (Difco ) 529 l2/Kk%
% T 1000 mL & L, WK\ TIMEL TEMN L. ZhE XNV LI —FRIZIRA D L5
[220mL 7R L, AKEICHE S ECRESE2%, BEL CSrzbdnicd oL, 35-37°C
T 1 EEREE L O R A i SR

3) N—hA T a—Ta VFEXEM  Heart Infusion Agar (Difco ) 40 g %7k 1000 mL (251 %,
121 °C T 15 @ EARBE L, 2z X R VI —FRIZEN S L 91220 mL 3iE L2, K
WACHE L CRERE S Bk, iR m eI,

4 FNVTFRYAT AU N TSNV AT AT U (FEAMEEERD) 30 g & /K 1000 mL (2
WL, HRBREIZ 10mL 320 L7k, 121°C T 15 M m EAKIRE L 7e.

5) 25 mmol/L KE&{bF b U U AR AKEE{bT N U 7 A 0.1 glZ#ffiZk 100 mL # 2 TH&ED L,
121 °C T 15 Fy ] FEZ& XU L7z

6) 1 mol/L bV ABEREEKR 2-7 /-2 KX AF0-13-7 a4 —v (F{LFEH)
12.1 g (CHEHlik 60 mL 2 0%, WICHEEE 42 mL 20012 CTIEM L, HEE T pH % 7.9~8.1 ICFH#
L7-t%, FICHEMAKZIMAZT100mL & L, 121°C T 15 M &EEARKIRE L=,

7) AEHEAER ET NU ULAE 0.9 wihd b L) ICHEMAKEIMA THEMNL, 121 °C T 15
Sy RS RIR A L7z,

8) Ethachinmate =Ry v —

9) MonoFas N2 7 U 7% 7 ADNA fiti¥ > VIl Y—x L4 o 2l

10) QlAamp DNA stool QIAGEN

11) DNeasy Blood & Tissue QIAGEN #

12) MagExtractor HUyE#h U

13) InstaGene Matrix Bio-Rad Laboratories i

14) TE#E®Ei% TEpH80 =y v— il

15) 7T A4 ~— IM{EREIC 4 DORENREE TR 2 HEE S E % S. Choleraesuis i H 7
T4 ~—Fvk, S Dublln@%;ﬂﬁﬂ7 T4 ~—%v k, S EnteritidistiHH77 14 ~—%&v b,
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S.Gdlinerum #7727 4 ~—t > §, S.Hadar R 77 4 ~—% > b, S.Infantis & HH 7
SA4~—tv bk, S Typhimurium A7 I A4 ~v—ty F ) (RTIWES AT L - AT
28 E W

16) 10 uymol/L I A ~—iRAWIK 774 ~—% TE #&E# T 100 pmol/L (Z¥#fiFE L 7=, i
TEAFICH TR T T A ~— L PRAEBHMAK L ZIRA L 10umol/lL 77 4 ~—iREIHIK E L.

17) PCR#&f#jjik 2xPCR Buffer for KOD FX By 5

18) 2mmol/lL T4 F T X7 LAY K=V UERIEGH 2 mmol/L dNTPs  HyEfs

19) DNA R U 27— KODFX (1.0unit/uL)  HyEH5

20) PHMEXTRR BRI HRFRRL O 72 OREHER R & L C, MNLATBOE NRE - B EEHINR A
WFFERERE B A 92T > 540 5- & 47 S. Choleraesuis, S. Dublin, S. Gallinarum, S. Hadar
OV S. Typhimurium, JEHE K205 5 & u7- S. Enteritidis, FAMIC 23R 5 458 L 7= 8.
Infantis = LE VW -,

CIHOERREKE TN TN T LA o= T a—V g VEREMTERELEZE, G50
7oA LIEE9E L, 25 mmol/L KEE{bT) MU U AEHE 50 uL IR S 7. MBS EoHl
a7 /NI 7 ay 7 EIEMETO5 °C, 54N L-%Kkm L7z, 1 mol/lL Y AEREEE K 4
UL ZiEA L CTHFIL7=#, 10000xg C 5 4y im0yl L 72 B ARICIEEEMKZ Nz, 1
mL HIZ DNA & LT 10ug BL E&2EH T 5 & MigA o B xt A s L 7-.

21) PCRGR  IRE MK 1 uL, PCRAEME WK 25 uL, 2mmol/L T4 F > X7 LAY F=1 &~
FelR 4 10 pL, 10 pmol/L 77 A ~—iRA %K 12 yL L O'DNA 7R U 2 7 — 8§k 1 uL % PCR
Fa—T 1KLYV OMNEEL L., ZUHORIEIZONWT, WERBGOEEZENENT T
ATy 7 WL EE (K& L5mL) 22 TR L.

22) PCR iR (FHEMERM)  2)ICB W TIREEMK 1 ub 2B xR 1 ul iR 2 TR L
b D% v,

23) TAE #&ffit S0xTAE (= v R Y —8) 20mL 2K TAR LT 1000mL & L7=.

24) 25 %7 Hnr—AKS)L Agarose LO3/TaKaRal (¥ #1734 A4H) 25 g % TAE &K 100
mL 2Nz, KIS TMEAL TR L, FVDESH 3~4 mm 2725 & 5 ZFV BRI
Liadr, b a—AORIZKIEARALRNE D EEIC T — L% LAk, HiECHE L CH
fbE¥7-.

25) ERIVKENH M FIER  6xLoadingdye X 1T 3o A

26) DNA /3 7-#~—7— 100bp DNA Ladder # 71 7 /31 Al

27) Yt RAb=F YU L 10 mg 2K 1 mLCEN L TR F VY AR AR L,
i HIRFIZ Z O R 50 uL 12 TAE #&ik 1000 mL Z 1 2 THethik & L.

214 HLEROEGE

1) 77 ay Z{EEME  Dry Thermo Unit DTU-2C % A 7 » 7 il

2) DNA EiE%EE - PE9700 % Applied Biosystems i

3) FERUKENEEE : Mupid2 XX Mupid-exU 7 K 3 2l

4) EBRIKE Y — U RE S AT A AE-6911CX Xt AE-6932GXES-U 7 h—1
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215 RERIIE
1) AR

EERIEORMHERE & O HIEIC Lo 7.

2) DNA filiH

DTHOLNAIEEERKRO LERK 200 L 2~A 7 aF2—7 (F& 1.5 mL) IZ AR,
13000xg C 1 syfiim v L7z, EEAEERE L. BIZ, 1 mL OABREKREZIRNL
PEERIC L0 R4, 13000xg T 143 Lot L, EEAEREZRE L.

BRI BV~ A 7 0 F 2 — 7T InstaGene Matrix 200 L e~ A s aF o —7
IR, Y& S H7-%, KIBH T 56 °C, 30 IR+ T->7-. 10 BREEH L-1%, T/
7wy ZEEFE T 100 °C, 8 /r[IMNEL - A L7, 10 BhRIFEEE L7=%%, 13000xg T 3 47 [z
Do BEL, EEAWRI00UL ZFH LA 7T 2—7 (FE15mL) (B L.

SYE U7z B AR IC 3 mol/L WEfE T R Y 7 A 3.3 uL 22 CTIRA L7=#, Ethachinmate 1 pL
ZINZC 10 BRE#E L., =& 7 —)L 250 uL =iz, 10 BRH#E L7-%, 12000xg T 5 4y
M B L=, EEARERREL, 70 vivet ¥ / —)L 1 mL Z 12 T DNA XL v k&S
L, 12000xg T 5 im0 L7, EEAEEZREL, TS L2%, @ik 20 uL %
Mz THEMNLT=H D% DNA REHER & L THW-.

3) FUBHAWKE DI

FIMIERIC-DE, PCR KGR 49 uL & PCR = —7 (&£ 200 uL) (AL, DNA #REHE
1.0 uL Z M2 TRV R, PCR UM 230EHAK & L=, 72, PCR IR (FHEMER
i) 49 pL %#3 PCR F = — 712 A%L, DNA EHE 1.0 uL Z /0 2 CRERICEAE L, HEMR
AR 2 U7z, FIFRC, BEPERTIR 1.0 pL R OPRE L7-#8HiK 1.0 pL 2550000
PCR G 49 pL # AN7=ZNZ 5D PCR T o — 722 CTRARICERIE L, BHMEXRHRTE &
Ot RiR 2 L. 7ok, AFRICB VT, HERDBHRENARIZERHC L E=4
Uy 7 TORMFMLT-.

4) PCR )i
BB, PRE MR N RURHA IR, Btk RO K OV I D A > 72 PCR F 2 — 7 %
DNA HIRZE I A4L, PCR G ZIT o7, BG4 Table2 (278 L7z,
Table 2  Reaction conditions of PCR
Therma cycler  GeneAmp System 9700
Cycle conditions 94 °C (hold for 2 min) — [ 98 °C (hold for 10 s) — 60 °C (hold for 30 s)
— 68 °C (hold for 30 s) ]x35 cycles
Mode 9600 Emulation
5) EXIKE

TAE #EMEHE XX TBE #&E K 2 AL EBRIKENZEEIZT o —A 7 V& AfL, 100 V OEE
JEC 10 53 Ttk B &2 1T - 7. PCR KIS O T L7 aBHA K, PRLFH MR RBHAR, Bt xt
HRIK fe ONFa 5k R % OV DNA 3 T~ — 1 — 4 5 nL ICERIKBIHAFREK 1 uL 2 Z2hTh
MATREGL, BROEBELZHEOT Ha—AFLDENERHO T = VIZHEAL, 100V DFE
BETTRET =) =L T V=N )LD 4~5 cm BEI§ 5 £ CEXIKE21T-72. BRI
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KT LT Ha— A7V EFAVRAIRIZAI, § 30 MR Lz, EX0kE/ 7 — ik
BV AT AT 365 nm X 312 nm D EESME A U L, PCR HEIRFEY O f 12 fesd L 7-.
6) Hl E

Bo M BRI I B W TR MRS T2 4 DO Y1 XD PCR ¥EIRAEW 3§ < TR &
, BEMERTRIKIZI VT PCR MR EM B R SN WIEE T, 220, BEHRIRIZHE W TA M
ERREH 7 74 ~—t v MZRIET 2 4 DO A X PCR HIRFEM T X TR S
%A, SRR 7 74 ~—1Cxtie T A2 v e T 0NBEEHE L. 2720, ]
LR EHA T PCR HEFEM DR SN2 WAL, PCR S ZET RN E L
TWDERNWAHDZ LD, BZlEHEIRIZOW T OHEIFTATOL R o7z,

Bo Pk R C PCR ¥R EEW) 3 1 S 4L 72 W IGA K OV Mk K © PCR H4IEEEW 3 tH S 4
7235 A121%, PCR UG IEFITITON TV WAREMENH D72, PCR i LARE O F iR &
1T-o7-.

¥, RiEOWE% Scheme 1 ISR L7z, £72, FMiEHBEH 794 ~—t% v MC X D8
MEEM DY A XX Table 3D EBY THY, HMEUHRER T 74 ~—ky ML, 1FEALL
BTOVILERTRF > TV DLRAEBERE T invd 2T 2774 ~—NEENLTWV5S.
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Buffered peptone water 250 mL (Roux flask)

|—add 25 g of sample
Preenrichment (37 °C, 18~24 h)

[
DNA extraction

— transfer 200 pL of supernatant to 1.5 mL of microtube
— centrifuge for 1 min at 13000xg

— remove supernatant

—add 1 mL of saline

— centrifuge for 1 min at 13000xg

—— remove supernatant

——add 200 pL of Instagene Matrix
—heat at 56 °C for 30 min

—mix for 10 s

—heat at 100 °C for 8 min

—mix for 10 s

— centrifuge for 3 min at 13000xg
—transfer 100 pL of supernatant to 1.5 mL microtube
—add 3.3 L of 3 mol/L sodium acetate
—add 1 puL of Ethachinmate and mix
—add 250 pL of ethanol

— centrifuge for 5 min at 12000xg

—— remove supernatant

—add 1 mL of 70 v/v% ethanol

— centrifuge for 5 min at 12000xg

—— remove supernatant

— evaporate to dryness

— dissolve in 20 pL of sterilized water

PCR
I
Electrophoresis (TAE buffer, 100 V)

[
I dentification

Scheme 1  Analytical procedure for Salmonella in feeds

Table 3 Amplicon size of each serovar detecting primer set?

Salmonella serovar Amplicon size/base pairs
Choleraesuis 100, 198, 305, 605
Dublin 105, 203, 296, 605
Enteritidis 101, 203, 299, 605
Gallinarum 97, 206, 301, 605
Hadar 105, 199, 303, 605
I nfantis 95, 198, 304, 605
Typhimurium 94, 196, 303, 605

a) All multiplex primer sets include common primer pair to detect
inv4 gene (amplicon size: 605 base pairs).
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216 HMERBRHEHT 74 ~—t v hOV TR TITRT DR K OV
211 ORBERE T LA v N— T 2a— g VEREM T 37 °C T 18~24 B[k L
=t BON-EEE LESEL, 25 mmol/L KER{LT R U 7 AFEHE 50 pL (CRRE S B 701,
217 O )07 N Y BRIHHIEIZ LD DNA Z4it L721%, 2.1.5 @ 375 6)IC L v Mg R o [FE
ZiTo7=.
2.1.7 DNA it 5L O RES
2.1.2 ® D)OREID 5 BktanE vy, 215 O 1) X 0 EiEEE#E L7-. S. Choleraesuis %z h
UZ MY ATA 3 EHT 37 °C T 20~24 FFfHIEE 2 L, A E O LK 2 F Vv TR RS AR
L 10°~10° CFU/mL Oz L7-. BoN-EHikd, 2.1.5 O KRR D 1) 5 7)DF 8 i
D DJ1ETDNA R L721%, 2150 3)7 5 6)IC L v MiER o FEE 21T - 7=.
1) TV EGhIHIE

B 50 uL % 3000xg T 20 4y iz OB L B Ak 2 brE L2 b 012 25 mmol/L KEE{k7 b
U AR 50 uL 2z Tl S w7, BBSE-EHRE 7 /v 7 ay ZEEM T 95 °C, 5
SEMEBVU 72 %% 5 L. L mol/L b VU RIEEEFEMEIR 4 uL 24 L CTHF L7=#%, 10000xg T
5 Jy sz 0y Bl U 7= BV A2 DNA sEHR & L CHW-. 10 ARV TIE, 20 EER
& % PR MK T 10 AR L 7=

2) 7V Y #uh Hi-Ethachinmate il 7%

DIZHEVFAR U7z 0l 0 BB 20uL 28 L~ A 71 Fa—7 (F&E15mL) I
%L, 3mol/lL KEfgJ NV w7 A 0.66 uL Z1x CTIRA L7-1%, Ethachinmate 1 pL %/l C 10
R L7z, =% /—/L 50 uL &Nz, 10 SR L7=1%, 12000xg T 5 4y 0ot L 7=
%, EBALEERE L., EBEARERELEYA 70 F2—7I12 710 VIV% =% J —/L% 1
mL 2T DNA XL v h &% L, 12000xg T 5 4y 0ol L7-%, REERKZREL,
LR U=, REEMK 20uL 22 CTHWEMA L7 D% DNA BEHR & L CTHW -,

3) MonoFas /X7 7 U 7 % /7 & DNA HitH v b VII filiHA

~Ar7uFa—7 (B5E 15 mL) [ZEHK 200 uL Z AfL, 20000xg T 2 4y im0y EE L B

AR EBRE LT, F v MRMTOBIAEFITHE DNA SEHK 23R L 7.
4) QIAamp DNA stool fifi %

~A7aFa2—7 (K& 20 mL) IZEHK 200 uL & AL, ¥ MR OFIEIZHEV DNA
AAEHR A R L 7.

5) DNeasy Blood & Tissue ffitH 74

~Afr7unFa—7 (FE 15 mL) [ZHEHK 200 uL % AfL, 5000xg T 10 4y MmOy B L B
HRAEBRE LIt, ¥ v MRS OBIAEFITHE DNA FREHK 2R L 7-.

6) MagExtractor fili %

~AfruFa—7 (FEL15mL) ([ZHEHK 200 uL % AfL, 6000xg C 5 4y 050 BfE L E7 A

WERE LML, v RO EITHEV DNA SRR 2R L 7-.
7) InstaGene Matrix fifi 1%

~Ar7uFa—7 (5E L5 mL) IZHEIK 200 uL Z A, 13000xg T 1 4y fliE Doy i L 7=,

R EREL, AFAER 1L mL 2RI LRI X0 B, 13000xg C 1 47O 5B
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L, EEREERE L.

AR I BRI~ A 7 v F 2 — 71T InstaGene Matrix 200 L Z @ L, TR S w7214,

K¥FH T 56 °C T 30 AR Z4T - 7. INilt:, 10 PR L7=t, T A I7 a v 7 Eii

T 100 °C T 8 ArfElN#l - A L, 10 FoRIFE#R L72#, 13000xg T 1 4rfilE LaiEL, EEA

% DNA 3EHK & L THWZ.

2.1.8 R B2 UG T C O H AT HE 72 B IR O B

212 0 )OO 215 O DIC KV AMHEIEE Lz, £ EEMERE N S MY A 74 3 8%
1T 37 °C T 20~24 FEfIksE U, BIEREE O LERIEZ WV TEEAIR L 10°~10° CFU/mL @
HIRZR L7, Bon-EikZ A, 215 0 2)i% 2.1.7 ® 1)I2 X Y DNA i %247 - 721,
215D 305 B LV MiER DR E 1T - 7=,

219 invd ZFERE L Lo xR TR HE (LUT TRl EE] Ev) . )

S. Enteritidis it 77 4 ~—1t > b LS. Typhimurium BHHA 77 4 ~—% v F D&% Hu
T, 2150 )15 5k vk E T 72,

FIENE, BtExHRIRIC W T invd A 77 A ~ —IZkH5T 5 PCR ¥R ED SR S 4, 2
PRI 35N C PCR IR FEY) 3 H S L7 WS T, 2o, BEHAKRIZB W T invd R
T A ~—IZHRIGT 5 PCRIGIEFEDM SR SN 5GE1C, AT Ttk & HE L.

BE Mkt B C PCR SR FEW) D3 S v 70 WIGE S OV M IR © PCR IR FEM) 3 R i & T
BaTiX, PCR BUSNEFIZITHON TWRWATREMEN & 2 728, PCR G LARE O F iR 21T -
7.

2110 2.1.7 X ON 2.1.8 TH 7= B iR O I EE o I E

217 OBFHIBWTIE, RPN YA T4 I U BITERE L-#HKY, 21.8 OBEHIIHBWT
TR ERE R O BB ZEHBEOREICHWDEK S L.

R 2 A B E T 10™~10° 5 I PR A L 72 1%, BRE S b U LIS 10°~10° i D A FRE I 1 mL
ERFL, "—hA 7 a—Ta CEREH O ML LIBFMLED . RROKBENIEAD E TH
L2, SBIInh— A7 a—Ya VEREM 10 mL 20 LED -, FEREICRE R %2
HifE L, 35~37 °C T 18~24 Wi~ h U MAMHE L CH&E L. £HPIRESH-D 3 iR L7,

Br#%1%, 30~300 fHDOEE AL L= b U MOEHEEERD, ZORBAGRN S @ik
R Tz,

2.2 JL[EEER
2.2.1 M [E RS H R
1)  BEREI R
BERIBEIC RV VTR TRETH D 2 & 2l L R B HEL A R L O 44 100 g
FTONGF Licb o GREHAIZIERR) & 182 HRISINA R L TARBREICER L.
2) DNA ik
BRIV I LERTRETH D I L xR Lot —Ant, ARSEEHEA SR, W
RIEE AL, % I—, 72 —I— L EOKEMNT % 215 O D)XV AiHEE
e U7-. MEYEEKR O S. Typhimurium, S. Choleraesuis, S. Dublin, S. Gallinarum &% O* S. Hadar
K1HE&HEEZ N T NV AT A 38 10 mL C 35~37 °C T 18~24 Kiffi55#% L7=t%, 75 °C
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DOARBT LML BT 5 Z LIC X VPR S 72, A EERK O BB A 45 mL (12, ﬁE/ﬁéZ
SH T E IR XA AR 500 uL #RMLIEA L. AHAFIEE HE S e
Typhimurium, AKIEE AECAEEHZIE S. Choleraesuis, T3 > 2 —/L{Zi S. Dublin, 7:*7“
— 2 —)L{ZiE 8. Galinarum, KTiH29121% S. Hadar, ©— /4 II3ABERERZ Z<Eh
WL, 2150 2)IZHEVDNA REHRZ B L7=. 2 b x2820uL 7>/ Lieb o (R
B2 I39ER) % DNA filiHiR & U CARBREIZ A LTz,
B, HAEEMEEKDO ) TSNV A T A I M TORESOREREEIL, 2110 XV HEL
7.
222 PFAfFERIEE
1) Ethachinmate
2) InstaGene Matrix
3) 10umol/L 77 A ~—IREIRIK
2.1.3 D 16) L [FFRICHRHEL L 7.
4) PCR fE#EiK
5 2mmol/L TAF X7 LAY K=V VRIBAIR
6) DNA KU 2T —Fi
7)  GYEXR
2.1.3 D 20) & [FFRICHRHEL L 7.
8) WS HE R
FEHEE R D S. Enteritidis X O S. Infantis & 1 H&H%Z N 7 Y A 7 A 9 U854 10 mL T
35~37 °C T 18~24 FFfll53E L 721, 75 °C O/KIB T 1ML FIET 25 Z LI K VS E -
Lo, WOICEHAREREZK S5 mL F 2o/ Lizb o (B IFIETIR) ZIRMAEK S L
THRBEICEM L.
R, HAEEMEEKDO ) TSNV A T A I M TORESOEREEIL, 2110 XV HEL
7.
223 iraket
FRBREICB VT, BEREMAREZ 215 © 1D)IC X 0 i EE#E L2, HBERO LEAKR
45 mL ZIRINAER 500 ub EIRA L7=H D% 2.1.5 @ 2) DNA i v 72 GRUBH 2 FEE &
R 3 TR 6.4%) . DNA fhiHiikIL, =D F % 2.1.5 D 3)® DNA #lkHE & L THW 7=,
224 RBIFE
KBk o7,
225 #HEHIE
FREHZDWT, S, Enteritidis i 77 4 ~—%& > K KOS, Typhimurium i HHH 77 4 ~—
vk %ﬁﬁwf%ﬂc%ﬁ%ﬁw ®IST 5 4 SO A4 XD PCR tﬁégl IFEMNT X TR Sn-85
AT T+), invd IZxHET 25 PCR MR EY DB S NTZ5EIIE TAL, RBRHOEGAIE -
%%&%é’&é:&kbf:. FERN TA] & 7o 2R BHZ W TIE, X512 S. Choleraesuis #:H H
T4 ~—%v bk, S.DublintrHH 7oA ~—% > bk, S GdlinaumBHEHA 774 ~—% v I,
S. Hadar A 77 4 ~—t v FEOS. Infantis (R 7 7 A4 ~—t v b2 AW TRBREZITWIAE
Rl EESELZ L& LT
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2.2.6 53 S 11 1]
Rk 25411 A 20 H~ ¥Rk 25412 A 6 H
227 gtk
FRE K OKMERRHA T 74 ~—% v NMEIZ, *ET2 4 DOREH A XD PCR HEIFE
Wyin 3 R SN E, invd ISk D PCREGREIEY S S i &2 45 L=,
228 ZNiBr=E
FAMIC JRfafte AR, Rty % —, ittty ¥ —, AAdEREr ¥ —, RHEFE
A= RO v 2 — (G 6 RBR=R)

3 BRRUEBE
31 HrikBA%E
311 HMIERBEN T 74 ~—t v OV TR TITHRT 2 RERE K OF =%
FMERBHA 7T 7 A~ —t v FOFIVERTITHT HEE R ORREZHERT L2012,
2.1.6 1T XV BRBRERE 128 Bk A IE L < HIETE 20l L7z,
ZOFERIT Table 4 © LBV, EFIMFHAIX, S. Infantis 2% 4 £k, S. Typhimurium 23 11 £, 7%
0O 5 MmIERMNS 1 E BOOMIER OEIT D220, &THE, ToMmoRBEH T2 TEET
HY, ELLHETE .

Table 4  Sensitivity and specificity of each primer sets

Salmonella Number of Number of positive results of target serovar detecting primer pair set
serovar strains tested Choleraesuis Dublin Enteritidis Gallinarum Hadar Infantis Typhimurium
Choleraesuis 1 1 0 0 0 0 0 0
Dublin 1 0 1 0 0 0 0 0
Enteritidis 1 0 0 1 0 0 0 0
Gallinarum 1 0 0 0 1 0 0 0
Hadar 1 0 0 0 0 1 0 0
Infantis 4 0 0 0 0 0 4 0
Typhimurium 11 0 0 0 0 0 0 11
Others 108 0 0 0 0 0 0 0
Sensitivity (%) 100 100 100 100 100 100 100
Specificity (%) 100 100 100 100 100 100 100

312 HhHIFIEDORRET
WOIZ, 212 O DIZENENEEMER 28N L7230 2 Hvy, 207 © 1)o7 v 71 ) Edih
BEIZE D DNA i ZBRET L7208y, AA TV X 0 HENHELWRE L OEEN D > 72729,
DNA NN ETH L Z L Nbnoie. D7z, Tvh ) ERIE TRICHENNETH -
7B E LTk, EffE L CS. Choleraesuis 7 VY, 2.1.7 2K Wi iEomst 247 - 7.
ZOFEFITFig. 1D EH Y, InstaGene Matrix & Ethachinmate % H 7=l 514 (Fig. 1 O L—
YO RN20) NEBHENES THY, 10° CFU/ML THIEWAY RSO, Zoft
FiEzwRMA L.
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— 200 bp
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Fig. 1  Comparison of DNA extraction methods of Salmonella Choleraesuis mixed with rice bran

a) Rice bran was incubated in pre-enrichment broth at 37 °C for 16 hours and then mixed
with Salmonella Choleaesuis. The DNAs were extracted with 8 extraction method.
Choleraesuis detecting primer set was used in PCR.

b) Lane 1, 12, 23: 100 bp Ladder. Lane 2~9: 10° CFU/mL of Salmonella Choleraesuis in pre-
enrichiment broth.  Lane 13~20: 10° CFU/mL of Salmonella Choleraesuis in pre-
enrichiment broth. Lane 10, 21: Positive control. Lane 11, 22: Negative control. Lane 2,
13: Alkali-heat treatment. Lane 3, 14: Alkali-heat treatment and Ethachinmate. Lane 4,
15: MonoFas Bacterial genom DNA extraction kit VII. Lane 5, 16: QlAamp DNA stool.
Lane 6, 17: Dneasy Blood & Tissue. Lane 7, 18: MagExtractor. Lane 8, 19: InstaGene
Matrix. Lane?9, 20: InstaGene Matrix and Ethachinmate.

3.1.3 A S A T O RTRE 72 I O Rt

218K VR AIRE 7R TR R A B L 7.

FOREFRIT Table 5 D L3610, AIHIE T T4 10°~10° CFU/ML £ TR 2 T
X, MHFATRETH 70, RIEOHMHIEIZ LY DNA 2T 22 LT, 7 U EEHE TR
R BETd - 7= S. Choleraesuis 22T % 10° CFU/ML VL E OB EE ThHILUTRETEX-. F
7o, T EFIHTEIZB W T DNA RO RE L n S TE o 2ilBHT DWW T
%, REOHHIETE DNA iR OAREZET & bt c& 7=, 7uh U ERIHIE & RiED
HECORM TR R/ EREEZ KT 5 &, 2 < OB TIERIEOMEED TN D70 EEiE
BETHLMITE 2. 228, VTR T2 LARVAEEBEREIC OV T LRFICRRZT- 72
N, BTrELIBHELHETE.
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Table 5

Minimum concentration of Salmonella to be identifiable in pre-enrichiment broth®: )

Sample

Minimum concentration of Salmonella (CFU/mL)

S .Choleraesuis

S .Dublin

S .Enteritidis

S .Gallinarum S .Hadar

S .Infantis

Method A Method B

Method A Method A Method B

Method A Method A

Corn gluten meal

Rice bran 1

Rice bran 2

Rapeseed meal

Brewers grains

Meat bone meal 1

Meat bone meal 2

Chicken meal

Fether meal

Fish meal 1

Fish meal 2

Molasses adsorption
feed

Mixed feed

Formula feed for
layer

Formula feed for
broirer

Formula feed for
finishing beef cattle 1

Formula feed for
finishing beef cattle 2

Formula feed for
dairy cattle
Formula feed for
finishing pig

1.9x10°

NT

1.9x10°

1.9x10"

1.9x10"

NT

1.9x10"

1.9x10*

1.9x10*

NT

1.9x10°

1.9x10°

1.9x10°

NT

1.9x10°

1.9x10°

1.5x10°

NT

1.3x10°

1.5x10°

1.4x10°

NT

1.6x10"

3.0x10"

1.3x10°

NT

1.6x10°

1.6x10°

1.4x10°

1.6x10°

1.4x10°

NT

1.6x10°

1.4x10°

1.3x10°

4,0x10°

NT

4.0x10°

4,0x10"

4,0x10"

NT

4.0x10"

4,0x10°

4,0x10°

NT

4,0x10"

4,0x10°

NT

4,0x10°

NT

8.8x10"

8.8x10*

NT

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

6.5x10”

NT

6.3x10°

6.5x10°

6.5x10"

NT

7.6x10"

3.6x10°

1.1x10°

NT

1.2x10°

1.5¢10°

8.7x10°

1.5¢10°

6.5x10°

NT

1.2x10°

8.7x10°

1.1x10"

9.6x10"

NT

9.6x10°

9.6x10°

9.6x10"

9.6x10"

NT

9.6x10"

9.6x10"

9.6x10"

NT

9.6x10°

9.6x10"

9.6x10°

9.6x10"

NT

9.6x10"

9.6x10°

6.0x10°
NT
6.0x10"
6.0x10°
6.0x10°
6.0x10°
NT
6.0x10°
6.0x10°
>6,0x10°
NT
6.0x10°
>6.0x10°
6.0x10°
6.0x10°
6.0x10°
NT
6.0x10°

6.0x10°

9,0x10°

NT

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10°

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10*

S . Typhimurium
Method A Method A Method B
11x10°  6.0x10°
11x10°  NT
NT 5.9x10"
11x10°  6.0x10°
11x10°  7.9x10"
1.1x10° NT
NT 1.1x10°
11x10°  2.9x10°
11x10"  6.9x10°
1.1x10" NT
NT 11x10°
11x10°  16x10°
11x10°  8.8x10°
11x10°  1.6x10°
11x10°  7.9x10°
1.1x10° NT
NT 1.0x10"
11x10°  8.8x10"
11x10°  6.9x10"

9.0x10°

a) Each sample was mixed with Salmonella after incubation in buffered peptone water at 37 °C for 16 hours.
DNA extracts were performed with alkali-heat treatment (Method A) or combination of InstaGene Matrix
and Ethachinmate (M ethod B) and then multiplex PCR was performed.

b) Each value represents the minimum concentration of Salmonella with positive result.
that the sample was not tested; "U" indicates that the serovar of Sa/monella inoculated in the sample was
not identified; and underline indicates that the result was in the case of 10-fold diluted DNA extract.

314 BHMERCEHI 9 2 i A o g F 1 D
FEMERZRHICFRET D2 ZEIFTHEHETH L, SEFICHLERXTREENLTNDEINE D

MEFRICHET D ELEETHD. £ 2T, 219 OREMmHEICLDY

"NT" indicates

AR ZATV, A
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B 7T 74 ~—Fy MZEENTWD invd I 74 ~—I12 X % invd OHEIEZ RS 5
LT, YAEXTORMICEHTE RV DR L

212 D DY IVE I T OBERE 44 S AEHERICH W, Zhb okl EEMBERITE F
nTwny, F7o, REHIEMHBRTEINTZ O TH L7120, HBHEEICIVED T LERT
DA DI Z R LT,

TOHE K HVE TITBREOEME 2% 2, 213 D 15)DOHh s 2FHEDO 774 ~—t& v FZEIR L
AnwsZ bt L, —DIEEEVRROBTHELZSISEIT IR BE NI &5 S, Enteritidis
A7 74 ~—ty N, &9 — DXl EIZEE O OBEHINH 5 Z &5 S, Typhimurium
MHH7T 74 ~—ty FZEIRLT.

ZORERIT Table6 D LBV, BRIETHERGMEE Lot B LT RO BEFOT T4 ~—+&
v N T imvA BEETHoTmON 16 A THY, MO T T4 ~—ty FTimdBEETHo7mDIT 1
MOBTHoT., BRIETHKDCTEMEL RS 2150 bl DT T4 ~—% v kT invd &t
THoTlDN 23 R THY, S. Enteritidis A7 7 4 ~—t& > FDO A invd B 1 &, S.
Typhimurium B 77 A4 ~—% >~ b DI invd BN 38 TH - 7.

BE L R OHGE R L T & bk & HE S =il BEHIRGFHRICY LT X7 B3R LT,
HDOWITHHATRERIREICE TYLER T BHE L TW R W AREMES R S fu7e.

B ECRatE &OHE Sy, R HIE T &OCHE S 2 REHE, OB E 72 o TR B0 E
RUKBYOFER L T 5 &, invd ICxHSET 2 HIEEY O RREN -T2, i S
DNA ENDRholcZ ENFINE LTEZLRTE. ZOZ D, KHEOME ] DNA ZifuH
MHIE TR L, invd L1358 72 % DNA Z HiE U 723888 H R OB 0 18 % 7 23k HEBR 5
VLT 9T o 72 o REME DS RIB S Tz,

—J, S. Enteritidis it 77 4 ~—+t& v M LT, S. Typhimurium fxHH 77 4 ~—t
v NCHBEBMEN LY 2R S, 2L, AR OREEMOIE2NT, S, Typhimurium # Hi A~
S ~—%tv k& S Enteitidis faHH 754 ~—ty FTIEHWE 4 S OF 74 ~—xtDHH
invA IZXIST D774 ~—PUSNDOT T4 ~—N8In->TEY, FFRMEIZENAEUZAREED
RN

¥, BERIE TR & CHIE Shy, R RR A TR &flE S 1REHE, B BRI & 52
fE L7223, EbL L HEELHESR, BEER o7, ZoZ Enn, YR TIZT LER
TNRRIEL T2, HHWVTREH O LVERTEEDBE TH -T2 /RN E 2 bz,

LLEOFERN G, MRS, HB8EERV—EELEZRLTEY, ROV LERT %2R
HIZAZ V== 755Kk L THVAEREEZ DRI,
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Table 6 Relative accuracy of multiplex PCR method
compared to reference method (culture method) 2

Enteritidis detecting primer set Typhimurium detecting primer set
invA positive invA negative invA positive invA negative
Reference method Pasitive 16 1 16 1
(Culture) Negative 1 26 3 24
Agreement 42 40
Accuracy (%)b) 95.5 90.9

a) All samples in this table had been once determined Salmonella-positive by the reference method.
All samples were re-tested using reference method because of long term storage.
b) Accuracy: percentage of the results consistent with reference method

3.2 JL[AEEAER
AR R OVHGE R H 5 O B FHUR E 2 RGE T 572, 2212 kv hFEIRBRE FhE L 7.
ZTOFERIL Table 7 D LBV, REZHOWTE, &2 TOTI74~—%y hTETORRENM
EHAZE L RECTX. F77, RERHEICOWTIE, ABOREEEERKIZ S, Infantis % I
ML=t 0% S. Hadar A7 74 ~—+% v hTvILF 7L v 7 A PCR 47 - 1T, 6
B 1 RBREOL invd [BYEL e o7, FAE R T REEREHISOWTIE, £ TORBRENET
DTI7A4~—ky hCIELLHETEZ. 20 invd ABRHOIRERO —20%, S EEM L 72 HiE
T 5 10° CFUIML 78 S. Hadar B 7 7 4 ~—t v FOBETR%Z TEIS Z N EZ N
1E7y, FEMEABRE TO DNA O RN E - 7272012, B FER B OMIEED NS b/
Moo REMENRZ X vl LxL, HE T 25 S Hadar Z3MN L7 BHZ DWW TIEi c & ¢
Wiz bk, 72, S Typhimurium #2774 ~—+t& » K & S. EnteritidisiRiHH 77 4 ~—& >~
NaeRAI ) == THT 74 ~—ky NeTHZELEEZBELLZ D, FALEXRT OB - 2
PEHIEIIIEZ2 W EE 2 BTz,
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33 FERABHZILDE=HV IR

AER ORE R HEO R AW EEN 2O LT 57912, FAMIC 2%EHE L TV 5 fEko v
TRTOE=HL Y U ZICBWTE#RE & T L OARELROHREBHEIC L 2R B b1TV, Rk
L U7, BN 212 0 )& V.

T DORERIL Table 8 © L3510, B ETIEHEUEF 272 miH 4 S8 0 VE R T B &HE S L7203,
ZDHHLEEMFAINCK =5 b DT RhoT.

ARIETIEBE 272 D 5 HF F I — )b 1 SR OBEFEWE SR 1 5T PCR Bl OFHLE G
BTN, ZFOFEEITK 0.7 K<, ARETEM L HEIEEE o510 % 7RG R &%
WCHWDDIZKEIZZ2WEE B, 728, PCR MLEDKIN L LTk, DNA i3+ 5Bz,
PCR Ktz ET DS % o iCRETE R oAl E 2 iz, HED 21 il
270 RUTHOVWTIE, RETH EFHEMBFEHICHE YT OV VERTIIFE LRV EELHES .

UM HEICEI LT, S Hadar B 794 ~—1F v b 2RO THARMEIZERD b io Tz
B, BTCOTI7A4~—ty NTHBEERBDLNTZ 0D, BEROIMFVPMLETHDLHESZZD
Nz, 1BGYERRO BT HIR & LT, JER O DNA 2R Sz, invd L5725 DNA 233
FRRPIZHIE SN2, HOWITRHEEEZBR T OV LER T BEIERREEIZEL TWiRho
T2 eI E N,
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4 F&®H
FARH POV LERT T IMIFEFMUO~ LT T Ly 7 A PCRIZ K ZBEFEEEIZOWT, fBHoHr 2

WNOBEHORI B EZRFTLIZE A, UTFTORBENELN, BHAAETHY, TOHaHMEN R

TEo. Fo, BEBRHEICOWTHRFTLIER, SORIMFVPLETHDLZ EnbhroT.

1) FMERBEH 7 Z A4 ~—t >y FOVILERXTITHT 2 EE KR ORI, 7T 100 %TH
> 7.

2) BIHEE RIS O DNA fillHHiE, InstaGeneMatrix & Ethachinmate % F V7=l HVE D B & ) &
NDRGTh-oT-.

3) —HERUEAZBRE, VLR T ORI AT IR 10°~10° CFU/ML ThHAUEAEIZ LY
[FIEFRETH 7.

4) EFEFRBROMGE, 2 TCoO7I94~v—ty FTETORBRENMIFEHEZ ELLFETE-.

5) EEIE AW EE L OB ORER, PCRLENRD bl 2 MEbrE, 270 A4 TOME
IOV T EEMIERICHEY T 5PV EX T IHAHE LRV EE L CHES Rz, SRER AW
TiX, S. Hadar A7 74 ~—t& v MZBWTERENRRO LI, 2 To7 74 ~v—kv MZ
BWTHBEBHERRD T,
¥, ARIEIE, SHadar KO S.Infantis % Br\ )N 7 BEBUR BLIR O A T o 2 5 il o Vs [/ & 15

LT, ERE 274 6 A 16 B AT THEIEM T I S s 9.

Bl i
KHFZE 24T DY 72 0 Bk Z 40 L T 720 i db B RS, BEMOKBES B 1 3K S A B Je OVE
SEAFZERA TS IE N R - AL PE EHTR A A SR AR Eh i R AR A ST P QNS AR ST R LB S
R A2 15 > 7 [ENEAF R TE N B - B 5 E L E N R A W S0 B A B A i AR B P O BKEE TE A
SAECEH OB AR LET.
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Study of Determination Method of Cyanuric Acid in Feed by LC-MS/MS

Shinpei NAGAKUBO', Masayo NOMURA" and Koji AOYAMA”
(" Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center)

We have studied a quantitative determination method of the cyanuric acid concentration in feed
using a liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Cyanuric acid was extracted with acetonitrile-water (1:1), and the extracted solution was
centrifuged. 4 mL of the supernatant was then diluted with acetonitrile-water (1:1) to a volume
of 10 mL. The diluted solution was purified with a SPE column (Oasis MAX, Waters Co.;
Milford, MA, USA), and injected into a LC-MS/MS to determine the concentration of cyanuric
acid. LC separation was then carried out on a hydrophilic interaction chromatography column
(SeQuant ZIC-HILIC, 2.1 mmi.d. x 150 mm, 5 um, Merck Millipore Inc.; Burlington, MA, USA)
with a gradient of acetonitrile-10 mmol/L ammonium acetate solution (19:1) and 10 mmol
ammonium acetate dissolved in acetonitrile-water (1:1) as a mobile phase. In the MS/IMS
analysis, the negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on two kinds of formula feed, fish meal, soybean meal and dried
skim milk. Cyanuric acid was intentionally added at the levels of 0.5 mg/kg and 2.5 mg/kg to
samples respectively. The resulting mean recoveries ranged from 79.0 % to 111 %. The
repeatability in the form of the relative standard deviation (RSD,) was less than 14 % on two kinds
of formula feed, fish meal and soybean meal, and less than 31 % on dried skim milk.

Key words: cyanuric acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); formula feed; fish meal; soybean meal; dried skim milk
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1,3,5-triazinane-2,4,6-trione
C3H3N303  MW:129.075 CAS No.: 108-80-5
Fig. 1  Chemical structure of cyanuric acid
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Table 1  Compositions of the formula feeds
Forr:;l):eed Ingredient types Prczgzr)tlon Ingredients
For broiler finishing Grains 65 Corn, brown rice
chick Oil seed mesal 26 Soybean meal, rapeseed meal, corn gluten meal
Brans 1 Rice bran
Others 8 V egetable ail, calcium phosphate, calcium carbonate, salt, feed additives
For layers Grains 60 Corn, milled rice
Qil seed mea 19 Soybean meal, rapeseed meal, corn gluten meal,
enzyme-treated soybean, palm meal
Brans 7 Distiller's dried grains with solubles, rice bran
Animal by-products 1 Fish meal
Others 13 Calcium carbonate, animal fat, calcium phosphate, salt, glucose,
lactic acid bacterium, fructo-oligo saccharide syrup,
fructo-oligo saccharide, paprika extract, silicic acid,
silicic anhydride, bifidobacteria, feed additives
For growing pigs ~ Grains 71 Corn, milled rice, wheat flour, bread crumb, wheat, milo
Oil seed medl 16 Soybean meal, rapeseed meal, corn germ meal
Brans 2 Wheat bran
Animal by-products 2 Fish meal, bone and meat meal (derived from pork and chicken)
Others 9 Food industry by-product, molasses, corn steep liquor,
calcium carbonate, calcium phosphate, salt, vegetable oil,
betaine, silicic acid, animal fat, feed additives
For pork pigs Grains 73 Heat and press-treated corn, milo, corn, heat-treated corn,
heat-treated barley
Qil seed meal 22 Heat and press-treated soybean meal, rapeseed meal, soybean meal
Others 5 Animal fat, calcium carbonate, salt, calcium phosphate, vegetable ail,
feed additives
For sweet fish Animal by-products 56 Fish meal, krill meal
Grains 31 Wheat flour
Oil seed med 7 Soybean meal
Others 6 Calcium phosphate, seaweed powder, feed yeast, wheat germ,
shelly fossil powder, garlic powder, calcium carbonate,
soybean lecithin, silicic acid, feed additives
For oncorhynchus  Animal by-products 56 Fish meal
rhodurus Grains 26 Wheat flour
Oil seed meal 7 Soybean meal
Brans 6 Defatted rice bran
Others 5 Feed yeast, calcium phosphate, seaweed powder, calcium carbonate,

feed additives
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DEET T AN, KEMZTEN»L, LITERE TKRKEMZTY T XVEREEFK %
L (o ImLi, 7 XAEELT50ug2ahd5. ) .
3) LERNIA TR T IR (V7 XVER-3Cs) PR HEFR
2T XOVIE-PCEE S (MRORIER TR, i 1°C3 97.3 %) 5mg & IEMEICE > T 20 mL D4
BT I AIZAN, KEMZTE»PL, FICERE TKEMZTY T XUER-3Cy IS YEFIE
AHFEBL (oK ImLIE, V7 XAE-BC e LT 250ug xS ETS. ) .
4) MEMIERH > T XV ERIE
AL T, 7 XVBEERK LN T XAB-C, WIEERKO T84 XH—7t
F=hrU/ (1424) CTEMIZHRL, 1 mL o> 7 XUfgE LT 25, 5 10, 25, 50, 75,
100, 125, 150, 175 % 18200 ngZ&H L, 7O 7 XAE-C & LT 10 ng 2 &6 T % &
ERAERH > 7 XOVIBIE R 2 TR L7z (RS
5) RERMEITCELER S 7 XVEE (37 XAE-3C,) PIE R
FERIICE LT, &7 XUHE-2Co WIEEHERIE O —E &2 K TERICHRL, 1 mL fics 7 X
IE-BCs & LT 2ug 2 GA T 5 NEEERZ B L7- (AR .
6) HEER A 7 h=hKrU—10mmol/L FEEET o E =7 L/KEHK (19+1)
7) AEER B 1 mol/L BRI =T AR A0 mLIC T =R U b—ok (141) EMMZ T 1
L&l
23 IEER UG A
1) F#efk : ZM 200 Retsch . (EBiZ 1mm 2 7 U —, fifi i R[A1#5 % 14000 rpm)
2) BT : MCS6 7 XU U RIE
3) HREVF A ¥ — : POLYTRON PT20SK KINEMATICA
4) REEVERA A RBEI =T (LT 2= 7 4] 9. ) :Oasis MAX (ETA
Hl& 150 mg, U Y — —ZF&E 6mL, Kift60um)  Waters i
5 AT Z707 44— 13HPO45AN (L% 0.45 um, EEZ 13 mm, AU T F 7 74 r T
L) R
6) LC-MS/MS:
LC 5 : NexeraX2 &l /Er
MS 5 : LCMS-8040 & 7l fE iy
24 EEIE
1) #
i sl TR 1 g 2 IEREICE > T 50 mL e LI I AR, /K 10 mL &N
RT-t%, 16 ;yEEEFHRAR L. ZoEMEEECTE =)L 10 mL 0%, HIiZ¥
7 X VIE-PC, A HER 250 uL & EREC N 2 7214, BTV T A P —T 145 M & B Thit
L7=. iR % 1600xg T 10 /Rl oL, EEAE 4mL 2 10 mL OE2ET7 7 A3 |TIE
EIZANT.. RETZ7I7AaDERETTE =R L—K (1+1) #Mx, H T L0t
T HRENEIR & LT,
i Zofhofgt IONTEREL 1 g 2 IEREICE - T 50 mL o kem 0t EE I AN, T b=
RUL—ZK (1+41) 20 mL 20Nz 7. T2 2 DL LS 1 v 7 X VEE-1°C, NAZ MK 250 uL
ZIEFECIZ 728, BT FA P —T 1 sl SRS Tt L7z, fitig% 1600xg < 10
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sy OB, EEARIEAML 2 10 mL O2R T T A ZIEMHICANTZ. 2B T 230
ERETTE h=hU L —0k (1+1) &Nz, #7203 23HRE & LT,
2) HT LML
S=HTLETER=RMIALEML KT E=T/K—/K (5+23) 5 mL TIEREE LT-.
AEHEIK 2 mL ZH 60 LT =T /K—7/K (5+23) 3 mL Z A7z =X T LTI ZIEM
L, WHAFTETAKO EMICET 2Tl &EZ, BT r=hJA5mLE2I=hT 4
Iz CaEEHE SE2 (T 1~2 mL/min F2E L7225 X ) ICWg|~ =& —/L FafH L
7. AFMEE. ) . 10 mL ofEgeRBRELZI=I T L0 FICEE, ¥B-—TEr=1F UL
(1424) 2 mL #3=Hh T AIZEMICMZ T 7 XABEBRBRHESE-. BHKE ALV T T 7
A NVH—TAHiL, LC-MSIMSIZ X 2 HIE I3 2 kAR & L.
3) LC-MSIMSI|Z X BHlE
FBHA R e OV e AR VBRSO & 7 XOVERIEHEIR A 5 UL & LC-MSIMS ITIEA L, RIS
HO(BLF TSRMJ W9, ) Zu<x b7 T 08%557-. WESMESL Table2 N3 ITRLT-.

Table 2 Operating conditions of LC-MS/MS
Column SeQuant ZIC-HILIC (2.1 mm i.d. x 150 mm, 5 pm), MERCK
Mobile phase Solution A — solution B (19:1) (hold for 8 min) — 2 min — (2:3) (hold for 10 min)

— 2min — (19:1) (hold for 5 min)

Solution A: acetonitrile-10 mmol/L ammonium acetate solution (19:1)

Solution B: 10 mmol ammonium acetate dissolved in acetonitrile-water (1:1)
Flow rate 0.3 mL/min
Column temperature 40 °C
| onization Electrospray ionization (ESI)
Mode Negative
Nebulizer gas Nz (3 L/min)
Drying gas Nz (15 L/min)
Interface temperature 350 °C
Heat block temperature 300 °C
Desolvation line temperature 250 °C

Table 3 MS/MS parameters
Precursor Product ion Collision
Target ion Quantifier  Qualifier energy
(mlz) (mlz) (mlz) (eV)
L 42 - 17
Cyanuric acid 128
- 85 10
Cyanuric acid-"Cs 131 2 - 1
- 87 11
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wE, EEEOHEZ % Schemel iZ/r L7-.

Sample 1.0 g (50 mL centrifuge tube)

——add 20 mL of acetonitrile-water (1:1)

(powdered skim milk: add 10 mL of water, ultrasonic treatment for 15 min, and add 10 mL of acetonitrile)
add 250 pL of cyanuric acid internal standard solution (2 pg/mL)

—— homogenize (1 min)

—— centrifuge for 10 min at 1600xg
4 mL of supernatant (10 mL volumetric flask)
fill up to 10 mL with acetonitrile-water (1:1)
Oasis MAX (150 mg)
——wash with 5 mL of acetonitrile
——wash with 5 mL of 28 v/iv% ammonia water-water (5:23)
——apply 3 mL of 28 v/v% ammonia water-water (5:23) and 2 mL of sample solution

——wash with 5 mL of acetonitrile

—— place a receiver (10 mL stoppered test tube)

—— eluate with 2 mL of formic acid-acetonitrile (1:24)
—— membrane filter (0.45 pm)

LC-MSMS

Scheme 1  Analytical procedure for cyanuric acid in feed
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REATST-.

717 4 : TSK gel Amide-80 (PN#% 2.1 mm, £ & 150 mm, Kifk 3um) v —ifl

TRBERE - 10 mmol/L fEiR 7 > &= LA —7 k& b= U/ (19+1) (8min{f¥F) — 2min —
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3 WBRRUBR
31 MEMR
220 AT X VAR L 2SR ERERT S 7 XOVEREYERE4 5 uL & LC-MSIMS IZIEA L, &
S5 SRM Z 0= b 7T AN T XAVEER Y T XVEE-PCy D B — 7 H g & R D TR AR
ZAERL LTz
Bon-HRERO—FIIX Fg2 DBV THY, VT XEELE LT 25~200 ng/mL (FEA&E L
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L T 0.0125~1 ng fH Y4 &) o#iE CEBMEEZ R L7z,
B, UHMREMRORERMIL, 7 XVEE%E 0.125~10 mg/kg & H T 5 ot ek &2 AR3EIC
PEVRL L 7= i RBHAR P O > 7 XOVER L BRI A 3 5
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Fig. 2 Internal standard calibration curves of cyanuric acid by peak area
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Fig. 3-1 Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times
of cyanuric acid.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~D: Blank sample solutions (B: formula feed for layer, C: formula feed for pork pig,
D: formulafeed for oncorhynchus rhodurus)

25
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Fig. 3-2  SRM chromatograms of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times
of cyanuric acid.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~F: Blank sample solutions (B: soybean meal, C: fish meal, D: squid meal, E: shrimp
meal, F: powdered skim milk)

3.3  IRINENEER
612K FMENGERERZ EE L=, ORI Tabled D L0, BIEMELZFRL 4 B D
PIEII#1E 79.0~111 %, # Ok UKEEIXMAXHEER2E (RSD,) & LT 14 %L F ORFEG 5
i, ﬁ?ﬂ TATIEUERI R 3 DY MERERIET A R4 (UUTF TRUMHERIETA KT A42] &0
7. ) IKEDLNTEEEKOOHMTHEEO BIEEZ M- BRIl Tho 7.

HEHH%“L IZOWTIE, BRI KT 81.0~108 %, RSD, 1% 31 %LL T DR DL, 24 M
WIETA RTA ZED GNTOHTREO BIREICR L THMT 2008 o7, £z, Bk
LTOTT XVEE-Cs AL ERIL 31 WA T L& -72. Zh6DZ L5, BUEH IO LK
JER O T XVEE-PCs IR 2T 5720, DWEOELLBMANLETHL L EL LN,
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Table 4  Recoveries for cyanuric acid

_ Formula feed for layers Formula feed for oncorhynchus rhodurus
Srz;i;llgel Recovery? RSD,”  Recovery of cyanuric  Recovery? RSD,”  Recovery of cyanuric
(%) (%) acid-C32(%) (%) (%) acid-C3(%)
0.5 0.3 4.6 74.0 79.0 54 73.0
25 95.8 0.9 60.3 95.6 31 65.3
ed level Soybean meal Fish meal
Sp(lm g/kg;le Recovery? RSD,”  Recovery of cyanuric  Recovery? RSD,”  Recovery of cyanuric
(%) (%) acid-Ca3(%) (%) (%) acid-*C(%)
0.5 103 7.6 75.1 111 14 64.3
25 94.8 36 63.8 97.7 17 65.3
e level Powdered skim milk
iked leve .
3[2 molka) Recoverya) RSD,”  Recovery of cyanuric
(%) (%) acid-Ca2(%)
05 81.0 31 30.9
25 108 16 22.8
a) Mean (n =5)

b) Relative standard deviation of repeatability

>
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~ ~
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= 8000 - = 8000 -
3000 - 3000
-2000 T T T T ! -2000 T T T T )
3 35 4 4.5 5 55 3 35 4 4.5 5 55
Retention time/ min Retention time/ min

Fig. 4 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (50 ng/mL: 0.25 ng as cyanuric acid)

B: Sample solution of fish meal (spiked at 2.5 mg/kg of cyanuric acid (as 50 ng/mL in sample solution)

34 EE TIRK O T RO
T VIR R AN ERME A R U2 #iFE 2.5~200 ng/mL @ FuRAFUT & A HRE GREMR T 0.5
mg/kg FHY & RA&BURHE IR 10 ng/mL /B4 &) ) ORMNEIGREBRORER, Hohi-v—72
DSNHN 10U ETH o727, 7 XD EE FIROEEIZFES T05mgkg & L7-.
RIEOHH TIRZMRT 2720, BIMEIGRBRICEIVGEONTZE—27 D SN A 3 & 2RIE
RO, EORE, B TFRITFEEF T 0.15mgkg TH - 7.
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708, Table 4 IZ/R L7 BV, HULEE FIREEIZIS T 2 EMNENLGR SRR S 3B 0 3L % Br
WTRIFTH- 7.

4 FE®H
BB R T 5 2 7 XVIRIT DWW, FDA {EZ KT, LC-MSIMS % HIV 72 i & 15 O fal k3 A

FHHEA~DOHPDOAFIZONTIRFT LIz & 25, UT@F%w%%ﬂt

1) MERIT 2.5~200ng/mL (FEAE & LT 0.0125~1 ng tH4 &) O#PH CEMRMEEZ R LT,

I, LR ORI, /TXw&%ou&mmM@aﬁﬁ% PAT R EEN & AR
TEVGREL U 7= B BBHATR P D o 7 XV BRI EE G IC AR 5 .

2) %mméEHZ&w(7n47~%§%%%&0&%ﬁﬁ%),%ﬁ%éﬁﬂz@%(%%ﬁ
BRAKRORKIEER) , BAHESEE 2 RE (bOERHALCSE ZEKRM) , REW»d 2
Bk, AR 2iE, A0 I —L2HE, =3I —L 2RBEROBIERIL 2 BikIcoWnT, Kk
e f?%%z%w‘:& v N7 LEHERLIEEZA, &2TUT XV LR URFFRFMICE— 27 2358

D LAV, 4ﬁ/&% A A DRDIERER L A% CTh T 2 L, ﬁ?A&wysyly
b%#%%ﬁbf%m ICREREBVDRRBD NPT LD, HEE =713 T VIR
ThoEHW LIz, £7, %@ﬁﬁ’”“a%fﬂﬁf%)t~ (B ONSY (WA /ALY

3) ELAfkt (MEBEEHEOH E ZEHRNRH) | k¢ﬁ#¢ R OBIEm LI > T XVl L
T 05 K25 mg/kg FIYSEAZ R L, AREICHE-S T 5 ST &2 EhE L, [EUER & OWK L
WELZRDIZE 2 A, BIEHALUIADOREHZ DWW TIE, ZYMHRIETA R4 VIZED b
HEROUHMTREO BEMELZ M- RRERN G ONT. BERALIZO WL, fHMTHEEDH
B A2 SRV RE 2D, 7 XVB-C; OENELIENERTH 722 LD, Sk
DERDLMFTNMLETHDLEEL LN,

4 KiEO VT XVEROTEE FIRIT 0.5 mg/kg, i FHRIZ 0.15 mg/kg TéHh - 7=.
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Development of Crude Fat Measurement Method in Dried Whole Milk
and Dried Whole Milk-Based Formula Feed

Sakie YASUDA™, Chika SUZUKI? and Ayumi NUMATA™*
("! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
"2 Fertilizer and Feed Inspection Department, FAMIC (Now Sendai Regional Center, FAMIC))

We have investigated the applicability of Rose-Gottlieb (RG) method and acid hydrolysis and
ether extraction (AH/EE) method for the measurement of crude fat in dried whole milk for feed
and formula feed mainly composed of dried whole milk.

In the AH/EE method, a sample was transferred into atall beaker, dissolved in hydrochloric acid
(4:1), and heated in a water bath of 70 °C to 80 °C for 1 hour. The mixture was then transferred
to a separating funnel, and the liberated fat was liquid-liquid extracted with diethyl ether. Having
washed diethyl ether layer with water, the diethyl ether was evaporated. In the improved AH/EE
method, we changed the amount of water for washing the diethyl ether layer from 20 mL to 60 mL.
Theresidue was dried at 95 °C to 100 °C for 3 hours, and the crude fat was weighed.

In order to improve the operability of the RG method, we changed the container of extraction from
a Majonnier flask to a separating funnel. A sample was transferred into a tall beaker, added with
8.5 mL of water and 1.5 mL of 28 v/v% ammonia water, and heated in a water bath of 60 °C to
70 °C for 15 minutes. The mixture was then transferred into a separating funnel. The tall beaker
was washed with ethanol, diethyl ether and petroleum ether. Then the cleaning solution was
transferred into the separating funnel for liquid-liquid extraction by shake. Subsequently, diethyl
ether and petroleum ether layer were transferred into another tall beaker and evaporated. The
residue was dried at 100 °C to 105 °C for 1 hour, and weighed as crude fat.

RG and improved AH/EE methods were applied to dried whole milk, formula feed mainly
composed of dried whole milk, and reference material respectively. A comparative study of
measured values of these methods was subsequently conducted. The result of the ¢-test was: ¢ (8)
=0.448 and p = 0.666, which did not indicate any significant differences.

We also made the similar comparison between measured values which had been acquired by two
different RG methods: the one using a Majonnier flask and the other using a separating funnel,
both of which had been applied to the same materials mentioned above. The result of the ¢-test
was. ¢ (6) = 2.153 and p = 0.075, which did not indicate any significant differences.

Key words:; crude fat; Rose-Gottlieb method; acid hydrolysis and ether extraction method; dried
whole milk
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SRR ORBEF OBEE & LT, MBI N = F L — T U HHIE R OB Y = F
NE—TFUIE (LT TR fRiE) ). ) BIERS TR Y, BIfE, 2IEKILIC W TIERT
FOHEHER->TWD., LaL, EEMALOCEIENILE R E T oA TY =T L
T— 7 VI HE T IHIE I B i S v 2 & S EEHRLESEE 0 ORI S A, IR RYE O
LRI ATEO LB D EFTHF SN TWD. —F, REMATOEMoOREEE LTI, TAaaY
MRS EEITH L—F « T h)—73 (LLF TRGE] &5, ) 75 AOAC INTERNATIONAL ?

FEOERERNREESIEE LTAS HWLONTEY, TAEOILL OFB G OB B FEIZET 5
BE Y (UUF T8SES Lo, ) ITbEishTWD. 2ok, Tl 29 FEICHALIT
RG 1} O\ iR 0 3R O E M O RS MR O B0 AEO RN 21T 72 Y. £ 0RE%E, RG
BT DRy ik O JIEM O I 1.001~1.041 TH Y, HEAKAE 5 % T HiEMoOBEREICHE
RAENRD DT, BAMIEN RGIELV bEWIIEMEZ R LI Z &iX, Sfnke Lblc=
TNBIZIRAL TWD T LB N, £ 2 THE, ByfiEO—T VEEEGFT HKOEE
20mL T35 60mL T3ENZAER Lz HikL RGIEDEBMRF 2T -0 T, ZOMEZHRE
T5.

F72, RG IETHMNZIT ) BOBEEOM E2 B E L, BIMHAESRZ~Y a =T E0 D 0K
RIS EFE R AR E ) INMZOWVWT O HFE TR 2T 272D T, TOMEICO N THWMET 5.

2 EERAZE
21 & B
1 mmOfESLWEEE L 7EEOSIEMALL O SFEEO 2RI A FHE & 3 2B A e
ERWZ. 70, BAEEMEX, AREEEN B ARSI EEEBREL, IFE S LT RG IEIC
E VT STV D ARROF R F (54 19.26 ¢/100 g, M S 0.95 ¢/100 g) % H W
7.
72k, MEHZHW B A RO %2 Table 1 12~ L7z,

Table 1  Ingredients of the formula feed

Proportion

Formula feed types I ngredient types ) Ingredients
0
For suckling pigsl Anima products 98 Dried whole milk, whey protein concentrate,
milk protein concentrate,
Others 2 Dry yesst cel wall, lactic acid bacteria
For suckling pigs 2 Anima products 93 Dried whole milk, dried skim milk, dried whey,
Others 7  Glucose, dry yeast cdl wall, lactic acid bacteria,

fructooligosaccharide syrup, silicon dioxide

For milk replacer for suckling caves  Animd products 95 Dried whole milk, dried skim milk,

Others 5 Glucose, dry yesst cell wall, lactic acid bacteria
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2.2

1)

2)

2.3
1)

2)

RO

TroE=TK (BEHSER 28%) , =% /) —), g, YoFLroc—T ), alc—T 1k
W7 = ) — )V T7 H LA 3k & V2. ZKIE Milli-Q Integral 5 (Merck Millipore %) (2 X ¥
FERL L7k (JISK 0557 D A3 IS D K) & Hni-.

T )=V TH LA RIK

T )=V T7E LA 1lghETH ) —/WZENLTI00mL & LTz,

W 7E 5 ik

~Va=TEHBEHRGIE (LT I~Ya=7ERGIL] &), )

SIHTEE 1 g ZIEREICE > Tv Y a =7 EIZAN, K85 mL Mz, MELARALIRY IR
WTHRE 2R LT2tR, 7o E=7/K15 mL 2%, 60~70 °C OD/KBHF TL & LR EYE
7R 15 Sy EIINEN L 72 2 v LTz,

=X /=L 10 mL ZMX TRV IEE%, 7=/ =V 7X LAVl 3L =F =T
—7 25 mLaM%x, FCTLHMMLIIEVIREEZ. 3618, AM=—7 /125 mL # %,
FEEICIE D IR %EE L, B (YoFro—F)1 - M= —F/LE) % 200 mL @ h—/L
E—7— (boH L 100~105 °C T 1 Keflszf L, 77— ¥ —HhCllimtt, B % EMEIC
HEoTBWEbLD) ITANT.

~Va=TEIZZZ = AmL Nk, FT1BPHBLIREVIREEL., Y=Frao—T
15 mL 2z, 1M LIEYIRYE, HicaMm=—7/v 15 mL 2z, FFICEY RS
HEEL, FEBEED =L — A —IIMZ D EEE 2 ET- -

WIZ, e b= —h—NOER % 75 °C LU N CTkrZ L, 100~105 °C T 1 Kz L, 7
V=2 — TR, ESEERICEY, RETROREEEZREH L.

7ok, WEEOME % Scheme 11278 L7z,

SRIESHER RG L (LT TR RGIE] L. )

TRl g A EREICE->T100mL O h—LE—H—IZAt, K85mL ZMZ, HT Ak
THERETRE LA BN LR, 7TUE=T7/K15 mL Nz THREHILTELYY, 60~70 °C DK
W TLELENTRERND 15 MM L 2% km Lz,

D F—=LE—I—DONEW%E 200 mL D3RI AN, h—rbE—h—%x% ) —)L 10
mL TH#E L, HIREDREHIMAT 1 oMBLIRVIBEE %, 7=/ =7 XL A R
®3MaEMAT-. wiZ, Y=FLxT—F)L 25 mL CTh—LE—"—%WHL, HiKEDERN
STz, 1M LIV IEEZ. 618, AM=—7 /125 mL Th— A E—T—% %L,
Wk & iRIR = F Iz, FERICIRVIBE-#HEL. e (Y=Frz—TF - ali=—7
JVE) Z5 mL OEBAE Xy hTED, 200 mL O h—/LE—H— (& 57 L 100~105 °C T
1R L, T — 2 —HTitnt, ESAERICES> TEBWeb D) IZANLL.

ORI 7 — 4 mL %, 15 BHEMLIIEVREZ. Y=Fro—7)L 15
mL ZA0%x, 1ML <IRYIEY, TICAM=—7 /1 15 mL Zx, FERICIRD BT 7%
BL, EEZE0 =1 —"—IZhby 58EEZEIZ 24T 7.

WIZ, e b= —h—NOERE % 75 °C LU N ThrZ L, 100~105 °C C 1 Kz L, 7
V=2 — TG, BESEERICEY, REhoREEEZRE B L.

728, WEEOE % Scheme 2 1278 L7z,
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3) EESRIE
FREH M R HER 3 32 D HkIC ko772, = —TFT VBIEREERIEICH WS 3R B 1%, HiE
EBD 300mLEDEDE .
4) BOFREOEEKEEZES LI E (BUF TEoMd Rkl v, )
FARF AT HEUESS 3 B 3.2 O HEMND, = —T VE AR T HKOEEZ 20 mL T 3 [EH1 5 60
mL C3ENZEE L. 7o, TV —T VRS BRIECH W D 20 B 1X, 500 mL
KOLDIZEHL L=,
728, 3) KO 4) OHITEOHEEE % Scheme 3 128 L7,

Sample 1 g (Mojonnier flask)

—add 8.5 mL of water and shake until homogeneous
——add 1.5 mL of 28 v/v% ammonia water

——hest at 60~70 °C for 15 min

——add 10 mL of ethanol and shake

——add 3 drops of phenolphthaein indicator

——add 25 mL of diethyl ether and shake vigorously
——add 25 mL of petroleum ether and shake vigorously

I
Ether layer Water layer

| ——add 4 mL of ethanol and shake vigorously
200 L tall beaker add 15 mL of diethy! ether and shake vigorous
that has been dried and weighed previously m iethyl ether an © wgorc_>usy
——add 15 mL of petroleum ether and shake vigorously

Ether layer Water layer
——add 15 mL of diethyl ether and shake vigorously
——add 15 mL of petroleum ether and shake vigorously
—
Ether layer

——evaporate to dryness under 75 °C
——dry tall beaker a 100~105 °C for 1 hour and weigh after cooling down

Scheme 1  Measurement procedure (Rose-Gottlieb method with Majonnier flask)
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Sample 1 g (100 mL beaker)
——add 8.5 mL of water and stir until homogeneous
——add 1.5 mL of 28 v/v% ammonia water
——hesat at 60~70 °C for 15 min
200 mL separaring funnel
——put content into 200 mL separating funnel
——wash the beaker with 10 mL of ethanol and put content into 200 mL separating funnel
—add 3 drops of phenolphthalein indicator
——wash the beaker with 25 mL of diethyl ether, put content into 200 mL separating funnel and shake vigorously
——wash the beaker with 25 mL of petroleum ether, put content into 200 mL separating funnel and shake vigorously
|
Ether layer Water layer
| —add 4 mL of ethanol and shake vigorously
200 mL tdl beaker ] ]
. . ) ——add 15 mL of diethyl ether and shake vigorously
that has been dried and weighed previously )
add 15 mL of petroleum ether and shake vigorously

[ I
Ether layer Water layer

| ——add 15 mL of diethyl ether and shake vigorously
——add 15 mL of petroleum ether and shake vigorously

[
Ether layer

——evaporate to dryness under 75 °C
L——dry tall beaker a 100~105 °C for 1 hour and weigh after cooling down

Scheme 2 Measurement procedure (Rose-Gottlieb method with separating funnel)
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Sample 2 g (100 mL beaker)

——add 2 mL of ethanol

——add 20 mL of hydrochloric acid-water (4:1)

——nhesat at 70~80 °C for 1 hour

200 mL separating funnel (separating funnd A)

——put content into separating funnel and wash with 10 mL of ethanol
——wash with 25 mL of diethyl ether

——add 75 mL of diethyl ether and shake vigorously

put diethyl ether layer into 300 mL Water layer
separating funnel (separating funnel B) * containing 20 mL "% of water ——add 50 mL of diethyl ether and shake vigorously
[
Diethyl ether layer Water layer

——add 50 mL of diethyl ether and shake vigorously

[
Diethyl ether layer Water layer (waste)
|

——shake vigorously and throw away water layer

—add 20 mL"Z of water and repeat same procedure twice
——pour through funnd (cotton pledget packed in its stem) into

weighing flask that has been dried and weighed previously
——recover diethyl ether by rotary evaporator
——dry weighing bottle or flask at 95~100 °C for 3 hours and weigh after cooling down

*1: use a500 mL saparating funnel in the improving method
*2: wash the diethyl ether layer with 60 mL of water and repeat washing two more times

Scheme 3  Measurement procedure (acid hydrolysis and ether extraction method and its
improving method)

3 WRERUBE
3.1 BORIED = — T VBT KB OE NI X D g

AR & T o T BRI R IE B O RG IEIZ L 5 JIEE % ik U7l 1L, Mo ffiEn RGIEL D b
EOWHEMEZ R L, WEBICAEERENRD LN Y. ZoFRKRE LT, BOMIETIZSRY N
KEEBIZZ—TIWEBIZIEALTNATD EEZEX NI LG, BORIEDO T —T VI8 % BEd
TOHKOBEEERLT Z IR, BIFET 20 ERETCERVWIHER T 2L, £2T,
Pt 2 KOEE 2.3 O 4R LIZBOMEBEO LBV AR L, Table 2 (28 L7z 9 FEHOR
EEOHLEN % RG 15K O\ 3 iRt BIE CTHIE LT RGIE & O BT 21T 72,

ZORERIZ Table2 D LB Y TH Y, RGIEK ORI BIEIC L DREMIZOWT t-MEZ 1T
STAER, 1(8) =0448, p=0666 THY, AELEFTBDOLNRN-oT-. ZOREND, By
fREO T —T VBOWF /K20 mL T3EMNHK60 mL TI3ENZEETHZ L2k, MiofiE
ETEHRETE R ST DMMNREIN TSI LD EE X LT,
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Table 2 Content of crude fat measured by Rose-Gottlieb method
and acid hydrolysis and ether extraction method (improving method)

Rose-Gottlieb method Acid hydrolysis method Ratio of the measured value
Sample types (improving method) (a<.:id hydrolysis method
Crude fat® RSD” Crude fat® RsD” (improving method)

(%) (%) (%) (%) /Rose-Gottlieb method)
Dried whole milk 3 26.55 0.2 26.46 01 0.997
Dried whole milk 5 25.90 0.2 25.97 10 1.003
Dried whole milk 6 26.32 0.2 26.55 0.5 1.009
Dried whole milk 7 2543 0.0 2543 0.3 1.000
Dried whole milk 8 25.83 0.2 25.76 01 0.997
Formula feed for suckling pigs 1 20.86 0.4 20.89 0.5 1.001
Formula feed for suckling pigs 2 20.01 0.2 20.01 12 1.000
Formt:(lgfieskfgg T!“'i/;p'acer 20.63 01 20,62 09 0.999
Reference material 20.18 0.4 20.16 0.0 0.999

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

3.2 RG{ETHEM T 2 IR H A 2R O Mg
$AARDIE, RG IEDIENHIHARE LT~V a =T H42HH L0, OWEOwERAMEEZ KT 5
T2, BRRRIE L [FARICIRMG AR & L Coiim 232 2.3 @ 2R L2kt
RG et Lz, 7 BEORBOHIEN 2~ a =7 % RG LR ORI RG 15 THIE Lk
LR RIT Table 3D LBV Tholz. vV a =7 RG IEKONIR} RG EORIEMEICH
WT -RREZRIT o T fE %, 1(6)=2153, p=0.075 THV, AERETRD NIRRT,

Table 3  Rose-Gottlieb method with Majonnier flask and separating funnel

Rose-Gottlieb method Rase-Gottlieb method
with Majonnier flask with separating funnel Ratio of the meastred value
Sample types (Majonnier flask
Crude fat” RSD;” Crude fat? RSD;” fseperating fumnel)
(%) (%) (%) (%)
Dried whole milk 1 25.46 01 2531 0.2 1.006
Dried whole milk 3 26.55 0.2 26.50 0.2 1.002
Dried whole milk 4 26.43 0.2 26.14 0.2 1.011
Dried whole milk 5 25.90 0.2 25.87 0.2 1.001
Formula feed for suckling pigs 1 20.86 0.4 20.70 0.4 1.008
Formula feed for suckling pigs 2 20.01 0.2 20.11 0.2 0.995
Formula feed for milk replacer for suckling calves 20.63 01 20.46 01 1.009

PLEDORERN S RG ER O R RIEO JEMOPEMIZIAE THI EEx LN, £,
RG I THMT 2 IENHIHARZ, v~V a =T EROBEFRFONTRLOHEHARETHL LEZD
iz,

IhoDZ EnD, RG IEKVEFEBIEDONT IS EE ST EE~DOBEHNAIRETH D L E
R HAIDDY, BEIZHDE AT MBI S 4L, ERNOEEGHTIZIE K W H LTV D B0 fRiE 72 R
LU 7B o i RIEDS, fB T BRE~DOINEIC K VB L FIETH L LB BT,
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4 F&®H

ERE K NEIEM L A2 FREHE T 2R GEEHT I W T, RG 15K O iR 1E O R E M2 iR L
722 A, UTORENE O
1) OO —T VEOWEEZ/K20 mL T3EMNHK60mL TIENZEFTHZ EIZLY RG
15 & RSO EMASE DT,
2) RGN O RS BIEIC XD HEMHICHOWT -REZIT o 725, ¢ (8) =0.448, p=0.666 T
&Y REMICHERETRD G ol.
3) RGIEIZHOWT, ~Va=TE2HHLEZHA N HRIE2HBERLEZEA L ZHEL rREE
fTol=fE®, t(6)=2153, p=0.075 TH Y HE f ICABREZETRD NN T2,
4) RG {ELVBEMREBIEDO TN b EE T EE~OBEH N TH D EEZHNDHH, BEIC
FRER oy M FEVE ISR S 4, ERN ORI HTICIA < W AL TV D B ik % B Lo itk B
BN, R R E~OIEIC L VB L FIETHDE EEZ 2 bNT.
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1) BWKERWEE - ZERFRRBH e EEOHIEICH>WT, k2044 A 1 H, 19{H%
%5 14729 5 (2008).

2) George W. Latimer, Jr.: Official methods of analysis of AOAC INTERNATIONAL 20th edition,
AOAC official method 932.02 fat (crude) or ether extract in dried milk products. Gaithersburg, MD,
USA.
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Development of Determination Method of Chlorpropham and Fipronil in Feed by LC-MS/MS

Aiko YANO', Norihiro SATO', Yugo DOI” and Yoshinari SAKAKIBARA"
(" Fukuoka Regional Center, Food and Agricultural Materials Inspection Center)

We have developed a quantitative determination method of the concentration of chlorpropham and
fipronil in feed using a liquid chromatograph-electrospray ionization-tandem mass spectrometer
(LC-ESI-MS/MS).

Having added water to a sample, chlorpropham and fipronil were extracted with acetonitrile, and
the extracted solution was filtered. The filtrate was then purified with liquid-liquid partition and
SPE column (InertSep GC/PSA, GL Sciences Inc.; Tokyo, Japan), and injected into a LC-MS/MS
to determine the concentration of chlorpropham and fipronil. LC separation was then carried out
on an ODS column (Capcell Pak C18 MG II, 2.0 mm i.d. x 150 mm, 3 pum, Osaka Soda Co. Ltd.;
Osaka, Japan) with a gradient of 2 mmol/L ammonium acetate solution and 2 mmol/L ammonium
acetate methanol solution as a mobile phase. In the MS/MS analysis, the positive mode
electrospray ionization (ESI+) for chlorpropham, and the negative mode electrospray ionization
(ESI-) for fipronil were respectively used.

Recovery tests were conducted on formula feeds for layers and suckling pigs, barley, wheat, corn,
afalfa hay, rice straw and whole-crop rice silage (WCRS). Chlorpropham was intentionally
added at the levels of 0.01 and 0.4 mg/kg for formula feed for layers, 0.01 and 0.2 mg/kg for
formula feed for suckling pigs, 0.008 and 0.04 mg/kg for barley, 0.008 and 0.02 mg/kg for wheat,
and 0.02 and 0.05 mg/kg for corn respectively. Fipronil was intentionally added at the levels of
0.01 and 0.02 mg/kg for formula feed for layers, 0.0008 and 0.002 mg/kg for wheat, 0.008 and
0.02 mg/kg for corn, 0.04 and 0.2 mg/kg for alfalfa hay, 0.2 mg/kg for rice straw, and 0.018 and
0.11 mg/kg for WCRS in original matter respectively. The resulting mean recoveries ranged
from 84.7 % to 101 % and the repeatability in the form of the relative standard deviation (RSD,)
was less than 8.5 % for chlorpropham, and the mean recoveries ranged from 81.3 % to 90.0 % and
RSD, was less than 8.9 % for fipronil except in rice straw. The mean recovery was 44.8 % and
RSD, was 12 % for fipronil in rice straw.

Key words: chlorpropham; fipronil; liquid chromatograph-tandem mass spectrometer (LC-
MS/IMS); electrospray ionization (ESI); barley; wheat; corn; alfalfa hay; rice straw; whole-
crop rice silage
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1 &

Janr a7y AEH—/S A — N ROBRER RO RETFAER CTH 0, Mo RFEEMRIC X
DERENRETRTEEZLNTND V. WAMCB W TIZ D ¥ U A EORAF - Tkt o5 FMmEIF &
L CUNHERICHER SN TWD. FHAETIT 1954 FEiCyml B sk S, EHEEWS IR, Mg,
B3, TROEEETHL Y. MEPOEEEE LTI, KE, &, EI9BAILROIAET
0.05 mg/kg EFRESNTNS 2. BT O s o777 AOSHEE LTI, e kg i
BWTC, T h VB F AT E A7 a~ N7 72 0T R SITER T A7 a~<
N7 T TEESHFE AW —FOMENRNEINATEBY, E& FRIZENRZENDOSITEIZ DN T
0.02 % T*0.05mglkg TH 5.

T4 7RV, T E T Y = AROBBATH Y, BRIk U TR EE I A L E T D
TR OBEEMAERTEEZLON TS Y HANETIE 1996 FI2 YA E SR Sy, T R
EW SRR OBFEETH S V. SR OREEE LTI, 4, DAE, WEROCLARAEH
BRI QNI B A BB C 0.02 mglkg, /& OYH 3765 HEL A kT 0.01 mg/kg, 4%% T 0.2 mg/kg, f#
H 5T 0.2 mgkg, TRFEEHER (LLF TWCRS) L9, ) TO0.1 mgkg EFEENTNG D,
RO 7 ¢ T = Ok E LTE, AR EEICBW TR a~ b7 T 7 HE&S TR
HWT—ForiEN & STl Y, E& FRIZ0.01mgky TH 5.

BE, o rsarra 7y AR OT 4 78 =IO NWT, BREREMEM L OSSR SREE o RE L
DRF SN TRY, EEEICH LTRSS 2R OOIEORBREE Lo TnD.

AMEl, RMOKEER ORK 29 FEAFEGM L RMERIIREFEFE (R o R3S ITIER LGt
FE) ICBWT, EMMEEAAARSSRESEE LZoWE © (BT TRCE] 2v). ) &
R, Ao rarra 7y AR OT7 4 IR VOWIKs a~ N5 T K U F MRVE &SHTEHC
£ D EEIEDOFEI T EE~OBEHO A K E R LD T, TOMELRET S.

BEICZOLTO T ARONT 4 T = L OMEER% S Fig. LIZRLEZ

i

/.

o =

- X(fi
Cl N 0 i i,

Chlorpropham Fipronil
) ) 5-amino-1-(2,6-dichloro-4-a,a, a,- trifluoro-4-p-tolyl)-
isopropyl 3-chlorocarbanilate ) ) o
4-trifluoromethylsulfinylpyrazole-3-carbonitrile
C10H12C|N02 MW: 213.7 C12H4C|2F6N4OS MW: 437.1
CAS No. : 101-21-3 CAS No. :120068-37-3

Fig. 1  Chemical structures of chlorpropham and fipronil
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2 REBRAEK

B el (G EH, FAMTBERH, THERAH, LHFAFEEHLXOCRHEEEH) |,
K&, N&E, 98 AZ L, 94K, RTNINANTFUT74—F, TAVT7NVT 7l HE, FEI—

HEL WD DIZTNENHERE 1 mm O 7 Y —

B ARG LT T L 7=, WCRS X

60 °C C 10 Wiz fite, TICENICHE L CRGZ L2k, RERICHEL .
B, BEHZHWEEAEORSE A% Tablel ISR LT-.

Table 1  Compositions of the formula feeds
Formulafeed types  Ingredient types Prop;:/rt;on Ingredients
(1)
For layers Grains 61 Corn
Brans 1 Rice bran
Oil seed med 22 Soybean mesl, corn gluten mesl, rapeseed meal
Animal by-products 6 Pork and chicken meal, fish med, feather meal
Others 10 Calcium carbonate, animal fat, calcium phosphate, salt,
oyster shell, feed additives
For suckling pigs  Grains 62 Corn, bread meal, wheat flour, roasted soybean flour
Oil seed med 10 Fermented soybean meal, concentrated soybean protein,
soybean meal
Animal by-products 15 Dried whey, fish meal, concentrated whey protein
Others 13 Confectionery medl, calcium phosphate, animal oil,
glucose, lactose, cacium carbonate, feed additives
For growing pigs  Grains 72 Corn, wheat
Brans 3 Bran
Oil seed med 21 Soybean mesl, corn germ mesl
Others 4 Calcium carbonate, animal oil, molasses, salt, calcium phosphate,
garlic powder, feed additives
For dairy cattle Grains 37 Corn, barley, rice, whest flour
Brans 33 Bran, rice bran, Corn gluten feed, poteto gluten feed
Oil seed med 26 Rapeseed meal, soybean meal
Others 4 Molasses, calcium carbonate, feed additives
For beef cattle Grans 81 Corn, barley
Brans 13 Poteto gluten feed, bran
Oil seed med Rapeseed meal, soybean medl
Others Molasses, calcium carbonate, beer yeast, feed additives
22 K

1) 7 b=rU, T FEONFY IR - PCB kB 2 H 7=,
LC-MS H (&L 7 A L AFHisEis) % fHuviz.

(K

ek & U Tz
i) A HW .

A K ) —iE

HAk>r b U UL, EEE, WEERT MU U A

UUBRARFE AV DL, UBRTIKFED Y UL ROERRT B Y v L (EK) (3R

1 mol/lL Fife” »E=v AidmERErsr e~ N 77278 (L7 A4 v L8004
7K1 Ultra Pure Water System RFU354BA (HPERUEATSL) (C L v KR L 7= 1
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fliZk (JISKO0211 @ 5218 |ZE# S = #fliAK) & Hu iz,
2) 0.5mol/lL V > EE#EE R (pH 7.0)

VUAKFEZ VA7 VEEZIKFEDY UL 3029 %4®YD, /KK 500 mL (277

L, 1mol/L g% HAWTpH %2 7.0 I L7=1%%, KEZMxT1L & L7
3) 0.5 mol/L KEfz#EE % (pH 5.0)

FEfg 241 mL K OEERR - b U w7 & (4EK) 6.84g &V, /KK 200 mL ([Z¥EfE L, 1 mol/L

fie % N C pH % 5.0 ICRAFE L7=%, K&EMxT250mL & L7-.
4) rsunrua 7y AEREFERK

yuanra 7y LMERE (Sigma-Aldrich #, #iE 99.4 %) 20 mg % IEfElZ &> T 100 mL &
BRI T AIZAN, TEMAZMATENL, BICERE CREELZNxC/7arrary
DAEREFE G 2 L2 (o 1mLix, Zael7nrrasLT02mgaaflt5. ) .

5 747 nm = UIERERR

74 7 a = VERES (BT AV AREHSER, M 99.4 %) 20 mg # IEfEIZ &> T 100
mL ORET T AIZAN, T M AZIMZTEPL, BICERE CEREBEEZNZTT 472
SVERHERRER L7 (o 1mLix, 74 7e=1rt 1L TC02mgaaa7 5. ) .

6) IRAIEHEIR

sa)Lra 7y LAERERK 10 mL KON T 7o = UERERE 1 mL A2 200 mL O & T T A
W ANTIRAEL, BICERETAY /) — 2N CRGEEFRKZRHE L (20 1 mL
X, Z7enrre 7y Al L TCI0gAYN 7 4 7= LTClwsad7 5. ) .

I LT, IRAEEFRKO ~E&E2 A Y /) — /L TEMRICHRL, 1 mL izl 7no
7y AL&LT1, 2, 4, 6, 8, 10, 20, 40, 60, 80 X (r*100 ng, 7 4 7 =,LL LT 0.1, 0.2,
04, 06, 08, 1, 2, 4, 6, 81N 10ng & AT H & IRAENERR Z2 R L 7=,

23 IEEKUEE
1) Fwe
Btk 1 (BAfk, &9 8 AZ LEOEEM) ZM-100 Retsch . (HBI& 1 mm A2 U —
>, HRE TR 3 14000 rpm)
3wk 2 (Rofis, fed 5O WCRS i) : SM-100 Retsch & (HBHE 1 mm 227 U —,
mlEs% (fkk) 1690 rpm)
2) RBEOBE: LT rY 2 —H—SR2DW ¥ A 7 v 7 & (ff AR & 5 %k 300 rpm)
3) AHk:5FB il LHERTR
4d 77975754 M=K,/ F VLTV TIV-N-TaENT VI Y BT AVEE I = T A
(UF IR=772) 5. ) :InertSep GC/PSA (500 mg/500 mg) ¥ —=x/LH A = Afl
5 AT Z 7 44— :DISMIC-25HP (L% 0.20 pum, EEE 25 mm, #HKME PTFE) HEA
LY
6) LC-MS/MS:
LC B : ACQUITY UPLC System Waters
MS i : ACQUITY TQ Detector Waters
7 MY T A T 54 Yo+ mT 5] EvvH. ) :Chem Elut 71— hrVU v
(20 mL f#£5H)  Agilent Technologies
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24 EEIIE

1) #fiH
ekl 10.0g (2B, Fgdb H K NWCRS % 5.09) 28 ->T200mL Ok =fH 77 A2
[Z AL, K15 mL #x, 30 /rfEFE%, EIC7 & h=hKU/ 100 mL %, 30 /IR Y
BETHHLEZ. 200 ML O2&E 77 22527 7 —iKIO FIcEs, iz A% (5 7 B)
TSI A LT, O =A7 7 2AaROEIZIART7E F=KU /L 50 mL THHEL, [k
B A L. SHICEBT7 7 AIDERETTE M=) VEMXTZ. O 20 mL %,
RSy B i3~ 2 3UBHR R & L T-.

2) WRHRTEL
REHATK 20 ML 2 & 522 Lo kT F U 7 10 g K TR 0.5 mol/L YV o EEfEETE (pH 7.0) 20
mL % A#17= 100 mL O3 kR HZ IEfMICI %, 10 SRRV IRE-#%EE L, 7 h=FU L
Jg (kJg) % 100 mL O =7 7 A2 |Z Az, 7 b= U VEE@EEOMET Y DA
(fEAK) CTHAKL 100 mL O7eT 7 7 2AalcAK (5 B) TABL%E, ko=A7F A
AR OAMEIMERDEDOT ¥ = UL THEEL, AilaabEl. A% 40 °C LT OKIR
TIZE A EHET 2 TRUERME L72%, EF T AL X THELE. ~FHr2mL 2z
THREMEENL, BT L0 23EHRIR E Lz

3) H T LB
R=h T LT E R 10 ML LOIANFH 2 10 mL CIERES L7-. SEHRKRE I =0 7 A
AR, REAFETAHD B ET 5 ETHRE FSE72. EHEKRO A>T\~
FAaz~FHhr5mL §OT2EVESRL, WKEIEKI =07 L2z, RERICHEE ST,
50 ML DR T T7 7 Aa%2I=ATLDOTFICEE, ~FHor—7% by (441 15 mL 23 =
HIAIMZTruaLra7y ARONT7 4 Fu= LEEH S8, K% 40 °C LT oK
TIEZEALHET 2 E CRIERM L2, EF T RAE X CTHELLE. A%/ — 1 mL (i
W, Wb o kN WCRS IZ26H > Tld 10 mL) # EMICINZ THREBMEZEN LB A LT T
T A4NE—=TAHEL, LC-MSIMSIZ X HHIEICHT 2 eBHAR & LT-.

4) LC-MSIMSI(Z L 2HlE
AEHATR M O IR A E R4 5 uL % LC-MSIMS (A L, @#|IRKGHE (SRM) 7 2~
7T NERGT. WESM A Table2 KON 312/ LT,
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Table 2 Operating conditions of LC-MS/MS

Column Capcell Pak C18 MGII (2.0 mm i.d. X 150 mm, 3 um), Osaka soda
Mohile phase 2 mmol/L ammonium acetate solution - 2 mmol/L ammonium acetate methanol
salution (7:3) (hold for 0.2 min) —12.5 min — (5:95) (hold for 2.5 min) —2 min
— (7:3) (hold for 12 min)
Flow rate 0.2 mL/min
Column temperature 40°C
| onization Electrospray ionization (ES)
Mode Pasitive (chlorpropham), Negative (fipronil)
Source temperature 120°C
Desolvation gas N2 (700 L/h, 350 °C)
Cone gas N2 (50 L/h)
Coallision gas Ar (0.25 mL/min)
Capillary voltage Paositive: 3.0 kV, Negative: 2.5 kV
Table 3 MS/MS parameters
Precursor Product ion Cone Callision
Target Mode ion Quantifier Qudlifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
172 — 20 10
Chlorpropham + 214
— 154 20 20
. . 330 — 25 15
Fipronil - 435
— 250 25 30
i

HFoi/e SRM 7~ 7706 — 7 HBLADRE I ZRO TRERZERL, 3B
ranrya7y hERONT7 4 umVEEEH L.
kB, EEEOME % Schemel |2k L7-.
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Sample 10.0 g (5.0 g for grass hay, rice straw and whole-crop rice silage (WCRS)) (200 mL Erlenmeyer flask)
——add 15 mL of water and allow to stand for 30 min

—add 100 mL of acetonitrile and shake for 30 min

—filter through filter paper (No. 5B of JIS P3801) under reduced pressure
——wash with 50 mL of acetonitrile

— fill up to 200 mL with acetonitrile

Transfer 20 mL of sample solution to a 100 mL separating funnel

——add 20 mL of 0.5 mol/L phosphate buffer (pH 7.0) and 10 g of sodium chloride
—— shake for 10 min and allow to stand for a while

— discard the water layer and transfer the acetonitrile layer to a 100 mL Erlenmeyer flask
—— add some amount of sodium sulfate and dehydrate the acetonitrile layer
—filtrate to a 100 mL eggplant flask

—— wash the Erlenmeyer flask with acetonitrile and filtrate to the eggplant flask
—— evaporate to dryness under 40 °C

— dissolve in 2 mL of hexane

GC/PSA column (500 mg/500 mg)

— prewash with 10 mL of acetone and 10 mL of hexane

— apply sample solution and let it flow out

— wash the eggplant flask and elute with 5 mL of hexane (twice)

— set a reciever (50 mL eggplant flask)

— elute with 15 mL of hexane-acetone (4:1)

—— evaporate to dryness under 40 °C

— dissolve in 1 mL of methanol (10 mL for grass hay, rice straw and WCRYS)
— filtrate throgh hydrophilic PTFE membrane filter (pore size: 0.2 um)
LC-MSMS

Scheme 1  Analytical procedure for chlorpropham and fipronil

25 TAYOULAT DR DERGE QLRI A Y0 T aiEI LW, )
FIL IR E B AR 10.0 g 2 200 mL o3t =f 7 T 2 (& L. i ERET 2.4
D 1) & RERIZITVY, A% 300 mL O 7 7 Aa T, REHAK % 40 °C LLFO/KIB T
¥ 15 mL 1225 ORI L, REHAKOEEEZ 7 A4 V5 M AR, REHATKD A -
TWeERTIET7 7 Aaz/KE5mL THREL, WKET7A Y U207 AR LTz, 5 rMEE L
Teth, ~FY o —FEEET=F L (1+1) 100 mL THEH L, WHIEE 300 mL ©7ed 7 T AT
=TT WK Z 40 °C LLF OKIB CRIERMS, BRI AL E > TEE L. ~F P+ 2 mL
ZMZCEREWEZRNL, UEOD 7 AREREMEIX 2.4 O 3) & REEICIT- 7-.
BE, A YU LT AETIEEEREHERIREN FICIED 10525720, MEROIRE
HPHNICINED KO AZ /=L THEMARL, LC-MSIMSIZ X HHIEICHEL 7.
2.6 WNENNERER
22D 4H~5) D7 unTn Ty MEREFIE LT 70 = )VEERERK 2 A Z ) — )L TIEREIZ AR
LIz .
1) r/mrra”7y b
yuanrazyhE LT, WHEHEEHESEEHTZ 0.01 X 0.4 mo/kg fHY & (RE&FBHA TR
HC 10 OV 400 ng/mL) , 1ZAMFIKERCHECA EEHZ 0.01 XY 0.2 mg/kg Y & (&R
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BHAW - 10 & TN 200 ng/mL FHX% &) , KZEIZ 0.008 }2 T 0.04 mg/kg #8224 & (R &REHATR
HC 8 TN 40 ng/mL fHY &) , /NFEIZ 0.008 K& OF 0.02 mg/kg #14 & (B #&aEhAR H © 8 &
20 ng/mL FHY &) , &9 AT LIZ 0.02 T 0.05 mglkg #8244 & (R #&FUEHATRH C 20 K&
VB0 ng/mL AHY &) 220 L) ICZNENHRMBEELES L, —HEFE LIZRICRIEIZHE-S
TERL, FHEICE L OE UBE 2RO, ok, MEREHEEZE X 2 RINEEICONT
X, BEMRORERPEANICINE 5 & 5 EEREEHATRZ A % 7 — /L CHEEAR L THIE L7,

T4 7 a=)r

T4 Fu=) b LT, BT AERAEEHC 0.01 LT 0.02 mg/kg HHY R (K RUBHATE T
T 10 & TF 20 ng/mL AR &) , /NFEIZ 0.0008 K& Y 0.002 mg/kg #H2% f (Fe#&alEHAR T 0.8
V2 ng/mL FHY &) , &9 HAZ LIZ0.008 & OF0.02 mg/kg FH XY & (e iU EHR I H ¢ 8 &
V20 ng/mL FHY &) |, 77 77 7 EIZ 0.04 J 8 0.2 mg/kg FH2Y 8 (B &R T
2 K OVN10 ng/mL 4 &) , Fidb 512 0.2 mg/kg FH Y & (R fEUEHA# H ¢ 10 ng/mL) , WCRS
TR L C 0.018 & TN 0.11 mglkg #H 24 & (&l EHA R H T 0.9 & OV 5.5 ng/mL fH % &)
IR X0 ICENEFNRINE LIRS L, —KEE LIERICKEICE> TERL, FHEIE
J ORI UK EE Z2 3R D 72, WCRS ~DOHRNNTRFEZ ezt L T7 r e =L & LT, 0.04
BN 0.25 mg/kg MM EITR D X O IATVY, R TIRE~OHEIX, R K OREZ oK
NEAEE 60%N N0 %EE LT, FY OKOEH % 60%) FRE=REY OKoeH &
10 %) WREE 225 ORITE VI ToT. 7ods, MERFHHZEZ 2 BWINREIZ OV TIE, K
EMROREFHPEANICUNE D X 5 EAMREHARE A % 7 — /L CEBEAR L TRIE L.

3 HBRRUEE

31 MEMR

22D B)IHE > T L= HIRAEYERR 4 5 uL 2 LC-MSIMSIZIEA L, 5772 SRM 7 o<

NI LB E— 7 HBELADE S ZHWTHREREZER L. BSonBlmERO—#IT Fig. 2-1

KOVFig. 220 LBV THY, Zur a7y Alx1~100 ng/mL (FEAR L LT 0.005~0.5 ng fH
WYE) M7 4 71 =113 0.1~10 ng/mL  (7E A& & LT 0.0005~0.05 ng fH 4 &) OFiH CE RN
oLz,

kB, YHMBEBROBEEHIEL, soLrra 7y A% 0001~01 mgkg KON T 4 T o= %

0.0001~0.01 mg/kg & A 9 %/ Hr K (RHCE, fab b KO WCRS ICHh > TiE7 4 VY r =%
0.002~0.2 mg/kg &H T 5 AT HEED & AREICHEWVTIRL U 72 i aURHA IR H o0 & IR FE R I M
BT 5.
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30000 - 300000 -
253.53x - 33.605 y = 2653x+55.971
y =253.53x - 33. 65
£ o0 R = 0.9998 g 250000 | R®=0.9988
3 c
3 3
5 2000 £ 200000 -
N ©
3 3
g 1000 £ 150000
& 5
K =
$ 10000 - x 100000 -
B 3
[-9
50007 50000
0 T - . . . : .
0 20 40 60 80 100 120 0 2 2 60 50 100 o
Concentration of chlorpropham / [ng/m1] Concentration of chlorpropham / [ng/mL]

Fig. 2-1  Calibration curves of chlorpropham by peak area (left) and peak height (right)

2500 30000 -
£ 2000 v 2;21 .jgxgggzémss £ 25000 y = 2430.9x +31.136
5 e H R?=0.9991
H £ 20000 -
} 1500 >
8 £ 15000 -
& -
% 1000 2
2 + 10000 -
= g
500 5000 -
0 T T T T T d 0 T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration of fipronil / [ng/mL] Concentration of fipronil /[ng/mL]

Fig. 2-2  Calibration curves of fipronil by peak area (left) and peak height (right)

32 TA YU LAT BT LD IINEIGER

JHC&Ti%%Lﬁwﬁﬂ PELCOM RIS 2 LTV A A, SRR SF oML, AT Ef

DEMZVEL LBEANZICLDOIMEOIEL X OER L2055 70, AT I O

f%%@ﬁxﬂnvﬁ7?7giﬁﬁﬁ Ko —Fotisl (UUF TEE-FE Lvw)H. ) T
BRI B7A YT LH T 2EROCTHRIRFCL D2 BEZEBILTCE 20 RELE. A4 YT+
7 DT XDRERGIER, BE-FEELSEBIC, 250 HFETITo7-.

HE 100 g KK LT, Zurra 7y Al LT 0.2 mgkg H% & (ks A T < 2000
ng/mL) , 747 m=/L& LT 0.02 mgkg Y& (F&REHARK S T 200 ng/mL) 12725 X 91
ENENTMELSIEAL, KHELERICIA Y VLT AEICL Vo EER L. 74
VUt T BB K DEMENGRER 21T > 725 R A& Table 4 ICE &7z, 7 4 7 v = LT BRI
ENEREZR LN, Z7eirra 7y MIERIETH - 7-.

Table 4  Recoveries of pesticides using diatomaceous earth column
Formula feed for suckling pigs

Pesticides 3)(Ir|;eg/dk|g;le| Recovery
(%)
Chlorpropham 0.2 10.0
Fipronil 0.02 9.1

n=1

FA VTN T ML D BERBEIIREE -FETHITOR TV A, FEORGIRFIC I S h
T2RMENNEER I T 5 7 e rr e 7 7 AORILEIZ 4T 100 E B HEETHD. 20k,
sunrna 7y MEBUREDORNL, 74 YU+t T7 LK) 24 O DK T LA LLIE O K il
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FHEIZ LS TR o T KM OB LEZE 2 bz,

T, FA YU LI T AETHBMLZRENAREZ LC-MSIMS THRIER, ZEHERO E— 7 R3E|
NoHLZNNIT =V 7352 n3botc. 74 YU LH T AECTHE L ZRENARFICEE
DRHED D LC T DB E RIT L TV D ATREIERH 2 728, FREE I AR EDE M
ERRETTALENRD DL EEZ X BN,

3.3 R BLIZ BT D IR D RS

EOBLAZLERAWT 24 © DICX VAR L Z3EHANKR 20 mL (27 v e 7 7 A 100 ng
(0.1 mg/kg 84 &, ff&FEHAR Y T 100 ng/mL 1Y &) K O'7 ¢+ 7' m =, 10 ng (0.01 mg/kg
Y B, i RURHAR P C 10 ng/mL fHY &) 2Nz, 24 @ )05 T LV EEL, HKIEE
IZB T DB DR ZITo7c. 728, 1 BHOKKIE THBEL7KBIZTE A= U V&2 FRE
MABZ L2k, 2 I BOHREIToT-. ZORE Table5 DBV, Zurra7y ALEW
7478 =T LB ORIE SR Z VRN TE D Z L kR LT

Table 5 Recoveries of the pesticides on liquid-liquid partition in corn matrix
Recovery (%)

. Acetonitrile
Pesticide -
First Second Total
20mL 20mL
Chlorpropham 89.0 0.0 89.0
Fipronil 91.0 0.0 91.0

n=1

34 =T LHbOUEHES O
EIOBAZLEMNT 24 O 1))6 22X VR LREHAKIZ 7 vr 7' 7 7 4 100 ng
(0.1 mg/kg 84 &, ff&REHAR < 100 ng/mL A% &) K O'7 4+ 7' 1=, 10 ng (0.01 mg/kg
FHY &, RACHUBHATR T C 10 ng/mL MY &) #1Z, 24 O JPTLVEELTI=I T L0050
DRy DR ZIT-7-. Table 6 LBV, oL rar7y ARONT o Fa= g~
WX TiFEHET, ~F -7k M (4+1) 1I5mLIC KV ENT S22 L2 L.

Table 6  Elution pattern of the pesticides in corn matrix using InertSep GC/PSA
Recovery (%)

. Hexane Hexane-acetone (4:1)
Pesticide
5~ 0~ 5~ 10~ 15~ Total
5mL 10 mL 5mL 10 mL 15mL 20 mL
Chlorpropham 0.0 0.0 93.4 12 0.0 0.0 94.6
Fipronil 0.0 0.0 87.0 15 0.0 0.0 88.5
n=1

3.5 WHEWE OB
B el (RS EH, T TBERAE, THERAH, LHFAFEEHLXOCRHEEEH) |,
KFE, INE, 98 AZL, FA4FE, RTFNIATL T 40— K, TLALTZ7 L7 7 FEI—
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B find B KON WCRS ZHVy, KiEICLY
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Fig. 3-1

FHELL 72 EHA 2 LC-MSIMS IZVEA L, B5bh
72 SRM Z7u~ N7 7 L5 LIEEZA, WTHOREHZBW T Z7eLrrme 7y AT 4
T VOREEEYTHE— 7T Lo T

7B, 55N SRM 7o~ 7T ADO—H#l% Fig. 3-1 X O Fig. 3-2 12/~ L7T-.

B
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O
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Selected Reaction Monitoring (SRM) chromatograms

of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables2 and 3. Arrows indicate the retention
time of chlorpropham.)
A: Standard solution (1 ng/mL as chlorpropham)
B: Blank sample solution (formula feed for layers)
C: Blank sample solution (barley)
D: Blank sample solution (corn)
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Fig. 3-2  SRM chromatograms of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables2 and 3.  Arrows indicate the retention

time of fipronil.)

A: Standard solution (0.1 ng/mL as fipronil)

B: Blank sample solution (formulafeed for layers)

C: Blank sample solution (barley)

D: Blank sample solution (corn)

E: Blank sample solution (alfalfa hay)

F: Blank sample solution (rice straw)

36 v LU w7 AHEOMHR
24 O )6 JPTEV AR LN EZRRE I LA LOT F U 7RABHARICZ nv7 w7 7 A
& LT 0.02 &1 0.025 mg/kg FH 24 & (R &FUEHATRH © 20 LT 25 ng/mL B &) % EhZ ik
L7745~ b U v 7 ZAEAEPRIZ DN T, 2.2 O B)THE > Tl Bl U 7= [RIJ E 0O 45 2 384 Ui 12 6h 4
HEY—JHELEHER LIZEZ A, Thle 7 OLEBY Thotz., Fz, RERICHR L7/ 2E, &
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IHLAZL, TIT N T HERTRROLDOT 7 v 7 R EHARIZ Y 4 7 r =& LT 0.002,
0.01, 0.4 % 1r0.2 mg/kg fH Y & (Bf&alBHaiik T 2, 10, 20 XU 10 ng/mL tHY &) &£ <
NIRIMLT7=8~ B v 7 ZFEHERKIZHONWT, 2.2 O 6)IIHE-> THEL L 7[5 7 E 0> 45 2 5 A ik |2
M HE—VHEELL AR L= A, Table 8 DBV ThHoT-. HEMIRAB~ MY v X
L DREREEEZTL L RAETNRETH 7.

Table 7 Matrix effect to chlorpropham
Concentration of chlorpropham

Matrix in the matrix solution in the sample? MaIrixo/effectb)
(ngimL) (mykg) %)
Wheat 20 0.02 103
Corn 25 0.025 9
n=1

a) Converted from the concentration in the matrix solution

b) Ratio of the peak area of chlorpropham in the presence of matrix to that in the
absence of matrix

Table 8  Matrix effect to fipronil
Concentration of fipronil

. b

Matrix in the matrix solution  in the sample? Matrlzye;fect )
(ngmL) (mgkg) ’
Wheat 2 0.002 101
Corn 10 0.01 %9
Alfalfa hay 20 0.4 o1
Rice straw 10 0.2 102

n=1
a) Converted from the concentration in the matrix solution

b) Ratio of the peak area of fipronil in the presence of matrix to that in the
absence of matrix

3.7 ENENGEAER
1) Z7arrue”7y b
26 O DXV IRMENGABRZ FEi L=, ZOFE, Table 9 ® L B0, FEHREIULET
84.7~101 %, % D#RiK UK ITFIRIHE (RS (RSD,) & LT85 WL FDORAETH Y, FEHy
iR R 3 OFBRIE D Y MWFERIET A 74 > (LLF TYMHERIETA K710 &
9. ) IZED DAV B KON E O BAEE 27 L.
7B, B SRM 2 a~ 75 A0—fil% Fig. 4107 L7z,
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Table 9  Recoveries for chlorpropham
Formula feed Formula feed for
Spiked for layers suckling pigs Barley Wheat Com
level F) b) 3 b) 2) b) ) b) 3 b)
(mg/kg) Recovery RSDr Recovery” RSDy Recovery” RSDy Recovery” RSDy Recovery” RSDy
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.008 - - - 95.4 44 85.2 8.5 -
0.01 96.0 21 101 58 - - - - -
0.02 - - - - - 9.0 2.9 8.7 17
0.04 - - - 95.6 33 - - -
0.05 - - - - - - - 95.7 0.7
0.2 - 93.0 53 - - - - -
04 4.7 4.7 - - - - - - -
—: Not tested
a) Mean (n = 5)
b) Relative standard deviation of repeatability
A 138000 - B 138000 - Chlorpropham
Chlorpropham N
,, 118000 - ¢ , 118000 -
'§ 98000 - § 98000 -
s g
5 78000 - 5 78000 -
~ ~
2 58000 - 2 58000 -
2 2
2 38000 - £ 38000 -
1S IS
18000 - 18000 -
'2000 = T T T T 1 -2000 = T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25

Retention time/min Retention time/min

Fig. 4 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3.)
A: Standard solution (40 ng/mL: 0.2 ng as chlorprophaml)
B: Sample solution of corn (spiked at 0.05 mg/kg of chlorpropham (The
concentration in the sample solution is 50 ng/mL as chlorpropham.))

2) 74 7m=)b
2.6 ® 2T XV IRINEIGRER 2 Fhi Lz, T OfEE, Table 10 ® LBV, Fivb b LA DE
[ZOW BRI X 81.3~90.0 %, RSD, X 8.9 WL FOMETH Y, ZUMEMRIETA KT
AVICEDONTEEEROCKEOBEMZMZ L. b bt oW TiX, FEHEIEIT
44.8 %, RSD, I 12 %D A& Tod » B O HARE Z 7= S /e o 7.
ek, BHoNZSRM 7~ 7T AO—fl% Fig. 5 IZ/R L.
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Table 10  Recoveries for fipronil

Formula feed

Spiked for layers Wheat Corn Alfalfa hay Rice straw WCRS®
(nlgilg) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0.0008 — — 813 89 — — — — — — — —
0.002 — — 86.2 6.7 — — — — — — — —
0.008 — — — - 85.8 6.6 - — — —
0.01 83.2 7.1 — — — — — — — — — —
0.018 — — — - — — — - 87.5 7.2
0.02 81.3 7.0 - - 90.0 18 - — — —
0.04 — — — — — — 86.7 41 — — — —
011 — — — - — — — - 85.6 52
0.2 — — — — — — 85.8 6.7 44.8 12 — —

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability
c) Fipronil was spiked to air-dried WCRS samples one night prior to extraction. The spiked levels were
0.04 and 0.25 mg/kg air-dry matter for fipronil. The levels of fipronil in original matter were
calculated with following equation on the assumption that the moisture content of WCRS samples was
60 % for original matter and 10 % for air-dry matter.
The levels of fipronil in original matter (moisture 60 %)
= the levels of fipronil in air-dry matter (moisture 10 %) / 2.25

A 7500 | B 7500 -
Fiproni i i
6500 - p w 6500 4 Fipronil
i 2 = N
‘c 5500 - 3 5500 -
3. Ke]
£ 4500 - S 4500 -
© ~
> 3500 - Z 3500 -
2 2500 - 8 2500 -
3 c
£ 1500 - ~ 1500 -
500 - 500 -
500 J ; ‘ ; ) 500 J ; ; ; )
0 5 10 15 20 0 5 10 15 20
Retention time/min Retention time/min

Fig. 5 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3.)
A: Standard solution (2 ng/mL: 0.01 ng as fipronil)
B: Sample solution of corn (spiked at 0.02 mg/kg of fipronil (The concentration in
the sample solution is 20 ng/mL asfipronil.)) Sample solution was diluted ten
times by methanol before the injection into a LC-MS/MS.

3.8 fi HARENLEDJRK DO MFHZ DT
oo MW7 4 70 = L OIRINEIGRER O R, ZUMWHERIET A FT A ZED HHEE
O BB Z FE - 72 Jf K 2 8 5 7o OIZ UL F OMET 217 - 7.
1) FFRRIC K 2 7 4 7' e = VR O R
T4 TR ADBRED b ~OIRIMZRICKEMOREE L HICEELEAREEE X, 7=
SV T RS L 24T~ 72 & 2 4, Table 11 @ & 3 0 FINEIILRIZTR NG —BafRE L
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bDERBETH Tz, 74 7' m =L ORENLERT, A% O RS ORE TIZRnE &
zZ bz,

Table 11  Recoveries for fipronil from rice straw

Spiked timing
Spiked level One night before? Just before”
(mg/kg) Recovery Recovery
(%) (%)
0.2 431 47.6

n=1
a) Rice straw was spiked at fipronil one night before the analysis.
b) Rice straw was spiked at fipronil just before the analysis.

2) =T A OERHES OMERR
Fobo~ b vy 7 ZAHFTFT, =7 LFRITBNTT ¢ 72 = L ORF R OVE D
BEZITAREEEE X, MOLEZHANWT 24 © )G I TEELE®R 7 0 T o=/
100 ng (0.2 mg/kg 134 &, FHAKRENRIE T T 10 ng/mL % &) 21z, 2.4 ® 3)ITHE- TH
ELI =D 720 DEHES MR L. TORSE, Table 12D E B0, 7470 =)LDIK
HE — o R OEL R T Table 6 L [RIFRE TH Y, HICEEVERTH 7.

Table 12  Elution pattern of fipronil in rice straw matrix using InertSep GC/PSA
Recovery (%)

. Hexane Hexane-acetone (4:1)
Pesticide
(0 5~ 10~ 15~ 20~ 25~ Total
10 mL 5mL 10 mL 15mL 20 mL 25 mL 30 mL
Fipronil 0.0 85.5 11 0.0 0.0 0.0 0.0 86.6
n=1

3) RO

oo~ MY v 7 ZEORBICLY, WKRSERFIC LEIEOTYE h=RFY /L 20 mL 7215 T
X7 4 7 e =V EEITE R oo E B 2, 33 IZHEL, b bz HWcadl sk 20
mL (27 1 71 =/ 100 ng (0.2 mg/kg fH 4 &, RAMEFEHART T 10 ng/mL Y &) %,
W T ELIC BT DI DOMRZI T2, MRELTT VT 7 V7 i ExE W CRERICEIEL
72, TOER, Table 13 B0, 1HIEOTE = U120 MLIZL>TT VT 7V 7 7HL
EREHRE T O 7 4 7o = /M3 TEIR SR, fib 5EHRIE R 0 7 4 7 v = V3K [E UL
KThHY, 2EHIEOTE F= MU ANDLIET 4 T = VTR S o7z,

fao b TR BRI 7 4 T e = Vs KB IZF o To et E 2B 2, b b & HW CRERIC
BE LT, 2EIBOfMERIEL LT7 & =KV L X0 @I%EOKRVERRE=F /L 20 mL Z
T7 47V E B TED0RBHR LR, 747 v= X 1BIHEOT® h= KV LEHM
O OBERENLHE TR S, 2EHOFR=FVENL IR ShiRio 7.
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Table 13  Recoveries for fipronil on liquid-liquid partition
Recovery (%)

Acetonitrile
Sample -
First Second Total
20mL 20mL
Rice straw 58.6 0.0 58.6
Alfalfa hay 97.8 0.0 97.8

n=1

F70, AL LHKRTHS WCRS OEINEIGRERFE RICHBEITRO b hoTo 2 &
O, DRBAERED pH FRUEDNEEL TV DL RN E B %, U UEEEER L VK pH O FFEEFE &
WREHWCREBRICEREOWRZITo7=. *tH & LT WCRS KONV U IRIEE R Z Wiz, =0
FEE, Table 14 © LBV, HEREE IR EZH W56, MBHOLIZBIT 57 4 7 v = /L {KEIY
RTholz.

Table 14  Recoveries for fipronil on liquid-liquid partition in the acetate buffer
Recovery (%)
Acetonitrile (20 mL)

Sample
Acetate buffer  Phosphate buffer
pH 5.0 pH 7.0
Rice straw 495 48.6
WCRS 9.1 93.5

n=1

U EOHFHZLY, b ZHWe 7 ¢ 7 v = VIRIMNEIGRERIZ B 1T 2K EIE O FRK & LT,
RGBT B O REN & 5 W REMER mW & B X b, HRIRSBLD & Z IR & D D7,
GDEZAHARHATH LD, JIEHESIFREHPLETHL EEL LN,

4 F&®H
fARtRICEE T A7 a7 a7 7 AR ONT 4 T = LZHOWNWT, LC-MSIMS % F V7= & &5 O fi
BEOAT EE~DHEH O HIZHOWTHRE LIz E 25, LTORENSELNTE.
1) BEMHIE, a7 v 77 A 1~100 ng/mL (EA&EE LT 0.005~0.5 ng fHY &) L7 ¢ 7
7 =/L{% 0.1~10 ng/mL (7E A& & L T 0.0005~0.05 ng 14 &) O#iPH CERMEZ R L.

B, YHMEROBEHIEIY, ZuerT e T 7 A% 0001~0.1 mgkg KT 4 T =)L
0.0001~0.01 mg/kg & A3 2T HalEE (REHE, Fo 5 MO WCRS IZH > Tk 7 4 T r=/%
0.002~0.2 mg/kg &4 9 % At FREL) &2 ARTEICHE VIR U 72 S5k SUBHR IR H o0 -9 B8 4t P L A
SRS

2) BlAfaet (REFMER, IAWMTHRERH, TRERMH, LASEERAKCARFIEER) |
KE, INE, LH9HAZL, FA4E, RTFNITNAT T4 —F, TALT 7LV T 7, FE—
FLEL, FEb B KN WCRS # W, KRB TH LN a~ N7 T AZIE, EEEHTHE
— 73RO ool
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3 RIEIZHENELNTABHARIZOWT Y MY v 7 AR EZMHR LIZRER, 7Ly w77y k
V7470 = VTl B~ M) v 7 A KD REREELZZITHZ LR PEFRETH 72

4 Zuanrruazy Al LT, REHEEHEAGEEHZ 0.01 X1 0.4 mgkg FHY & (Ri&FEHARH
T 10 K& Or 400 ng/mL) , LW 7TIKE HBELA EEHT 0.01 Y 0.2 mg/kg FHY & (R slelg
9T 10 K% 200 ng/mL AHS ), KZIZ 0.008 K TF 0.04 mg/kg A& (B KBRS T 8
KON 40 ng/mL A4 E) , /NEIC 0.008 KT 0.02 mgkg MY E (REREHAKR T T 8 KUY 20
ng/mL FHYE) , 29652 LIC 0.02 KT 0.05 mg/kg Y& (R EHARK T 20 O 50
ng/mL FHY &) AL, AIEICHE > THRINEIGRER 2 FhE U, P2 R EE K OR U RS B 4k
Himk ZAhH, BUUERHERIETA RIAVICED ONTEEROREO BEMEEZ M-I RETH -
7.

B) 74 7u=/,Lt LT, RBEEHETHEAEEC 0.01 LT 0.02 mg/kg Y8 (R&EHARR T T
10 2T 20 ng/mL AH24 &) , /NE 1T 0.0008 & T 0.002 mg/kg FH24 & (&A1 < 0.8 KO
2 ng/mL FH4 &) , &9 HAZ LIC 0.008 &8 0.02 mg/kg FH Y & (& ENRK T T 8 KT 20
ng/mL Y &) , TV 7L 7 7 HLEZ 0.04 TN 0.2 mg/kg AH Y B (&R T 2 R TV 10
ng/mL tH4 &) , fad 51T 0.2 mglkg fHY & (Ff&alBHa I T 10 ng/mL) , WCRS L5 H1C
Ha% L C 0.018 & T 0.11 mg/kg tHY & (Rf&REHRK T T 0.9 KO 5.5 ng/mL #HY% &) Z RN
L, AREIZHE > THRMENGGER 2 5 U, FHEIEE R OWOR LEE 2R & 25, fitb b L
SRDOFRENT OWTIE, ZUMHEZRIEN A R T A ITED ST EJE K O O B A E 4 i 72 9%
RThHoT-. MDBIZOWTIFEED BEM A S eho iz,

6) fibbx MW7 4 7= L OFRMENGRERIZE T 2 IREIEEL, =07 2L~ MY v
I AHRIZE DO TIT AL, WKSBIZM O OMERS D Z LI LD EERENESZ XD
ni-.

X oy

1) REETRESEFRS DEREETSERNEES (6 57 1) KEESHEY O ED IR 5
IR AL L TREREOED 2 REOREICHET L2ER, Fik 29 4 5 A 22 H
(2017).

2) BB FE R OEEHRIMY O BRI 5845, WML 7 H 24 H, BEHRESE
35 %5 (1976).

3) BEMIKFEE ML - BRREIEM « R EEOHIEIZHOVWT, FEk 2044 A 1 H, 19 1H%
%5 14729 5 (2008).

4) BNEZEEZESRIEEMMES  BE - BWAERLTME 7 Fe=, E 2841 H,
(2016).

5) EMKERSERRIEE  FEOAEWEORELNER OVFILUEIZ O\, Ffi 634 10 A
14 H, 63 % B %5 2050 = (1988).

6) —MMEEANBARRMRA : SEk 29 FEAEEMZ 2MEXIREEFRE (@R o RIS
LRI LFEHEFE)  (2018).
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4 BLIEYAHASAHPOTAFOZNL/ =L, =L/ —JL, HT2 k
FOURU T2 FXIUDREKIOR IS T VT LREESHEC
& B R E 2 iEDBFF

STAOVERRT, NEE BT, FJE OERT

Development of the Simultaneous Determination Method of Deoxynivalenol, Nivalenol,
HT-2 Toxin and T-2 Toxin in Pet Food by LC-MS/MS

Hironobu TATEISHI", Koichi KATO™ and Masayoshi KUWABARA”
(" Kobe Regional Center, Food and Agricultural Materials Inspection Center)

We have developed a simultaneous quantitative determination method of the concentration of
deoxynivalenol (DON), nivalenol (N1V), HT-2 toxin (HT-2) and T-2 toxin (T-2) in pet foods using
aliquid chromatograph-tandem mass spectrometry (LC-MS/MS).

DON, NIV, HT-2 and T-2 were extracted with water-containing acetonitrile. The extracted
solution was purified with a multifunctional column (MultiSep 227 Trich+, Romer Labs,;
Getzersdorf, Lower Austria, Austria), and injected into a LC-MS/MS to determine the
concentration of each mycotoxin. LC separation was then carried out on ODS column
(ZORBAX Eclipse XDB-C18, 3.0 mm i.d. x 150 mm, 5 um, Agilent Technologies Inc.; Santa
Clara, CA, USA) with a gradient of 10 mmol/L ammonium acetate solution and acetonitrile as a
mobile phase. In the MS/MS analysis, the negative mode electrospray ionization (ESI-) for DON
and NIV, and the positive mode electrospray ionization (ESI+) for HT-2 and T-2 were used.

Recovery tests were conducted on dry food for cats, semi-dry food for dogs, formed jerky for dogs,
dried jerky for dogs (soft and hard), confectionary (biscuit for dogs), milk powder for cats and wet
food for dogs. DON and NIV were intentionally added at the levels of 0.1 and 1 mg/kg for the
pet foods except for wet food, 0.02 and 0.2 mg/kg for wet food respectively. HT-2 and T-2 were
added at the levels of 0.04, 0.1 and 0.5mg/kg for the pet foods except for wet food, 0.01, 0.02 and
0.1 mg/kg for wet food respectively. The resulting mean recoveries ranged from 81.6 % to
106 % for DON, 64.9 % to 145 % for NIV, 96.0 % to 113 % for HT-2, and 87.7 % to 117 % for T-2
respectively. The repeatability in the form of the relative standard deviations (RSD,) was less than
13 % for DON, less than 20 % for N1V, less than 9.3 % for HT-2, and less than 7.1 % for T-2.

.Key words: mycotoxin; deoxynivalenol; nivalenol; HT-2 toxin; T-2 toxin; liquid chromatograph-
tandem mass spectrometry (LC-MS/MS); electrospray ionization (ESI); pet food
X¥—U—K: 0% ; TAF="L /) —L; =L /) =)L ;HT-2 hF v ; T2 hF v
Yy a~ NS 78T DB ESHE, =LY e AT L —A F kil B

BraEh ¥ H i et

1 #

=
cU a7t Zn0EIE, (BFEEOEWNICEID, Y47 AL DIICHESN, =L/ —)b

U ONIATECE NEMOKFE B R e v S — e v —
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(LAF INIV] 209, ) X 8DRBICHNVR=NVEEETHEZA T BIZETSH. NIV ZF4
Fo="L /=L (UUF IDONJ 5. ) OFEibEMTHY, LIZT7F I T LARBDONTIT L
WEEA S, BEEOBEEERTLHZENMONA TS, T 60U OTE YRR R IZ DN T
%, TREOFIF =L =L =L ) — )LIEQRRIB DO 72 DFE O K E « K IZHOW T
ICESEHESNTVWS L ZATHS Y. AMLEEESIT 2010 412, NIV KT DON O£ i HE
SO A SEfE L, NIV &0 DON OfHE—H#EREL Z i 04 LT 1 uglkg (KE/H L 5% E L
T3 2,

—J7, HT-2 F&v v (LR THT-2) LWwH. ) KOV T2 R (LR IT2) LWwH. ) 134
AT AZHEEND M) aTkrZ0U0ETHDH. FAOWHO GlRIE MY M ZE 2% (JECFA)
1L 2016 42, HT-2, T-2 KOO T hF T A2~/ —/L (DAS) OV )N—T7EERKMHE—H
fBH & (group PMTDI) % 60 ng/kg fA&/H (0.06 pg/kg AAE/H) (HT-2, T-2 }2 18 DAS ®& )
EHRELTVWES I,

EWNTIE, BILE, NIV IZOWTIEREMS, ke bICHENEIZZ <, DON IZoWTILRMH/NE
T11lpglg?, FEEMEERT 1pglg (E% 32 A L EOFEHICH > T 4 pglg) Do BHIE R E
ENTWBIED, BB AR CIERM T 2 ug/g, #HT 1 pglg DBEE 928 ED 5T 5.
F72, HT-2 KO T-2 OBHMEIEERE S LTV R0,

ZEERERTO N 372 RN VEOSHED, FEEE NCBMoHENER ST
Wa. —F, BmEMAEIENC OV T, DON DM ED B ANE BLEh i ikl 4 o kv 9oy
WINTED, NIV, HT-2 KO T-2 DG GELEREZHE TS RWIRITH 5 Z &0 b i ORELH
BB Lo TWVA.

AlEl, —MRMENEN BRSO o Z —03 TR 29 48 B3 Drsih i F faEE 0 oy BTk it % 256
FE| ICBWTHE LERAEK o~ N7 72 057 ARUEE SN (LLF TLC-MSIMS) &9, )
MW= E BB AR O DON RO NIV oFEEREE 2 (T [IFRL )] L), ) 2,
DON, NIV, HT-2 X" T-2 OFNEEELZRF L0 TEOMELRET D, 5L, Kot
LY OGRS % Fig. LITR LTz,
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Deoxynivalenol (DON) Nivalenol (NIV)
12,13-epoxy-3a,7a,15- 12,13-epoxy-3a,4B,7a,15-
trihydroxytrichothec-9-en-8-one tetrahydroxytrichothec-9-en-8-one

C15H2006 MW: 296.32 C15H2007 MW: 312.32
CAS No.: 51481-10-8 CAS No.: 23282-20-4
H H H H H H
Z 0 Z 0
0 S ’ V-uulllloH 0 z "---HIIIIOH
M ‘ \\\\\O )\)J\ i \\\\\O
(0} é iy 0O é annly
o OH o 0
o} 0 /\o
HT-2 toxin (HT-2) T-2 toxin (T-2)
(3a,4B,8a)-12,13-Epoxytrichothec-9-ene-3,4,8,15- (3B,40,8a)-4,15-Diacetoxy-3-hydroxy-12,13-
tetrol 15-acetate 8-(3-methylbutanoate) epoxytrichothec-9-en-8-yl 3-methylbutanoate
C22H3208 MW: 424.48 C24H340g MW: 466.52
CAS No.: 26934-87-2 CAS No.: 21259-20-1

Fig. 1  Chemical structures of DON, NIV, HT-2 and T-2

2 EBRAE
21 & B

SZETEMAGEE (K7 480 GFH) , B FI088 (RA) , BTy —%— (KA ,
BMHIRY v —F%— (hN—FXA4 7 (RH) kY7 v 447 (RAH) ), B8 (RAv A7
v R RO I A7 GER) ) IZEBEX 1 mm DR 7 Y — o 2EE L g T CRIEN 1
mm UL FThHomIns k<. ) L, BELTHW:E. 2B, ZOF ETIIMENREER Y
¥—F—FUL, EIAREEZHNCEB Lo GMmE L. ZimhmAEGE (v A (R
M) ) EZ7—F ety b —ETHIEL, BE L THNE.

BEHC W3R O K O O JFRM B4 & Table 1128 LTz, JFEMERG IIREHCH W =4
BHZ R EN TW A FRICHEIL L 7=,
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Table 1

Ingredients list of pet foods used in this study

Pet food types

Ingredients

Chicken raw meat, dryed chicken, coarsely ground rice, pea protein, brown rice,
chicken ail, alfalfa meal, potato protein, beet pulp, linseed, protein hydrolysate, oats
fiber, soybean ail, yucca extract, vitamins (V. A, V. B1, V. B2, V. Bg, V. B2, V. C,

Dry food for cat
i oreats V. D3, V. E, chadline, niacin, pantothenic acid, bictin, folic acid), minerals (K, Cl, Se,
Na, Mn, I, Zn, I, Co), amino acids (taurine, methionine), antioxidant (mix tocopherol,
rosemary extract), green tea extract, spearmint extract
Meat (chicken, etc.), sugars, beans, starches, grains, fishery products, oils and fats,
vegetables (carrot, pumpkin, spinach, etc.), dietary fiber, minerals (P, Ca, Cl, Na, Mg,
. Zn, Fe, Cu, Mn, 1), thickening stahilizer (glycerin, casein sodium), quality improving
fSerr:jl-dry food agent (propylene glycol), preservative (sorbic acid potassium), pH regulator, vitamins
or dogs (choling, V. C, V. A, V. E, nicatinic acid, pantothenic acid, V. B12, V. Bs, V. By, V.
By, fdlic acid, V. D), food color (titanium dioxide, yellow 5, red 106, blue 1, yellow 4,
red 102), color former (sodium nitrite)
Chicken white meat, potato, carrot, sugar, green peas, chicken, chicken liver, soybean
Wet food for dogs ail, salt, oligosaccharide, chondroitin protein complex, glucosamine hydrochloride,
lactic acid bacterium, thickening stahilizer, minerals, vitamins
Formed jerky Beef tongue skin, chicken, wheat starch, soy flour, modified sugar, dietary fiber, salt,
J sorhitol, propylene glycol, polyphosphoric acid Na, food color (red 102, yellow 5, red
for dogs
106, yellow 1)
Dried jerky for dogs
Deer meat
(hard type)
Dried jerky for dogs ~ Chicken (white meat), glycerin (humectant), propylene glycol (quality maintenance
(soft type) agent), antioxidant (nitrite Na)
Confectionery . . .
(biscuit) for dogs Wheat flour, glucose, shortening, cornstarch, sweet potato, oligosaccharide, yeast

Milk powder for cats

Milk (powdered skim milk, casein), dils and fats (plant ail, animal fats, y -linolenic
acid), soy protein, egg yolk powder, oligosaccharide, L-carnitine, minerals (Ca, P, K,
Mg, Fe, Cu, Mn, Zn, |, Co), emulsifier, flavor, vitamins (V. A, V. B1, V. B2, V. B, V.
B2, V. D, V. E, V. K, nicatinic acid, pantothenic acid, folic acid, choline), taurine

o K

1) 7k hr=HrVU (LC-MSIMS RITER DIEBEHR DO LC-MS H (& £ 7 A /L L FDEHEER) )
A S ) — VTR SR - PCB B2 AWz, B 7 =y AdmEiRik s o~ 7
774 —MH (1 mol/lL &R, &L7A/VLFeHEERE) 2 vz, Kix Milli-Q Element A10

(Merck Millipore ) (2 X 0 RSB L 72 ik (IS K0211 0 5218 |2/ E & S iz kiK) 2w
7.

2) A IONERAEAE L,

DON, NIV, HT-2 &8 T-2 OFEHES, 13 Table2 (27 L7-fib#a s, MEOL D& vz,
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Table 2 Mycotoxin standards used in this study

Name Manufactures Formula MW CASNo. Purity (%)
FUJIFILM Wako
206.32  51481-10-8 .
DON Pure Chemical Corporation C1sH2006 %.0
NIV solut|on' N FUJIFILM.Wako  CisHuOr 31330 23089904 .
(100 pg/mL in acetonitrile) Pure Chemical Corporation
FUJIFILM Wako
- 41253  26934-87-2 .
HT-2 Pure Chemical Corporation CaH20 970
T-2 FUIFILM Wako CuHyOs 46652 21250201 980

Pure Chemical Corporation

*:100.2 pg/mL (certificate of analysis)

3) B MUK

NIV % Table 2 1277 L 72 i iR OFEMERR 2 B2 #E 5K (100.2 pg/mL) & L7z. DON, HT-2 KO
T2 IIBARHESL B mg Z EfEICE> TENEN 25 ML DEET T AZAN, 7T =HFI L
EMZTEIL, TITERE CRBEZ M CTHEERKZRE L7z (2D OFEERIK 1
mL X, £ 0FELT02mgaEaHaT 5. ) .

4) POFRAEER

FEREFRO —EEZRAL, 7T = IV AV TEMBICHRL, 1 mL FICENVOFEE LT
2510 ZEH T HIRAIERERIR 2R L7z,

EHIZE LT, BRAEERRKRO —E&EZK—AF¥ /) —L—7Er=KrJ/L (18+1+1) TIE
WAL, 1 mL PIcK2FE LT 05, 1, 2, 4, 6, 8 10, 20, 40, 60, 80, 100, 200,
400, 600, 800 K% X 1000ng # & A 7 DA HER 2T L 7.

23 IEE R UG A
1) ##et% - ZM 200 Retsch . (EBRE 1mm 227 U —>, fifi FHEF[AIE5% 14000 rpm)
2) 7—K7rtyHh—:MK-K8 /F =yl
3) IRE O B = —H—MW-DRV B ARHEAMF T35 (ff AEHE & 9 % 300 rpm)
4) %HgHET T A 0 MultiSep 227 Trich+#% — ~ U v 2 Romer Labs
5) LC-MSIMS
LC-MS/MS 1
LC B : ACQUITY UPLC System Waters
MS B : ACQUITY TQ Detector Waters H
LC-MS/MS 2
LC {6 : NexeraX2 e B /E T il
MS#5 : LCMS-8040 &t /2 iy Al
24 ERIIE
1) # H
i Uy ML
ST 25.0 g 2> T 200 mL D3 =M 7 7 23 |Z A, 7 =KV —K (21+4)
100 mL A%, %k L T 60 °C T 60 7y[M#E %, 60 /MR EE THlt L7, #ittiikz 50
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mL O3k OB 12 Ay, 1000xg C© 5 rfimOonf L, EERERO—EREZ 72 h=1KV
V=K (21+4) TIEREIZ 215N L, B 7 LB HT 230BHAR & L7z,
i U=y M
TR 25.09 & > T 200mL DI =7 T A3l A, T h=FUL—/K (21+4) 70
mL Zx, 30 43[RV IS Tt L7, 10 /& L7-. fhiHig s 100 mL o gm0k
JAE T AFL, 1600xg T 5 Jrfffim OBl L, EEARE 200 mL ORET7 7 A Az, e
EOEEE 27 b= FUJL—K (21+44) 70 mL THE L, WEEIEREOLRE=/M 75 22
WZB L, [FIERIC 30 43[R 0 IRE CTHEM L7=. AW % Yoo ek DIk & 12 A, 1600xg T 5
o LTEEL, ERARETEORET T A2IIMA, FIZEET T AIOERETTE M=
FUL—K (21+44) EIZ, BT DLPRCHES 2BRAR L LT,
715 DALER
RBHAR 2 ZRE D 7 LI AN, OO 3 mL 2T, TO%OFMHIK 3 mL (¥
=y MIFBTE 5 mL) % 10 mL ORBEICZ T, 20D 2 mL (V= v LTI 4
mL) % 50 mL O FIE T 7 AT EMIZAI, 50 °C LLFOKIBTIEEAEEETLET
WERME L%, BRI AZ2E-oCHELEZ., K—2XX /) —=1L—7T+% br=FU /L (18+1+1)
1mL Z EREICIMZA TERBMZENL, ZOWRE 77 AF v 7 W 0IEE (& 15mL) (I
AU, 5000xg T 5 4y LorhE L, EEAMEE LC-MSIMS (2 X 2 Il E IS5 2 BUBHATR &
L7z,
LC-MSIMS (T & % Il 7E
ABHE e O DO FRIR A HERET 4 10 uL &2 2.3 D 5)D LC-MS/IMS 12V EA L, BIRESH
H (LT TSRMJ &WnWH. ) e~ N7 T L5257, WESRM%Z Table 3-1 X 3-2 IZ/R LTz,

Table 3-1  Operating conditions of LC-MS/MS

Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 10 mmoal/L ammonium _aceta.teacetonitrile (19:1) (hold for 1 min)— 15 min
— (2:29) (hold for 5 min)
Fow rate 0.2 mL/min
Column temperature 40°C
| onization Electrospray ionization (ES)
Source temperature 120°C
Desolvation gas N2 (800 L/h, 400 °C)
Capillary voltage Positive mode: 3.5 kV, Negative mode: 1.5 kV
Cone gas N2 (50 L/h)

Cadllision gas Ar (0.25 mL/min)
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Table 3-2 MS/MS parameters
Precursor Product ion Cone Callision
Target Mode ion Quantifier Qualifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
DON B 355 265 - 10 15
- 295 10 10
NIV B 371 281 - 10 15
- 311 10 10
HT-2 + 442 215 - 20 20
- 263 20 15
T-2 + 484 15 - S =
- 305 20 15
4 i =
BONT SRM 7 0~ b7 T Liph E— 7 RO S &R THREME (ER L, 3BT o

DON, NIV, HT-2 KON T-2 B2 EH L7-.
B, SiEOEE % Scheme 1 [Z/R L7z,

Samples except for wet food Wet food

Sample 5.0 ¢

——add 100 mL of acetonitrile-water (21:4)

—— swell sample at 60 °C for 60 min

— shake for 60 min

—— centrifuge for 5 min at 1000xg

— dilute supernatant with same volume of
acetonitrile-water (21:4)

Sample 25.0 ¢

——add 70 mL of acetonitrile-water (21:4)

— shake for 30 min and allow to stand for 10 min
— centrifuge for 5 min at 1600xg

—transfer supernatant to 200 mL volumetric flask
——add 70 mL of acetonitrile-water (21:4) to residue
—shake for 30 min and allow to stand for 10 min

— centrifuge for 5 min at 1600xg
transfer supernatant to 200 mL volumetric flask
and fill up to 200 mL with acetonitrile-water (21:4)

MultiSep 227 Trich+

——waste 3mL of elute

—— collect the elute 3 mL (5 mL in wet food)
—transfer sample solution 2 mL (4 mL in wet food) to eggplant-shaped flask
—— evaporate to dryness under 50 °C

——add 1 mL of acetonitrile-methanol-water (18:1:1)

—— centrifuge for 5 min at 5000xg

LC-MSIMS

Scheme 1

Analytical procedure for DON, NIV, HT-2 and T-2 in pet foods

25 LC-MSIMSHIERMIZE T DA A ALIEDORKET
220 YD NIV BHEFIRE 7+ b=k VL CEMICAR L CHRR L 72 250 ng/mL 0B iR %,
LC-MSIMS 1 Z T 2.4 D 3)DPESANF D ESIHE K CRGEALYA 4 Ak (APCl) #ETHIEL,
A FAMEDENERIE LT, £72, %L LT, RAEkK%E 23 ® 50 LC-MSIMS 2 % T
APCIHETHIZE L, LC-MSIMS 1 & ORFER OMEZ RFEL /2. LC-MSIMS 1 KT} LC-MS/MS 2
(2B D APCIEIC L 5 & o F DB RO EHB OB E 4k % Table 4-1 T8 4-2 W ONZ 5-1 O}
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5-2 2/~ L7

Table 4-1  Operating conditions of LC-MS/MS 1

lonization Atomospheric pressure chemical ionization (APCI)
Source temperature 150°C

Desolvation gas N2 (900 L/h)

APCI probe temperature 450 °C

Cone gas N2 (50 L/h)

Coallision gas Ar (0.25 mL/min)

Table 4-2 MS/MS parameters

Precursor Product ion Cone Callision
Target Mode ion Quantifier Qualifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
281 - 25 22
NIV - 371
- 311 20 13

Table 5-1  Operating conditions of LC-MS/MS 2

| onization Atomospheric pressure chemical ionization (APCI)
Nebulizer gas Air (4 L/min)
Drying gas N2 (3 L/min)

I nterface temperature 330°C
Heat block temperature 150 °C
DL temperature 180°C
Collision gas Ar (230 kPa)

Table 5-2 MS/MS parameters

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(mlz) (mlz) (mlz) (eV)
281 - 14
NIV - 371
- 311 12

2.6 WHNENNERER
22 O HTHES> TR L =P OFRBAEERKZ 7 b= b UV CIEMICAR LB AW,
7oy MG LIS DOFEHZ DON L VNIV & LT 0.1 KN 1 mglkg F24 & (&R EHATKR T
25 K% 250 ng/mL) , HT-2 XN T-2 & LT 0.04, 0.1 T 0.5 mg/kg ¥4 & (E&EREHAK T T
10, 25 (X125 ng/mL) , 7 = v b DON ZTONNIV & LT 0.02 %218 0.2 mglkg tH24 & (5
FEFBHANE ¢ 10 &£ TN 100 ng/mL) , HT-2 T8 T-2 & LT 0.01, 0.02 %0 0.1 mg/lkg fH % & (i
BRI T 5, 10 X 50 ng/mL) 12725 K HICEREFRIRME L IRA L, —KiFE L7z
BICARIEIHE - THRMNEIGRER 2 FhE U, EHIEIEE K OMGR LR E & R 7-.
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3 WBRRUBE
3.1 LC-MSIMSIZEIT DA 4 AbiEDRE
2523 &, LC-MSIMS 112X % APCl ikE ESIIED SN HIZOWTHERF 2 L=, Z Ok
B, APCIIETIE SN X 36 &72 0, ESIVETIEISNIL 366 7oz, ZDZ &n, ESHEIX
APCl L VIRIBEORENHFCE D L, F72, ESI #Eid APCl BRI VLA A 4
MAEETH L Z L0, RRFHIREWTIL ESI a7 52 L L L. B2EETIZ, 25 Ik
DX, LCMSIMS 2 D APCIIEIC X W IEAEM L7 L 2 A, SN HlE 4831 & 72 0 BEFEf TN
PR BT,
32 E=H—AFUDOEE
DON, NIV, HT-2 XD T-2 D~ A AT Ml % Fig. 212, T rZ 7 A AT MAA %
Fig. 3IZRL7z. EDOVOFEOT VI —Y—AF L RO T0 X M F U NOE=H—AF U %
Table3-2 D BV EDT-.

>
o)

355 371
355 71~
100+ 100 _
£ [M4CH,cO0] [M+CH;COO]
N NS
~ 354 = —
§ ] 3
C
'g 57 -g 374
g 295 g M7 3
2 294 331 b 2 347 375
< 151, a7 098 5Bl spgan <, T L T P g1 a0 599
LU L) LR LN LALLE LR L LN LLS AL L) LR LY LALLE UL LLLLE RLLL | RS AR RRLE ) RALRE LRAR AR RLE AR LN R ARAN RARE) RARR RALRS RALRSLRARE LA RLE LAR LN RLRL)
200 250 300 350 400 450 500 530 600 SO0 9A0 A00 S50 400 450 500 550 GO0
m/z m/z
C Z442 D 484
V< .
100 142 [M+NH,]" 100- 484 [M+NH,]
X X
g 3
Il T c
S 443 _‘g 484. 513
5 142.| 447 <
2 2
< 223 oB3 323 391 4% [#03470503 gpy 591 < 245 3p5304 41247] 514
N o ~ S
D ""I'll""|""|'"'|""II|'"'|""|:'\'|""|L'h' IIIII-{II“Ili“I“”I““I““I D '%'?I-?'m":l/'z"s'lg'"'l""|'>'|'E='|"gl""l""‘l.' 'll'l."'T"]'.'l"E'::'Iz"fIEB?
200 250 300 350 ?13/02 490 500930 600 200 250 500 950 400 450 500 550 600

m/z

Fig. 2 Mass spectrum of DON, NIV, HT-2 and T-2
A: DON, B: NIV, C: HT-2, D: T-2
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A B 281
A0 25 &— 265 1004 2| &
$ o
el X
3 295 3
c o i
3 25 g 311
E 18 gt 388 g
< 2 235 260 Em 371
e S R ) R PP T +
100 150 200 260 300 380 400 450 500 100 150 200 250 300 350 400 450 500
m/z m/z
C & 215 D . & 185
mq
1004 s
X X
@ >
Q 2 215
o 169... T : 1)
c c lws 245
S 197 S | 257
o o |7
< 14\5\ < ] l
0 ol .“u.l ]jL| 365 40? 449 dEH
100 200 300 400 a00 1E!Et ESD ql][] 2"*[[ SDD 358 f-lEI'EI 450 5EIEI
m/z m/z

Fig. 3 Product ion spectrum of DON, NIV, HT-2 and T-2
A: DON (precursor ion: m/z 355, collision energy: 15 eV)
B: NIV (precursor ion: m/z 371, collision energy: 15 eV)
C: HT-2 (precursor ion: m/z 442, collision energy: 20 V)
D: T-2 (precursor ion: m/z 484, collision energy: 22 eV)

33 &Mt

22 O DKLV FAHU L BN VOFHESEER O 10 uL 2 LC-MSIMS I[ZHEAL, Bohi-
SRM 7 i~ 77 Lnb B — 7 mfEAR Om & & W TRERR & /R L 7.

BonzmERO—FITFg. 4D THY, DON KNIV iF 2~1000 ng/mL (FEAEE L
T 0.02~10 ng #H% &) , HT-2 KO T-2 1% 0.5~1000 ng/mL (7 A& & L T 0.005~10 ng FH4 &) o
P CEMIEA R Lz, 22k, UEBREROBEGHAIL, Uy MERELSCIE DON KO NIV
% 0.008~4 mg/kg, HT-2 & O* T-2 % 0.002~4 mg/kg AT 23k, ©= v ML TIX DON KO
NIV % 0.004~2 mg/kg, HT-2 &U“ T-2 % 0.001~2 mg/kg & 7 2 5k 2 ARJEITHE VI U 72 o
FABHA I T O OV i EE RIS 35 .
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8000 / 30000
i ante & y = 25.483x+ 8195
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Concentration of DON / [ng/mL] Concentration of DON / [ng/mL]
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36000 240000 /
y = 31.895x- 103.7 » y = 235.37x- 1008.4
© 30000 R? = 0.0995 g 200000 - R? = 0.0993 /
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P 24000 ) £ 160000 )
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= 18000 P E 120000
4
e 12000 / i 80000 ;
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0O 200 400 600 800 1000 0 200 400 600 800 1000
Concentration of T-2/ [ng/mL] Concentration of T-2/[ng/mL]

Fig. 4  Calibration curves of DON, NIV, HT-2 and T-2 by peak area (left) and peak height (right)

3.4 ZRERE T L) DT H 4y DO WeRR
24 O DHE-> TP L7H 7 2T 5 R A5 A KOy = v Mg (RA)
DOFRBHAIZ DON, NIV, HT-2 XO'T-2 &£ LT, ZNZ14 1 mglkg & U4 0.2 mglkg fH Y & %
WML, ZHED T L0 LOREE S 2R L. TORET Table 6 DEBY THY, K74
LT =y MG E Y 3 mL DLEOHES CRARBINETH 72728, JFRL IEDO LB,
NI A TIL3~6 mL DE5y7276 2mL 28, U=y MG TIE38mL OEGNDH 4mL &
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Ry 22L& L7

Table 6  Outflow pattern of DON, NIV, HT-2 and T-2 from MultiSep 227 Trich+

Concentration (%)?
Types Target
(ng/mL) 0~1mL 1~2mL 2-3mL 34mL 45mL 56mL 6~7mL 7-8mL 8~9mL
DON 125 371 89.9 100 104 984 95.6 103 105 97.9
Dry food NIV 125 - 313 79.2 90.6 94.9 84.9 102 104 101
for cats HT-2 125 322 80.6 91.8 90.8 95.6 89.6 935 0.7 91.9
T-2 125 43.9 74.2 84.4 86.8 88.1 86.2 91.2 90.3 90.7
DON 25 52.2 66.5 713 984 8.1 92.0 859 83.3 84.9
Wet food NIV 25 255 72.6 89.6 94.5 103 921 984 97.4 101
for dogs HT-2 25 63.5 839 96.5 99.2 934 923 98.3 102 103
T-2 25 54.6 82.6 912 95.6 984 98.2 95.0 9%6.6 99.8
n=1
—: Not detected

a) Quantitated concentration in sample solution after column treatment / Concentration in sample solution
before column treatment x 100

35 WiEWHEOME
KIEOBRREL AT 2720, 8 MBEOEIHWHEGE (K785 ) , BEI R/ 3
i R, v= MG (CRA) , Yy —F%— (RH) , EFMEREy—F— (h— 1%
A7 (KW OV 7 s247 (KM ), £ (RAEX7y ) kOB Ivy H) 4%
1RRIR) IZ2OWT, KRBT LI E A, BEEZHTHIE—7IERBOLNRNh-o T,
7B, BN SRM 7 a~ 7T A —f#l% Fig. 5-1 K8 5-2 [ L7z,
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Fig. 5-1 SRM chromatograms of standard solution and blank sample solutions
(without wet type pet food)
(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of mycotoxins. The baselines were shifted for display.)
A: Standard solution (25 ng/mL each as DON and N1V, 10 ng/mL each asHT-2 and T-2)
B: Dry food for cats
C: Semi dry food for dogs
D: Formed jerky for dogs
E: Dried jerky for dogs (hard type)
F: Dried jerky for dogs (soft type)
G: Confectionery (biscuit) for dogs
H: Milk powder for cats
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DON HT-2 T2
- ¥ v o 1200 N/
2z NIV € 10000
E 600 N l'\.___ A g 8000 ﬂ
S a00 |‘H B S 6000
= = | S} A £ 4000 JlL A
g 200 B g ul » B g 2000 B
E 0 = 0 -
5 7 9 11 13 12 13 14 15
Retention time / min Retention time / min
Fig. 5-2  SRM chromatograms of standard solution and blank sample solution (wet type pet food)

(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of mycotoxin. The baselines were shifted for display)

A: Standard solution (10 ng/mL each as DON and NIV, 5 ng/mL each asHT-2 and T-2)

B: Wet food for dogs

36 ~ VU w7 AR OMER

24 O )6 QX VALY =y NEGLANOT T 7 BBHEKIZ DON, NIV, HT-2 &
N T-2 & L T4 0.1 mg/kg tHY & (R&BHARYF T4 25 ng/mL fHY &) , V= vy NGO T Z
> 7 REHATIZ DON, NIV, HT-2 TN T-2 & L T4 0.01 mg/kg fHY% & (&R EHARY T% 5
ng/mL FHY &) 2ZNEFNRMLTEE~ Y v 7 ZAFEHERIZOWT, 2.2 O HITHE-> THRE L=
FREOENOFIEERICHT 28— 7 HELEER L. BRIT, Table 7 B0, FEiiz

Py —%— N— K& A7 (RH) ICHEML7 DON, B3Iz GER) I2EmL7 NIV KO
NRCOREICHRMUTZ T2133 B~ U v 7 R X2 ENRNH - 7.

BB~ R w7 AL VEENH -2 NIV LN T2 oI vy GEH) iconwT, 7527
REHAR DO FREEIC L > THERBEOD LNV ERHLIZEZA, T2 Tl 5 EaRICK -

T Sn7eny, NIV TR I0ERIRIC L > TheE s o7z,
Table 7 Matrix effect study
Concentration Matrix effect ”
Types in matrix standard  in sample ? (%)

solution (ng/mlL) (mg/kg) DON NIV HT-2 T-2
Dry food for cats 25 0.1 108 109 105 121
Semi dry food for dogs 25 0.1 29 A 106 116
Wet food for dogs 5 0.01 101 0 108 119
Formed jerky for dogs 25 0.1 106 93 107 119
Dryed jerky for dogs (hard type) 25 0.1 112 103 105 125
Dryed jerky for dogs (soft type) 25 0.1 107 102 104 121
Confectionery (biscuit) for dogs 25 0.1 110 88 108 117
Milk powder for cats 25 0.1 102 163 110 125
Milk powder for cats (5 times dilution) © i 0.1 % 135 o7 82
Milk powder for cats (10 times dilution) 25 0.1 100 125 91 L

n=3

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of mycotoxin in the presence of matrix to that in the absence of matrix
¢) Blank solution (milk powder) diluted by water-methanol-acetonitrile (18:1:1)
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3.7 IINENEER
6 IZ L VIINERER A FME L. ZORERIL Table 8 L3V, DON dFH[ENL =X
81.6~106 %, Z Ok UK 1T EEHERR 2 (RSD,) & LT 13 %LLF, NIV OFEEEIERE X
64.9~145 %, RSD, & LT 20 %LL F, HT-2 ®FEHENL T 96.0~113 %, RSD, & LT 9.3 %LL T,
T-2 O FEIEILER T 87.7~117 %, RSD, & LT 7.1 %L FOEMERESNZ. NIV Z 7 = v MY
(KA #Br< 7 EEOZEIY AW T, RENEOTEEINE L /eo7z. T-2 13 K7
A B O ROEMEREY v —F—— R A7 (KH) TEBEINEL R 7. ZOMmoR
BRI IX B BB MBS O s Y 11 ERBRIEO M MEHRIE (BUT TRBRIE D 224 MEfERR
Bl LWwH. ) ICEDONTEEEROCIHMTHEEO BIEEL - T RIGRERTH-72. NIV D
REZZHERE D T L KO~ R U v 7 AR ORKGE CRIBEREN > 72 2 &bl FIEO W R A
METHDEEBEx LN, £z, BBI2 (OfH) © NIV oEIE, <~ 8Y v 7 AR TH
A LERmRBEIC BN THUERRBO LN DT D, OEOWBENMLETHL EEZ
bz, 7B, BN SRM 7 r~ 7T LAD—fil%E Flg.6-1 KN 6-2 12 LTz,
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Table 8 Recoveries for DON, NIV, HT-2 and T-2
) Dry food Semi dry food Wet food Formed jerky
] Spiked for cats for dogs for dogs for dogs
Mycotoxins level B 5 B 5 B 5 B 5
(mg/kg) Recovery RSD, Recovery RSD, Recovery RSD, Recovery RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
0.02 - - - - 99.2 7.8 - -
DON 0.1 106 8.6 96.7 71 - - 103 3.6
0.2 - - - - 984 32 - -
1 103 0.8 933 17 - - 895 16
0.02 - - - - 845 8.8 - -
NIV 0.1 80.2 52 69.8 13 — - 71.8 12
0.2 - - - - 95.8 32 - —
1 79.4 7.3 76.8 1.8 — - 70.3 25
0.01 - - - - 106 53 — —
0.02 - - - - 96.0 4.2 — -
HT-2 0.04 102 6.5 110 55 - - 107 39
01 105 37 104 4.0 9.7 17 106 52
0.5 107 12 107 19 - - 109 21
0.01 - - - - 88.9 4.4 - -
0.02 - - - - 934 25 - -
T-2 0.04 106 25 105 20 - - 108 22
0.1 114 38 104 4.0 89.6 14 108 6.4
0.5 101 19 96.2 24 - - 102 27
] Dried jerky for dogs Dried jerky for dogs Confectionery Milk powder
~ Soiked (hard type) (soft type) (biscit) for dogs for cats
Mycotoxins level 3 5 3 5 3 5 3 5
(mg/kg) Recovery RSD, Recovery RSD, Recovery RSD, Recovery RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
DON 0.1 90.5 13 816 11 99.0 13 103 9.5
1 935 17 855 31 925 16 98.5 16
NIV 0.1 64.9 20 27 6.6 845 6.6 145 9.1
1 737 13 731 10 72.0 27 108 25
0.04 110 48 104 74 113 28 106 53
HT-2 0.1 109 2.8 103 3.6 108 51 108 9.3
0.5 108 23 100 35 104 19 109 1.2
0.04 115 59 103 12 106 24 111 23
T-2 0.1 117 21 108 33 105 28 110 1.6
0.5 96.0 32 87.7 4.3 88.7 7.1 101 1.6
—: Not tested
In dark cell, mean recovery (spiked level: more than 0.1 mg/kg) is less than 80 % or more than 110 %.
a) Mean (n = 5)

b) Relative standard deviation of repeatability
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Fig. 6-1 SRM chromatograms of standard solution and spiked samples
(dry food and semi-dry food)

(LC-MS/MS conditions are shown in Tables 3-1 and 3-2.  Arrows indicate the retention time of
1: NIV, 2: DON, 3: HT-2 and 4: T-2. The baselines were shifted for display.)

A: Standard solution (The concentration is 250 ng/mL of DON and NIV each (2.5 ng as injection
amount) and 125 ng/mL of HT-2 and T-2 each (1.25 ng as injection amount))

B: Dry food for cats (spiked at 1 mg/kg of DON and NIV each (2.5 ng as injection amount) and
0.5 mg/kg of HT-2 and T-2 each (1.25 ng as injection amount))

C: Semi-dry food for dogs (spiked at 1 mg/kg of DON and NIV each (2.5 ng as injection amount)
and 0.5 mg/kg of HT-2 and T-2 each (1.25 ng as injection amount))
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Fig. 6-2 SRM chromatograms of standard solution and spiked sample (wet food)
(LC-MS/MS conditions are shown in Tables 3-1 and 3-2. Arrows indicate the retention time
of 1: NIV, 2: DON, 3: HT-2and 4: T-2. The baselines were shifted for display.)
A: Standard solution (The concentration is 100 ng/mL of DON and NIV each (1.0 ng as
injection amount) and 50 ng/mL of HT-2 and T-2 each (0.5 ng as injection amount))
B: Wet food for dogs. (spiked at 0.2 mg/kg of DON and NIV each (1.0 ng as injection
amount) and 0.1 mg/kg of HT-2 and T-2 each (0.5 ng as injection amount))

38 EEMM (TIR) KOBHRA DK

KD ONFE ORI EARME 2 R L2 %P, DON KOV NIV 128\ Tk 2~1000 ng/mL @ Fuift
T EHRE (7= MRS T 01 mgkg FHY & (Ui f&alEHR P IRE 25 ng/mL FHYS &) |, ¥
= v MG T 0.02 mglkg #8247 (BofRURHE IR EE 10 ng/mL FH4 &) ) , HT-2 XN T-2 1280
TIE 0.5~1000 ng/mL @ Fiffir & 2 D ¥E (7 = v MU LIS T 0.04 mg/kg FH24 & (e #&aE)
PR 10 ng/mL A4S &) , v = v MG T 0.01 mg/kg FHS R (i RUEHE IR E 5 ng/mL AR
WE) ) OFMENGRBROMKENS, BTSN EOEERED 10 F& R BELZ KD,
ZOREHR, DON L ONNIV OFE &R (FR) REIZY = > MRS T01mgkyg, 7=y Ml
i C 0.02 mg/kg , HT-2 X O* T-2 O F&RAR (FIR) WX Y = v MG LISNT 0.04 mg/kg, 7
= v MUS T 0.0l mgkg THo7=. 728, Table 8IT R L-E BV, YEETERA (FR) A
(2B D EINEILGRER RS 5213 DON, HT-2 O T-2 1% 8 a4+ X CoEmgm Akl NIV XK
TARE, B2y PO =y MRBIZEW TR TH- T2,

BHBR AL, EFREINEIGRERIC X0 15 6 N 72 oW E O (R 21 Student @ - % 3 U 7-fE
D2fFE LIz, ZOREER, DON KO NIV OR R IT Y = » MG LISV T 0.06 mg/kg, 7
= v MU T 001 mgkg , HT-2 KO8 T-2 137 = » NG LIAAT 0.01 mg/kg, U = v MG T
0.002 mg/kg T > 7=
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4 FEH
ZoEMAFEEI T O NY a7 R OE 4 fBE (DON, NIV, HT-2 KO T-2) {22\,

JFRL 1% FE1Z LC-MSIMS # W e [RIRFE EiE A T L, LA ORI HE LT,

1) MEAMIE, DON KNIV (X 2~1000 ng/mL (A& & LT 0.02~10 ng tHY &) , HT-2 X T* T-2
I% 0.5~1000 ng/mL (FEAf L LT 0.005~10 ng fHY &) O CEMAEZ R L. B, Y%k
BROBER@MIT, vy FMULLISLTIE DON KON NIV %2 0.008~4 mg/kg, HT-2 O T-2 %
0.002~4 mg/kg & H T 5k, 7= v ML TIZ DON & NIV % 0.004~2 mglkg, HT-2 &} T-2
Z 0.001~2 mg/kg & A 2 5l 2 ARIEITHE VI U 72 St S UBHE IR HF O 4 > OV i FE i PR L2 A3 24
T 5.

2) AEFAWIZEEHZOWT, KB TR e~ N T AL, EEBEHTFL2E—71X
B BN T

3) DON KO'NIV &£ LT 01 KO 1 mgkg FHY & (7 = v MG TIE 0.02 LT 0.2 mg/kg FH
), HT-2 X' T-2 2 LT 004, 01 %005 mgkg fH4 & (7 = v MRS T 0.01, 0.02 &
0.1 mg/kg tHY &) ZIRINL, RIECHES T 5 AT HONT A EM L, [ENE K O UK 45k
W& Z A, DON KON HT-2 1% 8 AT X COZEMW &L, NIV IZY = v MG, T-213F
TA BB OEMGIEY ¥ —F—— 2 A T 2R 6 EOZ g AFHI W T, Rk
DY MEMEFRIEIZED DT B R OO TR E O BIEE 20 7= 3 BAF i s b iz,

4) AKyEIZE D DON KOYNIV oFE&BER (FFR) 1X0.1mgkg (7= > ML Tl 0.02 mgkg) |,
BRI L 0.06 mgikg (7 = v MRS TIX 0.01 mgikg) , HT-2 XX T-2 OEERK (FIR) |
0.04 mg/kg (7 = v ML TIE 0.01 mgkg) , fRHIFRSAIEL 0.01 mg/kg (7 = v MG CIE 0.002
mg/kg) Th - 7=.

5) T-2 O@EIIZOWTIE, REEROFRNAED EEZ BN, NIV ORENIZSWTIE,
~ hU v 7 AR TR LEARBIEICB O THEEERRO BN ho e 2 E0vh, ko
BERVETHDL EEZ DT, £z, NIV OEEIIZOWTIE, ZHH ﬁ7A&UvF)y7
ANBOBFT CHIENED N2 oTzZ e, M FEOHERLETHDL EEZEZ LN,

X M

1) BHKEERHE - LeERE, ZERREN  ZEOT X =1 /) —b - =L ) — )5
BRI D T2 D DIFEFDKIE « HRXIZHOWT, Fpk 20 4F 12 A 17 B, 20 {HLH 8915 5, 20 EpES
5731 5 (2008).

2) BMEAEZEBS  MhOEHMEE FAXF =oAL —AKR=L ) —/, 2010 4 11 H
(2010).

3) JECFA: Evaluation of certain contaminants in food, eighty-third report of the Joint FAO/WHO Expert
Committee on Food Additives, WHO technical report series 1002 (2017) (ISBN: 978-92-4-121002-7).

4) JEAG A ERBENMEET RS NEOT AR =N ) — VTR DB ER T B YEE O
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Development of the Rapid Simultaneous Determination Method of Arsenic, Cadmium, Lead and
Mercury in Feed and Pet Food by ICP-MS

Mari TABATA™, Masayo NOMURA ™ and Chika SUZUK "2
("* Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
"2 Sendai Regional Center, FAMIC)

We have developed a rapid simultaneous quantitative determination method of the concentration
of arsenic, cadmium, lead and mercury in feed and pet food using an inductively coupled plasma-
mass spectrometer (ICP-MS).

Having added 5 mL of nitric acid, 2 mL of hydrogen peroxide and 0.4 mL of gold-lutetium mixed
solution to the samples, they were digested by a microwave digestion system at 1400W for 40
minutes. Having further added rhodium and rhenium as inner standard elements to the digested
samples, arsenic, cadmium, lead and mercury were quantified by ICP-MS.

Recovery tests were conducted on fish meal, poultry by-product meal and rice straw. Fish meal
was added with 15 mg/kg of arsenic, 3 mg/kg of cadmium, 7 mg/kg of lead, and 1 mg/kg of
mercury. Poultry by-product meal was added with 7 mg/kg of arsenic, 3 mg/kg of cadmium, 7
mg/kg of lead, and 1 mg/kg of mercury. Rice straw was added with 7 mg/kg of arsenic, 1 mg/kg
of cadmium, 3 mg/kg of lead, and 0.4 mg/kg of mercury. The resulting mean recoveries ranged
from 98.8 % to 107 % for arsenic, 98.7 % to 105 % for cadmium, 93.1 % to 96.7 % for lead, and
89.5 % to 92.4 % for mercury. The repeatability in the form of the relative standard deviations
(RSDy,) was less than 2.4 % for arsenic, less than 3.6% for cadmium, less than 2.1 % for lead, and
less than 3.3 % for mercury.

Key words: arsenic; cadmium; lead; mercury; inductively coupled plasma-mass spectrometer
(ICP-MS); feed; pet food

F—U— R @lHE ;DI TL 6 K BE
W A Rk

2

EE T T XA EmoNTET ; AR EBiE)

1 #% B
ARt X N E ) eI O EESRE (I NI UL, KR, ShERUME) 1250 TIE, &k
DA EYE OFEH I O B D NS B BB RO R B S ISR T 584 AIckB 0T
FKEMMNED LN TEY, 7RI U LEIEAGEE, MEE%ET 1 mgkg, £, WHEXOAEHT
3 mg/kg, ELiEMHEET 1 puglg, KEITIECA AR, AR T 0.4 mglkg, £k, WK OWE

"LOMSTATEOE N AR E T B e AT o & — IR A R A
2 MSTATECE N MK EI B 2 AT v X — R R AR, B lekr #—
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BT 1 mglkg, $IZECAREL, HLAKEAE T 3 molkg, By, WK OVAE K T 7 mglkg, EEENW A
fil Bt ¢ 3uglg, AEFITE AR, w@HES (bSO Z2FR<. ) T2mgkg, fid S T 7mglky, ¥y
T 15 mg/kg, WK OWER T 7 mgky, ZLiBMHEEC15 pglg Th o, EEEE LTE, &)
BtoK UKL OMFZRLS. ) O, BIZL 2B SMEE2ITV, KEBIZOWTITEITLREKE
HEEEICIVRE, 7RI 7L, SEOHMBIZOWTIRE AL ERIC X 0 RIE T 2 HiENEE
BT EE IR OB B R S oA NN STV D, 26 OSHIEE, AL
MaEZEL, WESILET EITEINAT O MERH 57 dGEMEIC R IT 5.

A, BERAEEOSE T, v A 7 vl nfEiE 2 V- piL Bt R M o i, FEsa 7 7
A< E'HF (LLF TICP-MS) LW ). ) X 2FnRFARONAERLEIRL TS, £ 7T,
Lola], ERRERERE D (LT TIeRBREE) v 9. ) K UYAOAC Official Method 2015.01% (L)
T TAOAC L] LW . ) ZHIC, B LKOEIEMAEEF OFFEREED ICP-MS 1T XL 50
W ZOLRFEIREBIEA R L, SR HT 2 YE L OVE Ssh i) FH A BHE O R AL~ O H O AT % 1
FLIZOT, TOMEL®RETS.

2 EEBRAE
21 R K
1)  fAlBE R OVE: BrEh i) ) Al )
fary, FXUI—, TAT AT P EE, bbb, BREHEE (K785 (K
vy M CRH) , gy —F— (RH) , FMEHRY vy —F— (h—FFZ147) (K
) ) X1 mmBFIZRDETHIELZ. 2B, Uy —F%—CHZRODOE E TIN5
BHE, X8RS 2HWCELZOLHE L., S mfae (7 =y ML (RA) ) X
7— Koty —THHELE. RENSLmMMUTThHo72mI vy (KA xE0FEMHEH
L.
B, MEHI AW EZ @Y &R O R B 4 Table 11277 L7z,
2) FRREEEYEME
PREAEAEY) T & L C, BCR-627 (IRMM (Institute for Reference Materials and Measurements,
EU) fit4h, ~7/ e I—n) ZfHLE.
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Table 1 Ingredients list of the pet foods used in this study
Pet food types Ingredients

Grains (corn, wheat flour, bread crumbs, corn gluten med, brown rice), meats (chicken
meal, minced chicken meats, chicken extracts), fishes (fish medl, dried minnows), anima
fat, beans (soybean, soybean extracts), vegetables (beet pulp, carrot powdery, spinach
powdery), beer yeast, cheese, oligosaccharide, minerds (Ca, Cl, Cu, I, K, Na, Zn), sorbitol,
glyceling, vitamins (V. A, V. By, V. B2,V. Bs, V. Bi2, V. D, V. E, V. K, chaline, pantothenic
acid), glucosamine hydrochloride, preservative (potassium), fumaric acid, coloring
(titanium dioxide, food red no.106, food yellow no.4, food yellow no.5, food blue no.1),
antioxidants (sodium erythorbate, mixed tocopherol, herbd extracts), chondroitin sulfate

Dry food for dogs

Mests (beef, chicken, mutton), whest flour, carrot, green pea, potato, oligosaccharide,
tomata paste, seasoning, mineras, polysaccharide thickener, coloring (titanium dioxide, iron
sesquioxide), emulsifier, vitamins, antioxidant (EDTA-Ca-Na), glucosamine, color former
(sodium nitrite)

Wet food for dogs

Whest flour, meats (chicken, beef, chicken white mesat), cheese, sugar, gelatin, glyceline,
propylene glycoal, coloring (oxidized titanium, food yellow no.4, food red no.106), sorbitol,
preservative (potassium sorbate), mineral (Na), pH adjuster, swelling agent, flavour,
antioxidant (sodium erythorbate)

Formed jerky for dogs

Dried jerky for dogs

(hard type) Deer meat

Milks (non-fat dry milk, casein), oils and fats (vegitable oil, animal fat, y-linolenic acid),
egg yolk powder, soybean protein, oligosaccharide, L-carniting, minerls (Ca, P, K, Mg, Fe,
Cu, Mn, Zn, I, Co), emulsifier, vitamins (V. A, V. By, V. B, V. Bs, V. Bi2, V. D, V. E, V.
K, nicotinic acid, pantothenic acid, folic acid, choline), flavour, taurine

Milk powder for dogs

22 B
1) R &K OWEERIE Ultrapur-100 (BEH b 78) 2 Ao, bk FI3R %o A (8L
T AV LRI IL) AW L AT A VERITFOLRRRR (8 L7 A v AR 2 H
VW72, KIZ Milli-Q Integral 5 (Merck Millipore #) (2 & v 58 L 7@tk (IS K0O211 @ 5218
ICER S MIK) &2V,
2) ARVELEE (10 pg/mL L-3 A7 A e Ak — ik — 7K (1+2+37) )
L-> A7 A 2 8mg (2K 740 mL, % 20 mL K& OVEfE& 40 mL 2 i1z C 800 mL & L 7=.
3) IEHERK
BtE, B RITLA, &, &, VZF UL, K, LU AKOR YT AOEMERIKIL,
Table 2 127" Lo 263, Bk b D% -,
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Table 2 Standards used in this study
Guaranteed value

(ug/mL) Manufacturers Specification
Arsenic standard solution 9.4 Fuijifilm Wako Pure Chemical JCSS
Cadmium standard solution 100.2 Fuijifilm Wako Pure Chemical JCSS
Gold standard solution 1004 Kanto Chemical for Atomic absorption spectrochemical analysis
Lead standard solution 100.3 Fujifilm Wako Pure Chemical JCSS
Lutetium standard solution 1003 Kanto Chemical for Atomic absorption spectrochemical analysis
Mercury standard solution 100.3 Fujifilm Wako Pure Chemical JCSS
Rhenium standard solution 1005.1 ACROS ORGANICS for Atomic absorption spectrochemical analysis
Rhodium standard solution 1007 Kanto Chemical for Atomic absorption spectrochemical analysis

4) HERERAEERIK
M, B RITA, EOUKEERER 1 mL 2 20 mL &8 7 7 A 2 [ZIERICAN TRA L,
RICEMRE CHRGEHEZ M2 CTESREFRGEERKZMRME L. (20K 1 mL %, FE2R
FLLTENENS W EEARETD. ) .
5) RA&WNAEHER
L= Ak e vy AMEREFEA 100 ub 2 20 mL OE2ET7 7 A AN TREA L, ®HiZ
AR E CHREME (1+19) Z2MMx CIRANEEFIRZHE L (01 mL 1L, F#ESREL L
TENENS WWEEATH. ) . TITIREWEERK 1 ML Z 50 mL O2&ET7 7 A3l AR,
TR E TR (1+19) 22 TRAWNEERZHHN L (20 1 mL X, FESESHEL LT
ThEn100ng =& H7 5. ) .
6) &— VT T U LRAK
SROVTF o MMERERKS 1 mL 2 10 mL OB 7 I 23l ARTEAL, FICERE
TR (1+419) ZMMA T — AT FULRGKREZFAM L (Z0K 1 mL 1%, SEEBEHFL L
TENEN 10U ZEaH67 5. ) .
7) HeRFIRGEER
HBERERAEERE, BAWNEERK O — VT F 7 LEERO —E &2 R CIE
AR L, 1 mL FlcAELSESEE LT 005 01, 02, 04, 06, 08, 1, 2, 4, 6, 8, 10,
20, 40, 60, 80 % (*100 ng, FWIEHEL LCT1lng, &KX UILTF U LELT200ng 52 EHT
LEeBERGEERZRAM L.
A (2 B4 B S TR A RS YE RO & N 2 T I AR ICHRE L, 2B 0 ng/mL O B4 8 S5 1R A RS Yk ik
P L7,
23 IEE RO HE
1) Erper -
Y RERE 1 Ok 2 OV 3 LIS B ) © ZM 200 Retsch 8 (1 mm A2 27 U —>, i I EE[E]
#i5 %% 14000 rpm)
etk 2 (feo 5 M) : SM 100 Retsch# (I1mm 227 U —, [El#EE (fEER) 1690 rpm)
etk 3 (% —F—M) : GM 200 Retsch f (fff ¢ [A]H5 % 10000 rpm)
2) ~A 7 v srfifiEwE - Multivave 3000  Anton-Paar il
3) AVwv—Fh::Fr=x8 (0 30 mm)
4) ARA R :xa)ARAb2mL T TT v 8
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5) /LR 50 mL Super clear  Labcon
6) ICP-MS:
A — bt 7 Z—% : ASX-560 Teledyne Technologies #
FHEEES T T XA~ BEONEHE  iCAPRQ ICP-MS  Thermo Fisher Scientific fl
24 EEITIE
1) o
IHrakEF 05 g ZIEFEICE > TT 7 1 v TFM SO & ENREEIC AN, HER S5 mL, @R
KFE2mL KO- VT FULERAGHK 0.4 mL 2%, BANBIEo72th~ A 7 v/ figd
BxZHWT Table 3D fE7 0 7T Mo THfiE Lz, Hlmtk, 7K %E 20 mL 027 7
AAZKTHELIALR, BIZEET 7 ATOEMRETKEMZTZ. ZOROEES 50 mL DiE
DL I AL, 1700xg T 55y im Doy L7z, B4R 1 mL K OYEAWNEERERR 0.1 mL %
10 mL &' 7 A FZIEMICAN, HREELZ2ET 7 2 aDFE#RE TN, ICP-MS (2 X
LPEIMT HRBHARR & LT
[FIRFIZ 3R A2 W22 WD TR —BEZ2 1TV, ERBRIER A R L7

[aY

Table 3  Operating conditions of microwave digestion equipment

Process Electric power Time

(W) (min)
step 1 (Heating) 0—1400 10
step 2 (Fixed electric power) 1400 40
step 3 (Coal) 0 30

2) ICP-MSIZ X 5 ilE
HEHAK N KBS BERAERER % ICP-MSIZEAL, FE=F—AFIBITAL A
H o MEEST. WESRME Tabled (2R L7z,

Table 4  Operating conditions of ICP-MS

Nebulizer gas Ar (1.08 L/min)

Plasma gas Ar (14.0 L/min)

Auxiliary gas Ar (0.80 L/min)

Collision gas He (4.34 L/min)

High-frequency output 1550 W

Monitor ion 114Cd, 202Hg, 208Pb’ 75AS, 103Rh, 187Re

3) FEA
HFoNlzAF T MEDPOMBR O FI U AT YT LT, SWAOKEBIZFL=7 LT
WESERE L, REBRO/mH#E, 7 RITvLA, SAROKBEEZHEM L.
2RI DWW T, IEOERGONTGE TR L ZEZ LV,
7ok, EEEOME % Scheme 1 IZ78 L7z,
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Sample 0.5 g (100 mL of high pressure degradation container)
——add 5 mL of nitric acid and 2 mL of hydrogen peroxide

——add 0.4 mL of gold-lutetium mixed solution

Microwave digestion
——wash with water
20 mL volumetric flask

—full up to 20 mL with water
—— centrifuge for 5 min at 1700xg

——add 1 mL of supernatant
10 mL volumetric flask
——add 0.1 mL of mixed inner standard (Rh, Re)

fill up to 10 mL with nitric acid-hydrochloric acid-water (1:2:37)
containing 10 pg/mL L-cysteine acid

ICP-MS
Scheme 1  Analytical procedure for arsenic, cadmium, lead and mercury in feed and pet food

25 IRINENTEER

2.2 D 4D EA R FIRA R 2 A PR B CEMICAR LRI H W,

AT ONT, fitdE L LT 15 molkg Y & (H&RUEHAR Y 37.5 ng/mL) , # RI U AL L
T 3 mg/kg FHY & (B&EUEHATET 7.5 ng/mL) , $h& LT 7 mglkg FHY & (R k&RURHA R
17.5ng/mL) K UUKEEE LT 1 mg/kg FHY & (RA&ARABHAK S 25 ng/mL) , FF I —/LiZHon
T, ftFEE L T7 mokg fHY & (B&alEHAEE T 17.5 ng/mL) , 7 K 7 AL LT 3 mg/kg #H4
B (RERENARYT 75 ng/mL) , #1& LT 7 mgkg fiY4 & (R&REHEK T 17.5 ng/mL) KO
AKERE LT 1mglkg A4S & (& REHAK S T 25ng/mL) WONTFRD HIZHOWT, MFELLTT
mo/kg FH2Y B (Rf&RUEHAW R 17.5 ng/mL) , 7 FI 7 AL LT 1 mgkg fHY & (Bf&ilEHa R
H125ng/mL) , #h& LT 3mglkg FHY & (& aUEHA R H 7.5 ng/mL) J OVKER & LT 0.4 mg/kg
FEY B (BRI C 1 ng/mL) 1225 Ko l2ENZERENE LSEAL, —HKFE L%
CAREIZHE o THRINENGGRER 2 M L, SFHEE R OMOR LIS 2 R 7. 7ok, [EUEILA
RE DT 7 U EEZELBIWTHEI L.

3 WRRUBER
31 MO
JERFRERIE 2 2 F 128 L 72 0.05~100 ng/mL & EH4 R FIRAIEER (FAERE L LT 1 ng/mL
AEHTD) & ICP-MSICEAL, BoNizA Ay MED S EREEIC X 0 R ER & 1ER
L7, JERERBRIE T, ¥R A MR (1+19) THIRL TV 25728, AKERIE ICP-MS THIE L T\
R, EYER A EE (1+419) THR L EZ A, KEOBREBRITIEREZ RS, 2EMICIE
LOENWOOLNTZT2D, KBOPEBIETHEH L TWD LY AT A vBBEMz 528 2L,
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10 pg/mL L-v A7 A U EREAHEE (1+19) THRL7-. Bon-RERO—FIX Fig 11D LB
0, KEBOFEREMOIL D DX T&E LA, KEEE LT, 0.05~100 ng/mL O HiFH T &R A E
MMEEZ RIS Rholo. £, KEBITATY =W ROEENRKE <, 100 ng/mL FEHER 2 [IE L7
BEAZICHE L7fgEE (1419) 1%, 1ng/mL fR¥ER & RREDO A F oy MEEL 7o 7.

ZZT, ARV =R ERWT H720, FESBEEORES 10 ng/mL £TE L, AOAC %
23,2200 ngimL & 725 K5I — VT F U NERRREMZ T-%, HWEEZBN LA REE CE
BRSEIRAERERZ 22 O WX VAR L. Z 0%, 0.05~10 ng/mL OFiH CEMRMEZ R L
7Dy, EhoOARIR EERIPH (0.05~1 ng/mL) TIFAHBILREAY 0995 % TEISZ Z LRdH Y, R K
ORI AR AN S OMORHED FREMEIVRIR SN2, IOV TR ER O %2
1~10ng/mL L3252 & L L. BonRmERO —Fl% Figl2IlrR L.

B, UHMBROBEHMET, SEASES% 0.02~4 mgkg ($hix 0.4~4 mglkg) EHT 5%
BT FHRURE 2 AVEITHE VIR U 72 B i RUBHES IR T oD 4% B4 B A YR EE P ISR Y 97 5
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Fig. 1-1  Calibration curves of arsenic, cadmium, lead and mercury
(Diluted with nitric acid (1:19) containing 10 pg/mL L-cysteine acid)
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Fig. 1-2  Calibration curves of arsenic, cadmium, lead and mercury
(Diluted with nitric acid-hydrochloric acid-water (1:2:37) containing 10 pg/mL L-cysteine acid)
(Containing 200 ng/mL gold and lutetium)
(Concentration range of lead: 1~10 ng/mL)

3.2 TiaER

TAREIIZ 2.1 @O D)OFELE HV, JERERERIE 2 R ICHIEOMRZ 1T - 7o, IEEREBRIE O 5
frx, BB GRIRAEEE20.0 g Ok EAENHHE L T 200 g HOEB Y EHEIZ05 gL
ERRET D) L EHEEEFOD FI U LADGHIEICOWTIL0.2 g) IZiHE2 2.5 mL &K ONEER{L
KFE2mL 2z, ~A 7 0 MRERE T 1400 W T 104500 EINMET 5 HiETH 5. IEEEBRE
DEMTIE, —HORE (FF U I—ARURDL D) IZBWT, SRR O % G & OV L RS
GBI PRO DI, A 7 B ERREEIZL DR AR+ Tholz. ZD72, ML 5 mL
K OEEEb KSR 2 mL Z2NZ, ~A 7 vl sy fifd& & T 1400 W T 40 3 HANEY (2 DI 43 i i
1349 140~200 °C ThH o7z, ) THLICEFR L. &5, ACACEEBEIZ L T~vA 7 uall
OYREETE CONMRANCE — VT F 7 LIRAWK 04 mL 225k H2ER L. £/, #1EHEKD
HERBEOWEMNBHDAIEMEN D D Z 0D, EFRBRBEKEZFAKMST 2L OLH L. IbIT,
BHBROBEEBENSRE SN AEENR S S Z LD, B 0 ng/mL OFEAER 2 1B+ 2 X 9
AR BRTE N S A Lz,

B HCROEEREONEMEZINA D720, #BEIL, WRERRYVARY Yo L U FOMER %
L, fHORNCHEE (1+43) 12 12 R ER L2th, BHKTHo T3 0nThrdHni.
BETTAAFEOHN T AHZRERCDLEHE, BUHIBEORTTABT T AMO LD %V, JIS
K 8007 (Z#E U CHHlE (1+1) T1HMM LR L7, BHAKTHZTTWTHoM Lz
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3.3 BCR ZiLZEHEYE D4y
ZIK¥£®ET£%EE%€?LZ>T: , RFHENEYE BCR-627 % W T 5 SOHMTT 24 ICit-> CEEL
To7-.
ZOFER, Table 51277 X 9 ICHFBIIAETIL 46 mgkg & 720, FREEME & OMICHEZTR
O NIRRT

Table 5 Determination of a BCR certified reference material

Arsenic
Certified value of BCR-627 (mg/kg) 48+03
Determined value”  (mg/kg) 4.6
RSD, ? (%) 18
a) Uncertainty: half width of the 95 % confidence interval

b) Mean (n = 5)
) Relative standard deviation of repeatability

3.4 WHNENEER
52X 0 usmmENGABR 2 £ L7-. TORRIT Table6 D B0, MFTEIZHOW T EB R R
1% 98.8~107 %, * Dk UKGELITF xR HER2E (RSDy) & L T24%LLF, B FI U AIZHONT
TR R 1T 98.7~105 %, RSD, (3 3.6 %LL T, #1iZ- W TR EIL R 1T 93.1~96.7 %, RSD;
1% 21 %LL T, KRERIZHOWTIT BRI IE 89.5~92.4 %, RSD, i 3.3 %LL T ORGEN 1 L, il
BT EEER R 3 OFRBRIE D Y EMERIET A R4 (LLF TS MMEIETA R4 &
WO L) IZED DN EE R OPHTREE O BARE A 723 BRI 2R CTh o7z,

Table 6 Recoveries for arsenic, cadmium, lead and mercury

_ Fish meal Poultry by-product meal Rice straw
Sp(lrlfre‘g/dllz;/el Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%)
Arsenic 7 — — 107 0.5 938.8 14
15 104 24 — — — —
Cadmium 1 — — — — 9.7 14
3 105 15 102 3.6 — —
Lead 3 — — — — 93.1 21
7 95.7 0.8 96.7 2.0 — —
Mercury 04 — — — — 89.5 0.5
1 R4 17 91.2 33 — —
—: Not tested
a) Mean (n =5)
b) Relative standard deviation of repeatability
4 FEOH

ARt R N E B HEAEHC G NI A EESBEZOTEREIZOWVT, JEEHERERIE LY AOAC E%x
2, ICP-MS % W=k « £ o0 35 [F B & B 1k O fa o M FLUE & OVE Brdh i H fR B O A s~
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DWEADOFAFICONWTHRFLIZEZ S, UTORENMEONT.

1) 200 ng/mL &725 X H@&— T FULEGREMA T2, ARG TR L 72 R 2 1 E
L CH o REffIE, BE, 7RI LAKROKEETIEL 0.05~10 ng/mL (FEAEE LT 0.02~4
mg/kg) , $ACiX 1~10 ng/mL 4 & (GEAR L LT 0.4~4 mg/kg) O#iPH CERMEZ R LT-.

7B, UHMEROREGHL, SFESESEL 0.02~4 mg/kg ($41% 0.4~4 mg/kg) AT 5%
ﬁ%ﬁﬂ%ﬁ%_%wﬁ%LtE%ﬁﬂ%ﬁ$@%%@ﬁ%%%ﬁﬁﬁﬁ%?é.

2) S, WMEES mL, @EEbAKFE 2 mL KOE— LT T U ARATK 0.4 mL ZIRINEG, ~A
7 a5y RAETE T 1400 W, 40 3 EIINEAT 2 X O IEBBRIE NG EE Lz, £z, #fFlhko®H
EREOWEHENH D TREEND D Z LD, ERBRAREZHNT I H2EF LE, 851, &
EE%®E%E%$@&§M%H%@%%%;&% , IREE 0 ng/mL DIEHER A VERT 2 K 91
EHELT-.

3) FRAFEUEME 25 LT, KIEICLAMBEBOSIMOEM S 2R LIZL 25, HEEREOM
FOFRHME & OMICHEZITRBD b ho 7.

4) fafy, FERUI— ALK Db LI, MFEE LT 7 XX 15 mgkg FHNE, B RIvAaLLT1
X% 3 mg/kg Y &, $n& LT3 XX 7 molkg FHY &, 7KER&E LT 0.4 ik 1 mglkg fHY &% s
ML, REZHESTERIMTONT &2 I L, BEIEEEOHOR LEE A RDTo L 25, YR
BHA KT A4 VNZED DB K OPHTREE O BARE %273 BAF 2R B3 G bz,

X W
1) BRAMKERSBERRIEMN @ GEOF EWE OREEMER OF RISV T, B 63 4 10 H
14 H, 63+ B % 2050 5 (1988).
2) BMOKEERS - BEES BB RO BRRFEICE T 2E S, Fl 21444 28 H,
JEMOKPES & - BREEA T %1ﬁ(mw)
3) EMKEEME - KRR @EMA « ST EEDOHIEICONT, FL 2044 H 10, 19{HZ
%5 14729 5 (2008).
4) MSATBUENEMOKEHB L 2Nt ¥ —HFE @ . (S A E oML Ofl
ENWZDOWT, VR 2149 H 1 H, 2145 1764 =5 (2009).
5) MNZATBUE NRMOKERE Za it o 2 — @ JEe5%RERE (2018).
6) George W. Latimer, Jr.: Official methods of analysis of AOAC INTERNATIONAL 20th edition,
AOAC official method 2015.01 heavy metals in food, Gaithersburg, MD, USA (2016) (ISBN: 978-0-
935584-87-5).
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6 BAHARTOIIVLY O DEEIAI NI ST VT LEREESH
K D EEEDEMRE R U HERFHER

AR mFETT B kL A TP

Additional Consideration and Collaborative Study of Determination Method of Ferimzone
in Rice Straw, Whole-Crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

Chika SUZUKI*, Eiko ARAI"? and Naoko SAEGUSA ™
("! Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center,
"2 FAMIC, Sendai Regional Center (Now Food Safety and Consumer Affairs Bureau, Ministry of
Agriculture, Forestry and Fisheries of Japan))

We have conducted a collaborative study for validating the determination method of (£)-ferimzone
and (2)-ferimzone in rice straw, whole-crop rice silage (WCRS) and paddy rice for feed using a
liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Having added water to a sample, ferimzone was extracted with acetone, and the extracted solution
was filtered. The filtrate was then diluted with acetone to a volume of 200 mL. The diluted
solution was purified with a SPE column (InertSep Slim-J C18-B, GL Sciences Inc.; Tokyo, Japan),
and injected into a LC-MS/MS to determine the concentration of ferimzone. LC separation was
then carried out on an ODS column (Inertsil ODS-SP, 2.1 mm i.d. x 100 mm, 3 um, GL Sciences
Inc.) with agradient of 2 mmol/L ammonium acetate solution and acetonitrile as a mobile phase. In
the MS/M S analysis, the positive mode electrospray ionization (ESI+) was used.

A collaborative study was conducted by eleven laboratories using rice straw, WCRS and paddy rice,
all of which were added with (E)-ferimzone and (Z)-ferimzone according to the following
specifications: 2 and 20 mg/kg for rice straw, 5 and 30 mg/kg for WCRS, 0.5 and 10 mg/kg for
paddy rice. The resulting mean recoveries, repeatability and reproducibility in the form of
relative standard deviation (RSD, and RSDg), and HorRat, were 85.6 % to 96.0 %, less than 5.9 %
and less than 10 %, and less than 1.0 for (E)-ferimzone, and 91.8 % to 97.3 %, less than 4.8 % and
less than 6.6 %, and less than 0.64 for (Z)-ferimzone respectively.

This method was thus validated as useful for inspections of (E)-ferimzone and (Z)-ferimzone in
rice straw, WCRS and paddy rice for feed.

Key words: ferimzone; (E)-ferimzone; (Z)-ferimzone; liquid chromatograph-tandem mass
spectrometer (LC-MS/IMS); electrospray ionization (ESI); rice for feed; rice straw;
whole-crop rice silage; paddy rice; collaborative study

F—U—KR: 72V V Yy T2 VAYVEWR; 72 LY ZIK kK a~ N7 T
BT KRG ESHE L7 hu AT L —A F o AbiE  FEARE b o ;. FRssie
HLEEE ; Bk E[RIEER

OMNTATBOE N BMOKEEE R R AR v 2 — iRt v 4 —
P OPNTATEOE N EMOKEEN R E RN 4 — Bty F—, Bl BWKESHNE - Z2R
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1 # E

7z AV UL, AR EOREZ B E L TR BEES TENB L, 1991 FICENBEK I N
U I VUVRREAITH S V. BAETIE, WEOAEDEOFRE LR OE B BT,
figd> & T 20 mglkg, FRFEEEHLEE N ORIk © 5 mglkg DEHAEENRESI LTS, £,
JBEHBE OB, RMDEOHKEEICE T 2R EEEREE N3, LkiconTT7=) LYy
L DECERD THDH(E)2-AFNT VN T2 ) -46-VAFNLEY IV 2L KTV
(KiElcbBWwWTidthzZn 72V AV ZIK, 72V LAY ERERTS.) ofe LT 2 ppm
ERESNTNWD. EEEE LTUL, BEABEE LV o~ 7T 7 E&ES5HE (LCIMS) |
K5I —FREBRIE | (BEY) RERTOVDN, fE L7 9 _Wﬁénﬁ:ﬁﬂﬂqﬂ@mg
B3, TOMMNEEL->TWN5.

ZDT, HHEN B ARRLOH & v ¥ — 3Rk 20 4EEFE P OF EME S HERBE R HEEI
BWTHIE LK v~ s 7578 07 2REESHEE (LLF TLC-MSIMS] L9 .) v
EEED (LUF TIFRL ) L)) 28I, Yo a—ckBnT, MEARTO 7= LY 0
LC-MSIMS & 7= E ik O BIgs Lm L 2 A Th LM, FICAHE, B E OH@EREZ v
T LR BRBR 2 FEhE L, SRRy AT FEHE~ D3 H o AT A5 |2 Ob\ffﬁﬁ#bk@f, ZOMBEEHRET H.

ZEILT 2 ) LY ERKRZEOHEXEL Fig. 11T LTz,

(E)-Ferimzone (2)-Ferimzone
~<\ g :\/ HN—<\
(E)-2’-methylacetophenone (2)-2'-methylacetophenone
4,6-dimethylpyrimidin-2-ylhydrazone 4,6-dimethylpyrimidin-2-ylhydrazone
CisHisNa MW: 254.3 CAS No.: 77359-18-3 CisHisNa  MW: 254.3 CAS No.: 89269-64-7

Fig. 1  Chemical structure of (E)-ferimzone and (2)-ferimzone

2 EERAE
2.1 BIiRRE
211 &g
WbobaAHBE 1mm DAY U — 2 245 Ui i L7,
212 O3

1) 7k bh=hVU IR EK . PCB B (LC-MSIMS Il E R DA D2 LCIMS i (B -+~
AV LFOERISREL) ) 2z, T MR B - PCB B A W, BT v E=v
LixmdiEk s o~ b 77 7 H (A mollL 817, &+ 7 A /L A F e %ﬁ%bw‘: AKiE Milli-Q
Advantage(Merck Millipore ) |Z X 0 8L U 72 B ifli/K (IS K 0211 ¢ 5218 |2 E & S AL 7= B HliK)
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LAY
2) 7=V ALY E KRR

7z AV ERERES (L7 A VAR MIER, M 99.3%) 25mg 4 IEfEIZ & > T 50
mL OBEEET 7 AZAN, T M EZMATENL, BIERE CREELZMZT7 =
UL ERERERGEZFHR L (ZoimLix, 7=V LAY ERELTOSMgZE&AT
5.).

3) 7=V LY ZIREYERE

TNy ZIREERER (8 7 A v SRS R, M 100 %) 25 mg & IEfE I &> T 50 mL
DBt ET7 T A AN, TEMAZMATENL, BIHERE CRBEEZMNZTT7 2V A
Vo Z AR A L (o ImL i, 7= U LAY ZIKE LT O05SmgEE AT D).

4 7=V LV RBIERERR

T )ALV ERERFEE T = U LAY Z R A L mL 2 50 mL OBELET 7
A ZIEMEIZAI, BIERETTE RN ZMAT, 1ML HPIC7 =2V LAYV ERKRD ZIKE L
TENEN IO PG 2 EHT D7 U LY VIRGIEERIKEZFTAR L. FHICELT, RAEE
FiDO—E&E=T7 2 h=rU/b—/K (3+2) TEMIZHRL, 1mLHIC7 =) LAY v ERED
ZIEE LTENFN 01, 02, 04, 06, 08, 1, 2, 4, 6, 8 10, 20, 30, 40 X} 50 ng % &
AT HHIEAIEERZAR L 7.

213 HLEROEHE
1) #Efg 0 SM-100 Retsch # (HBHE 1mm 27 U —>, [mls$k (fLEE) 1430 rpm)
2) BEHI: LTy 2—H—SR2W ¥ A 7 v 7 & (ff FFEE % 300 rpm)
) A ETINTINMMET Y BTNV =H T A InertSep Slim-J C18-B (8 T A#| & 500 mg) ¥
—T YA A P N—F L D
4) LC-MS/MS:
LC # : NexeraX2 [l /EprT il
MS 5 : LCMS-8040 & 7 fE iy
214 E=IIE
ARIEE, EXSEM T TITo 72,
1)

IHTElE 10.0 g & &> T 300 mL Otk =7 T 2 a2 A, /K 30mL CBKiE 20 mL)
ZANZx 30 rfEkER, BT & M 120 mL CFKIE 100 mL) Zhnx, 30 43[R 0 IEE Thhi
HL7z. 200mL O&ET7 7 XAa%27 7F—w}FO FICES, fiilika A# (5 f B) TRIIA
W L72%, KOZAT7 T AaROFESZIERT E h> 50 mL T L, REICKS] A L7,
FICEBE7 7 AaOEBRETCTE N 2NA, 20RO %27 & b TIERMIC 105/ R L7
%, R 2mL 2 50mL ORI 7 7 A2 ZIEMIZAIL, K20mL 22 TH T LAHEIC
T HREHAR & LTz,

2) h T LALE

G BTN IR ) SN I =T 5% T = MY 5mL KUUK 5 mL CTIER GEH
L7z, BUBHANEZ X =7 7 HMC AR, FiiE 1 mL/min B2 TWAI L, WEE A FE TAFHI O i E
THETHHE S, REHEIERDOA > T2 7 7 Aa%/K—7& h=FrU /L (9+1) 5mL
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FTOT2EPEE L, WRAIERI =87 MM, FERCHRH S E72. 10 mL OBfas® 7 7

AaBI=NTLDOFICESE, TEF=FU =K (3+2) OmLEZI=FHTAZMZT, 7=

UL UEBRHESEE. Hi2, BALE 77 AT OERE CREBEAMX 2%, ZORO—E

% 5000xg C 557 fE Doy EfE L, B AR E LC-MSIMS I X 2 HlE It 2 5 EHAIKR & LT-.
3) LC-MS/IMSIZ k2 HlE

ARENATR KR O 7 = U LY VIR A R4 S uL 2 LC-MSIMSIZVEA L, SR SE ) (SRM)

vnma~v h7T LESE. WESRMEL Tablel KM 2 12 LTe.

Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-SP (2.1 mm i.d. x 100 mm, 3 pm), GL Sciences
2 mmol/L ammonium acetate solution - acetonitrile (13:7) (hold for 14 min)

Mobile phase — 1 min — (19) (hold for 5 min)
Flow rate 0.2mL/min
Column temperature 40°C
| onizarion Electrospray ionization (ESI)
Mode Positive
Nebulizer gas N2 (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 350°C
DL temperature 150°C
Callision gas Ar (230 kPa)
Table 2 MS/MS parameters
Monitor ion (m/ isi
Target i (mlz) ' Callision energy
Precursor ion product ion (eV)
132 (quantifier 21
(E)-Ferimzone and (Z)-Ferimzone 255 @ » )

91 (qualifier) 35

4 i R

HFoiie SRM 7~ 7706 E— 7 HBLADRE I ZRO TREMRZERL, 3B
T ULV ERBERZ7 LY v ZIKEZET LT,
kB, EEEOME % Schemel [Z/r L7-.
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Sample 10.0 g (300 mL amber Erlenmeyer flask)
——add 30 mL of water (paddy rice: 20 mL) and allow to stand for 30 min
——add 120 mL of acetone (paddy rice: 100 mL) and shake for 30 min
—filtrate through No. 5B (JIS P3801) under reduced pressure
——wash with 50 mL of acetone
—fill up to 200 mL with acetone
—dilute 10-fold
2 mL of sample solution (50 mL eggplant flask)
|—add 20 mL of water

InertSep Slim-J C18-B (500 mg)

(prewash with 5 mL of acetonitrile and with 5 mL of water)
—— apply sample solution
——wash with 5 mL of water-acetonitrile (9:1) (twice)
—— place a receiver (10 mL amber volumetric flask)
—— elute with 9 mL of acetonitrile-water (3:2)
—fill up to 10 mL with acetonitrile-water (3:2)
—— centrifuge for 5 min at 5000xg
LC-MSMS

Scheme 1  Analytical procedure for (E)-ferimzone and (Z)-ferimzone

2.2 JL[ERER
221 H[EEER R
Tz VLAYV ERKOZEREERE LW L 2R L 2FEEORD L KOk EZ, 1 mm D
Ay Y = RS LT TR LT, £, 2 B ORMmIEESHE R (LLF TWCRS) &9 ,)
Z 60°C LLF T 20 el #zige LU, SICE|NICHE L CRGL L7, FERICHIELZ. 2 bizon
T, 812 g0/ g Lizb o B4 ITIEIR) & 2 82 BAHRE & L CEF 12 8% %35
EITHELAT LT,
222 PFfFREK
1) 7=V LY EREYER K
7 AV ERERES (B bR, #iE 99.9 %) 200 mg Z IEFEIZ &> T 20 mL O£ &
7IAZAN, TR CEMZTEHENL, BICERE CREBEELZNZTT7 2 &YV EKIE
WFRRZFAR L (ZoiEimLix, 7=V LAYV ERLELTIOMgEEATS.).
2) 7= U LY Z IREEYE R
7LV ZREYES, (BB LR, H#EE 100 %) 200 mg & IEfEIC > T 20mL D4 & 7
FAIZAN, TN CAEMXTENL, BICERE CREHEZMA TT7 =) LY v Z (KIEYE
FRAEZHRAM L (o 1mLix, 7=V AV ZKELTIOMgZE&EHT5.).
3) R AR AR AR AR Y R R
DO 2) TS L7 SARHERR 25 mL 22N 2N 50mL OEFET 7 A I AN, FITERE
T7E M AZMAT,IML P72V LAYV ERERT7 2 LAY > ZRE LTERZH 500 ug
EEBETHRERM L. Zhooi2mL 2 100mL OERE 7 7 23l A, BICERETT
EhrEMAZ,IMLFIC 72V LAYV ERERT7 = AV ZIRELTENETN 10U 25 F
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5 M B E R AR E R 2 TR L 7.
4) Fab 6 LUK
DEC2)THE L -FEEFK AmL 2 200mL OERET T 222 AN, BICERETT
YEMZ, AmLFIIZT 2V LAYV ERERT 2 U AV ZIRELTENRZEN 200 ug & EH T
LG b LRMAEAER 2 TR L 7.
5 fRb b 2 IR
HTHB LMD 1 HRINAERER 20 mL %2 200 mL D& E 7 7 A a2 Af, BICERE T
TR AZMZ, 1ML HFIZT7 2 VLAYV ERKRRT7 2V LY ZIRELTEREN 200 &5
BT DR 6 2 IMNAEER 2 TR L 7.
6) WCRS 1 iR HEHR
DEO2)THM U -FEEFK 6mL 2 200mL ODEET 7 A2 AN, TITERETTE b
YEMZ, AmML I 2 LAY EERERT =Y LAY ZIKE LTENREN 300 ug =& H T
% WCRS 1 i IN R iR 2 e L 7=
7) WCRS 2 iRInH#E HE iR
DEOC2)THB L -FEEFKR 1mL 2 200mL OE®ET T 222 AN, BICERETT b
CEMZ,AMLFIC T 2 LAYV ERERT =Y AV ZIRELTENRTENONg EE AT D
WCRS 2 iR HAR AR 2 T B U 7z
8) KUK 1 VRN HER
DEO2)THB U -FEERK 2mL 2 200mL DEET 7 A2 AR, TITERETT & b
YEMZ, AmML P72 LAYV ERERT =Y LAY ZIKE LTENREN 100 ug 2 & H T
DRk L IR AR HEWR & B L 7.
9) UK 2 UsHnHAE e
7) CHHEL L 7~ WCRS 2 WRINAFE#ERE 20 mL 2 200 mL D47 T A a2 Ak, FICHE#ET
TR AZMZ, IMLFIZT = LAYV ERKDPT7 =) LY ZRELTERENS Ng &5
BT DHK 2 IR Z R L 7.
)% 1A 4)~9) % & 2 A, I A 1T @A T 2.2.1 ORBR B & fF THRBR= ISR L7z,
223 orirakEl
FEPRD 2 5KE T, 221 ORBAREZ AW, ofret e LTiE, 72V AV ERED
T2V ALY ZIRE L TRDD 11I2ENETH 20 mg/kg A% & GRERAHRE 10g 12k L TRgb b 1
WONAREYER 1 mL B8N %, fib D 2122 2 mg/kg F24 & GRER R 10 g loxt L CHE
o 2 WINAERER 1 mL RN %, WCRS1I(ZZh <4 30 mg/kg f124 & GRERAHFE 10 g (12Xt
L C WCRS 1 s fEE e 1 mL %) %, WCRS2 IZZ N F1 5mg/kg #1245 & GRER H#E 10 ¢
(Z%f L C WCRS 2 BN AR #ERL 1 mL sA0) %, Bk L2 £ 10 mo/kg #H2 &  GRER HIE0R
10 g {2k L TRk L IRINAAESERR L mL ¥RAI0) %, Bk 2 122 E 4 0.5 mg/kg #0224 & (BRUBR AR
BF10 g (ot UCRK 2 IR AAEHERR 1 mL iRN) %, &3BREEIC CTHMrBRAa O B W L CHl
U725 2 Tz,
224 EEHE
2141k »7-.



RO 7 =) AV ok a~ N 7T 7 X o7 ARG ESHTFHC X 2 EEEOBIIMRG R OFEFERE 111

225 WEHE
223 DHTEEL 12 RO HHEE, oHTREHRIRE (mglkg) TE L, 4HTEAZMUERLALTEH
IMTEL BMTE CHE S HZ L & LTz,

2.2.6 53 S 11 ]
WAk 304F 11 A 27 H2 6 R 304F 12 H 25 HE T

227 fEtriis
HHROMATIZONWTIE, EEMIC A —FF A XSz kFARRICHET 2 FIE 92522,
Cochran ¥ &2, single Grubbs #: & & O paired Grubbs #7E 217\, AAVE DA M 2R Lz LT
Hlapy =g, O URSEE (RSD,) M OVEMEBIRKE (RSDr) ZHM L, 5472 RSDrM D, EIE
Horwitz 2. 9% FI\»C HorRat % sk 7-.

228 HNABR=E
A HAARL b WEI MR A S E R 2o -t v & —, V=T L oA = ARRASH,
—RAEREN AAREERER SR NEEST B ¥ —, —RWEEAN B ARBYHRE 2 e
AT, — MR ENEAN BRSO v 2 —ZBESTHT, IRNAATBOE N BMOKEN B 2 it o ¥
— R e A, Rt % —, Rty 22—, R4bTREr 22—, FMAts 2 —K
ORfE R v 2 — (BF 11 R B =)

3 BRRUEE
31 B
311 RMEAEDITEEC OV TORES
T2V ALYV ERERNZIEDOREIREEIZBWT, ZO08RMAEDOE— 7 O45EED [ &35
5 BORSICHAFT 5 = Lo, Table 31T LI 7 AZoVTHBEE A TR LI, ¥,
SyBEREIZREUT L o TR 72,

fpa =lp  _ 118(tpp —tr1)
(7, +7,)/2 Wi 1+ W2 2
tre : BITOD B — 27 OLRFFRE ] tro : 85D E— 7 OLREFRFRH
Wy HIOE =27 OV =708 W, RAOE—7DE—71I§
Wiz @ BID B — 27 OH-EE Wipo @ $2 A DY — 27 O g

212D 4)ITHE-> THB L7245 20 ng/mL DIRASIEHERK S UL &2 LC-MSIMSIZIEA LHIE L7 & 2
%, Table3 OV Fig. 2D & B DAEEE KN NSRM 7 i~ + 7' 7 5345 5 iz, Inertsil ODS-SP(150
mm), Inertsil ODS-SP (100 mm), InertSustain C18 (150 mm), InertSustain C18 (100 mm) & OF Inertsil
ODS-3 D4yBEE 1T # L F 4 2.213, 1.654, 1.511, 1.261 K TX1.809 TH Y, 4 BEE 1.5 L, Edsy
Wih o 2xH05Z L THECOUENAIREESZ 2 b,

F72, Table3 D 7 LD 5 BLAYEERE O B Inertsil ODS-SP (150 mm) , Inertsil ODS-SP (100 mm)
KN Inertsil ODS-3 # VT, 212D 4> THBE L= 7 =V &Y VRGERER (01, 0.2,
04, 06, 08, 1, 2, 4, 6, 8 10, 20, 30, 40 X U*50ng/mL) 5uL % LC-MS/MS |2 A LHIE
L, BN SRM 7~ b7 7 b= HBELAOE S ZANT T = LAY ERED Z K
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ZRERIZOVTRERZER L. HONCRERIT Fig. 31~-833DLBH THY, WIhb
0.1~50 ng/mL AR 4 BEO#IPH CEMBIEEZ R L. 2O ZE0E, HEEANES TOEENAETH
HEZEZ BRI,

FZ, AREXNIMOSHTICB W TEIE LEH L TWD 00 7 A2\ T 212 O 4ITiE-> T
FHELL 7245 20 ng/mL DIRAHEHERR 5L &2 LC-MSIMSIZIEALHEIE L= & 2 A, Tabled D LBV
DIYEEE DG AL, 7T LOREER OME IR E RSB ICBE 535 &£ B 2 bz,

Table 3 Column and resolution (Use new columns)

. Particle Surface Pore Pore . Carbon Retention time
3 i.d.xlength . ] Functional " " - .
Column Manufacturer size area  diameter  volume Endcap loading (z)-Ferimzone (E)-Ferimzone Resolution
) x ) @ o m) g TP @) (mn (min
Inertsil ODS-SP GL Sciences 2.1 x 150 3 450 10 1.05 Octadecyl Yes 85 16.291 17.609 2.213
Inertsil ODS-SP GL Sciences 2.1 x 100 3 450 10 1.05 Octadecyl Yes 85 10.664 11.535 1.654
InertSustain C18  GL Sciences 2.1x 150 3 350 10 0.85 Octadecyl Yes 14 15.342 16.200 1511
InertSustain C18  GL Sciences 2.1x100 3 350 10 0.85 Octadecyl Yes 14 10.253 10.822 1.261
Inertsil ODS-3 GL Sciences 2.1x 150 3 450 10 1.05 Octadecyl Yes 15 18.572 19.768 1.809

a) Columns started to be used in this study

Table 4 Column and resolution (Use columns repeatedly used)

. Particle Surface Pore Pore . Carbon Retention time
3 i.d.xlength . : Functional : " - .
Column Manufacturer size area  diameter  volume aroup Endcap loading (7)-Ferimzone  (E)-Ferimzone  Resolution
() x(mm)  m) @G (m) (Mg ®) (mir) (mi)
Inertsil ODS-SP GL Sciences 2.1x100 3 450 10 1.05 Octadecyl Yes 85 11.873 12.819 1.296
InertSustain C18 ~ GL Sciences 2.1x150 3 350 10 0.85 Octadecyl Yes 14 15.446 16.293 1.3%4
Inertsil ODS-3 GL Sciences 2.1x150 3 450 10 1.05 Octadecyl Yes 15 18.781 20.032 1.669
Inertsil ODS-4 GL Sciences 3.0x 150 3 450 10 1.05 Octadecyl Yes 11 16.035 17.860 1.427
Atlantis T3 Waters 2.1x150 3 330 10 1.00 O.Ct . vl Yes 14 16.702 18.211 2217
(Trifunctional)
Atlantis dC18 Waters 2.1x150 3 330 10 1.00 OCT N vl Yes 12 9.228 WIthOL.'t
(Difunctional) separation
Shim-pak XR-ODS . Octadecyl
I Shimadzu 3.0x 150 22 470 8 1.00 (Moncfunctional) Yes 20.2 7.380 8.863 1.344
gﬁBPACSLL PAK Osaka Soda 2.0x 150 5 300 8 Unknown Octadecyl —b 11 13.015 14.183 1.820
ZORBAX Eclipse Agilent Yes
Plus C18 Technolagies 2.1x 150 35 160 95 Unknown Octadecyl (double) 9 12.318 13.220 1.525
ZORBAX Eclipse Agilent Yes
XDB-C18 Technologies 2.1x150 5 180 8 Unknown Octadecyl (double) 10 11.982 12.600 0.748
B ’ Octadecyl
Mightsil RP-18 GP  Kanto Chemical 2.0x 150 3 330 125 Unknown _ Yes 19 12.438 12.885 1.059
(Monof unctional)

a) Columns repeatedly used in this study or other analysis
b) Coated with a mono-layer silicone-polymer
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Fig. 2 Selected reaction monitoring (SRM) chromatograms
of (E)-ferimzone and (Z)-ferimzone by each column
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of
1: (2)-ferimzone and 2: (E)-ferimzone.)

A: Inertsil ODS-SP (150 mm)

B: Inertsil ODS-SP (100 mm)

C: InertSustain C18 (150 mm)

D: InertSustain C18 (100 mm)

E: Inertsil ODS-3 (150 mm)
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Fig. 3-1 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-SP (150 mm))
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Fig. 3-2 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-SP (100 mm))
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Fig. 3-3 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-3 (150 mm))

312 fR{ERR O E RICKT D B O
Tz AV EREO Z RIS THEICAR (LT TRME tvwo) L, Z
DB N IEHEREREOE T LR D A[REMRH 57, BAETF ORFEZEIC X 2 ZELOEZE~D
WL L. 2120 200 A TR L7 2V AV VIRGERERKE 7 & b THR
LIRIMZH W, 214 0 D)Icft> TH LN LD T 7 > 7 fitHiRIZ, 20 mg/kg FHY &D 7 =«
UL ARBIEREREZRINL, 214 O DITHE-TH T LHICHT 23 EWEIR 2572, 214 ©
NS TH T LEWREF LIS, BT LABEFORMENEERRICE 2 2 BB 2ERT 5
W, Wi~ =4m—/ K& AWTHi#E 1 mL/min F2E TR X OWEH & 726 0, FRICKE~ =7k
— L RE WL NREHAKR A EE N T TARI O LIIET S E TR S ZATTIRLED
O, WEl~v=hR— 1V REHAWTAHRR FICE > TRHEOBEH S 725 DICoONWT, 2141206~
THEWR Z ST, 7 2B IZiZENZEh, 3EFME, 7LD 7THEEZE L. ZhzHllEL
TEBMBREAZIR LIZEZA, Table5 D EEY, Wi G T AR 3 O % YR T A
FZA42 (LLF TZBMHHERIETA RTA 2] L0 9).) ([SED BT EE R OPHTRE O B
WL TWE., 202 b, BT LD ORI IXZ Y EEREN A R TIA4 LV OEE K
O & 72 I CERMBRICHEE LW EEZE2x b,
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Table 5 Influence of time required for column processing on quantification
Spiked components
i i E)-ferimzone Z)-ferimzone
Operation T|r_ne Spiked level (E) - 2) -
required (mgkg) Recovery RSD; Recovery RSD;
(%) (%) (%) (%)
Vacuum suction 3h 20 101 11 104 28
V acuum suction and standstill for 4 h 7h 20 102 0.5 106 15
Gravity flow 7h 20 102 12 107 20
n=3

a) Relative standard deviation of repeatability

3.2 JL[AEEAER

B L7 ATk O BRI BB E 2 MB8T5 72, 2.212 10 AR & FEhe L7z,

72U LY Y EROFERIZTable6 D &FBY Thoto. b6 1, figb> b 2, WCRS1, WCRS 2,
Bk 1 ROk 2 [2oWTENEI, FHEIEIL 91.2, 85.6, 922, 91.0, 96.0 &) 94.1 %,
RSD, /% 5.9, 3.3, 1.7, 2.6, 3.7 %1} 25 %, RSDgi% 10, 3.3, 6.2, 7.2, 5.0 } 1" 3.9 %, HorRat
I3 1.0, 0.22, 0.64, 0.56, 0.43 %X 0.22 THh - 7-.

Tz LY ZHROERILTable7T DBV ThoTo. fitbo b 1, fabo b 2, WCRS1, WCRS?2,
oK 1L ROVRK 2 IZOWTERZE R, FHEIERIE 93,7, 91.8, 96.4, 96.0, 97.3 & T* 95.2 %,
RSD, I% 2.5, 3.3, 4.8, 23, 1.3 %117 %, RSDgi% 6.6, 3.3, 59, 6.0, 2.8 % (*50 %, HorRat
IX 0.64, 0.22, 0.62, 0.48, 0.25 }x(} 0.28 TH Y, TNENDOY & bIT, ZUMEMRRIESTA R
TANTED LN R EHEEE O BEM A7~ LTz, HorRat (Z2>W\WTIX, 0.5% Fla%
ORBRENTZD, SIHBRIEPHRNEE CH LT B2 b,

BEOEYD, FRBR=ECTHEH L7 LC-MSIMS O#FESE %4 Table 8 IZ/R L=, 72, FRBR=ET
R L7207 L0 % Table9 IZ/r L7z,
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Table 6  Collaborative study for (E)-ferimzone

Lab. No. Rice straw 1 Rice straw 2 WCRS 1 WCRS 2 Paddy rice 1 Paddy rice 2
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 175 165 1.70 1.73 27.0 27.3 4.78 482 9.73 .68 0.476 0.476
2 18.9 19.0 163 173 29.4 28.0 458 463 9.7 9.89 0.486 0.494
3 18.4 18.9 177 171 28.4 271 4.63 4.62 9.62 9.78 0.481 0.474
4 18.7 18.1 175 1.59 26.8 26.8 4.68 445 9.60 9.47 0.463 0.454
5 18.4 19.4 1.66 1.76 27.8 27.8 4.28 4,55 9.42 9.75 0.446 0.472
6 185 185 172 1.72 27.6 27.9 4.69 454 9.62 9.45 0.473 0.499
7 202 204 2.06” 1.98" 311 30.9 5.06 4.98 103Y  106? 0551”  0539”
8 165 12.7 173 1.76 24.9 256 4.65 4.38 8139 9.65° 0.470 0.466
9 18.8 216 133" 134" 2717 3247 3.78 3.87 9.56 9.62 0419”  0.369"
10 195 18.8 171 1.78 287 29.0 481 482 9.73 9.79 0.484 0.480
11 15.8 16.3 1.68 1.67 25.7 25.3 4.38 4.12 9.219 8.88? 0.424 0.453
Spiked level (mg/kg) 20 2 30 5 10 05
No. labs® 1 9 10 1 1 9
No. outliers” 0 2 1 0 0 2
Mean value (mg/kg) 182 171 217 455 9.60 0471
Mean recovery (%) 91.2 85.6 922 91.0 9%.0 94.1
RSD: ¢ (%) 59 33 17 26 37 25
RSDr " (%) 10 33 6.2 7.2 50 39
PRSD: " (%) 10 15 9.7 13 1 18
HorRat 10 0.2 0.64 0.56 0.43 0.22

a) Data excluded by Cochran test

b) Data excluded by paired Grubbs test

c) Data excluded by Cochran test but effective as the exclusion |aboratories exceeded 2/9

d) Data excluded by paired Grubbs test but effective as the exclusion laboratories exceeded 2/9

€) Number of laboratories retained after eliminating outliers

f) Number of outlier laboratories removed in parentheses

0) Relative standard deviation of repeatability within laboratory

h) Relative standard deviation of reproducibility between laboratories

i) Predicted relative standard deviation of reproducibility between laboratories calculated from the
modified Horwitz equation
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Table 7 Collaborative study for (Z2)-ferimzone

Lab. No. Rice straw 1 Rice straw 2 WCRS 1 WCRS 2 Paddy rice 1 Paddy rice 2
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 18.6 17.5 1.86 1.83 28.8 29.4 5.08 5.04 10.2 10.1 0,513 0.514
2 20.1 19.4 176 1.90 311 295 488 5.14 9.92 10.0 0.492 0.505
3 19.2 19.6 1.88 1.84 29.4 29.0 488 492 9.66 9.82 0.442 0.447
4 19.7 19.9 1.92 178 287 296 521 5.19 9.69 10.1 0.472 0.495
5 18.6 19.4 1.82 1.83 285 28.0 452 4.69 9.25 9.32 0.442 0.449
6 19.6 19.2 1.82 1.85 296 295 4.89 4.76 9.74 9.76 0.486 0.488
7 19.2 19.0 1.94 1.81 298 295 4.94 485 9.66 9.67 0.469 0.470
8 17.1 16.0 1.70° 1542 2569 26.69 4.72 4.41 9.01? 1039 0.495 0.475
9 1957 2287 150" 1.44" 27.5° 335° 419 4.36 9.72 9.69 04327  0385°
10 19.7 19.4 1.80 1.87 296 29.9 492 498 9.78 9.84 0.486 0.477
11 16.5 17.2 178 177 27.0° 26.2° 455 4.45 9.50 9.19 0.452 0.447
Spiked level (mg/kg) 20 2 30 5 10 05
No. labs® 10 9 1 1 10 10
No. outliers” 1 2 0 0 1 1
Mesan value (mg/kg) 187 184 289 480 9.73 0.476
Mean recovery (%) ®.7 918 %.4 %.0 97.3 %5.2
RSD: ¥ (%) 25 33 48 23 13 17
RSDr " (%) 6.6 33 5.9 6.0 28 5.0
PRSDr ” (%) 10 15 9.6 13 1 18
HorRat 0.64 0.2 0.62 048 0.25 0.28

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

c¢) Data excluded by Cochran test but effective as the exclusion laboratories exceeded 2/9

d) Data excluded by paired Grubbs test but effective as the exclusion laboratories exceeded 2/9

€) Number of laboratories retained after eliminating outliers

f) Number of outlier laboratories removed in parentheses

0) Relative standard deviation of repeatability within laboratory

h) Relative standard deviation of reproducibility between laboratories

i) Predicted relative standard deviation of reproducibility between laboratories calculated from the
modified Horwitz equation
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Table 8 Instruments used in the collaborative study

Leb.No LC-MSIMS L colume
(i.d.xlength, particle size)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
1 MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
2 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
3 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
4 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
> MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 um)

LC: ACQUITY UPLC, Waters InertSustain C18, GL Sciences
6 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
! MS/MS: LCMS-8045, Shimadzu (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-SP, GL Sciences
8 MS/MS: 4000Q TRAP, AB SCIEX (2.1 mmx100 mm, 3 um)

LC: Prominence, Shimadzu YMC-Triart C18, YMC
o MS/MS: API4000Q, AB SCIEX (2.2 mmx100 mm, 3 um)

LC: Prominence, Shimadzu Inertsil ODS-SP, GL Sciences
10 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
u MS/MS: LCMS-8050, Shimadzu (2.1 mmx150 mm, 3 um)

Table 9  Characteristics of column used in the collaborative study

. Particle Surface Pore Pore . Carbon
Column Manufacturer d>dength size aea  dameter voume ' netiond Endcap loading
(mm) x (mm)  (um) (Mg (nm) (mL/g) group (%)
Inertsl ODS-SP GL Sciences 21x150 3 450 10 1.05 Octadecyl Yes 85
Inertsil ODS-SP  GL Sciences 2.1x 150 5 450 10 105 Octadecyl Yes 85
Inertsl ODS-SP GL Sciences 21x100 3 450 10 1.05 Octadecyl Yes 85
InertSustain C18  GL Sciences 21x 150 3 350 10 0.85 Octadecyl Yes 14
Inertsil ODS-3 GL Sciences 2.1x 150 3 450 10 105 Octadecyl Yes 15
YMC-Triart C18 YMC 21x 100 3 360 12 Unknown OSREM v o
(Trifunctional)
4 FED

FABHARGICERE T 5 7 = U LY v ERE O ZIKIZHWT, JFRL % JEICBI%E L72 LC-MS/IMS %
AW BIEIZOWT, B R ORI 4 FEhE U, R T A~ 05 H O f[ &2V TR
LA, UTORERGEGN, EHANAETHL EEZZ LN,

1) S5HEOSN I 7 LEZHY, E—JHBELAORIZHNT 72 AV VY ERED ZBKEREN

[ZOWT BRI Bl % 58 L= fE R, DBEEN 15 LEOOh 7 22 HWAD Z & TCHBETO

HIE N ATRE & B 2 b, BRERIZOT Y 0.1~50 ng/mL O#PH THEMRIMEEZ R LT,
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2) FERH T AP ORFFERGEICE ) R C O EE~ORBEHR LT & A, HREHTICE
WT, ZYMHBIETA RIA VOBEEROKEEZ-THIFACTER/BRICEELLRWVWEEZD
ni-.

3 MLLIZTZz VLAYV ERKDPZELTENEI 20 K2 mg/kg tHHY &, WCRSIZZ = U A
VU EKREQRZIKE L TENEN30 KOS mglkg FHY &, BHKicT7 =2 AV ERERONZIKE
L CZENZEI 10 KT 0.5 mg/kg #8124 &2 RN L 723k 2 WV € 11 B =SRICB W TARIBISRE VW 3
AR ZEEL7mL 2 A, RIFRFBERBE LN,

& &

HFEFRBRICSM L T2z JA RA AL B WEBHR A St E L o o % —,
VA AR, AR EE A A AR ERE R 2 Rt v X —, ML
N B AR E 2= h AT TERT R OV~ i A N AR R S04 & o 2 —Z BEWFIERTIC 38 1) % BAfR A
BRI OE AR LET.
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Validation Study on Application of the Simultaneous Determination Method of Aflatoxins
by LC to Corn Silage

Yuichi TAKAHASHI ' and Chisa SHIMAMURA ™
(" Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Fertilizer and Feed Inspection Department, FAMIC),
"2 Nagoya Regional Center, FAMIC (Now Audit Office, FAMIC))

We have made a validation study on the applicability of a simultaneous determination method of
four aflatoxins (B4, By, G; and G,) in formula feed and corn using a liquid chromatograph with
fluorescence (LC-FD) to corn silage. The method has been listed in the Feed Analysis Standard
of Japan.

In the existing method, since the extraction solvent has been absorbed by the sample, we changed
the volume of the sample and extraction solvent to 25 g and 150 mL respectively.

Aflatoxin By, By, G; and G, (AFs) were extracted with acetonitrile-water (9:1), and the extracted
solution was centrifuged. The supernatant was purified with a SPE column (MycoSep 226
Aflazon+, Romer Labs Inc.; Union, MO, USA.), and the eluted solution was concentrated to
dryness. For derivatization, trifluoroacetic acid was added to the residue, and the sample
solution was injected into the LC-FD to determine the concentration of AFs. The LC-FD
separation was then carried out on an ODS column (Mightysil PR-18 GP, 4.6 mm i.d. x 250 mm, 5
pm, Kanto Chemical Inc.; Tokyo, Japan) with an isocratic of water-methanol (3:2) as a mobile
phase.

Recovery tests were conducted on corn silages. Corn silage was added with 0.0013~0.044 mg/kg
of aflatoxin (AF) By, B, and G4, and 0.00022~0.044 mg/kg of AFG, respectively.  The resulting
mean recoveries ranged from 85.0 % to 116 % for AFB;, 84.0 % to 119 % for AFB,, 88.1 % to
106 % for AFG; and 82.6 % to 101 % for AFG,. The repeatability in the form of relative
standard deviations (RSD,) was less than 4.4 % for AFB,, less than 4.2 % for AFB,, less than
3.3 % for AFG4, and less than 10 % for AFG..

This method was thus validated as useful for inspections of AFsin corn silage.

The limit of detection of AFs by the existing method for formula feed and corn was 0.0001 mg/kg
each in the samples.

Key words; aflatoxin (AF) By, By, Gyand Gy; liquid chromatograph with fluorescence (LC-FD);
corn silage

X—U— R TI77 X2 ka5 T LA LA L—Y

OMSIATEE N EMOKE R A v F — R o2 —, Bl EfENE SR A
POMSIATEE N EMOKEN B L 2ty ¥ — 4T RE V4 —, Bl EBEE=
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1 # B

AR OR Bix, AREAER FOEELMK S L TEST L, E52bAZ LA L—
U E GBI OHEEMS R PEBIITOR TS, O —J5T, Ak 24 FREN D BKER T
TAAEFEL L CEEMFAESFOESBL O NEOEAEEFELZEML TW5H. EHIEMEEHZS
W, RIS ETE O G EWE O IR O B YE VIO BRI ED DR AIT A T,
ERIEEDO BRI 2R T D720 OGHIEEZREFT 52 EBRNE L 25 TWDHA, ki i
NN ENTVWAET 7T b XL vpififkrun~ 2757 (LLF TLC) LW, ) 1Tk B REHT
B O(OAF TIREE) &)L ) omEARHIZESGEELE > BAZLTHY, LH2BAZLYA
L= %5t g L TR,

ZZT, AL, EH9bAZ LA L=V ~ONEEDOEM DO R ZREF LD T, £OME L #
HET 5. e, RERETHSTLIWNEHIEIZLDEAEELDTE I LA LFDOT 7T ¥ By,
By, GG, DM TIRZ RO IO THHTHET 5.

BEILT 7T FFT By, By G AV G OHEREA Fig. LITR L7,

Aflatoxin B; Aflatoxin B,
(6aR,9aS8)-2,3,6a,9a-tetrahydro-4- (6aR,9aS5)-2,3,6a,8,9,9a-hexahydro-4-methoxy-
methoxycyclopenta[c]furo[3',2":4,5]furo[2,3-h] cyclopenta[c]furo[3',2":4,5]furo[2,3-h] [1]benzopyran-
[1]benzopyran-1,11-dione 1,11-dione
C17H1206 MW: 312.06 CAS No.: 1162-65-8 C17H1406 MW: 314.08 CAS No.: 7220-81-7
O O @) @)

Aflatoxin G; Aflatoxin G,
(7aR,10a9S)-3,4,7a,10a-tetrahydro-5-methoxy- (7aR,10a95)-3,4,7a,9,10,10a-hexahydro-5-methoxy-
1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano[3,4-c] 1H,12H-furo[3',2":4,5]furo[2,3-h] pyrano[3,4-

[1]benzopyran-1,12-dione c][1]benzopyran-1,12-dione
Ci17H1207 MW: 328.06 CAS No.: 1165-39-5 C17H1407 MW: 330.07 CAS No.: 7241-98-7

Fig. 1  Chemical structures of aflatoxins By, B,, G; and G,
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2 EERAE
21 & B
Bl Akl (GBALAFAM FA4AFRANRALA) KREHS>8AZ LIFZENETNERE 1 mm D
A — o R LTI LT, L9 AZ LY A L—1X 60 °C T 6 RFffzfgfg, &
[CEPNICHE L O L2, R 7.
B, MEHIHWIZE G iE %2 Table 1 IZR L7,

Table 1  Compositions of the formula feed
Formula feed Proportion

types Ingredient types (%) Ingredients

For poultry Grains 58 Corn, brown rice
Oil seed meals 28 Soybean meal, rapeseed meal, corn gluten meal
Bran 8 Rice bran
Animal by-product 2 Fish meal
Others 4 Calcium carbonate, animal fat, calcium phosphate, salt,

fermented milk powder, feed additives
For calf milk Animal by-products 72 Dried skim milk, concentrated whey protein
replacer Others 28 V egetable ail, trehalose, glucose, calcium carbonate,

lactose, vegetable gum+-like substance,
fructooligosaccharide syrup, dry yeast cell wall, fodder
yeast, desugared sugarcane extract, albumin powder,
fatty acid calcium, cellulose, salt, fermented milk powder,
lactec acid bacteria, bifidobacteria, melon extract,

feed additives

22 & K
1) TER=RIAKORAY ) —FE#iEiE7 e~ b7 7 70 (BHLFER) 2wz, ~Y
7 )V A v lEEE 1T Reagent Plus (Sigma-Aldrich %) % 7=, /KiZ Milli-Q Advantage (Merck
Millipore f) 1C X 0 ¥EHL L 728K (JISK0211 0 5218 (2 EF S L= BHlik) &Mz,
2) 777 h¥T By, By G RO G iRATEMER
777 h¥Try (B, By G KN Gy IBREGHEMEW (% 25 pg/mL, & L7 A L LFEHI%E
) 2777 MRV UIRAEMREFIRE Lz, IBRAEEFK L mL 2 50 mL &R 7 7 A3 |ZA
, ERETTEN=MIAEMZATT 77 MRV URAEERAFAM L7 (Z0WK 1 mL 13,
777 h¥T 2By, By GIEOG, ELTHOSugEEHETS. ) .
ERICEELT, 777 bV VRAEERO —EEZ 7 =) VTEMICHRL, 1
mLHIZT 7T %L By, By G ARG, & LT 20 ng 2549 HIRAIEUEN 2 75 L 7-.
23 IEEK UG E
1) e : ZM 200 Retsch # (1mm 27 U —>, fiff i FE[R]#55 14000 rpm)
2) REHH: LT a2 —H—SR2W ¥ A 7 v 78 (i IR E) %% 300 rpm)
3) ZHIEHRE T 2 MycoSep 226 AflaZon+ Romer Labs i
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4) LC:
LC B : 1515 Series Waters
G AR SR 0 2475 Multi AFluorecence Detector Waters
5) ARBREFIEMEERE 0 MGS 2200G S ATH b Sa kRl
24 EEIIE
1)

MRk 25.0 g &> T 300 mL o =M T 7 A3 AN, TEM=FU LK

(9+1) 150 mL ZMx, 30 ZrMH#E Y RE THit L7z, fhitik 2 e e O E I AN,
650xg T 55yl DBt L, EEAIEE T LMLBRICHT 2 30BHAK & LT,

2) h T LALE

AREHAT 45 mL ZRBREICAN, ZHEEN T L2 d > W LIAZL, T CAAIZ@EH L

it HH IR 2 3 BARAE RO I3~ 2 3B IR & L 7=
3) FHEMKLUG

ABHAR 1 mL % 50 mL D723 ~7 7 A 2T IEFEIZ AL, 40 °CLL FOKIBTIEE A EHLHE
T 5 F THILIRM Liotk, BRTALELE- CTHE Lz, BEHICKNY 704 ol 01 mL %
EREICINZ, BT T7 7 A azE e Lotk 16 SMEFE L, FIZK—7T& F> (9+1) 09 mL
EROBRTIET 7 A ERICNZ TIRVIBE R, Z0RE 77 AF v 7 imELnEE (K&
1.5 mL) 2 A, 5000xg T 5 /rfffm i L, EEARERIEK a~ 777 0 —1283 5
AREHRIR & LT-.

FRFICT 77 % RAEHER (0.5ug/mL) 2, 10, 20, 30, 40, 50 } O 60 uL 3 N R
AFERERL (20 ng/mL) 2.5, 5, 10 X' 25 puL #Zn 24 50 mL O 2T 7 7 A 2| ZIEMEICA
i, FU T4 ol 0.1 mL ZIEMEICI A7, LLFRENAIR & RARICERIEL, 1 mL FicT
77 h¥V2 By, By GIANG & LTENZEH 005 0.1, 02, 05 1, 5 10, 15 20, 25
FOV30ng FHY A2 EH T 2 K IEERZ - L7,

4) BRI ua~ NI 7 40—

AEHER L ST 77 % v RAERERS 20 uL % LCIZHEA L, Table 2 OHIESREIZHE

ST, 7a~v N7 T LE/HFT.

Table 2 Operating conditions of LC

Column Mightysil PR-18 GP (4.6 mm i.d. x 250 mm, 5 pm), Kanto Chemical
Mobile phase Water-methanal (3:2)
FHow rate 0.8 mL/min
Column temperature 40°C
Detector Fluorescence detector (Ex: 365 nm, Em: 450 nm)
5 it %

Bonl-7o0< N7 AL — 7 HBELOE S ZRO THREREEKRL, REFOT7T7Z
F%T v By, By GIEOGEAZRILTE.
B, TEEOME % Scheme 1 12/ L7-.
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Under the light-shielding conditions

Sample 25.0 g (300 mL amber Erlenmeyer flask)

——add 150 mL of acetonitrile-water (9:1)

— shake for 30 min

— centrifuge for 5 min at 650xg

MycoSep 226 AflaZzon+

——transfer 4.5 mL of supernatant into test tube

— push MycoSep 226 AflaZon+ column into test tube
50 mL eggplant flask

—transfer 1 mL of effluent solution through MycoSep 226 AflaZon+ column
— evaporate under 40 °C and dry with N2 gas
Derivatization

——add 0.1 mL of trifluoroacetic acid

— allow to stand for 15 min

——add 0.9 mL of water-acetone (9:1)

— centrifuge for 5 min at 5000xg

L C-fluorescence detector

Scheme 1  Analytical procedure for aflatoxins B;, B,, G; and G, in corn silage

25 WIEWHEOBR THWERT ik
LCIZ L 2 HBIERFIZ 2.4 D H)DIEHERZ K — A X /) —/ (7+3) ICEE L THIE L.
2.6 WHNENNERER

22D 2)DT 7T FF T By, By G AU GIRGHEMEMKZ T F =k UL TIEMICAHIRNL
WM W=,

EOBLAZ LA L—VIZONT, T7T7 hFT 2 By, B KON Gy £ LT, FEMHEL T
0.0013, 0.011, 0.022 &% Tr 0.044 mg/kg FHY4 & (HEAEREHEKF T 0.5~17 ng/mL) , 77 7 b %
TGl LT, JRMHAE LT 0.00022, 0.011, 0.022 X 0.044 mg/kg FH2 & (&R IR T
T0.083~17 ng/mL) (2725 Ko licxnETNdmME L<IEEG L, —&KHE LERICKRIEICHE > TR
el ERER & F ki U, P3[Rl =8 B ONIR U RS B 22 SR 6D 72

¥, WINZEGZ BN LTT 77 ¥ v By, By UGy & LT 0.003, 0.025, 0.05 }
0.1 mglkg FHY &, 775 F¥F 32 Gy, & LT 0.0005 0.025 0.05%r0.1 mg/kg FHY4&IC25
E 170, M RIRE~OBENL, ) R OREZY R DK E A B A 60 %M 10 %l ARE L
T, R UK EH R 60 %) FIRE=RiY OKSEH & 10 %) HF#ERE 225 0L ViT-o
7.

27 WHEEOKME TROBMEF THWERE

FARL ST EHER S EHE 3E 2 0 HFIKIC L W ER L. BVIRED Z & BREE RN S W TIE,
BRI 25.09 & L7z,

28 10mL FB A RBRE 2 AW i-FE R bikoRa RV TRk

2.4 D 2)THE LIV FBHA 1 mL % 10 mL O a3tk i E (2 IEfMEIZ AL, 40 °C DL FIZEEE
L 7= BB ARG CER N A ko TIRMEE Lz, EEMIC MY 7 v el 01 mL % 1F
ez, wealtleREczEe L, ¥y FIx8—7T 10 PRERVIEE-% 15 SMEE L,
BIZAK—71F K (9+1) 09 mL ZED@ it e I EMicnz, ¥y FIX%H—T 10 %
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RERVIEY. Z0WRE7 7 2AF vy 7 #im0ikEkE (& 1.5 mL) 2 AL, 5000xg T 5 4rfH
wOLHEL, EEARERE o~ VT T 0 — it T ARENER & LT

FRFICT 77 b % JRAEHER (0.5ug/mL) 2, 4, 10, 20 XY 30 L &£+ 10 mL &
eI RIBRE I EMIC AN, MY 7 e FEE 0.1 mL & IEREICIN A 7o, DL RUBHA IR & [FAR
WCHEREL, 1mLHIZ7 77 bF ¥V By, By, GIEUG, & LTENENL 2, 5 10 X115 ng
Y B2 EATO28EEREZFAY L. WEKROFREIL, 24D HKR V5L VITo T,

3 WRRUEER

31 &M

22D 2K 24 O T LV FAK L - BIRAEERS 20 pL 2 LCIZIEAL, fHonirv~v
N7 T AN E—7EEEOE S 2 AW THRERZER L.

BFonmERo—fFlIXFg. 20 L0 THY, % 0.05~30ng/mL (EA&EE LT 0.001~0.6 ng
FYE) O CEMRMEE R L

7B, YHREBEROBEREIL, 777 %22 By, B, G &KW G,% 0.0003~0.18 mg/kg &
BT 2500 AREH 2 RIEICHEVIRE L 72 B RBHRIR P OR T 77 M v VIRERPAICHY T 5.
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Fig. 2 Calibration curves of aflatoxins B4, B,, G; and G, by peak area (left) and peak height (right)
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3.2 FhHELE & OGS
N, EEFATIEUESS 5

i E A 150 mL & L7-.
3.3 WiEWE ORE

EOBLAT LA L= 3K E W,

v —Wiran

B O3 HI 210

ARIEIC L0 L 23RBS 2 LC

ZHEW,

M EE AT o 7.
50.0 g %g@ D, FHEEE A 100 mL N TIT 95 EHES N TWD A,
IR E NI SRV B S Z E R TH - 7.
DE 1 DOLFBYREHERES 250 g & LA,

M ERE, opratel
EOHBLAZ LY A L—
T, fEMNTIEUESS 5 EHE 31 2

FIARICIR VIEE D Z ERREETH - 7=7- D hIH

IZHEAL, Bbh

T~ NI T AEWRELIZEZA, Fig. 30X, ETOMKTT 77 X2 B LT B,

\ZOWT, & —7 OHEHA]

%VVGM‘OVT,EEH~7@E

SR LT,
FZ T, WR

ZiEY— 7 (REY

Bk

ZxF L CTHc K 0.0006 mg/kg) 7%,
BICHEE—7  (REZREHI R L Tk 0.0006 mgr/kg)
77T XV GIIONWT, EREHITSE—2]
ENTEB/RE—INT 7T FFT 2 By, By X Gy D E— 27 Dy

777k

nu_‘&b Eﬂ’bfonPO 7:_
892720

ClIZLDMlESRME% 25 ’WELT@IJ;EW_& 5, Fig.4anrtBY, 777 h&x v By, By

KO Gy OERFFRFHAIC

LL, FOmfET 3.5 TE%E Sz

A
>

E 55 1

g 1 2 3 4
L 35 1

e A v
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§-05 T T T T -j\..
S
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IO Lo T,

on)

Fluorescence Intensity/mV

55

35

1.5

-0.5

DT END, BEY—7THDHEHW L.
ETRICHYT 2 —7 OHEED U3 K THY, fk
IO IEHER SR 3 DY MRERIET A R4 (LLF T4 MRIET A RI A4 2] L),
EDDIBREOFRHATH D Z LD,

) 1

REBRICKZED 2N O LW L7,

8 10 12 14 16 18 20
Retention time/min

Fig. 3 Chromatograms of standard solution and blank sample solution
(LC conditions are shown in Table 2.  Arrows indicate the retention times of 1.
aflatoxin G, 2: aflatoxin B4, 3: aflatoxin G, and 4: aflatoxin B)
A: Standard solution (The concentrations of aflatoxins By, B,, G; and G, are 0.1 ng/mL,

respectively)

B: Sample solution of corn silage
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A >
£
2194 1 2 3 4
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Q
- \; VooV %
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(8]
S O N U AL
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Retention time/min
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g \% J 4
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Q
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T -01 . . : .
12 22 32 42 52

Retention time/min

Fig. 4 Chromatograms of standard solution and blank sample solution
(LC conditions except mobile phase are shown in Table 2.  Mobile phase is water-
methanol (7:3). Arrows indicate the retention times of 1: aflatoxin G, 2: aflatoxin
B, 3: aflatoxin G, and 4: aflatoxin B)
A: Standard solution (The concentrations of aflatoxins By, B,, G; and G, are 0.1 ng/mL,

respectively)
B: Sample solution of corn silage

3.4  IRINENYEER

777 h¥T Ly By, By MO G ITIE, 33 THHE—7 BRI, N MWMRIETA R
A NED D EIEL W - TS F Y — 27 OmEIIER FRICHY T 5 B — 27 OmifED 13 K
WMTHLZENMTELRD., LoT, 777 h¥T 2 By, B, KON Gy OFRRIRIMEE X, 3.3 T
MR INTWEY—7 ORKEE (RPHE L THRK 0.00027 mg/kg, JEFEZFEHIS L THRK
0.0006 mg/kg) @ 5fi% & 72 % 0.0013 mg/kg (JRApH#L G MR, EEz4 % T 0.003 mg/kg) & L7z, 77
TEXTY G IOWTIE, BiEY— 7RI N Z b, NHEHEOEE TR GUEH
H10.0005 mg/kg) %S BIC, RARIRINEEE Z F#E L C 0.00022 mgkg (JEFEZ#H T 0.0005
mg/kg) ELE%E L7,

2.6 IZ9E-> THMEINGRERZ Efi L7z, TOREEIT Table 3D LB, 777 hF 0 Bl
WL, EHEII T 85.0~116 %, & Ok UK XA AHE R 2 (RSD,) & LT 4.4 %Ll T,
777 hXTU BT OWTIE, EHEINERIL 84.0~119 %, RSD,(* 4.2 WL F, 777 ¥ v
GLIZOWTIE, FHEILER T 88.1~106 %, RSD, 1L 3.3 %LU T, 777 hF v G lzoWWTIi,
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SEREIV R 1L 82.6~101 %, RSD, 1L 10 %LL FOSAE 1S Hiv7-. Z OfESIE, 4 MkRET A
RZ A NTED BN TZEE R OPHTR O BIEE 25T B2 R cho7-.
B, fonk-rua~ 77 A0—f#l% Fig. 5 1Z/R L7z,

Table 3 Recoveries for aflatoxins in corn silages

Spiked level Cornsilage 1 Corn silage 2 Corn silage 3

Aflatoxin - (mg/kg original Recovery” RSD”  Recovery’ RSD,”  Recovery? RSD,”

maiter) (%) (%) (%) (%) (%) (%)

0.0013 116 21 93.0 14 97.8 44

B, 0.011 — — 925 16 — —
0.022 89.2 14 — — 85.0 35

0.044 92.7 17 — — — —

0.0013 104 21 119 22 113 42

B, 0.011 — — 89.9 15 — —
0.022 838.7 11 — — 84.0 32

0.044 89.7 16 — — — —

0.0013 103 33 106 33 9.0 33

G 0.011 — — 9.1 23 — —
0.022 91.6 14 — — 838.1 31

0.044 95.3 22 — — — —

0.00022 93.8 6.3 94.8 10 82.6 2.6

0.011 — — 93.9 35 — —

G 0.022 91.7 0.8 — — 87.5 2.6
0.044 94.0 17 — — — —

— : Not tested

a) The aflatoxins were spiked to air-dried corn silage samples one night prior to extraction. The
spiked levels were 0.003, 0.025, 0.05 and 0.1 mg/kg air-dry matter for aflatoxin B1, B, and G;,
and 0.0005, 0.025, 0.05 and 0.1 mg/kg air-dry matter for aflatoxin G,, respectively. Thelevels
of aflatoxins in original matter were cal culated with following equation on the assumption that
the moisture content of corn silage samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of aflatoxins in original matter (moisture 60 %)
= the levels of aflatoxinsin air-dry matter (moisture 10 %) / 2.25
b) Mean (n = 5)
) Relative standard deviation of repeatability
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Fig. 5 Chromatograms of standard solution and spiked sample
(LC conditions are shown in Table 2.  Arrows indicate the retention times of 1.
aflatoxin G4, 2: aflatoxin By, 3: aflatoxin G, and 4: aflatoxin By)
A: Standard solution (The concentrations of aflatoxins By, B,, G; and G, are 15 ng/mL,

respectively)
B: Sample solution of corn silage (spiked at 0.044 mg/kg original matter of aflatoxins By,
B,, G; and G, (corresponding to 16.7 ng/mL))

35 E&E TR O TR O R

T 77 hFT 2 By, By G KU G DREEM EHMEZ R L7 #iPE, 45 0.05~30 ng/mL @ T i
M LR BIE (777 F%2 2 By, BoEONGUIZOWTIE, £98AZ LA L—YREYF
T 0.003 mg/kg FHY4 & (A& REHER PR 05 ng/mL fRY &) , 777 FF T G o DWW T,
EIOBAZ LY A L—YREEY T T 0.0005 mglkg AR (B & aBHE P EE 0.083 ng/mL AH Y
&) ) ORMEINGREROFE R O AREOE R TRE O TREZKD7Z. Fig. 3DEBh, &7
77 MRV D= DHIBICBWTEHENEOE = REHHFEL TWD I Lnb, EREED
EHERAD 105 L4226 % (AHBE 4O ¢ 534D 0.95 53080 2 %) 23D ERE FIRE O T
[RERDTE A, T77 FFT 2 By, B, KN Gy OFEE FIRIFZAFZY T 0.003 mg/kg, %
TRRIZEEZY T 0001 mgkg THY, 777 bFT v G, DEE FIRIZEFEZYH T 0.0005
mg/kg, AR T RRIZE Y H T 0.0002 mg/kg Td o 7=.

F7o, BAFEIERE D BLAZ LaMRE LEEWEEOR FIRBKRRE TH 27, it
T AT o 72, IW#EE TIEREHREEIL 50.0 g & LTW5 2y, FEICIRD IRE S 2 L 3K
HAFRHZ DWW TR IUEZ 25.0g 1275 & LT 5.

22D 20T 77 hFX T2 By, By G AW GIRAEMERKR (0.5 pg/mL) 27k b=k UL TIE
AR LRI AW,

Bl E el GEHECIZAM FAERHARAALH) KOES A2 LIZONWT, 777 hFyv
Bi, By, Gi TG, & LT 0.0005 mg/kg #H Y & (&l BEHAE# H1C 0.25 ng/mL. RV IBE S Z &
DR EET 25.0 g BRELE L2 E AL 4B AR A FLABLA BTEHZ 2V TIX 0.125 ng/mL) 1272 %
I ENETNTEMHLCIREL, —&HE LIZRKRIC 2.7 (8-> THRMEIGRBR 2 £ii L7z, %
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DFERINB/ONDHE—T D SN R 3LLEERDPREEZRDIZE A, EAFEEKORES H A
ZLHDT 7T FFT 2 By, By G AU G, DR FERIE, #E T 0.0001 mg/kg ThHho7. =
DOREL, BEFEEHIBT 2R BIEWT 77 ¥ By OFHEYEM 0.01 mgkg (2% LT
1100, £5HAZLDOT 77 FXxT v By OFEHEMEM TH 5 0.02 mg/kg (2% LT /200 TH Y,
HUMEREBIET A R T A TED BT BB T 5 TIRO B E 272 L Tz,

¥, Table 4 LBV, HMEINGEBRGERIIBGCThHoT. HFonizrun~ 77 20—l
% Fig.6 [Z R~ LTz,

Table 4 Recoveries for aflatoxins in corn and formula feeds

Feed types
Spiked Formula feed for Formula feed for calf Corn
Aflatoxin level poultry milk replacer®
(Mgkd)  Recovery? RSD”  Recovery? RSD”  Recovery? RSD,”
(%) (%) (%) (%) (%) (%)
B1 0.0005 91.8 4.5 96.6 4.7 94.2 2.7
B> 0.0005 88.9 25 90.2 25 87.5 17
G 0.0005 94.9 37 83.5 85 91.9 16
G 0.0005 935 24 89.9 53 91.4 0.8

a) Mean (n = 5)
b) Relative standard deviation of repeatability
¢) Weighed volume set to 25.0 g
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A 2 B

> 55 1 v 3 4 > 55 2 3 4
£ £ 1

2 J N% g Vo \
5 35 5 35 \l/

£ £

[} (]

2 1.5 A 2 1.5 -

[} [}

(&) (&)
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Retention time/min

Fig. 6 Chromatograms of spiked samples

(LC conditions are shown in Table 2.  Arrows indicate the retention times of 1.
aflatoxin G4, 2: aflatoxin B4, 3: aflatoxin G, and 4: aflatoxin B5)

A: Sample solution of formulafeed for poultry (spiked at 0.0005 mg/kg of aflatoxins By,
B,, G; and G, (corresponding to 0.25 ng/mL))

B: Sample solution of formula feed for calf milk replacer (spiked at 0.0005 mg/kg of
aflatoxins By, B,, G; and G, (corresponding to 0.125 ng/mL))

C: Sample solution of corn (spiked at 0.0005 mg/kg of aflatoxins B4, B,, G; and G,
(corresponding to 0.25 ng/mL))

3.6 FHEMRIEULERR D LK

KIETIE, 50mL ORTHT7 7 Aa 2L CHERERIEEZIT> TS, 22T, L/
DORBPFEMRESICHE L TWDH EEZ LRI LD, FEROSICHAT 2 RBORE
DIEVNZ L D EBE~OEE LR L.

22D 2)DT 77 R¥ T2 By, By G AV GIRGHEMER A T h= MU L TIEMIZAHR LK
I AW,

EODBLAILIAL—=TIZONT, £7 77 hFT & LT, 0025 KT 0.05 mg/kg FHY &

(BN T 4.2 LY 83 ng/mL) 12725 K lcznEnmmng L <REL, —&EHE L
To AT ARIE R O 2.8 129 > CTURMNENNGRER & 520 U, F3)E Bl K OVE UK 2 R 7z,

ZORERIT Table 5080 THY, 10 mL OoBEaERBELHFEH LSO T 77 hd v
v ONHENEE T 84.9~96.4 %, F OffuR UREEIL, MXHERERZ (RSDy) & LT 3.0 %LL T,
50 mL OB 7 T A2 EH LIZHAEDOT 77 F¥ v OFHEIEIL 84.0-96.1 %, Z D
W URSEEIX, RSD, & LT35%UTFTHY, Wb ZYMMRIET A NI A4 VIZED HILH
FFAE A i 72 L7z
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Fo, FEECERFICHERT 2EROREOE VLD ERMEICHERZEZND D0 MRT 5
7o, HEKME 5 BTHMIRED -MEEZIToTz. ZO/ME, 777 bF v B il oW T ¢
(2)=-0.692, p=0560, 77F F¥ v Bll oW T (2)=7432, p=0.0176, 775 F*x 3
G IZOWTIX (2 =0659, p=0577, 777 hx > Gl oW T ¢ (2) =3548, p=0071T
BV, 77T FXT 2 BIOWTIE 10 mL D& BRE 2 H L 7 7 23 ) Sl 23 & <
BEREDRDO O, TRUATIIAEREREZTR DN o7,

IO ENE, FHERISOBE, 50 mL ORI T T A 2% 10 mL O @ik
BICAE L TCHREIZNLU EORBERBROND Z b, L0/HOFRIETLTHEL
XxlhnwekE 2.

Table 5 Comparison of reaction containers used for derivatization reaction
Reaction container

Spiked

10 mL brown stoppered test tube 50 mL eggplant flask
Aflatoxin  Feed types level . Quantitative Quantitative
(mg/kg air 3 Recoverya) RSD,” 3 Recoverya) RSD,”
dymate) ey e w08
(mg/kg) (mg/kg)
Cornsilagel 0.05 0.0450 90.0 18 0.0446 89.2 14
B1 Cornsilage2  0.025 0.0223 89.3 2.0 0.0231 925 16
Cornsilage3  0.05 0.0424 84.9 24 0.0425 85.0 35
Cornsilagel 0.05 0.0463 92.7 16 0.0443 88.7 11
B2 Cornsilage2  0.025 0.0231 925 18 0.0225 89.9 15
Cornsilage3  0.05 0.0434 86.7 3.0 0.0420 84.0 32
Cornsilage1l 0.05 0.0471 94.2 29 0.0458 91.6 14
G Cornsilage2  0.025 0.0236 94.4 2.7 0.0240 96.1 2.3
Cornsilage3  0.05 0.0448 89.7 24 0.0440 88.1 31
Cornsilagel 0.05 0.0480 96.0 20 0.0459 91.7 0.8
G Cornsilage2  0.025 0.0241 96.4 16 0.0235 939 35
Cornsilage3  0.05 0.0445 89.0 22 0.0438 875 2.6

a) Mean (n =5)
b) Relative standard deviation of repeatability

4 FE®H

VLAY AL —VHDOT 7T ¥ By, By, GEEMONGOEREE LT, WHEDwEA
DHMIZOWNWTHRF LIz s 2 A, REHREUES 50.0 g /05 25.0 g, fHIEEE% 100 mL 75 150
MLICAEETHZ LT, UTNORKERELN, BEHANARBTHL EE X L.

£, REETHATRAFEEENE I BAZ LPOIEIEICLST 7T %22 By, By, G
KRGO FIRIZCOWTHRR LzE 25, UTORENREGLTZ.
1) MEHRIFZZNEI 0.05~30 ng/mL fFHY4 & (FEAREE LT 0.001~0.6 ng fHY &) OHiFH CREARME

oLz,

7B, YHREBEROBEERKEIL, 777 %22 By, B, G KU G,% 0.0003~0.18 mg/kg &
B 2500 HEE 2 RIEICHE VIR U 7o e iR IR P 087 7 7 M v VIRERIPHICHY T 5.
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2) 777 bhF%T2 By, B KR GLIZHOWT, R - TR bz a~ NI ANIEREZDIT
HE—IBRO NN, ZYUMHERIETA RTA VICED DB IREL WL TWe, 777 b
XU G IZOWNT, KB THONZZu~ NI ACERZYTHE—7 IR LN
o7,

3) FWHICHE L CTT 77 h&¥ > By, B, XUVGy & LT 0.0013, 0.011, 0.022 &% TF 0.044 mg/kg
FY%E, 777 F¥%F 2 Gy, & LT 0.00022, 0.011, 0.022 }* 0.044 mg/kg tHY EZ ML, &K
BIZHE> T 5 MOMT o 2 ElE L, [EUER O UREEZ RO & 25, ZMMWMBIET A K
TAVICED BN HE R OPHTREE O BEE A2 M- B2 RN G o,

4 RKEOESILAZLYIAL—VFDOT 77 hF T By, By KO Gy OER FIRIFAFEZY T
0.003 mg/kg, #H FERIX 0.001 mgkg, 777 hXx > G, OE&E FRIZEEZYH T 0.0005
mg/kg, % H FBRIX 0.0002 mg/kg T&H - 7=

5 WHIEIZB T AL NE I LA LFOT 77 hF v By, By, G AW G, O TR
I%, #EHHT 0.0001 mg/kg Toholz. ZOREITZYEMBIETA RT A IZED LIV BAE
7z LU=,

6) FHEMAREIGORE, 10 mL O e EREBRE 2 H W CIRNEIGRER % FE0E U, RIS K OYEiR
UKEZRDIZE 2D, YUMHRIETA BT A ITED DT EE K O TR EE O B A % i
T2 BAF RS RS E D LTz,

X W
1) EWKEESEREED Ao EYE OREEEN VEHREREICOWT, B 634 10 A
14 B, 63 % B 2050 & (1988).
2) EMKEBHE - ZERREER . GEOITEEOHIEIZOWT, FEK 2044 H 1 H, 19H%K
%5 14729 % (2008).
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Validation Study on Analyte Expansion of the Simultaneous Determination Method
for Glyphosate, Glufosinate and its Metabolites in Feed
by LC-MS/MS to Include N-acetylglyphosate, Soybean and Soybean Meal

Masakazu SAIKI" and Toshiaki HIROI"
(" Sapporo Regional Center, Food and Agricultural Materials Inspection Center)

We have made a validation study on the inclusion of N-acetylglyphosate in analyte compounds,
and soybean and soybean meal in analyte samples for the simultaneous determination method of
glyphosate (GLYP), glufosinate (GLUF), 3-(methyl phosphinico)propanoic acid (MPPA), N-
acetylglyphosate and N-acetylglufosinate contained in feed. The method, which uses a liquid
chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS), has been
listed in the Feed Analysis Standard of Japan.

N-acetylglyphosate in corn and GLY P, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate
in soybean and soybean meal were extracted with water, and the extracted solution was purified
with two types of SPE columns (Oasis HLB and Oasis Plus MCX, Waters Co.; Milford, MA,
USA). Having derivatized these compounds with trimethyl orthoacetate, the sample solution was
purified with two types of SPE columns (Sep-Pak Plus NH2 and Silica, Waters Co.; Milford, MA,
USA), and injected into a LC-MS/MS to determine the concentration of these compounds. The
L C separation was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d.
x 150 mm, 5 pum, Agilent Technologies Inc.; Santa Clara, CA, USA) with a gradient of 0.01 v/v %
formic acid solution and acetonitrile as a mobile phase. In the MS/IMS analysis, the positive
mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on corn. N-acetylglyphosate was intentionally added to corn at the
levels of 0.04, 1 and 5 mg/kg. The resulting mean recoveries ranged from 96.0 % to 118 %.
The repeatability in the form of the relative standard deviation (RSD,) was less than 7.1 %.

Recovery tests were also conducted on soybean and soybean meal. Soybean meal was added
with 20 mg/kg of GLYP and N-acetylglyphosate, and 2 mg/kg of GLUF, MPPA and N-
acetylglufosinate respectively. The resulting mean recoveries ranged from 98.0 % to 133 %. The
repeatability in the form of the relative standard deviation (RSD,) was less than 7.1 %. Soybean
was unmeasurable because it could not have been purified with column for cloudiness of its
extract.

U OSTATECE NEMOKPE T 2 it v 2 — it v —
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Key words: glyphosate; glufosinate; 3-(methyl phosphinico)propanoic acid; N-acetylglyphosate;
N-acetylglufosinate; liguid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); corn; soybean; soybean meal

F—U—FR: VRS —F; TR R—bF ;3FAFINEARAT 4 =aS o F 8 ; N-T
TFNTVRY =K N-TEFAIT VKRV FR— b iRk a~ NI 74057 WG
EOMNE, L7 e AT L —AFqRlE; OB AT L RE ; REMAT

1 #%

Z VAP —k (LLF TGLYP) &5 . ) (E Monsanto Company CKIE) 723BHFE L 7= FER IR 2L 5E
WO T I BRBRERITHY, TABESRICUEADOTERT I /JBOAKREREFET 52 L1
F O REEIEME AR T, GLYP MRS T 2P Tk N-72F A7 U RS — M@ an s
ZenmeEnTnG Y

ARy F—F (LLF TGLUF] 5. ) X Hoechst AG (K1) 2BH%E L7 JEEIRMEZEEELL
HAOT I JBRRBREATHY, T TN Y I VERBEREZMET 2 2 LI X 0 BEEEE R
9. £7, GLUF %, FBEFHBIMEY T CTIL SFATFARAT7 1 =ayaeF B (LT

IMPPA] &5, ) , GLUF MBI T T N-TBEF L7 AR 2 — MCRE S
HZEBHBNLTWD

BAE, SR OR MO K OB OWEICE T 5 B TS X BOKERE AR LT
GLYP (it {5 1 % O GLUF MMEBE 7282 L 9 b AZ LROKENEEH E L THREBLTWS.

GLYP DEWICI T 5 kb o gy Sl D1k, K#E, 2 AEKRVP~A 1T 20 mgkyg, hETS
mg/kg, &9 HAZ L T1mgkg, 74 % T0.2 mgkgilf NZHELT 120 mglkg & EDH HI TS,
F7o, BHKEEREBMICEAEOAEEWEOFEERERE YT, b bk OB T
02 mgkg L EDBNTIND. E6IC, FAFEHE O/, WRNYEOBKILE Yok R
Y, BEY (KRE, L28AZ LEORZR) KOEEMIZONTIHE, GLYP XWX N-7 k& F
NTVARY— & GLYPIZHERE L2 b O DL 2> T 5.

GLUF Ofialkb b o 8 FLvEE 1L, BUEIZHB WV Tid GLUF, MPPA % GLUF (2% L7 8 O Y N-
TYFNITNVEYF— a2 GLUFIZHBRE L7200 LTED LN TEY, K&ET 0.5 mgkg,
INET 02 mglkg KL DYE D HEAZLT01mglkg Thb. F7-, fALtOFEYE OB BILEMIX
a5 T05mglkg & EHHNTWVD

Zi5 GLYP, GLUF, MPPA X IXN-7 & F V7 iRy % — F O O E&EE LT, fk
Sy EE IR S - B, SRR OFED b GLUF, MPPA RN N-7 & F /L 7 L ak & 5 —
ORI v~ N7 T T H T AREESHE (LT TLC-MSIMS) W5, ) (2 X2 FIKE &
W OW NS ESE, b b R ORRREEEHLE RN O 7 Y ¥ — b O LC-MSIMS |2 X 5 A& &1L ¥25 &
5. L, N-TEFALT VAR — MO TREOWEN L, £/, KEELOKRGEHMTHO
GLYP, GLUF, MPPA Jx(XN-TEF L7 LR v F— MZOWT b ZYEDOMFEEZIT > TR0,

ZIT, EOHLAZLICEETD N-TEFATZVEY— FERICKE R NRE M T HICEE
9% GLYP, GLUF, MPPA, N-7tF N7 U KRS — KK N-7EF LT ILKRTF— MIDONT,
BB AT B VEICINER SN TV D HTIED R4 VEEZ R LoD T, TOMELRET 5.

¥, BT EERETIE, BZ GLUF J:na%zut AT vE=vABEERETEREIATY
HZLh, ARBFETN TS GLUF &Rl L7285 A IS X R OHF W E L.

i
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Z#|Z GLYP, GLUF, MPPA, N-7tF N7 YRS — KK N-7EF NIRRT X— hOEE

KM% Fig. LITR L7z,

S P

Glyphosate (GLYP)

N-(phosphonomethyl)glycine

C3HgNOsP MW: 169.1 CAS No.: 1071-83-6

e

3-(methylphosphinico)propionic acid (MPPA)

p— )

~

—T

o

3-(methylphosphinico)propionic acid
C4HoO4P MW: 152.1 CAS No.: 15090-23-0

0]

A
o

N-acetylglufosinate

(2RS)-2-acetamido-4-[hydroxy(methyl)phosphinoyl]
butyric acid
C7H14NOsP  MW: 223.2 CAS No.: 73634-73-8

NH,
Glufosinate (GLUF)

(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl]
butyric acid
CsH12NO4P  MW: 181.1 CAS No.: 51276-47-2

HO/ OH

O—‘U:O
Z

H
N-acetylglyphosate

2-[acetyl(phosphonomethyl)amino]acetic acid
CsH1oNOgP  MW: 211.1 CAS No.: 129660-96-4

Fig. 1  Chemical structures of glyphosate (GLYP), glufosinate (GLUF),
3-(methylphosphinico)propionic acid (MPPA), N-acetylglyphosate and N-acetylglufosinate
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2 EBRAE
21 #® B
KE, K& (IEJE~A) , L9 bAZ LAVTREHITIZENENERE I mmMOAT7 U —
VEMFE LDV T L. EmiXt o EHEA L.
22 B3
1) Eig—F L, 7E R RORAY ) —/VTERE R - PCBRBRHEZH W, 72 =M LiE
Witk o~ v 27770 (BEHEFER) 2 Mz, A0 MEERE b U A FOUIT s bk T35 (it
&£ 98.0 %Ll k) Rz, XL Merck il (M 98 %Lk ) # MW=, BEERILRSEARHRZ H
Wiz, KL Milli-Q Advantage (Merck Millipore ) 12 X v k58 L 7-#8#tik (JIS KO211 @ 5218
IZER SN HIK) &2V,
2) GLYPEAEF
VAR — MEES (8§17 AV 2R, iR 99.3 %) 25 mg % EMEIC &> T 25 mL
DEET 7 AN, KEMZTENL, LITERE CREGZ N % T GLY P ZHEFUK % 7
WL (Zo1ImLiE, GLYPELTImga&EAT 5. ) .
3) GLUF ¥R
TIVRYF— R T =T LERES, (Dr.Ehrenstorfer GmbH #, #ifE 99.2 %) 25 mg % 1Efife
IZE-T 25 mL ORET7 T AT AN, KEMAXTENL, TITERE CREEZ X T
GLUF MR AHR L7 (Zof1mLiE, GLUF: LTImg42&695. ) .
4) MPPA FEHEJFR
MPPA HEHENL (8 7 A v A TSRS, HiEE 99.9 %) 25 mg # IEfEICE > T 25 mL O &
7T AL, KEMATENL, FITHEMRE CRIEEEZ N2 T MPPA fEHERR A2 R L
72 (Zo1mLix, MPPA L LC1Imga&aT 5. ) .
5) N-7&F NI VAW — MERERK
N-7®F N7 U RS — MEHES (Tronto Research Chemicals #, #fifE 97 %) 25 mg % [EfEIC
BEOT 25 mL ODERET T AIZAN, KEMATENL, BITERE CRIEEZ M2 T N-T
TFNT Y ARV — MEEFREAZFAK L (Z0o 1 mL X, N-7EFL7 VAP —hELT1
mgEEaTH. ) .
6) N-7&F /NI Ik x— MMEURERIK
N-7E®F TR Fx—rF b U 7 LEAES (Tronto Research Chemicals Y, #if 95 %) 25
mg Z EREICE->T25 mL O2RET7 7 A2 AN, KEMZTENL, BITERE TR
MMAZTN-TEFNAIZ VAR R — MEEFRKZRE L7 (20K LI mLiE, N-TEFLIAERY
F%—h&LTO08BMgEEETH. ) .
7)  HREARAER TR AR MR
GLYP IEHEJR K, GLUF AR & O MPPA FEYEJRIE 1 mL 2 10 mL O &Y 7 X alZ AR
TRAEL, BITERE TKREMZ THRERERHIESEERKZME L7 (20 1 mL i3,
GLYP, GLUF . O*MPPA & LC#& 100pg = &H T 5. ) .
8) 0.01 v/Vo%F iRk
XM 1mLICAKZMAZTILEL, BICZDHE 100mL I2KkEZMAT1IL & L7z,



140 fREHFZEHEE Vol. 44 (2019)

23 HEERUEGE
1) Bt : ZM 200 Retsch 8 (I1mm 2 7 U — 2, fif FIR¢[a] 8545 14000 rpm)
2) REHIH: LT a2 —H—SR2W ¥ A 7 v 78 (i AR RSN %% 300 rpm)
3) Vb= ARy BU—N-bE=btrl) FUOHEAKI=FT L O0asis HLB I—F VU v (&
T AFIH 500 mg) Waters I ) ' — — (KR 6mL) ZHEfEL7-b O
4 ZANKRUBEHYE= AR P L —N-E=rbt ) FUOMEASIKI =T L Oass Plus
MCX 71— U v (FETAKIE225mg)  Waters fl
5 7X/7vbnr b U BNV =T A Sep-Pak Plus NH2 71—~ U » ¥ (F8TAA
i 360 mg) Waters ®Z U F— "— (& 10mL) ZHEFE LB O
6) VUM NI=HT L :Sep-Pak PlusSilica7— FVU v (FECTAHKIE 690mg)  Waters
7y =FLUTTIV-N-TrEAL I LYY BV =T A BOND ELUT LRC-PSA 77—
U v (FETAFKIE 500mg)  Agilent Technologies %!
8 7nrUUNI=07 L :Sep-PakPlusFlorisil 7— U v (FETAHKIE9I0mg)  Waters fil
9) LC-MS/MS:
LC#} : ACQUITY UPLC Waters il
MS i : Quattro Premier XE  Waters Hl
24 EEITE
1) #h
INTERE 10.0 g 2 B> T 300 mL o3pe =7 T 2 a2 A, 7k 200 mL ZH1 %, 30 43[R
VIR CHI U7z, fhi i & Jede i Ok 12 A 4L, 1500xg C 10 4y R o L, R Ak
D—E A K TIEMEIZ 25 FIZHIRL, B 7 L0 | I3 23 0EK & LTz,
2) H T LHLE
V=R —N-E=Arrr ) ROEESGEKRI =N T L (500 mg) D FIZ ALK R
Efive=L_XrEr—N-vt=rtel FOHESGKI=IT L (225 mg) ZHEFKEL, A ¥
/=6 mL KUK 12 mL TIERGEF L. (K5l~=h—/L FZH L, ¥iE 2~3 mL/min &
L7z, UFEILC. ) . 50 mLORTHETZ T AaE2I=ATLOFICES, AR L mL % 2
=7 T KMMIIEMICAI, WHAFE TAF O ESICET S E Tl SE2. Fig, K 18 mL %
=T ATMA, FRRICHRE ST, iR E D EOKT 200 mL ORI T A alZBL,
HEARICHE T 2 RBHAR & LTz,
3) FHEIKL
FEHANR A 50 CC LA F OKIBTIZ & A CHZ[E T 5 F THUERM L 721k, EF T A%k TH
L7-. Mg 1 mL R OVA /L FEERE R U AF /L 4 mL 22 TEEWZENL, ZORKREE
e LC 100 °C T 2 WFREMEA L 724, m L, 50 °C UL ROk TIE & A CH[E T 5 £ CTRUE R
M L7-th, BRI ALES CHE L. BT /L 4 mL 2 EICIZ CEREMER»L, &
T DALER T B REHATK & L.
4) 17 LNRLER
TI)TaEenNT UMM ) AT NAI =T 5 (360 mg) DT Y BTNV =TT A
(690 mg) #ufs L, FEfE—F /L 10 mL THEH L7z (KB~ =F— /L FZEHL, HH2~3
mL/min & L7z, LLFRELC. ) . REHAK 2 mL % =07 MCIEfEIC AR, #RE AT TAH
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O EMWCET 2 E T IS HIZ, BRIV 18 mL =4 T Az, RERICHH
SHT.

50 ML ORTHTZ T A% AT LAOFICES, 7 N 10mL 2 =77 KM%, K
MIETAHKIO EMHZET 5 F T F SH, GLYP 8K L MPPA S8 A2 A SE7-. KRIC
T 7TubnNT I MM Y BTSNV =T L EITTL, T Rr—K (19+1) 10mL &2V
BTV =0T AT A, MPPA 58K &% O GLUF #5338 K 2 A S 7. IR A 50 °CLLF
DKW TIZE AL HLET 2 F CRIERME Lok, BFRT AL LS THLE L7z, 0.01 vivye i
Wi 1 mL Z IERECIN 2 TR ZE» L, LC-MSIMS 12 & B lEICt4 2 EHAIKR & Lz,

5) FEAER O EIRAL

T ARAVE R SRR A YE R 1 mL 2 200 mL D722 3K 7 7 A 2 |ZIERMEIC A4, 50 °C LA R
DKW TIT L A EHET D F TRHIERM L72%, SR T A% CHE L. BFE 1 mL KO
AV MHERE R Y AF v AmL 2Nz TEREBMEZENL, RTIBE7 7 A axEHs LT 100 °C T 2
RERAINEA L 7288, Hd L7z, Z 0%, 50 °C LA FOKIB TIE & Al 3 2 £ CRULRM L
Toth, BRI AZESTHIE L. 0.01 VIVOFEETAIR 10 mL % EMEICI 2 CTHREMZ ML,
T [AVASE CIEMICAIR L, 1 mL 2 GLYP, GLUF XX MPPA & LT 0.3, 0.5 1.0, 25,
5.0, 7.5, 10, 25, 50, 75, 100, 150, 200, 250 }% (% 300 ng FH % &4 3 2 EEAER % 3R 5

L7z

6) LC-MS/IMSI|Z X % iflE
ABHA IR K VSR 4 5 ub & LC-MSIMS ([Z7EA L, BIREJSME (BLF TSRM] &
5. ) vuvw NI LEG. WESMNE Tablel KTV 2 1ZRx LTz,

Table 1 Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature
| onization

Mode

Source temperature
Desolvation gas
Cone gas

Capillary voltage
Collision gas

ZORBAX Eclipse XDB-C18 (2.1 mm i.d. X 150 mm, 5 pm), Agilent Technologies
0.01 v/v% formic acid agueous solution — acetonitorile (93:7) (hold for 12 min)
— 3 min — (5:95) (hold for 10 min)— 6 min — (93:7) (hold for 8 min)

0.2 mL/min

40°C

Electrospray ionization (ESI)

Positive

120°C

N2 (600 L/h, 400 °C)

N2 (50 L/h)

3.0kv

Ar (0.25 mL/min)
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Table 2 MS/MS parameters
Precursor Product ion Cone Caollision
Target ion Quantifier  Qualifier volltage energy
(mlz) (mlz) (mlz) V) (ev)
o 102 22 17
GLY P derivative 254
152 22 17
- 210 26 14
GLUF derivative 252
150 26 14
- 149 21 14
MPPA derivative 181
93 21 14
7 i H

ol SRM 7 u~ 7T L0 bE—27 HEKLKOE S Z RO THRERZIERL, 3o
GLYP & (N-TEFA 7Y ARY— MhkEZET) , GLUF & (N-7&F V7 dR v r— MK
Zaite) MO'MPPA &2 B L7z,

T2, GLYP K O'N-T®F N7 VRS — Mk 2.4 O I)OFEMKIIZ LY A —OfFEAE (LT
[GLYP #FiER] L9, ) 1T, GLUF KONN-T & F L7 LRy F— M 2.4 O 3)DOakE KL
IZE VR oOFEMLR (LT IGLUF #FEL] L\Wo. ) IZRDZ b, N-TEF LT VUIR

P h L N-TEBEF AT AR R— N ZRN L TEIMEL

R ZAT > TR OBEIE (%) D

SREIE, BRERSRDZ GLYP XL GLUF O (mglkg) % N-7EF L7 U AY— kX
N-TEFNT R X — FOIRE (mgkg) I[ZHEL, WML N-7®F 7 U R — Xk
N-TEF NI NERx— FORE (mgkg) TERLTEZOHEIGZRD L Z LITEVIToT.

¥, EEIEOHE Z Scheme 1 (2R L7z,
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10.0g of Sample

add 200 mL of water

shake for 30 min

centrifuge at 1500xg for 10 min

add 1.5 mL of water to 1 mL of supernatant
Oasis HLB-Oasis Plus MCX joint cartridge (attach Oasis Plus MCX under Oasis HLB)

l—wash with 6 mL of methanol and 12 mL of water

50 mL eggplant flask
——apply 1 mL of sample solution
—— elute with 18 mL of water ——1 mL of mixed standard solution
——transfer to 200 mL eggplant flask ——transfer to 200 mL eggplant flask

Standard solution

Derivatization

—— evaporate under 50 °C and dry with nitrogen gas

——add 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
—— plug air-tightly and heat for 2 h at 100 °C

——cool to room temperature

——evaporate under 50 °C and dry with nitrogen gas

|
——add 4 mL of ethyl acetate Standard solution

Sep-Pak Plus NH»-Sep-Pak Plus Sllica joint cartridge I—add 10 mL of 0.01 v/v% formic acid solution
(attach Sep-Pak Plus Silica under Sep-Pak Plus NH>) 10 pg/mL of standard solution
—wash with 10 mL of ethyl acetate

——apply 2 mL of sample solution

——wash with 18 mL of ethyl acetate

50 mL eggplant flask

—— elute with 10 mL of acetone

——remove Sep-Pak Plus NH»

Sep-Pak Plus Silica

—— elute with 10 mL of acetone-water (19:1)

—— evaporate under 50 °C and dry with nitrogen gas

——add 1 mL of 0.01 v/v% formic acid solution

LC-MSMS

Schemel Analytical procedure for GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate

25 TFVLUVTIVN-TRELVZ YA Y BTN =0T MK D KRG ORROBRE

Ji ik
TFLVTIVN-Tar LU Y SV =T A (500mg) &, T b 5mL K&

OFEfe=F /L 5 mL THEKRPESE Lz (W5l~=h—/L FEMHL, f®E 2~3 mL/min & L7=. LA
TRIC. ) . 2405k VR L7z 1 mL F(Z GLYP, GLUF KT MPPA & L T4% 100 ng fH34
BEGLAFHENERER 1L mL % 50 °CLLFOKBTIEE A CHET 5 & CRUTERM L%, %
RAA ko THAE L, BEfg—F /L —7 k& b (18+2) & (17+3) 5 mL Z IEMEIZINZ THED
L7c. PHEAAERERR 2 mL & X = 7 AICEMICAN, WREDS T TAAIO EiIcET 5 £ Tt
S 50 mL ORTETZIAa%2I=HT7 LD FICES, REELZN, GLYP iFEE,
GLUF #FE A} O MPPA R38R 2 IR H S W72, WK A 40 °CLLFOKIBTIEE A BT 5 %
THUEEME Lt, BEH A E2 K- THE L. 0.01 vVIVOFEREHE 1 mL Z EMEICIN 2 TEREY
WML, LC-MSIMSIZ X 2 HIEICHT 2 3EHAK & LT-.
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26 7 U UNI=HT AL REMNT ORBROMRE 7L

Ta )N =aT7h (910 mg) &, TR R5mL THlREFLE (REl~=Fh— REMHL,
Wi 2~3 mL/min & L7=. LFRIL. ) . 24 5L v FH L7~ 1 mL H2 GLYP, GLUF KO}
MPPA & L T4 100 ng Y4 &% & $o 45 o SR YHERR 1 mL % 50 °C LA F ORI Tl & A E Rz
L F CRUEIRM L%, BT AL THEL, 7 M5 mL ZIEMIIMX TEN L. &
ERKERER 2 mL &2 I =0 7 LZIEMICAN, REA TR TAHO LI ET 5 F Tt Sz,
50 mL ORTIET I AazI=AT7LOFIESE, 7EF 183 mL %, GLYP #FEE,
GLUF #E AL N MPPA FEAZ AN S, &5, T hr—2 %/ —)b (17+3) &z
WHESET, EHIEEZ 40 CCLLTOKBTIEE A ST 5 £ TRIERM L%, BRI A&k
- CTHL[E L7z, 0.01 VIVS%XFRIATR 1 mL Z IEfMECIN X CHEREY 2D L, LC-MSIMS 2 X 2 JIE
(R DRI & LTz,

RKEZMHNT 1009 % 24D 1) 6 I K 0 IR L 7230EHAWK A 50 °CLL FOKIBTIZ & A
B9 2% £ CTRUERM Lok, BRI ALK THE L, FHEAREHER 2 mL 2 EfMINx TED
L7o. B MIERERZNMZT=7 7 73 BEHATK 2 mL % 2 =5 7 KM A HE 23 78 T AHI O L
WCETHE CHE S, BEREEKEZMATZT7 T 7 BHARNB A > T\t 7 7 22
7 M2 mL T2EIESL, WREZIERI =27 AN, RERICHEES®72. 50 mL O 72
TR T I A% I=AT7LDOFICEE, 7 9mL 1%, GLYP ik, GLUF #FEA K
O MPPA FHERZEHEET. S0IZ, 7B Yy =A% — (17+3) ZMABEH ST, &
iK% 40 °CEL FOKIBTIE L A CHEE T 5 & TRUERM L7o%, ER T A&k CTHE L.
0.01 VIV% X BETA#E 1 mL Z (EfEICIN 2 THREW 2w L, LC-MSIMSIZ X 2 HIEIZ i3 25 3UBHE
e Uiz,

2.7 IRANEN G

22D 5D N-7EBF N7 Y AR — MEERHK 2 K CTEMICHR LRI AW,

EIYBLAZLIZDONWT, N-TEFALZ VRS —hKELT, 004, 1 O 5 mg/kg FHY & (B
FEHARF TGLYP & L T0.32, 80040 ng/mL) (2725 K HricEnNENHRME LISEAL, —
BERE L T2 12 IS AIEISAE - CHINENGGRER 2 Ff L, FAIEIE  OR LIRS 2 R 7.

3 WBRRUBE

3.1 B AT FEYE O i M O R
EOBLAZLICN-TEFAZ VRS —hELT 1 mgkg Y E GRKREHAR T GLYP & L
T 8 ng/mL FHY &) RN L=k, KEMXOKEMATIC GLYP & LT 20 mg/kg fH4 & (f#k
BHA R T 200 ng/mL 24 ) , GLUF & LT 2mglkg fH Y4 (& alBHA K T 20 ng/mL A8 4 &)
K&KTOYMPPA & LT 2 mg/kg tHY & (B A&aUBHA TR T 20 ng/mL #HY &) RN L 72308 NZ K=
WMTIC N-T2F L7 VERY—hE LT 20 mglkg FHY & (REHEHAKR T GLYP & LT 160
ng/mL A4 &) M ONN-TEF LT R x— b 2 mglkg FHY & (R&REHATR T GLUF & LT
15 ng/mL AHYS &) WL 72iket 2 W T, 24120t -> TR ZIT o 72, T OFEE, Table3 Dt B
D, LH2HAZLICOWTIE, fEHIHTREAUERE 3 DY IEMERIEN A K74 (LLF 244
WMBIETA RTA4 ) L), ) CEDONT-EEROGHTREO BAEE AT L, ek i
WOBMANRAENTZ., KEMMHTIZONTIE GLUF KON N-7 & F L7 Lk v x— bk ORI
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2133 %M N 121 %L &<, ZYMERERET A RI74 VICED ONT-EEO B EEE 25 7= S 727
Sl F2, KE, MBJERAKE (2 BiK) ROE iz onaid, s Ba®EL T,
BT LN BN T T LOHREEE Y BNE U CUROEBIENTZ 0o 7=,

Table 3  Recoveries of GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate

Spiked Corn Soybean meal Soybean ©
Compounds level  Recovery? RSD,” Recovery? RSD,”
(mgkg) (%) (%) (%) (%)
GLYP 20 — — 117 51 unmeasurable
GLUF 2 — — 133 7.1 unmeasurable
MPPA 2 — — 9.0 6.8 unmeasurable
N-Acetylglyphosate 118 68 B - -
20 — — 115 14 —
N-Acetylglufosinate 2 — — 121 14 —
—: Not tested
a) Mean (n = 5)
b) Relative standard deviation of repeatability
con=1

REZM»T D GLUF XY N-T B F AT AR F— FOREIENE L o7 2 & OJRIKTEHO
72, = Y v 7 2R OMREIToT-. 24 O D6 HCEVFAKLZKRGHMIATOT T
AEHATRIZ 2.4 O B)ICfE> TR L7z GLYP #FE{& (GLYP & LT 0.05 XU 20 mg/kg fH 4 &

(R AEFEHEIR T 0.5 KT 200 ng/mL #H% &) ) , GLUF #FE{k (GLUF & LT 0.05 XU 2
mg/kg FH2 B (EECEHEIE S T 0.5 U8 20ng/mL A &) ) KO MPPA #ER (MPPA & L
T 0.05 T2 mg/kg fH Y & (F#&slEHATR Y T 05 KOV 20 ng/mL FHY &) ) 2Rl
2~ b v 7 AEHERHIZONWT, 2.4 O B)IIHE- TR L 72 [F#E D GLYP, GLUF, MPPA %
FEREAER IR T D E— 7 HEL AR LZ. TOfE, Table4 LBV, GLYP #HiEikD
0.05 mg/kg 84 8 (FA&FEHAT T 0.5 ng/mL fH4 &) & O GLUF #E (R D 0.05 X OF 2 mg/kg
YR (R &ERERARF T 05 LT 20 ng/mL fHY &) 2B W TA AR EN R Iz, =
@:&ﬁ%,kL&UkLﬁﬂﬁ_omfi,%mﬁﬁxi%%ﬁ&®&ﬁﬂ~£f&é&%i
L.
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Table 4  Matrix effect of soybean meal

Concentration
in matrix Matrix effect”
: )
Compounds standard solution in sample (%)
(ng/mL) (mg/kg)
L 05 0.05 192
GLY P derivative
200 20 115
o 05 0.05 159
GLUF derivative
20 2 140
o 05 0.05 106
MPPA derivative
20 2 98.7

n=1

a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of compounds in the presence of matrix to that in the absence of
matrix

32 ZFLUTTIV-N-Taen UMby U AV =T A2 KD KRG T OO R
BRKEM T O YY) R — FRBE Y2 BB RKEHNATORBRICOWTRHNEZIT-7-. Z0R
BRI F LT I U-N-ZTa N U U B NI = T A7) VLI =hT A
ZEA L7 GLYP OADORBRIETH 5720, GLUF XOXMPPA IZ LA TE 5008 9 AR L
7.

T, F LT IVN-Tae NI ) BN I =T AN DR AR T 51
W, 251250 GLYP #E K, GLUF #HEMAR K N MPPA S KDIRHE /Y DERZIToT-. D
FE, Table 5 @& BV GLYP #FEA KLY MPPA #FEKIIEA=F L — 7 & F v (18+2) XX

(17+3) 10 mL TIEIE 100 %A L722Y, GLUF FFE AR IXFRIELE 25 mL 12 TH 80 %L T Lo
WH LMot Z0Z Ems, ZF LT IV-N-TabE Ay Vb VBF VI =8 T A
EHET, 7oA I =T LA THRIATILZLEE L.

Table 5  Elution pattern from BOND ELUT LRC-PSA
Recovery (%)

Elution solvent Compounds Total
0~10mL 10~15mL 15~20mL 20~25mL
GLY P derivative 95 0 0 0 95
Ethyl acetate-acetone (18:2) GLUF derivative 69 1 0 74
MPPA derivative 103 0 0 0 103
GLY P derivative 92 0 0 0 93
Ethyl acetate-acetone (17:3) GLUF derivative 74 3 1 0 79
MPPA derivative A 0 0 0 A

33 7nUYNAI=NT AL D REMAT ORRO B
TRYUNLNI=HTEADDLORM AR T 572D, 26 ICXVEIEL T GLYP #FE A,
GLUF 58 & Y MPPA FHE(RDIE B 7y OMR AT 7o, ZORER, Table 6 @ & 350 FEHERK



FVUT I BREBEOREK n~ s 7T 75 o7 DRVERGHTENT K D RIREHTIE 0O 2 4 MR 147

IZOWTIET & b 15 mL TIEEHET, 7 b — X% 7 —/ (17+3) 20 mL TIZIFE 100 %%
L7, LaL, REM»rTO~ N v 7 225 ATEREBHERICOWTIX, 7 M 16 mL &
TR — A% 7 — (17+43) 20 mL OEH T GLYP FHE KN 117 %, GLUF #FE(K7Y 124 %
E~ MY v I ZAGRICE DA T AMURERRETE TR WE L LNLFER E RS T

Table 6  Elution pattern from Sep-Pak Plus Florisil
Recovery (%)

) Acetone Acetone-methanol (17:3)
Matrix Compounds Total
0~15mL 0~10mL 10~15mL 15~20 mL
GLY P derivative 0 92 1 0 94
None GLUF derivative 0 84 9 1 95
MPPA derivative 0 97 2 1 99
GLY P derivative 2 112 2 1 117
Soybean meal GLUF derivative 0 106 15 3 124
MPPA derivative 1 104 2 1 107

3.4 WiEWHOR

EOBAIL 2 MIEEA, KRB PR LZHEHAKRZ LC-MSIMS IZHEAL, bz
SRM 7~ b7 I LxMHRLIEEZA, WTNOREHZBWTS N-7EF AT YRS — MOE
BEGT D=7 13RO Lo T,

REHNT 7 BiEZ AW, RECX R L ZEERKREZ LC-MSIMS IZEAL, BFohie
SRM 7 mn~ b7 7 AZfE@ izt 25, 5 MFICBWT GLYP & LT 1.0~-3.2 mgkg fH¥% &,
GLUF & L T 0.05~0.38 mg/kg fHY4 D v — 7 B S (MPPA (ZRHIE) . E&A A 72
FCRLMERAA L TUOERZIToTCEZ A, MENMIE K L772D GLYP KT GLUF D%k
BICED2bD L B Lz, YO 2 RIEICBWTIX GLYP (N-T 2 F L7 ) A — &8
GLUF (N-TEF LI NAy3—bEET) KON MPPA OERZYIITHE—27 138D Lo
7o, ZO2MIRITIEBLE TR L O KT IMNTE 7.

7B, 5N SRM 7 u~ 7T ADO—fFl% Fig. 2 12 LT-.
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Fig. 2  Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of 1: GLUF
derivative, 2: MPPA derivative and 3: GLY P derivative. The baselines are shifted for display.)

A: Standard solution (1 ng/mL for GLUF, MPPA and GLY P: 0.005 ng as GLUF, MPPA and GLYP)
B: Sample solution of corn (blank)

C: Sample solution of soybean meal (blank)

35 %bﬂ@ﬂ%ﬁ%ﬁ
X0 USNEIGRER 2 FE L7z, T OREEIX Table 7 © & B0, EHEIET 96.0~118 %,
Z DR UK I T HE MR 2= (RSD,) & LT 7.1 %L TN O, Y MMHERIETA R
T A VITED DT EHE R OPHTIEE O BEEE 2 7= BiF e R Th o 7.
kB, BHoNSRM 7~ 77 AO—fil% Fig. 3I1Z/R LT,

Table 7 Recoveries for N-acetylglyphosate in corn
Spiked level Recovery? RSD;”

Compound Mgk ) (%)
0.04 102 7.1
N-Acetylglyphosate 1 118 6.8
5 9.0 7.0
a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 3 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the peak of GLY P derivative.)
A: Standard solution (0.5 ng/mL: 0.0025 ng as GLY P derivative)
B: Sample solution of corn (spiked at 0.04 mg/kg original matter of N-acetylglyphosate (as 0.32
ng/mL as GLY P in sample solution)).

3.6 JE& FIR&K O H FIRO MG

GLYP #%38 (kD SR S ELARE 2 7% L7=#6PH, GLYP & LT 0.3~300 ng/mL @ FHiffir & 72 %
BE (EH5HAZLHTN-TEF LT YRS —KE LT 0.04 mykg fH34 5 (Fi&aURHA R R
JE GLYP & LT 0.32 ng/mL fHY &) ) ORIEINGUROFE R, HF ozt —27 D SN s 10 BL
ECholled, N-TEFAT YAV — FOERTIRIL 004 mgkg & L7=. ZOEIE, GLYP
DEIHLAZ LI OFERREEEEM (1 mglkg, N-7®F 27U Ay — k& LT12 mgkg 2% LT
130 TH Y, ZUMEMGBIETA RT A L ITED LN BEMEZmZ LTz,

AIEORH TIRZ MR T D720, WRMNEMGRBRICE VGO —27 O SN ) 3 LR b iRE
RO, TOREER, MHETRII N-T®F L7 VRS — K& LT 001 mgkg TH Y, REEIZE
UVEHERRIET A R T4 VICED bz BAEE A - LTV iz,

7%, Table 7 (/R L7 &30, HE & FREEIZHT 2EMNEIGREBRFE RIZBIFCh -7z,

4 F&®H
EOBLAZLIERE TS N-TEFAZ YA — MERICKRERPRE#BLTHIZERET S
GLYP, GLUF, MPPA, N-7tF L7 U ARY— KKK N-TEF LI IVEKEYF— MTONT, fAgh
M EEIZNER EN TV D IEDO RS ZHIB LI 24, UTOREN GO, £96AHZ L
IZOWTIE, WHARETHD EEZEx LN, o, REEKOCKGMOTIZONTIE, fHFEE
HRAEOLBRBVETH DL EEZ L.
1) L9HAZLAPREMMNTICONT, KEE->THRLATLZ e~ M7 T L2, &L
FAHE—27 3RO bRl
2) EOBLAZLIEN-TEFAZTYUARYS—FELTO004, 1KLKO5 mykg FHSEZTIL, ARIEIZ
P> THEROMT N &2 Fhi L, IR EOMIK UIEEEZ RO 25, YU EMBIETA R7 4
NTED B AVIZEEE R O TREEE 0 B AR 2 i 72 3 BAF R i R MG b Tz,
3 REDEHSIHLAZLHD N-TEFATY ARV — hoERFRIE 0.04 mgkg, i FERIZ 0.01
mg/kg Th o7, RELTCER FREORM TRIZ, ZUMEMBET A RT A4 IZEDBILZH
B A 35 72 L TNz
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4 KE, MBJESRAKRBRERERBIZONT, KEICHE> THothrz3m L& 24, il A
WLAT LE T2 T, METE o,

5 RKGMNTIZONT, RELWESTHoaeFE LA, v~ ) v 7 ZARITL L4 A1k
RED =D, BULENZYBERRIETA T4 ICED LN EEO BEM AR S o7z,
T, TF VT IVUN-TR LTI Y BTN I =T LA RN T e ) DI =T A
WCEDRRARTI LD, v U v 7 ARIZE DA A U AURERRETE Rd o Tz,

X oy

1) BMEEEES 7V R — FREFHIE, Fak 28427 A (2016).

2) fEARIOREMEOHEL OB OSEICET 2158, W 2844 1 11 7, LM 35 %5 (1953).

3) BB R K OEEHRINY O BMSEICBET 58 S, WMS147 H 24 H, BHRESE
35 %5 (1976).

4) RAKFEE KPERR @A SR O A EWE OEEER OEF I OV T, BB 63 4 10 A
14 A, 63 % B % 2050 5 (1988).

5 JEARER B, NI EOEESM, B 344 12 H 28 A, E/R% 370 & (1959) .

6) EMKEEHE - KRRE@EMH GO EEOHIEICONT, FL 2044 H 1 H, 191HZ
%5 14729 5 (2008).

7) BEPRAE, EEEET, R EAR, BRI B, ZBRELRORbLHO T VAR R— b,
SFAFNHEAT p=adabF VB N-TEF VT IVRF— b NOWRIKIa~ N7 F 752
7 L BT RS X D RIREE &L, R, 38, 89-107 (2013).

8) WEFKAIE, FEyET, MEER, AR B, b K OREEHER T O 7Y R — K
DR v~ W77 78 07 NVEBSHEHC L 2 E&E, WEMFILHE, 39, 30-43(2014).

9) EAGBEERENHREMLAHEREN - BNICERE T ORI, BRI XX B 3 5
DR T HWE OFRBRIEIZOWT, ik 1745 1 H 24 B, A%% 0124001 %= (2005).
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BEEE
1 FRIOFEHMNFOLBHMICKIDIAMBEICDOLNT
Proficiency Test (in the Fiscal Year 2018)

B HET K HE SR TS
WEAT D™ EEE SCETS, MERE RS

1 B B4
ﬁ?*%*ﬂéﬁ?‘é%%%% Ak - SRR ROE 2R, REOIHEBIS 25 51, PR O i@ ale)
IINTEE 2T 5 2 LIS LY, o R OEE S OMERF M L2 X0, ﬁﬁif INTRAZE TR L,
ﬁﬂ*ﬁr%&rODﬁEﬁ%m&U\%’Eﬁfiﬁiﬁﬁé:i%?“é.

2 HEFEHOARE
ke - S BRI B AR
E SRR )
Ak - - B A SRR FURHE & 3R
AR AFAFRE R T L I v 7 A

0O w >

3 HEHAHOAH
31 FHE4EHR
Rk 3046 H 25 H %106 H 26 H
3.2 RGP
FRSEATEIE N AR OK PE 1Y B 22 it o 2 — B2 S R A i

3.3 FHEGIE
1) A RE
HBHE 1 mm DAY Y — 2 &35 U ikes THfE L7793 5 Bk HEC A&k 80 kg & VY,

LUTOFIEICLY %ﬁ*ﬂrﬁﬂ% L7z,

Rk E LSIRALERE, 9% 0L T0oHD 4 Kiliz —2IlhbETCE<RAE LK., 4
HFELTHRICELLE., ZOBEEZR1IOBEGXERICEY 7TE#MVIELEE, FXELD —E
& (F920g) ©o& 0, 14847204 1809 AV OFE} 340 f# 2 FH# L 7-.

"M SEAT B N B AR OK PETY B2 A EN Y L & — AR R 2 i A D

"2 OMSTATBOE N BEAMOKPETS B e i v 2 — L v & —

B OMSTATEOE N EMOKEEN B At 2 — Bt 2 —, Bl OEWKERNE - 22R
OMNTATEOE N EOKEN B R A HINE L X — AR X —, Bl EBERE

S OMSTATEOE N EMOKE N B AT X — i E e 2 —, Bl EMOKERNE - 28R
O OMSTATBUE N EAMOKPETE B e 2 v 2 — R v 2 —
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2) BalE
AR E 1 mm D55\ iEiESE7-Aak 80 kg 2 My, A B FERICEE 340 fH 2 5L L
7.
3) C#kt
KRR DO RME B RE LT, BEIZSCTH/RL, £ 2R 10 FEOJFE & [F 3%
DIREH A CIRESOE e (& 80 kg) # vy, A k& RIERICEEE 340 2 FRHE L 72

= S

£2 CHHOEHERUZDESIE

" RA#E " REEE

BB 4 [&fj JiOEE 4 %QD
oA L 30 A AR IR 8
0y 20 o 4
~AH 10 FILT 7T 7 I — 3
K4 10 PREE T LT I 3
KRG T 10 g 2

4) D
R THRERTA LI v 7 2 80kg Z VY, ARREE RIEECEE 340 ff 2 R 5 L 7=,

4 HPETEERUVERER

4.1 Sy E s A

ARREL . - - KRSy, HTZABE, HIEN;, MEHE, MUK, AT oL, VOROYY <A v

VRl UV

Balkl- « - K5y, MilEABE, MK, D RITVAKRORT hFF

CaUEl - - - SBHECE OB K OV OIREGEIG OHEE

D&t « 8, Hgh RN = UBET TV
4.2 FElinEE

SRk 30 FFFE falBHaE oo M@ Rl K D o i e e (175 X—3) 12X 5.



EpK 30 AR AR O

BN L B 0T EIC DV TC

153

A KT

® harmonized protocol Vic 5%, %
TUA LR ER -T2 1048 THE 2 ST O L7ciER 2 & 312,
BLi&E DB TRE R A R 4 1R LTz,
WTFNOREHT BN TS, 8l Fold FEFYELZ THEY, AEKE S5 %28\ T

HBAHOHE R
B il CITHL7Z A - K OVHLIK Sy, D ikl TIddi & O HE g DTz & - T, Thompson &

ARk D B M A RS LTz

7z, TORRICESLS T

ABHAIC A&

RAETRD ONT, B OB EMEICREIZ R & L.
3 A BRUDKAHBDAMER
AFEL Bkl DB}

= MEABE HLK 5y =i BE HLK 53 £ Hifn

¥t (%) (%) (%) (%) (gkg) (gkg)

No. runl run2 runl run2 runl run2 runl run2 runl run2 runl run2
1 1867 1870 497 499 67.12 67.13 19.86 19.77 52.97 5219 54.76 54.93
2 1867 1849 492 497 68.19 67.14 19.95 19.62 53.28 52.06 55.13 54.78
3 1860 18.83 494 492 67.12 67.11 19.85 20.02 5270 51.91 53.86 53.45
4 1876 19.04 500 486 67.74 68.36 19.85 19.69 53.78 52.60 55.95 54.82
5 1852 1874 499 4.9 67.48 67.06 19.71 19.89 52.10 5281 53.87 55.48
6 1898 19.28 493 492 67.25 66.30 20.07 19.95 5345 5270 55.54 53.86
7 1931 1841 491 506 66.58 66.73 19.83 20.06 51.75 5249 54.06 54.71
8 1879 1871 494 498 67.36 66.81 1994 20.00 52.33 5273 53.53 54.57
9 1844 1863 494 499 68.08 67.70 20.01 1951 52.10 51.87 53.41 54.27

10 1892 1846 494 499 67.74 67.838 20.15 19.90 5258 5290 54.14 54.77
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=4 A BRUDFEHODAWOWMER
% 57 44 G0N WAV-HIm BBE SMuokk ot FEYE
S 0 V=Sl Fo=Vi/Ve F(a=0.05)
2Ok o4 0.5578 9 0.0620 0.90 3.02
M7-A B8 SHrak 2 E 0.6882 10 0.0688
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A 0.0081 9 0.0009 0.30 3.02
K E 0.0301 10 0.0030
T 0.0382 19
A 3.0787 8 0.3848 2.58 323
=~} E 1.3401 9 0.1489
Bk} T 4.4187 17
A 0.1988 9 0.0221 0.75 3.02
K E 0.2937 10 0.0294
T 0.4925 19
A 2.6159 9 0.2907 0.96 3.02
&h E 3.0214 10 0.3021
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T 9.9197 19
6 SmEER=E
232
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£5 ABRUDFEH

HizaAg HLIE WG it HLR 57 TN T I v SL (R FL o BT i) SL(fi ek 53 H & 14E)
Eay A, z-score; AN, z-score AR z-sCore] A, z-score! AN z-score, A, z-score! AT o. z-score, AL z-score! AN z-score
(%) (%) (%) (%) (%) () (%) (@) i) 1t) (@ U1 fif) 1t)

1 1237 1 -02 1889 3 0.00 48 2 -0.46 411 2 066 509 1 107 0750 2 -0.03 0679 1 112

3 1241 1 -009 1887 3 -0.09 511 2 123 300 3 -144 493 1 -035 0765 3 045 0653 1 -121

4 1200 1 -143 1907 3 082 473 2 -09 473 1 -215 0776 2 081 0695 1 256 493 3 -051

5, 1297 1 172 1887 3 -0.09 503 1 053 0760 2 029 0656 1 -0.94

6, 1206 1 -123 1884 1 -0.2 509 1 111 48 1 -0.98

7 1216 1 -091 1888 4 -0.04 49 1 052 49 1 -017

8 1279 1 113 1873 4 -0.73 424 2 091 497 1 000 0750 2 -0.03 0667 1 004

10 1236 1 -026 1890 3 0.04 508 1 076 370 2 -011 498 1 008 0712 2 -127 0655 1 -1.03

11! 1266 1 071 1877 4 -0.54 468 2 -129 375 3 -0.01 505 1 071 0760 1 029 0671 1 040 519 3 08

12! 1264 1 065 19.02 3 059 483 1 -041 489 1 -071 517 1 ol

13! 1244 1 0.00 1931 3 192 478 2 -0.70 488 1 -0.80 0737 2 -0.45 0672 1 049 513 2 -013

14 1228 1 -052 1884 3 -0.2 55 1 351 446 2 133 455 1 377 0742 2 -029 0659 1 -0.67 496 3 -0.36

15, 1266 1 071 1894 3 0.2 507 1 089 0777 2 085 0666 1 -0.04

16! 1125 1 -38 1890 3 0.04 508 1 076 500 1 026

20 1277 1 107 1881 3 -0.36 472 2 -105

21 1315 1 230 1933 4 201 471 2 -111 494 1 026

22 1219 1 -081 1878 3 -0.50 484 1 -035 427 2 0% 512 1 134 0758 2 022 0663 1 -031

24 1226 1 -058 1858 3 -141 492 1 o011 434 2 110 500 1 026 0670 2 -264 0680 1 121

30 1237 1 -02 1889 3 0.00 471 1 -111 335 2 -077 507 1 089 0772 2 068 0674 1 067 495 3 -041

31 1266 1 071 1848 1 -187 55 1 381 368 2 -0.15 487 1 -0.89 075 2 013 0669 1 022

32 1233 1 -035 1926 2 169 489 1 -005 38 3 019 494 1 026 0764 2 042 0644 1 -202

33 1229 1 -048 1872 3 -0.77 468 2 -129 382 3 011 494 1 026 0769 2 058 0668 1 013

34 1266 1 071 1807 4 -374 48 1 -029 401 3 047 48 1 -0.98 0.027 2 -2867 0672 1 049

35 1211 1 -107 1940 4 233 472 2 -105 439 3 119 484 1 -116

36 1228 1 -052 1875 4 -0.64 467 2 -134 439 3 119 511 1 125 0672 2 -258 0675 1 076

37 1231 1 -042 1890 3 0.04 501 2 064 494 3 224 500 1 026 0760 2 029 0670 1 031 492 3 -056

38 1930 1 187

39 119% 1 -15 19.02 3 059 481 2 -052 331 3 -0.8 493 1 -035 0755 1 013 0668 1 013 512 3 04

40! 1924 2 160

AL 1260 1 052 1897 2 036 492 2 o1 398 3 041 498 1 008 0784 2 107 0696 1 265 533 3 15

42; 1240 1 -013 1872 4 -0.77 500 1 026 5.9 1 -035

43, 1256 1 039 1883 3 -0.27 487 1 -017 487 1 -0.89 0736 2 -0.49 0655 1 -1.03 522 3 0%

44, 1260 1 052 1913 3 109 48 2 -011 501 1 035 0742 2 -029 0665 1 -0.13 5.2 1 -077

45 1237 1 -02 1909 2 091 476 2 190 497 1 000

46; 12.36 -0.26 1903 3 064 478 1 -170 0742 2 -029 0681 1 130

47, 1233 1 -035 1888 3 -0.04 48 2 -029 453 3 146 49 1 017 0791 2 130 0661 1 -0.49 531 3 14

48; 128 1 133 1889 3 0.00 501 1 064 416 2 076 514 1 152 0730 2 -0.68 0671 1 040 511 1 -023

49; 1263 1 061 1899 3 045 476 1 -183 519 1 023

50! 1218 1 -084 1888 4 -0.04 519 2 170 494 1 026

51 1215 1 -0%4 1899 2 045 49% 1 035 544 1 422

52 1205 1 -126 1867 4 -100 49% 1 035 49 1 -017 0664 1 -0.22

53 1278 1 110 1888 4 -0.04 498 1 046 353 2 -043 495 1 -017

54 1241 1 -009 1898 3 041 505 1 071 484 3 -0.98

55 1239 1 -016 1904 3 068 48 1 -029 500 1 026

56 1272 2 o9l 1892 3 013 491 2 -053

58 1257 1 042 1908 3 086 517 1 158 430 2 102 49 1 -017 0728 2 -0.75 0666 1 -0.04 520 4 088

61 1234 1 -032 1848 1 -1.87 466 1 -140 319 2 -108 525 1 251 0705 2 -150 0487 1 -1614

62 1820 1 -315 48 1 -0.23 370 1 -011 497 1 000 0759 1 026 0668 1 013

63} 1869 3 -0.91

64 358 3 -0.34

65 18 1 -201 1932 3 1% 48 2 -023 349 2 -051 505 1 071 0780 2 094 0673 1 058

66 1250 1 019 1946 3 260 500 1 058 331 2 -0.8 468 1 -260

66 192 4 150

67 1211 1 -107 1870 2 -0.86 473 1 -0.9 320 3 -106 504 1 062 0764 2 042 0619 1 -427

68 1266 1 071 1835 1 -246 487 1 -017 353 2 -043 470 1 -242 0745 2 -019 0663 1 -031

69 1915 3 118 49 2 029 474 3 18

70 1292 1 1% 1834 4 -251 469 1 -123 494 1 026

71 1201 1 -139 539 1 142

72 1235 1 -029 500 1 026 0818 2 219 0676 1 085 51.6 1 005

73 1262 1 058 1899 1 045 494 1 023 376 2 0.00 472 1 -2.24 0753 2 006 0663 1 -0.31L

74 1270 1 084 1856 4 -150 509 1 111 505 1 071 0761 2 032 0651 1 -139

75 1240 1 -013 1894 3 0.2 346 2 -057 500 1 026 0730 1 -0.68 0678 1 103 514 1 -005

77 1201 1 182 1850 4 -1.78 472 2 -105 341 3 -0.66 491 1 -053 0741 1 -032 0658 1 -0.76

78 128 1 133 1862 4 -1.23 484 1 -035 328 2 -091 49 1 017 0763 2 039 0674 1 067

9 1251 1 o2 1913 3 109 473 2 -0.9 361 2 -0.28 506 1 080 0798 2 153 0661 1 -049

79 38 3 019

80! 12292 1 1% 1910 3 0.9 45 2 -19 504 1 062

81 1256 1 039 1874 4 -0.68 469 1 -123 383 3 013 492 1 -044 0746 2 -0.16 0652 1 -130 5.0 3 -015

82 1243 1 -0038 1880 3 -041 479 2 -064 437 2 115 49 1 -0.08 0787 2 117 0663 1 -0.31

83} 1246 1 006 19.04 3 068 489 1 -0.05 409 1 062 511 1 125 0748 2 -0.09 0668 1 013

83 1885 4 -0.18

84 1254 1 032 1901 3 054 530 1 234 504 1 062 0716 1 445

85 1239 1 -016 1907 3 082 501 2 064 336 4 -0.76 48 1 -134 0751 2 000 0676 1 085

86 1214 1 -097 1921 3 146 48 1 -029 466 2 171 471 1 -233 0716 1 -114 0660 1 -0.58

87 1234 1 -0 1879 3 -045 501 1 064 507 1 089 0758 2 022 0671 1 040 476 2 -231
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DHHRAE (1)

Bt DI
Koy HMizA BT UK 5y BRI A E N i i g VEP S -
D o . scorel PV o oscorel PV no sscorel PV no sscorel VT no sscorel T no sscore] AT o score] AP o - score 5
(%) &) &) @h) @) (g/kg) (g/kg) (g/kg)
572 1 -038 6731 3 -0.38 2004 1 179 5335 1 082 5448 1 133 1
617 1 178 6751 3 -0.04 1975 1 -057 3
542 1 -183 6857 3 175 1987 1 040 4
609 1 1.39 6781 3 046 1988 1 049 5
501 1 052 67.30 1 -0.39 1979 1 -024 6
593 1 062 6743 4 -017 1973 1 -073 7
591 1 052 66.67 4 -146 1974 1 -0.65 8
570 1 -048 6763 3 0.16 1978 1 -0.32 10
579 1 -0.04 67.37 4 -027 1987 1 040 138 1 23| 1
583 1 014 67.28 3 -043 1978 1 -032 12
567 1 -0.62 6853 3 168 1991 1 073 13
561 1 -091 6764 3 017 1930 1 -425 5204 1 -028 5426 1 119 14
58 1 043 6812 3 098 198 1 032 5335 1 082 559 1 220 15
553 1 -1.30 6731 3 -0.38 1982 1 000 16
611 1 149 67.80 3 044 20
601 1 101 6896 4 241 1994 1 098 2
550 1 -1.44 6751 3 -0.04 1993 1 089 5245 1 005 5465 1 143 2
566 1 -0.67 67.80 3 0.60 1983 1 008 24
569 1 -052 67.82 3 048 2003 1 171 1.08 2 -094 HL4 1 -083 5084 1 -1.30 5293 1 0.40 149 1 -073 0
512 1 -327 66.64 1 -151 1987 1 040 145 1 404 5220 1 -015 5265 1 023 31
590 1 048 6760 2 026 2003 1 171 R
1148 1 27.36 6811 3 097 1980 1 -0.16 112 2 -037 5208 1 -0.25 5565 1 2.02 ke<]
58 1 038 6558 4 -3.30 1978 1 -0.32 A
593 1 062 64.87 4 -450 1983 1 008 35
539 1 -1.97 66.65 4 -149 2022 1 327 1.09 2 -0.80 5319 1 068 5153 1 -0.42 36
55 1 -1.15 67.00 3 -0.75 1987 1 040 153 1 -014| 37
66.90 1 -1.07 38
572 1 -0.38 6761 3 012 19.77 1 -0.40 151 1 -048{ 39
67.34 2 -0.32 40
587 1 033 67.30 2 -0.39 1982 1 000 115 2 0.00 4993 1 -207 4665 1 -3.34 41
565 1 -0.72 67.00 4 -0.75 1995 1 106 42
575 1 -0.24 6808 3 0.92 1992 1 08l 43
575 1 -0.24 67.59 3 0.09 1985 1 024 44
593 1 062 66.95 2 -0.98 1989 1 057 45
558 1 -1.05 6896 3 241 1969 1 -106 46
557 1 -110 67.75 3 0.36 1996 1 114 158 1 064 47
581 1 004 6805 3 087 19.77 1 -0.40 48
608 1 134 67.37 3 -0.27 1975 1 -057 49
560 1 -0.96 66.85 4 -115 1982 1 000 50
527 1 -255 6763 2 0.16 2005 1 188 51
552 1 -134 66.44 4 -185 1993 1 089 52
617 1 178 67.45 4 -0.14 2000 1 147 53
597 1 081 67.06 3 -0.80 2000 1 147 54
594 1 067 67.58 3 0.07 1993 1 089 55
600 2 096 6803 3 083 1983 2 008 56
568 1 -057 6827 3 124 1983 1 008 124 117 3700 1 039 5126 1 -095 5037 1 -112 147 1 -1.02 58
58 1 0.09 66.65 1 -149 2018 1 294 051 2 -863 5093 1 -123 5192 1 -0.19 61
62
67.86 3 054 63
&4
526 1 -260 67.27 3 -0.44 198 1 032 113 2 -0.26 65
575 1 -024 688 3 224 2004 1 179 66
6815 4 104 66
542 1 -1.83 67.03 2 -0.85 2013 1 253 115 2 000 5236 1 -0.01 5309 1 050 67
5058 1 -152 5275 1 029 63
6840 3 146 69
601 1 101 66.66 4 -148 1965 1 -138 122 2 094 70
58 1 043 5229 1 -007 51L70 1 -0.32 162 1 117 71
587 1 033 2003 1 171 118 2 040 5130 1 -091 4932 1 -174 165 1 161] 72
580 1 0.00 6765 1 0.19 1959 1 -1.88 121 2 080 5463 1 190 5424 1 118 73
597 1 081 67.38 4 -0.26 1980 1 -0.16 117 1 026 3656 1 010 5340 1 086 5366 1 084 74
576 1 -0.19 67.79 3 043 1990 1 065 ke
594 1 067 66.69 4 -142 1959 1 -188 77
599 1 o091 66.90 4 -1.07 198 1 032 1.09 2 -0.80 5208 1 -0.25 5226 1 0.0 78
564 1 -0.77 67.98 3 075 1994 1 098 5223 1 -012 5150 1 -0.44 el
el
614 1 163 67.72 3 031 1979 1 -024 80
58 1 043 67.11 4 -0.71 198 1 008 117 2 026 5257 1 016 5141 1 -0.50 157 1 043 81
569 1 -052 67.28 3 -043 1983 1 008 82
55 1 -1.15 67.73 3 032 19.76 1 -0.49 5191 1 -0.39 5168 1 -0.34 8
67.78 4 041 83
592 1 057 67.65 3 019 1981 1 -0.08 8
578 1 -0.09 6813 3 100 195 1 -220 3B41 1 132 5318 1 067 5230 1 0.02 159 1 073 8
663 1 399 67.50 3 -0.05 1987 1 040 86
579 1 -0.04 6762 3 014 1979 1 -024 87
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£5 ABRUDFEH

iz HE HLRE W5 it HLR 53 TN T I v SL (i FL o BT 84%) SL(fi ek 53 H & 1E)
EFay A, z-score; AN, z-score AR z-SCore] A, z-score! AN z-score, A, z-score! AN z-score, AL z-score! A z-score
(%) (%) (%) (%) (%) () (%) (@) i) 1t) (@ U1 fif) 1t)

88 1258 1 045 1911 3 100 512 2 129 501 1 035 0733 1 -058 0656 1 -094

89 1254 1 032 1835 3 -246 491 1 005

90 1271 1 087 1853 2 -164 457 1 -193 393 2 032 483 1 -0.80 0715 2 -117 0684 1 157 543 1 166 5.6 3 015

90 496 4 -0.36

91 1275 1 100 1877 3 -0.54 470 2 -117 374 2 -0.03 495 1 -017

91 332 3 -083

93 1257 1 042 1904 3 068 509 1 111 38 3 013 507 1 089 0736 2 -049 0669 1 022

94 1277 1 107 1864 3 -114 457 2 -193 444 3 129 504 1 062 0757 2 019 0638 1 -256

96 1268 1 078 1884 4 -0.2 506 1 093 417 3 077 509 1 107 0773 2 071 0660 1 -0.58

97 1254 1 032 1880 1 -0.41 48 1 -029 350 1 -049 510 1 116 0752 1 003 0675 1 076

98 638 2 1268 0716 3 -114 0862 2 17.58

99 1230 1 -045 1863 1 -118 512 1 129 421 2 085 475 1 -197 0798 2 153 0670 1 031

9 1914 3 114

102, 1238 1 -019 1878 3 -0.50 564 1 434 551 3 332 544 1 422

103} 1194 1 -16e2 17.72 2 -535 5083 2 076 273 2 -195 503 1 053

119, 1273 1 094 1934 3 205 504 1 062 0769 2 058 0662 1 -0.40 488 3 -0.77

120 1319 1 243 1875 4 -0.64 470 1 -117 502 1 044

121 1277 1 107 1900 3 050 484 1 -035 35 3 -0.39 487 1 -0.89 0753 2 006 0671 1 040 491 3 -0.62

122! 1257 1 042 1904 3 068 508 2 076 494 1 -026 0790 2 127 0660 1 -0.58 5.3 1 28

123! 1261 1 055 1880 3 -0.41 511 1 123 373 2 -0.05 492 1 -044 0751 2 000 0671 1 040 498 3 -0.25

123 1870 4 -0.86

124, 1250 1 019 1883 3 -0.27 479 2 -064 351 2 -047 481 1 -143 0715 2 -117 0654 1 -112 493 3 -051

126 1262 1 058 1892 3 013 49 2 000 372 2 -0.07 501 1 035 0694 2 -18 0651 1 -139 502 3 -0.06

128! 1272 1 o091 1895 3 027 393 2 032 49 1 -0.08 0747 2 -013 0.659 -0.67

130; 18 1 -195 528 1 077

132, 1261 2 055 1880 3 -0.41 497 2 000

133 1267 1 074 1873 3 -0.73 507 1 089 0764 2 042 0666 1 -0.04

135! 1285 1 035 1888 3 -0.04 493 1 017 397 3 039 49 1 -017 0727 2 -0.78 0653 1 -121 520 3 088

136! 1257 1 042 1900 3 050 48 1 -0.23 38 4 019 498 1 008 0740 2 -0.35 0666 1 -0.04

137, 1256 1 039 1901 3 054 495 2 029 375 2 -0.01 507 1 089 0740 2 -0.35 0656 1 -0.94 5.7 1 -047

140 1260 1 052 1901 3 054 481 1 -052 398 1 041 500 1 026 0749 2 -0.06 0670 1 031

141, 1241 1 -009 1907 3 082 495 1 029 38 3 019 538 1 368 0730 2 -0.68 0670 1 031 460 1 -326

142, 1247 1 009 1891 3 0.09 502 1 070 408 3 0.60 500 1 026 0724 1 -0.88 0672 1 049 5.4 1 -065

143, 1267 1 074 1905 2 073 508 1 105 409 2 062 491 1 -053 0682 2 -225 0671 1 040

144, 1270 1 084 1893 3 018 474 2 -0.93 511 1 125 0743 2 -0.26 0660 1 -0.58 505 3 010

145, 1321 1 250 1894 4 0.2 49 1 -017 477 3 -13A

146! 1239 1 -016 1946 3 260 48 2 -029 455 3 180 478 1 -170 0734 1 -055 0664 1 -0.22 483 1 -189

147, 1243 1 -003 1904 4 068 488 1 -0.80

148! 1234 1 -0 1943 3 246 292 2 -159 48 1 071

149 1201 1 -139 484 2 -116

150; 119% 1 -15 1854 2 -160 497 1 041 39 2 038 504 1 062 0746 2 -0.16 0661 1 -0.49

151, 1205 1 -126 1917 4 128 55 1 375 345 1 -058 506 1 080 0724 2 -0.88 0680 1 121

152, 1211 1 -107 1879 4 -045 531 2 240 416 2 076 483 1 -0.80 0814 2 206 0635 1 -283

153, 1271 1 087 576 1 504 469 1 176 568 1 638 0865 2 372 0769 1 921

154 1266 1 071 18.87 4 -0.09 48 2 -0.23 344 3 -0.60 498 1 008 0765 1 045 0680 1 121 524 3 108

155! 1262 1 058 1970 3 370 477 1 -0.76 503 1 053 0679 2 -235 0634 1 -292

156!

157! 1239 1 -016 1883 3 -0.27 510 1 116 483 3 -108

158! 1233 1 -035 1897 4 036 49 1 023 387 2 020 483 1 -0.80 0752 2 003 0662 1 -0.40 520 3 088

159; 1292 1 1% 1873 1 -0.73 49 1 052 481 1 -143

160; 1210 1 -110 1852 5 -169 49 3 023

161 1117 1 412 1837 4 -2.37 479 1 -064 423 1 089 503 1 053 1392 1 6524

162, 1257 1 042 1828 4 -2.78 493 1 017 277 2 -188 493 1 -035 1138 1 1265 0631 1 -319

163; 1223 1 -0.68 1889 3 0.00 48 1 -107 0726 3 -0.81 0681 2 130

164, 1274 1 097 1893 3 0.18 476 2 -0.82 428 3 098 502 1 044 0744 2 -0.22 0646 1 -184 504 3 005

165! 1220 1 -0.78 1861 3 -1.28 462 2 -l64 466 1 -278 0676 2 085

166! 1249 1 016 1918 3 132 49 1 017 0759 2 026 0670 1 031

167, 1206 1 -123 481 1 -052 502 1 044

168! 1233 1 -035 1910 1 09 508 1 105 357 1 -0.36 505 1 071

169; 1287 1 139 1862 1 -1.23 49% 1 035 493 1 035 0644 2 -202

170; 1249 1 016 1889 3 0.00 495 1 029 49 1 017

171, 1223 1 -0.68 1903 3 064 49 2 052 497 1 000 0781 2 098 0672 1 049 542 2 160

172, 118 1 -191 1876 3 -0.59 529 1 228 252 2 -235 467 1 -2.69

173 1221 1 -074 1858 2 -141 508 1 076 407 2 088 504 1 062 072 2 -094 0666 1 -0.04 835 4 165

186! 1249 1 016 1875 4 -0.64 468 2 -129 373 4 -0.05 502 1 044 0716 1 -114 0663 1 -0.3L 524 3 108

187, 1286 1 136 1860 4 -132 513 1 134 370 2 -011 481 1 -143 0784 2 107 0667 1 004

188 1242 2 -0.06 1891 4 0.09 498 1 046 378 2 003 49 1 -062 0781 1 098 0651 1 -139 521 3 093

189! 1268 1 078 1876 3 -0.59 48 2 -023 502 1 044

190; 1273 1 094 1895 4 027 487 1 -017 505 1 071

191, 1227 1 -05 1890 4 0.04 481 1 -052 336 2 -0.76 510 1 116 0774 3 075 0674 2 067

1921 1285 1 035 1869 4 -0.91 48 1 -011 354 1 -041 504 1 062 0720 2 -101 0657 1 -085

193, 1237 1 -02 1891 3 0.09 518 2 164 503 1 053 069% 2 -179 0681 1 130 531 3 14

194, 1226 1 -058 1875 4 -0.64 5056 1 087 404 1 083 48 1 -134 0752 1 003 0662 1 -040

195! 1248 1 013 1890 3 0.04 48 2 -011 507 1 089

196! 1231 1 -042 1892 3 013 518 1 164 383 2 013 49 1 017 0731 2 -065 0682 1 139 503 3 0.00




TR 30 AR EEFRLRHE O Sl EHT X D A HTiE IS oV T

DHHRAE (2)

Btk Dk EF

S WE L HE Wiy PSRN BN 7] i §1 sEUWET T | AE
BHE o scorel DT N0 scorel PP o sscorel DT no ccore PP o scordd AT o -score AT o scorel AT no - scorel BT

(%) (%) (%) @ F) @+) (g/kg) (g/kg) (g/kg)
58 1 009 6829 3 127 1964 1 -147 2200 1 -889 83
58 1 000 6719 3 -0.58 89
586 1 028 67.14 2 -0.66 1972 1 -081 103 2 -161 3534 1 -0.69 5018 1 -186 5057 1 -1.00 145 1 -131} 9
0
594 1 067 6797 3 073 1990 1 065 91
91
579 1 -004 6833 3 134 198 1 032 112 2 -0.40 321 1 -078 10507 1 44.70 10109 1 2015 149 1 -073] 93
601 1 101 67.78 3 041 1984 1 016 598 1 305 94
597 1 081 6741 4 -0.21 198 1 049 112 1 -0.40 367.0 1 019 5562 1 274 5250 1 020 %
59 1 091 6680 1 -1.09 198 1 032 094 2 -283 3779 1 091 97
1700 2 22 067 3 -647 4661 2 -4.89 4793 2 -257 98
537 1 -207 6634 1 -2.02 1962 1 -163 111 2 -053 528 1 036 5251 1 015 9
6923 3 28 9
102
538 1 -202 6355 2 -6.74 1972 1 -081 103
586 1 028 6857 3 175 1994 1 098 5278 1 033 5445 1 131 159 1 073] 119
608 1 134 6688 4 -110 1975 1 -057 120
58 1 009 67.93 3 066 198 1 032 538 1 124 5164 1 -0.36 154 1 000f 121
594 1 067 67.06 3 -0.80 1966 1 -1.30 122
577 1 -014 67.44 3 -0.16 1980 1 -0.16 111 2 -053 3714 1 048 5222 1 -013 5272 1 028 154 1 000} 123
67.22 4 -053 123
604 1 115 67.33 3 -0.34 198 1 000 120 2 067 3638 1 -0.01 5176 1 -052 5002 1 -13 149 1 -073} 124
592 1 057 6766 3 021 1976 1 -0.49 155 1 014] 126
603 1 110 6773 3 032 1981 1 -0.08 117 2 026 5192 1 -0.39 52204 1 -012 128
547 1 -158 5534 1 251 5304 1 047 155 1 014] 130
59 2 091 6771 3 029 1972 2 -081 132
5% 1 077 67.87 3 056 198 1 008 133
584 1 019 6721 3 -0.54 1980 1 057 114 2 -013 2901 1 -486 5350 1 095 5280 1 0.32 148 1 -087] 135
597 1 081 67.76 3 038 1978 1 -0.32 5214 1 -020 5118 1 -0.63 136
584 1 019 6763 3 016 198 1 000 5200 1 -024 5121 1 -0.62 137
579 1 -004 6771 3 029 198 1 008 140
577 1 -014 6827 3 124 1990 1 065 57.42 1 427 5210 1 -0.08 141
579 1 -004 6757 3 005 198 1 000 142
578 1 -009 6752 2 -0.02 198 1 008 113 2 -0.26 52.78 .33 5263 1 0.2 143
578 1 -0.09 6731 3 -0.38 2024 1 343 %630 1 332 5656 1 257 144
642 1 298 67.39 4 -0.24 1970 1 -0.98 154 1 000] 145
592 1 057 6816 3 105 1946 1 -2.94 146
587 1 033 67.80 4 044 1975 1 -057 147
546 1 -163 67.79 3 043 2018 1 29 148
531 1 -236 1990 2 065 149
564 1 -077 6656 2 -1.64 1974 1 -065 150
557 1 -110 67.40 4 -0.22 1991 1 073 151
566 1 -067 67.35 4 -0.31 1979 1 -024 152
59 1 091 2109 1 10.38 153
569 1 -052 67.28 4 -043 1994 1 098 36L4 1 -017 145 1 -131] 154
571 1 -043 6929 3 29 1972 1 -081 2753 1 584 822 1 071 517 1 114 155
3130 1 -336 156
570 1 -048 6721 3 -0.54 1965 1 -1.38 157
563 1 -081 669 4 -0.92 1992 1 08l 3533 1 -0.70 5340 1 086 5225 1 0.0 153 1 -014| 158
590 1 048 6766 1 021 1990 1 065 159
561 1 -091 6625 5 -2.17 160
487 1 -448 675 4 002 2019 1 302 161
576 1 -019 6657 4 -163 1946 1 -2.94 162
58 1 038 6803 3 083 1970 1 -0.98 163
603 1 110 6762 3 014 19.75 1 -057 5201 1 -031 5110 1 -0.68 156 1 029] 164
165
572 1 -038 6691 3 -1.05 198 1 008 166
576 1 -019 1979 1 -024 167
591 1 052 6788 1 058 198 1 024 168
605 1 120 6647 1 -1.80 1989 1 057 169
590 1 048 67.48 3 -0.09 1981 1 -0.08 170
574 1 -028 67.03 3 -0.85 1972 1 -081 71
172
564 1 -077 6642 2 -188 1994 1 098 118 2 040 3578 1 -040 526 2 -0.10 5339 2 0.68 161 1 102f 173
570 1 -048 6718 4 -0.60 2000 1 147 186
617 1 178 6719 4 -058 1971 1 -0.89 187
584 2 019 6701 4 -0.88 1967 1 -122 188
58l 1 004 67.37 3 -0.27 1998 1 130 189
565 1 -072 6657 4 -163 1991 1 073 190
566 1 -067 6721 4 -0.54 2011 1 237 121 1 080 41 1 -131 191
58 1 009 6649 4 -176 19.77 1 -0.40 192
565 1 -072 6766 3 021 1961 1 -171 5128 1 -0.93 5349 1 074 171 1 249 193
573 1 -033 6683 4 -119 1978 1 -0.32 194
577 1 -014 6758 3 007 2009 1 220 195
563 1 -081 6698 3 -0.93 1974 1 -0.65 4752 1 -412 5229 1 0.02 19
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£5 ABRUDFEH

AEAAR TR A [ FATHL i SO ] SRR B e )
BEL W ool T o sl T nosscorel T o ool T o sscorel T nosscorel T v scorel AT o scorel T o score
) ) ) ) ) () ) @Usfii) 1) QUi
1977 1265 1 068] 1871 4 -0.82 4% 1 000 308 2 -129 498 1 008] 075 1 019] 0673 1 058 508 3 025
198 1225 1 -06l] 1880 3 -041 3% 2 -0% 488 1080 077 2 -045] 0680 1 121 501 3 -010

199: 1255 1 035 1890 3 0.04 487 1 -017 380 2 007 502 1 044 0700 1 -166 0651 1 -139

201, 1272 1 091 302 2 -140 501 1 035 470 1 -266

202 1224 1 -065 1846 3 -196 481 1 -052 504 1 062 069% 2 -179 0653 1 -1.21 518 2 017

204 1287 1 139 1894 3 022 507 1 099 355 1 -0.39 498 1 008 0671 1 -261 0667 1 004

205, 1261 1 055 188l 2 -0.36 500 1 064 364 2 022 489 1 -071] 0751 1 000] 0643 1 -211

07, 1253 1 020] 188 3 -07 4% 2 020 358 2 -03%4 498 1 008] 0695 2 -183] 0609 1 -517 50 3 10
208 1351 1 347] 18% 3 027 4®2 1 om 486 2 209 469 1 251

200 1187 1 -18| 1908 3 086 480 1 058 459 2 157 476 1 188

200 1272 1 08l 1847 4 -l@2 50 1 117 428 2 0%8 478 1 -170] 0665 2 -281] 0660 1 -058

211, 1231 1 -042 1893 2 018 525 1 205 367 2 -017 503 1 053 0777 2 085 0668 1 013

213

214 1161 1 -2.69 1851 2 -173 530 1 23# 494 2 224 488 1 -0.80 0502 2 -814 0851 1 1659

215 1188 1 -1.82 1861 4 -128 439 1 -299 451 1 -413

216 1133 1 -360 1879 3 -045 477 1 -076 313 2 -119 498 1 008 538 1 138

27, 1275 1 100] 1884 4 0.2 500 1 064 324 2 098 497 1 000] 0752 2 003] 066 1 -004

28 1223 1 -068 497 1 04 32 2 102 504 1 062f 080 2 323] 066 1 022

29 1233 1 03| 1849 3 -182 464 2 -152 491 2 218 495 1 017

20 1214 1-097] 1928 2 178 4% 1 005

221 1273 1 094 1885 4 -0.18 480 2 -058 372 1 -007 509 1 107 0774 2 075 0660 1 -058 5.7 3 072
223

224

225 1246 1 006 1890 3 0.04 48 1 -046 360 2 -0.30 491 1 -053 0763 2 039 0667 1 004

226 1255 1 035 1915 3 118 495 1 -017

27, 1285 1 13| 190 2 050 48 1 017 505 1 071

28 1274 1 097] 1830 3 -269 502 1 070 428 3 0% 474 1 206] 0762 2 035] 0672 1 049

29, 1235 1-020| 1888 4 -004 471 2 076 372 2 -007 498 1 008] 085 1 242] 0690 1 211 476 3 -130
24 1255 1 03] 1850 2 -137 504 1 082 38 2 017 506 1 080f 086 2 212{ 0658 1 -076 50 1 148 495 4 -04
244 484 3 -0.98
245 1264 1 1853 4 -164 517 2 158 494 1 -026

246E 1222 1 1888 3 -0.04 489 2 -005 363 2 -024 476 1 -188 0738 2 -042 0673 1 058 494 1 -124

247§ 1192 1 1886 4 -0.13 519 1 170 453 2 146 519 1 197 0695 2 -183 0614 1 -472

248! 1242 1 1882 4 -0.32 49 1 000 327 2 -093 471 1 -233

29, 1196 1 1948 3 269

20, 1324 1 1897 2 036 517 1 158 49 1 0766 2 049] 0694 1 247

=1 1106 1 508 1 495 3 -041
22 128 1 1867 3 -1L00 560 1 410 506 1 0658 2 304] 0697 1 274 498 3 05
2531 1262 1 1921 3 146 467 2 -134 326 2 -095 503 1 0697 2 -176 0661 1 -049

254 1222 1 1866 3 -105 482 2 -0.46 505 1 0812 2 199 0663 1 -031 50.3 2 -071

255 119 1 1899 3 045 476 2 -0.82 484 1 0770 2 062 0590 1 -687

256, 1158 1 470 1 0809 2 189 0668 1 013

257 1229 1 1862 3 -123 502 1 070 340 2 -0.68 482 1 0703 2 -156 0639 1 -247 508 3 025
28 119 1 1938 3 224 457 2 1@ 413 3 07 49 1 0768 2 055 0677 1 094 503 1 -071

20 173 1 1881 2 -0.36 4% 1 023 383 1 013 49 1 0726 2 081 063 1 -274

%0, 1251 1 1937 3 219 42% 1 37 363 3 -024 437 1 0750 2 -003] 0670 1 031

%1 1211 1 1861 2 -128 497 1 04 501 1 0735 2 -052] 0666 1 -004

262 1266 1 071 1928 3 178 482 2 -046 404 3 053 49 1 0850 2 323 0670 1 031 468 3 -1.81
263! 1268 1 078 1887 3 -0.09 477 2 -076 329 2 -0.89 49 1 0780 2 094 0660 1 -058

264, 1263 1 061 1895 3 0.27 495 1 527 1 071

265, 1279 1 113 1885 4 -0.18 506 1 093 466 2 171 49 1 0730 2 -068 0651 1 -139

266 1211 1 -1.07 1909 3 091 505 1 0772 2 068 0663 1 -031

%7, 1272 1 08l 190 2 050 466 1 -140 492 1

%8 1261 1 055 1918 3 132 4% 2 000 449 1 138 512 1 0824 2 238 0651 1 -139 516 2 005 86 3 -088
29 1210 1-110{ 1865 3 -L09 4®2 1 on 475 1 197

270, 1287 1 13| 2014 3 571 428 2 363 488 1 080

271 1228 1 -052 1914 3 114 508 2 105 39 3 038 483 1 -125 0739 2 -0.39 0645 1 -193

272 1224 1 -065 1866 4 -105 463 1 -158 365 4 -020 491 1 -053 1160 2 1337 0665 1 -013

273

274, 1223 1 -0.68 1946 3 260 474 2 -093 363 3 -024 507 1 089 08% 1 474 0672 1 049 5.8 1 -041

275 1241 1 -0.09 1907 3 0.82 475 2 -0.87 297 1 -150 484 1 -116 0770 2 062 0647 1 -175 5.2 1 278

276, 1231 1 -042] 1868 1 -0.96 520 1 175 504 1 062 0684 1 157

217, 1261 1 055| 1851 4 -L73 50 1 111 328 2 -091 479 1 -161] 078 2 098] 063 1 -2%2 522 3 08
278 125 1 03| 1874 2 -068 53 1 258 373 2 -005 495 1-017] 072 2 08| 0678 1 103

279, 1255 1 03| 1934 3 205 516 2 152 319 2 -108 508 1 098 0752 2 003] 0663 1 -031

280 1249 1 016 1868 3 -0.96 501 1 035 504 2 -065

281 1202 1 -136 1875 3 -0.64 487 1 -017 346 2 -057 49 1 -0.08 0739 2 -0.39 0665 1 -013 509 4 031
282 1218 1 -0.84 1882 3 -0.32 489 1 -005 494 1 -026 0690 2 -199 0670 1 031 521 3 093
283; 1251 1 0.2 5.1 1 -083

284, 1200 2 -143 17.90 4 -452 590 2 586 460 2 -332

285 1244 1 0] 18%2 3 013 460 2 123 492 1 044

286 1238 1-019] 1908 3 064 493 1 -035] 0765 2 045] 0671 1 040

87, 1208 1-117] 188 2 -013 4% 1 020 437 2 115 502 1 044

88 1219 1 -081] 180 3 004 497 2 o4 33 1-077 49 1 -017] 0631 2 -3%) 0685 1 166

289 1228 1 -052 1909 3 091 483 1 -041 471 2 180 494 1 -026 0750 2 -0.03 0840 1 1560 523 2 047
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DHHRAE (3)

B DK

K5y WA HE HLER 5y BRI A ESN 4 il T FEPI S PERE
BHE o Lscorel DT N0 scorel PP o scorel DT no ccore PP o scordd AT o -score AT o scorel AT no - scorel BT

(%) (%) (%) @ F) @+) (g/kg) (g/kg) (g/kg)
59% 1 077 67.26 4 -0.46 1980 1 -0.16 123 1 107 5298 1 050 5238 1 0.07 158 1 058} 197
560 1 -096 6788 3 058 1990 1 065 198
583 1 014 6800 3 078 1987 1 040 199
597 1 081 1991 1 073 U84 1 -102 5176 1 -052 5141 1 -050 149 1 -073] 201
542 1 -183 6763 3 016 1980 1 -0.16 202
588 1 038 6813 3 100 1987 1 040 204
205
58L 1 004 669 3 -0.92 19.74 1 -0.65 5117 1 -1.02 5133 1 -054 160 1 087] 207
208
549 1 -149 67.80 3 044 1944 1 -310 209
59 1 048 6479 4 -4.64 1965 1 -1.38 210
583 1 014 67.25 2 -0.48 1978 1 -0.32 121 1 080 5493 1 216 5720 1 295 211
213
558 1 -105 653 2 -371 1971 1 -0.89 214
524 1 -269 6650 4 -175 1932 1 -408 215
502 1 -375 67.77 3 039 2008 1 171 216
584 1 019 6718 4 -0.60 1982 1 000 109 1 -0.80 459 1 341 5298 1 050 5294 1 041 217
558 1 -105 1961 1 -171 218
617 1 178 67.76 3 038 1971 1 -0.89 219
561 1 -091 6032 2 301 220
586 1 028 669 4 -0.98 2008 1 171 21
555 1 -120 1997 1 122 323 1 120 223
118 1 040 224
572 1 -038 6821 3 114 1971 1 -0.89 105 2 -134 2788 1 -561 4765 1 -401 4730 1 -295 225
566 1 -067 6800 3 078 198 1 024 226
593 1 062 6676 2 -1.31 198 1 032 114 2 -013 227
59 1 072 6835 3 137 198 1 032 228
557 1 -110 6791 4 063 198 1 032 158 1 058} 229
563 1 -081 685 2 173 1980 1 -0.16 116 2 013 3709 1 045 510 1 -023 5094 1 -0.78 148 1 -094] 244
244
601 1 101 6612 4 -2.39 1989 1 057 31 1 119 245
575 1 -024 6785 3 053 1976 1 -0.49 160 1 087] 246
565 1 -072 66.42 4 -188 2025 1 351 179 1 863 4388 1 -296 4184 1 -621 247
589 1 043 67.08 4 -0.85 1963 1 -155 248
566 1 -0.67 6877 3 208 249
641 1 293 6741 2 -0.21 199 1 114 5453 1 1.8 5370 1 0.86 250
554 1 -125 19.76 1 -0.49 5268 1 025 4769 1 -272 162 1 117) 251
58 1 009 6810 3 095 199 1 114 155 1 014] 252
587 1 033 6716 3 -0.63 1980 1 -0.16 253
564 1 -077 6690 3 -107 198 1 057 254
534 1 -221 6788 3 058 1980 1 -0.16 255
517 1 -303 1966 1 -1.30 101 2 -188 5134 1 -0.88 4168 1 -6.30 256
579 1 -004 6686 3 -114 1972 1 -081 4073 1 285 161 1 102f 257
533 1 -226 6815 3 104 1982 1 000 144 1 391 5038 1 -1.69 5379 1 091 154 1 000| 258
564 1 -077 6681 2 -1.22 19.74 1 -0.65 259
579 1 -004 7064 3 525 1857 1 -lo21 260
5% 1 077 6553 2 -3.39 1979 1 -0.24 5792 1 470 5370 1 0.86 261
603 1 110 67.33 3 -0.34 1974 1 -0.65 262
579 1 -004 67.84 3 051 1975 1 -057 5771 1 452 5140 1 -0.50 263
608 1 134 6821 3 114 19.77 1 -0.40 264
600 1 09 67.21 4 -0.44 1999 1 138 265
585 1 024 6830 3 129 1992 1 08l 266
623 1 207 6745 2 -0.14 1972 1 -081 267
58 1 028 6868 3 193 1968 1 -114 5204 1 -028 4690 1 -319 152 1 -029| 268
554 1 -125 67.40 3 -0.22 1949 1 -2.69 269
619 1 187 6760 3 026 1968 1 -114 270
585 1 024 6831 3 131 1978 1 -0.32 5320 1 069 5108 1 -0.69 154 1 000} 271
588 1 038 6661 4 -156 19.77 1 -0.40 272
3683 1 028 273
547 1 -158 6793 3 066 1992 1 081 274
575 1 -024 6930 3 298 1981 1 -0.08 510 1 -023 5080 1 -0.86 136 1 -263] 275
576 1 -019 6781 1 046 1984 1 016 276
58 1 043 6617 4 -2.30 1961 1 -171 4635 1 -511 4923 1 -1.80 217
587 1 033 6580 2 -2.78 1971 1 -0.89 278
58 1 009 6800 3 078 2010 1 228 4085 1 293 5193 1 -0.38 5122 1 -061 151 1 -043| 279
59 1 077 6928 3 295 1984 1 016 280
557 1 -110 6798 3 075 1991 1 073 117 2 026 374 1 075 5443 1 173 5282 1 034 153 1 -014} 281
553 1 -130 6788 3 058 1995 1 106 5447 1 177 282
575 1 -024 3636 1 -0.02 5233 1 000 5116 1 -0.65 158 1 058] 283
550 2 -144 6710 4 -0.73 1870 2 -915 284
58 1 043 6842 3 149 1970 1 -0.98 285
58 1 009 6806 3 088 1972 1 -081 286
564 1 -077 6658 2 -161 2007 1 204 287
58 1 000 6660 3 -142 1990 1 065 6358 1 950 5023 1 416 288
586 1 028 67.74 3 034 1984 1 016 5441 1 172 4997 1 -136 289
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£5 ABRUDHRH

ARk . K5y bk y HLIE WG it ¢ HLR %y AN T L v SLOFH ST IR) SL(fia k53 B & 14E)
oy o sscore] AV o - scorel VT o -scorel VT no scorel VT no . scorel T o sscorel T o - _score §Mﬁlﬂﬁ, No. z-score! %&Hrﬁ, No. 7-score
(%) (%) (%) %) (%) (%) (%) QU i) 1t) Qi) 1t)

1270 1 084 1920 3 141 49 1 023 489 1 -071
201 1235 1 -029 1875 3 -0.64 508 1 076 38 2 013 503 1 053 0698 1 -173 0658 1 -0.76 5.2 3 -005
292 1215 1 -094 1876 3 -0.59 487 2 -017 449 3 138 49 1 -0.62 0757 2 019 0673 1 058
293 1233 1 -035 1915 3 118 48 2 -023 503 3 241 506 1 080 0790 2 127 0830 1 1470 51.8 1 017
294 1251 1 02 1890 3 0.04 486 1 -0.98 516 2 005
315 1265 1 068 1891 1 0.09 506 1 093 322 2 -102 501 1 035 0753 2 006 0674 1 067
315 1923 3 155
315 18.87 4 -0.09

11 : z-scoreDMIC TR % A Lz b old, MEEN LD b0 TH 5.
2 AREONoMIE, TR E R, USIEUTFO LB THD.

K5y M7z A B HLE NG Lt HE HLIK 53 AN T A PV HU s~ RY A (SL)
No. 437 77 i No. 53 ¥ 5 ik No. 4347 75 i No. 73 ¥ 5 ik No. 5347 75 i No. 53 ¥ 75 ik No. 534 77 i No. 43 #7175 ik
i e i ;
1 S5y b7 2 1 ﬁg’,‘j*mm& 1 fil 5y b7 e 1 i i 1 R4 S 1 Sk 53 2 1R E Rk
B ) N ] ey
2201 2&&” L 2 153 7 b 2 il 2% 0f 2z 0l jj/i’; =7
3 #hMEE 3 0ff 3 153 47 i 3z off 3iiks a~ v/ 77k
4 BBy B A 4% 0 A BRI TRk

5 Z off,



TR 30 AR EEFRLRHE O Sl EHT X D A HTiE IS oV T

DHHRAE (4)

B Dtk
Aoy M7 A BE HLK Y A RIT L B s [ 4 7 EUMET T R
I o - ccorel T No Lscorel OV no scorel PV o e T o ccorel AT o -scoret AP no Lscorel VT o 4 scorel BT
%) %) %) @k @hv) @) gkg) gkg)
5% 1 077 6849 3 161 2004 1 179
562 1 -08 6762 3 014 198 1 016 3642 1 001 147 1 -102] 21
55 1 -115 6762 4 014 1970 1 -098 110 2 -067 3708 1 044 5245 1 005 4951 1 -163 22
58 1 009 6771 3 029 1991 1 073 5470 1 19 5012 1 -127 1221 148 23
58 1 043 67.47 3 -0.10 1975 1 -057 P
58 1 019 6764 1 017 1990 1 065 123 1 107 3539 1 -0.66 5399 1 136 5331 1 063 315
6741 3 -0.21 315
67.37 4 -0.27 315
AR L N il Gk I UBRET T
No. 7347 75 ik No. 7347 75 ik No. 7347 75 ik No. 7347 75 ik No. 7347 75 ik
1 R 1 5y e 1 RSy S 1 k5 47 S e 1 5y i
2 fii 5 ik 220fl 220fl 220fl 2201

3T O
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K6 ARMOMTKER

x4yl Koy M7-AHng LI B FH ik e LR 57
(%) (%) (%) (%) (%)

T — X 211 211 177 133 205
1 thoLfE 12.44 18.89 4.9 3.76 4.97

TR 8E E 11.52 18.23 439 2.18 4.64

R SHE 13.36 19.55 5.41 5.34 5.30

Y fiE 12.44 18.89 4.91 3.82 4.9
Z%ﬁﬁﬁé 0.29 0.24 0.17 0.51 0.11

ZEEMREL (%) 2.4 1.3 34 13.5 2.2

95 WIEHEIX ] 12.40~12.48 18.86~18.92 4.88~4.93 3.74~391 4.94~4.97

X 4 V7N y SLCE BRI BT )™ SL(f ko) b7 K 1) ™

(%) (%) (gAY K >) (gAY - >)

T — 5K 142 148 34 47
l¢%ﬁ 0.751 0.667 51.5 50.3

T IR BE A 2 0.659 0.633 46.4 445

PR 5T SE 0.843 0.700 56.6 56.1

Y il 0.748 0.665 51.6 50.5
Z@Eﬁ% 0.033 0.012 2.1 17

ENEREL (%) 4.4 19 4.1 34

95 %5 #E X ] 0.742~0.753 0.663~0.668 50.9~52.3 50.0~51.0
1 Ko LoEEiTHRESNTZoME»BEHLEERTHY, K321 XKy 1 THRIHL

7o z= A a7 OfEHED 3L EORFEEZFRA L TRHLIEZERTHD.

2 AT OffiHEN 3DHEMETH 5.

3 SL (FEGHE) 1%, PV /) ~A T NI AOREERER N7 —( Ty
VaiEEER LIEHERTHD.

4 SL (fAkloyfrisse) 1%, vV ~A v F M) UADHIKs n~ 7T 7EKOBAE
WP ERIE BRI LTERERTH D,

&7 BRABOENER

K 4yl K5y Hi-AiBE LK 53 7‘7]\‘“1'?,& ThFFL
(%) (%) (%) k) g F)
T—2 K 206 204 199 41 R
L o ff 5.80 67.54 19.82 1.15 364.0
R B S 2 5.18 65.76 19.45 0.93 3185
[R5 S 6.42 69.31 20.19 1.37 409.5
S $4) it 5.79 67.53 19.83 1.14 368.0
2@@@% 0.21 0.63 0.13 0.07 15.9
EEREL (%) 36 0.9 0.6 5.8 4.3
B WlEMXH  576~5.82 67.44~67.62 19.81~19.85 1.12~1.16 361.9~374.2
H 1 X LoBEITHRE SNZoMENGRHLIEBEERTHY, K45 21K 1 THRITL

7 z-A 27 ORI 3LLEDORFEZRII L THRHLIEBRTH 5.
2 z-A 2T OREHED 3DERETH 5.
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&8 DHAMOEITIER

gy il il g UWET TV
(g/kg) (gkg) (gkg)
T— 2K 73 71 43
1 o Rl 52.38 52.25 15.4
TR 8 S 2 48.84 47.22 13.4
b R S 55.92 57.28 17.4
24 fE 52.53 52.18 15.4
2 P AR 72 134 1.93 0.7
EENRIE (%) 25 37 4.4
95 WlEHHIX[H  52.20~52.87 51.72~52.65 15.2~15.6

H 1 X5 1 oFEITHE S tiErORBLERERTHY, Ky
21Xy L CHI Lz z- A 2 7 OffaxHE s 3 L E o Bl % Brak L
THHLERERTHS.

2 z-A a7 OAEKHED 3DEFETH 5.

x9 EALEEMOETERE

W oa OEE R B
0) — A H (%)
%%&1 EP%(iZ /}\%&3 3

9 s A Z L3 114 3 0 117 0 100
7 *® 20 41 66 3 110 7 94
~ A o 10 17 97 3 117 0 100
Ko o¥a oW o~ 9 10 2 R 34 68 49 58
X & W A+ 10 6 R 15 113 4 97
VA R AN i /RN B 8 4 9 18 112 5 9%
fa ¥ 4 1 4 95 100 17 85
TNANT AT 7I— )L 3 0 4 47 51 66 44
o3 -3 Y VR /BN 3 0 2 920 92 25 79
= s 2 0 1 114 115 2 98
1 BRELEZEBOHE SN DEEGFEDN 15%LL LGS b 0.

2 B L2 OHEE SN DIRAEIEG D 5 %LL b 15 %k & #iE S iz b 0.

3 M LB oOHEE SN HIREHEIG D 1%LL L5 %K & ®iE b o.
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= 10 BELERERHLSMZREBERESNTI-DD
19 HH U4 LB Y e B
K#E
ISP 'S
e AP
LK
T4 &
5T F
a—r I NVF 74— R
F R
A== 7Ly b
ARI=—71—F
E— g
HFEITHNT
TEMT
a— TN T I — )b
L LA
fn Iz g
BR > T IMT
Y7 TU =T
FF I —)
N5 N
SRR
VBRI VST A
E— k7
N E
4714 b
JR 38
INA T TIVT
H 1 B L7ZEEOHE SN AEAFEN 5%, L @fiEShbo.
2 M LIEFEIOHETE STV HIRAEIG D 5%LLE 15 %kl & #iE Shi-b o,
3 B LB OHEE S DEEGHIG D 1%L E 5 %R & HEINd .

BN-&-{:U‘IOO
IV VI S
I'ECDOCD

OO0 0O00000D0D0DO0DO00DO0DO0D0DO0ODO0OO0O0OO0OO0O0O0OO0OON
OCO0OO0OO0OFROO0OOWOOONNNNENNER R
P RrPRrRrRNRrroRrNMNONWAEOR PN D ®
P rRrORNRrRrERrRNvMNOr N WA GO

8 BHHOEBMHBERRUVEERE
PIF, SATIEBI AT AE R TIE, TERNC 3T o7 —Z TaNA MEICHKSL -2a 7 2R,
ZDOMEXHEA 3LL LD Z BEME LT L, P, FEHEEER OFXHEERZZ KD 7.
81 AFE (7 5 BERRMBLEEE) OEHTRER
1) XK
IONTEIE 210 h oM E R H Y, B ANR MEIZL D 222 a7 OfftxHEN 3L ED & DL 5T
Holz. TNHERWZ ML 12.44% T, Z O 95 %EHEXMIT 12.40~12.48 % TH - 7-.
IHEROATHER L, UTDEEY ThHhoT-.
AR AT EAETIE, 2071 (9 6 z- A a7 OffakHEN 3LLEDO L DIX 5 ) ORENRH Y,
Z OWEIE, RS K O SHERE R Z21XE 24 1244 %, 029 %M (N 24%Th - 7-.
Z OO FIETIE, EIREEELIOEIEE W AFOWENH > 7.
2) H7-ARE
IONTEIE 210 h O ERH Y, B ANR MEIZL D 222 a7 OfftxHEN 3L ED DL 6 T
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bHol-. TNHEBRWIZ ML 18.89% T, Z D 95 %(FHEX M 18.86~18.92 % TdH ~ /=

SHFEBIONTFERIL, LFOLEBY Thote.

FRBE ST AT FEYE - BRIBEE IR UETIE, M4 (96 -2 a7 OffiktE? 3 L ko b ol 1
) OWRENRHY, ZONEIE, FEHERZERK OHEHMEERZILENZ 0 18.72 %, 0.30 %Kk
16%TH -7z,

AR AT ELHE - R U BRAEIRWIGE T, 231 (95 -2 a7 OfkHEN? 3 LLEoboit 1
) OWRENRH Y, ZONEIME, FEHERZELK OHEHMEERZILENZ 1 18.87 %, 0.24 %Kk
13%Th o 7.

FRBHI AT R YE - BREEIETIE, 1231k (9B z-A a7 Ol 3 L ED b Dk 2 1F) ok
DY, T DONE, AR O AR ERAZIT T £ 18.95 %, 0.22 %k 1.2 %TH
> 7.

BEISHTHEIC L D HETHE, 50 (95 -2 a 7 ofextEs?s 3 UL ED b D% 2 1) OE
DY, T DONE, AR O AR ER AT 18.77 %, 0.18 %Mk 1.0 %TH
STz

3) HLAEN;

SV 17T R OHRERH Y, v R MEIZE D -2 a7 Ot i 3L EO DX 9T
Hol. TNHEBRWIEHEIL 491%T, 20 95%EFHEXM L 4.88~493% TH - 7.

IHER ORATRERIE, LFD LB ThoTz.

BT R METIE, 1111 (DB z-A a7 OfHER 3L EDO L DIX 7 1) ORERH Y,
ZOWEIE, RS O SHEER 221X E 1 E1 4.95%, 0.15% &% N3.1%TH-o7-.

BT L D HIETIE, 661 (95 z-2 a7 OMxHEN 3 UL LD b DX 2 1) s
NV, TONEE, FEAEREROHESEEERZT N T 485 %, 0.17 %M1 3.4 %TH -
7.

4) HLfHME

IONTEIX 133 ORERH YV, v XA MEIZX D 222 a7 OfextEin 3L ED DIE 14T
Hhol-. ZNHEBRWIEHEIL3.82%T, Z 0 95 %EHEXMIL 3.74~3.91 % Th - 7-.

SHFEBIOMNTFERIL, LFOLEBY Thoie.

FAEH Y BT L HE - FRETETIE, 16 FOMEN DV, Z O FHE, FEAENR 75 K OFHE 6 1 72
IXZENZEN 3.79%, 044 %N N 11L.7% Th - 7-.

FRPBL S AT FETE - HTETIE, 76 1 (9B z-2 a7 OHaRHEN 3 L ED B DX 0 1F) o#HiE
NV, TOYEE, FEERZELCHESIEERZITZZEN T 3.76 %, 054 %A 144 %TH
STz

BEISHTHEIC L D HIETHE, 371 (95 -2 a7 ofxtEs? 3L Lo b oix 1 1) oE
DY, T DONE, FEUERE M O AR ER AT T 4.02 %, 054 %M 134 %TH
STz

Z OO FIETIE, BEVGH TR WM RNE AR 2 W HFIEE O 4o ®ER H -
7.

5 MKy
N IE 205 EOMERHV, BN MEIZE D 222 a7 OfextEin 3L ED DI 94T
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Hol-. ZNHERWEHEIL 496 %T, Z 0 95 %EHEKXMIL 4.94~4.97 %ThHh - 7-.

SIHTEBIOENTFERIL, LFO LB Thoiz.

R HT R HETIE, 2001F (95 -2 a7 OMEHENS 3L LD DIX 7 1) ORERH Y,
Z O, R 22 K O RE R 221X F N 4.96 %, 0.11 %% TN 22% Th - 7-.

ZOMOIFIETIE, BEGHEEICID2MEZED SHORERH T

6) AT AL

OIMHEIE 142 R OHENH Y, B NRA MEIC K D -2 2 7 OHtHED 3 LLEo b ox 10 14
Tholz. DL ERWIZEYMEIL 0.748 % T, Z D 95 %IEHEX ML 0.742~0.753 % T - 7=

SIFFEBIOENTFERIL, LFO LB THhoiz.

FABHIMTREAE - 2 TR T VBT AIETIE, 221 (9B z-2 a7 OFERHMEN 3 LLED b
DI 24) OWMENDH Y, TOFEE, EHERFAE L IR ERZEIZE N 0.745 %, 0.030
%K RN 40%ThH - 7-.

BBy AT BEYE  JR WO EEIE T, 116 1F (9B z- A a7 OREHEN 3 LA ED S DX 8 1)
DH|EN DY, T OFE, FEEREN O REERZIZZ L1 0.749 %, 0.033 %M1 4.4
% ThH o7,

ZOMOFLETIE, ICPIZXLDHE, ¥ — MEEEED AFORERH 7.

S

SIHTEIE 148 hOHE R H Y, B AR MEIZ KD 222 2 7 OffkHED 3 LL Lo ol% 13 14
Tholz. TDHERWIZEHEIL 0.665 % T, =D 95 % #E X [i% 0.663~0.668 % T - 7=.

IHTER ORATRERIZ, LFTD LB ThoTz.

RN EETIX, 1431 (9B z-A2A a7 OHRHEN 3 LLEDO b OIE 12 1) oWMERH Y,
Z O W-HIME, R 22 M OV RHE MR 2213 2 112 41 0.665 %, 0.012 %K (N 1.8 % Th o7z,

ZOMOIFIETIE, ICPIZEDME, Y 7T HEWNNEEED SHFEORENH - 7

8 WV /~wAT U F T

EHEONIETIX, SFHEIZYY )~ v b U o AEEINEE CRER) 07 7 v 7 fEic
EOMENKLETH LD, SEITHESNRWGIEORE ThH 5720, FEITEHEIC L D
SIFTE L ORNCENE LD ARMENRH 7122 LD, b &L THEH L.

BEONE GREREBER N T u—A V=7 vavik) T, OFEIT 34 thowsEnd
D, BNRZNMEIZED z-2aT7 OffkHER 3 U LD DT 1 ThoTo. TDOFHEIT 51.6
g(Zii)/ k> T, Z D 95 WIEE XM A 50.9~52.3 (i) > T - 7-.

AR AT (iR 2 v~ N7 T 7R R OBAY 2 E B T, O EIE 47 Fo#ss
NV, BNANMECED z-A2a7 OftxHE? 3 L EOL DX 0 thTh oz, O FEHIMHEIX
50.5 g(/ifi)/ k> T, Z D 95 %fF #E X X 50.0~51.0 g(Jifii)/ k> T o 7=,

IHTER ORATRERIE, LFTD LB ThoTz.

EELHE - MUEERETIE, 251 (95 -2 a7 OfRHER 3 EDL DT 1 4) D8
HRDHY, TONVEE, B O R B R 72 132 v € 4 51.5 g(Jifin)/ k>, 2.5 g(Jifi)/
KRN A8%TH T,

BRI s 7a—A V27 a iETIE, 91 (9L z-A a7 OffatEs 3LLED Y
DIZOM) OW|MENRH Y, ZOFEE, EERAEK OCFHIEERZIXE N E N 517 g(Jiff) b
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v, 129Ul h TR 24%TH o 7=,

AR HTIEAE < IR v~ N7 T 7IETHE, 2 1F (5D 22237 OMxHEN 3 L EOHL D
X0 OWMERD Y, FOWVYIE, FEAERZE &K OMRHE R 212 L2 50.5 g(Jiffi)/ k>,
1.7 g(Jil)/ b > KT 3.4%TH 7=,

AR AT ELYE - AP ERIE T, 51 (9B -2 a7 OffaxHER 3L LD b DI 0 4F)
DHENHY, ZOYEE, FEAERELOFHESEERZTENE0 51.1 g(Ufl) k) 1.7
g(ifli) h > KN 33% Th 7=,

82 B Al (Faky) OMEMTH R
1) K 4

OIMTEIE 206 fEDOHENH Y, v NR MNEIZE D 222 a7 OHiHEN 3 EDO L DX 64T
Holo. ZTNHEBRWEEHEIL5.79%T, 20 95%EFHEXM L 5.76~5.82% TH - 7-.

IHEROfEATHER L, UTFTDEEY ThoT-.

BT R METIE, 2021F (9B z-2 a7 O#HEN 3L EDO L DI 6 1) ORERH Y,
Z O, R 22 R O R MR 221X F L€ 5.78 %, 0.20 %X X 3.5% T - 7-.

ZOMDFHIETIE, ERZEEUN OISR Z WG5S0 4 oRERH - 7=

2) H7-AHE

IIWTHEI 204 thDHE R H Y, v /NA MEIZX D 22227 OHsHEN 3LLED L DX 81T
bolz. ZNHERWIZ I 67.53%T, Z D 95%(EHEX M IX 67.44~67.62 % TH ~ 7-.

IHEROfEATHER L, UTFTDEEY ThoT-.

AR AT ELVE - BREAEYEIRWRIIOE T, 12 4 (9B -2 a7 OfEkHEN 3 LLEDo b DX 0
) OHRENRHY, ZOFEIME, FEAERZE &K O RHEERF 21X T2 67.15 %, 056 %K%K O
0.8% T -7z,

AR AT ELYE - R U BBEIRWIIOETIX, 22 4 (95 -2 a7 OfEkHEN 3 LLEDO b DX 4
) OHRENRHY, ZONEIME, FEHERZELK CHEIHERERZILENZ 1 66.96 %, 0.77 %Kk
1.1%Tho 7.

FRBE S HT ELYE < REEVETIE, 181 (9 b z-Z a 7 O’ 3LL ED S DI 1 1F) Dk
DY, T DONE, AR O AR ER AT T 67.77 %, 045 %Kk 0.7 %TH
STz

HEOHHEIC X D HIETHE, 511 (9B -2 a7 o Es 3 Lo b ok 34) o
DY, T DONE, AR SN O R ER AL E L 67.04 %, 050 %Kk T* 0.7 %TH
STz

3) MK

SN 199 R DOMERH Y, v ANRA MEIZL D 22227 Ot ER 3 L LD b olX 11
Tholz. TNHERWIZEYMEIL 19.83 % T, Z D 95 %5 FE X 1% 19.81~19.85 % Tdh - 7=.

IHER ORATRERIX, LFTD LB ThoTz.

BT R METIE, 1941F (OB -2 a7 OMHED 3L EDOEDIX 1) ORERH Y,
Z O, FEER A & O E(R 22132 04 19.83 %, 0.12 %K R 0.6 % Th - 7=.

ZOMDOFETIE, BEGHTEEICLD2REFED SHoRERH -7
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4 HRIVA

SV AL OB ERH Y, B /NR MEICLD -2 a7 Ot 3L LD b oL 5 4T
Holz. TNHEBROVIEHMMEIZ 1149/ F> T, ZD 95 WEHEXMIL 1.12~1.16 g/ F > TH -
7.

SIHTEBIOENTFERIL, LFO LB Thoiz.

FABHI T R YE « JREEFRHETIE, 111 (DB z- A a7 OMHEN 3 Lo b ok 3 4) ©
WMENDHY, ZOVEE, EERFELOHEMEEREIEN TN 1239/ M, 0129/ kKD
9.8%TH > 7-.

FRIBL S AT FETE - S TETIE, 291 (9B z-2 a7 OaxHE2 3 UL ED b DX 1 1F) oHis
NV, TONEE, EERZELOCHESIEERZITZNE 1.14 g/ b, 0.06 o/ F o kT 4.9
%CThH-o7.

ZOMDIHIETIE, ICPIZEDMED LIFEOHREN - 7.

5 = hFI %

IHTEIE 32 DM ENRH VD, B/NRA MNEIZLD -2 a7 OMxHE? 3L EOH DIX 6 T
bholz. TNHEBRWZEHEIL 3680 g/ b T, Z D 95 %EHEX X 361.9~374.2 g/ b T
ol

IIMHEIZ T R CHREM I I L 2 METH Y, TOEUERZEL OCHMSEERZITIZREN
1599/ h > KN 43%TH - 7=,

83 DK (FHMWFHRERM T L I v 7 X)) ORMTHE R
1) 4

SIFHEIX T3 HEOHENRH Y, BN MEIZK D -2 a7 ORaRHEN 3LLEDO L OF 11 4T
otz I EBRWIZEHEIL 52.53 glkg T, Z @ 95 %[ #EX 1% 52.20~52.87 glkg T& >
7.

IHTER ORATRERIZ, LFTD LB ThoTz.

BRI EEHE T, 711 (D6 222 a7 OfEKHEN 3LLEDO DX 10 ) O#HERH Y,
Z OWEIHE, R 7S K ORI SHE R 22132 24 52.65 glkg, 1.47 glkg X 1* 2.8 % Th -7z

ZOMDFIETIE, ICPIZED2HEED 2HOHmENH - T-.

2) # o dh

SV TLHEORERH Y, v NR MEICELD -2 a7 Ot 3L ED b Dl 6 T
bHolz. ZHBEBRWIIEHEIL 52.18 glkg T, Z D 95 %X 1% 51.72~52.65 g/kg T >
7.

IHEROATFER L, LT &Y ThoT.

BRI EEHETIE, 69 1 (96 -2 a7 OHExHEN 3L EO b DX 6 1) OHERH Y,
T DONEE, FEER 2= & OFE SRR 2213 E 2 52.23 glkg, 1.68 glkg X 1*3.2 % Th - 7-.

ZOMDFIETIE, ICPIZEDHEED 2HOHENH - T-.

3 VT UBEET LTIV

INTEIL 43 DM ERH Y, BN R MEICE D -2 a7 OffakHEN 3L EO DX 14T
Hol=. TNHERWI B 154 glkg T, Z D 95 %EHEH XM % 15.2~15.6 g/kg TH - 7=

SIMTEIX T R CTEREI T R EIC L 2WETH Y, AR Z K O IHEERF 21X 2 Eh 0.7
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glkg KD 44%TH - T-.
8.5 c*itﬂ (85 kL) o8 & ROk
A L7 10 HEOFEI ORI & 2 DIREGEIGOHELZITo 7. FEHRAHIAOHEEIL, 15 %
uﬂa’:%’?%, 5%LL E 15 %Al 2 i, 1%Ll ES%RiEVEE L THRELRDE.
N7 HOHRERD Y, BE LB & &G H o 72 BUEHT 27 M TH o 7.
BELEFEBHZOWT, 58 AZ L (REHIA 30%) (X, 1171 (BRH=E 100 %) OHEN
BV, FEHEAHEIGOHEONFIZZ &N L1414, FEN IFTH-T-.
INE REEIE 20%) 1%, 1101 (BHE M4 %) OWMENH Y, TOWNRITLEN 411, +
BN 661, LENIHFETHST.
~Afa (RAEHEA 10 %) %, 117 7F (=R 100 %) OmERH Y, TONRIZZEN 17 14,
HEN 97T, PENIHETHoT.
Kpapiliad (REGHIG 10 %) X, 681F (=58 %) OWMENH Y, TONRITIZL &N 2
i, HRES 324, VENMETH ST
KRGt (REHE 10 %) 1%, 113 (K=K 97 %) OWMENRH Y, TONFIILED 6
e, HED 924, LENISHFETHo T
iz GREEIG 8 %) 1, 1124 (MHFE 96 %) OMENH Y, TONFUTILED 4
fF, & 90 1, LEN 184 TH-T-.
ol (REHIA 4%) 1%, 1007 (M= 85%) OWMENH Y, TONFIZZEN LA, T &
N ALk, DEMNBETH .
TILVTZ AT 7= (BREEIE 3 %) 1%, 511 (MHZE 4 %) OoWERH Y, TON
HEN 4, DENATHTH T,
RN DL (REEE 3 %) 1%, 924 (KT %) O®ELRHY, TONGRITHEN
21, LENOMHTH-TZ.
B (BRAEIA 2%) 1T, 1150 (=R 98 %) OHENRH VY, TONRITHEN 14, V&
N 1U4ETH T,
Mo THH SR E LTIE, STER&EL, 4 hoRERbo72. RWT, U Uk
TV LS 2240, RED 144 & ez,

e

g_\llju

X M|
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).
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YRR 30 4F BEGR RS O Sl RN K D ATl E M E R

1. B ®

fA R A PSR . kL - SEHRIN G 3 R MBI % 2 ki, fREHE o HmEk
BHC X B 0MEEE1T 5 Z L8, O RO CHEM oM L2 Y . g TOoMras 4 i
L., kB0 ERflE N O EEROERICET S,

2. BB ONE
AL I3 S B AT R A R
BaE-- Mk
C Bt 8 7 FH A BHJURHE & 50k
DRl ZHM BRI v 7 X

3. fr#EEEA
AGREE - - oKy, M ABE, BN, MEHE, MUKy, v o a VU KROY Y <A
Vel SURVN
Bkl -« - Ky, HEABRE, MK, D RITVLAKRORT bF ¥k
CalBl -« - fEHEE O R K R & FIG OHEE
Daltl - - 8, HpR Oy = BET TV

4. SrHTEE T EAE
(1) B EF X, TEEH TR CEAC20 24 A 1 BT 19 THZH 14729 524K
KEAME - RERREBEM CED S FELD TEEE ORI Oy M5 ICE T 54
BO—HERETL2EDTEOMITICONT) (BBF1 5349 A 5 AfFiS 53 £BEH 2173 5, 53
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Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2018)
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1 B i)

R EDOHEANRK E /oo C, HESEY (FEEON, WL, TohoBHICHEnNs4EEY T
ANDWEREEZZRHIBENRH L D) BWEESH, NEIFEHETWENELD 2 LICX 0 EEY
DAEFENRESND Z L 2T 5 A s, FEEOREOHEL O EOUWEICE T 58 Y
(LR TERbZ 2L ). ) BI3RE LHOBEICEK S X, R K OEEHRINY O Rk s %
BT 5EA 2 (LT THABRKEES Lo, ) ITBWT, fkf ol EmES o ks ik
(LT TESREM] Lo, ) BEDLN, £, B OAEWEORELUER O i L
(LR TR Lo, ) I2BWT, et of EYE S OREEIEEE LK OVE L EE
(LR MREREES) ). ) BDEDLNLTWD.

PHSEATECIE N EMOKPE B 22 it v % — (LU TFAMICT &V 9. ) Ti, SEH L @
SICHE SR FEERCT, BHRKEEBEEED TS [RBEOLZEMEICET 54 E(LEWE
DY —_A TR« F=F Y THEREHE ] FITES X AN EYEE L O LM O A R
DE=FY 7 KR OETEERE, HEREEEDNRESN TWRWEEMEEDO G A EELET
2D —=_AF 2 (LLF TE=2V 7% L. ) FELTWS. S, Fik 30 F
EOE=F) T EOREERY DO THETS.
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21 E=X VU TEOXGRE

Rk 30 4F 4 A6 314 3 A £ TOMIS, RBBUR UL RBERB T 03 i BHE 1L 56 520
BEICHKS X, WIET A 2 l2xf U O AR A 0 L 72 BRI E L2k, FAMIC JEfREHZ 4
MR, g2 —, (it —, AlEE 2 —, WPty ¥ —kOENE 2 —0, fid
B A1k 57 OB X, BREHEE T3, BRAER LS, WS4 n% 23t LT A
R 2 20 L 72 BRICER R U 72 RS NS — X T v R I T2 72D T f R L S 6 451
FAMIC N F# & S50E L 72 BRICEREL L 7= fal kBt 23t g & LTz,

FE=H VU THEOMRE LA LR ER LI L.
22 =XV U THEONGM S

UTORpEE=2) 7 RO5RE L. ok, £RBHIRTE=4 U v 7S E ik O
BREICHT - TUE, FEORER, BEOHMMEERELMET L L & HIC, BIEAFEOXNRE
B, HHINTWAREEIC LR E L.
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F1 EZHYIEEFERLEEHRURH

HE oA
TSV TR ORI E T BSER /LD (ROMI
, okt e L AT MREL Ll Rt e
LS g PR ORERCEE Lo G0N n MER EISUOPOR gy k5
P35 BRI 2 2 1 2
KT 5 FH A 2 1 2 1
B R E 31 2 14 24 15
TaA 7 —RERHH 1 1 1
AT —RE&HH 1 7 5 4 7
EILH TR E R 1 1 4 8 6
FIRE Rl 10 5 5 7 3
IR e A ©° 9 4 9 3
i £ 5 1 9 6 8 3
LA T — 2 1 1 1 1
VEFLI T4 R A LA 3 3 1 3 3 1
EFLH 4 E AR 2 2 1 2 2 2 1
?;.E A E R 12 7 2 4 12 12 12 5
& FLH ARG A 39 31 14 18 33 R k7l 10
)ﬁ; A AR e A 27 9 4 17 26 24 24 6
FL A A= 1 1 1 1 1 1
P 2 i 7 3 2 4 7 7 7 4
Fi4- A H 1 1 1 1
FHEBAT—VH 16 5 2 2 16 16 16 6
Vi 25 24 15 1 1 1
Lo b AL - Mk IR A SR 1 1
THRAER (LSO L D) 1 1 1 1 1 1 1
Tyt 7o A IR A R 8 8 8 8
T a4y va YV a TV R 1 1 1 1 1
Wl W ARk 1 1 1 1 1
FE LS IR A f 43 2 1 1 43 43 43 3
s 280 1R Q0 118 15 61 150 150 81
JEARAKRZE 1 1 1
ERES) 2 1 1
T A I NVTL (w4 01) 5 5 5
E¥S 1 1 1
& 1 1 1
B 4 3 3
ER) 2 2 2
LSS 1 1 1
LHrbsz L 57 57 57
/N it 74 7 7 1
Kdazn 1 1 1
Ke¥az il p g 13 10 12 4
a— I NF T 4 — K 26 25 23
LXxoMnd 1 1 1
;C PNEN 1 1
Z EIHIBAHAILYRFF—XS LA (DDG) 2 2 P
;ﬂ LHOBLAILYAFT—RT LAV 27 (DDGS) 13 12 11
ST E 43 4 36 5
KI=—T 4 —F 2 1 2 1
s 2 2

7 il 104 93 88 13
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®1 EZHYIEEFERLEEHNRURE (RE)

T H B0 FORk R
TESY S TR ORERH frEE BSER/ES LSRG RE
i o mRE- B Rr A AR
& ;g{ RO 0 B F i(z s tff B ELISA  PCR ;:ZE ZN;
WE AR ORKR
b E I NT 1 1
i ZTEMNT 1 1
Wy A= ITNT =) 16 16 15
o ornz—n 2 2 2
;)m KE M 8 0 a 2
;_fﬂ otz aaih g 2 15 %
TR— AT 1 1
AN E u 73 86 2
P EE 3 1 1 1 1 1 1
FELI— 29 29 29 29 21
=R 1 1 1 1
) g 2 2 2 2 2
742 e 71 17 14 14 70 70 70 63
o FEHRABEE (K—2F%2 3= 2 I ®
il B ALER A 4 4 4 4
B owml k—s 31— 2 1 2 2 2
T Y= = 15 15 15 15 7
2T 1 1 1 1
N E 150 1 18 1 14 14 123 149 149 104
TINT 7IVT 7 1 1 1
T 4= kA 1 1 1
F— 1 1 1
AP B 1 1 1
g AR—H T T A 5 2 5 5
FEL— 5 3 5
NI a—F T TR 1 1
N E 15 8 15 6
B Ak 1
L A5 % TS 00 e R 1 1 1 1
AP} % RE: 2 2 2 2
2 BRI 7 7
D ReE BV E AR 1 1
fts < U == FIERBHER 1 1 1 1
FES 1 1
LR R 1 1 1
AN E 83 1 4 4 4 76
& B 80 371 116 332 29 6 14 288 303 303 76 201

23 %Y RS
1) AEWE KO MY O o
AEHT, FESRAEMES Yok, BR, BB L. L9 AT LROMREN, fkhd
DEFEORAE IR LB NTLY, HRLE
ST HRENE, SR RS 2 EoBEIC L AR L.
2) ®WH R A BSOS AR
aEHE, FBHOHTERYER 16 EE 1H OB TEIC LY, I, RELOGHERL -,
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3) RIERMEARKI D5y HT R

FEYEAS AT R B DO BBHR IR F R ICHEIL L 7=k 0 5 vE lC L v IR L 7=,

FWIEIIE A AT X 70— —HO EHO S22, N7V 77— (REXN
300 mL) ZHWT /Ny F O EH, FEHACTEHO 3 EFrbaEaEliEz L, Znbx
BALTREE L.

2.4 RERITIE
1) AEDE
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i EAEE
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SRR HT R ESS 4 S5 2 i 3 ICHIE Sm HIEIC K 0 i L 7-.
Vi BERAX IV
SRRy HT HEUESS 7 5 5.1 ICHE S FIEIC X 0 EhfE L.
2) fEAEI~OEW R A BHEEOR AR
DT 3EEPFA L CER L. 7B, RARRBOBEIL, FE2x5 L+ 56 OMMHHRA
DOIARNZAR D FHEKE FOHETFIE (F) (BT TRAMRMETIE L), ) o,
ARICHE LTz,
i DR E
R BT SR YERS 19 2 1.1 HLEABIR O 1.2 BMERE 42 IS L-E ik Dok, B
B (WEmHRERE) OfFEmAefkER L-. BEHEOMELK 1LITR L.

<
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\“i
<
=
i
i
i
o

i ELISA B
FRBF AT R HER 17 355 2 & 1.1 OQ)ICHE S N- Hiklc L v FhE L7-.
i PCR 3t

FOBYSE R OVE BRI & RN, SRHY BT SEHEAT 16 5040 2 M1 L1 ISHUE S iR R 0,
ERLBP K DNA &R QICRAO A MATRR L. F52 I—A%, WEHSROHAM
Bro—HE, SEATIEIER 16 B 2 f L2 ICRE SR HIRICE Y, KT ) Bk
DNA %X GICIRADHEETR LI, ¥, FLALESA R & LT SUZRA D T
Db HHEHL, FESIHTIEES 16 5 2 i 11 (RICHE S FEc k), LES%R
FIEE (T > T, LRMEBRE R LT

ONERCEER L
WA S R RIEE 105 0 (1) OF ICHUE SR IS L0 % L7
5 FrLERT
SRMSYAT HEHES 18 B 1 \CHLE SN IS X0 KM L7z, 7eds, WBELZZLE R T,
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13 R Bl 2 FE L 7=
¥
—— 1 mmifd 520 Ve i
——1gxUroH=
LeE Sy B
—— W E BRI SR C ey A AND
— kR ANOZIRES
—— #2045 R FRiE
A
——7aaiL A8 (F ) IS BEL 7= EHREZ A (BFEA) TAIH
—— AR A L
—— A EOEEA100 MLOM— LB —H—I2 T
TV IIU ALER
5 %/kER{L ) N7 LR 20 mLA N2 %
—— 3077 [E &
K B
F—amz C s, LS GRERSEI s E D IET)
BHAS B

LA (15 5:50~100fF)
KRS (f55:20~30f%)

1 HAMPORNBEHNFOEMBEESE

3 & e
31 AEWMHE
1) U

AR Ak 132 s OV KRR RE 239 sl xt L, fREEREHEENED LN TVWET 77 hF
Y By, BT IV U ROT AR =N ) =V EEDRE 2T DI ONWTE=X ) U SRR
fii L7=.

FREEEEENEDONTVD 3RO DET=F U U VT ROEREE 2-112, fREALREHESEN
EDHLILTWRWNOHEDE=FY T EORRER 2-2 1R LTz, ERVPUEIZ OV TOR
X, UTo LBy ThHhoT-.

i 777 k¥ By
BliRA R 124 mif 13 A S (B 10 %) , & KfEIX 0.009 mg/kg, it S
ni=booEHE (LLFFEEE) 13X 0.001 mg/kg To v, FEEEWEM (FLA4H 0.01 mgkg)

FOVEREMEME (35 M, 7eA4 77—, FEAMFEHEOEAE 7+ H1T 0.01

mg/kg, TN OEIEAEIEHT 0.02mgikg. ) ZEX 5L DIERNoT-.

EOBAZLESTRF 128 bmt S (21 %) , A& KfEIX 0.008 mg/kg, “FEIfE
1% 0.002mglkg Th v, EHILUEME (0.02mglkg) #2225 HDIERN-oT-.
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i ¥rovr/v

BRI 124 5 119 B &7 (=R 96 %) , A OKfEIX 0.13 mg/kg, “FHAfE
1% 0.026 mg/kg TH v, EEELMEM (ZEHEE T 1Imgkg) ZHZ 25 b Do,

BREE O EEEESITED SN TRV, 9 HAZ L7 AR 286t h
(MR 91 %) , R&KXMEIX 0.33 mg/kg, K iE 0.038 mg/kg T - 7-.

i TAFT= L —

AR AR 124 mi 114 G b & (=R 92 %) , A KfEIX 0.70 mg/kg, “FH41fE
13022 mglkg Th v, FEILMEM (£% 3 7 HLL L0442 R EE% HEEHT 1 mgkg, 4
%37 AU o4 ML 4mgikg) 2256 DIER1-T-.

HRFRE O FF B EE ST ED DN TWARWA, L9652 L51LAT S0 Arbmilsn
(M= 98 %) , A AfEIX 0.97 mg/kg, “FXIMEIL 0.28 mglkg TH-7=. L HHAZ LD
TRIEHDO —HTCEERMBEOBNLORH Y, a— T VT 7 40— ROVEEIT 15
mg/kg (Fx K& 2.8 mg/kg) , DDG O F¥fEiE 1.9 mg/kg (f KME 2.0 mg/kg) & 8 DDGS @
EEEIE 1.3 mglkg (B KfiE 2.1 mglkg) T o7z
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x2-2 [REREEEENTEDODOLATVEVLLNUEDE=F) VI EDOHE
o) bR SN HO
R Rk CPME

SRVETE T Z I i

(mokg) A A T (mgkg (ko)
T77 XV UB 0.0003 292 6 21 0.0008 0.0005
777 h¥FvrG 0.0003 292 1 0.3 0.0004 0.0004
777XV G 0.0003 292 0 0
2TV I R AF 0.0003 283 73 26 0.006 0.0009
HT-2h %> > 0.002 126 54 43 0.039 0.013
T-2h¥ v 0.002 345 123 36 0.057 0.007
AV T =F—v 0.002 345 10 29 0.005 0.003
CTHRFAINLAL ) —)L 0.002 126 6 4.8 0.004 0.003
TP X 0.003 345 0 0
=V /—) 0.002 270 61 23 0.044 0.011
ITETFAT X =L ) —)b 0.006 126 7 5.6 0.18 0.047
15- 7B FNTAF =L ) —)b 0.006 126 96 76 0.57 0.15
THAX =N )3Ty R 0.002 126 93 74 0.33 0.081
TE=2 B 0.0006 81 81 100 3.6 0.39
T7E=V B 0.0006 81 80 99 1.1 0.13
TE=UUBs 0.0006 81 77 95 0.47 0.061
F 77 hXT A 0.002 31 2 6.5 0.006 0.004
a-BT7 77— 0.002 296 0 0
B-ETZ7 /) —n 0.002 296 0 0
vro55 0.002 296 15 51 0039 0.006
a-BT7 71— 0.003 296 5 17 0.004 0.004
B-ETZ L — 0.003 296 18 6.1 0.009 0.005

*

R DTIRIED 8 D AT IOV TIE, ARW T O TR & Fi# L7z,

2) BEE&RE%E
I RITLAZHONT, FHEEEOED 5N TWAHEIRAEE, HES K OamnS (K
KOWER) OF=%) 7 CCAREAGFEBOY —~_1 7 22 % Lz (B 105 /) .
F7o, KR, AL TORIZHONT, FHEEHBOED LN TV DSERA R, HRE%E LU
MEOE=4 Y7 2E Lz OKEOCOFEIZENLEGE 73 8, $HiFst 7208 ) . 20k
RAE2E£IITRLT.
fEROMEIX, UTDLEBY Tholz.
i WRITA
& bR < BLIRG R 58 i 34 b S4r (M= 59 %) , A RfEIE 0.31 mglkg,
FHIEIL 0.08 mglkg Td o7z, FLAESE 5 8 H 4 A BRI S (B 80 %) , KMl
1% 0.17 mg/kg, “FHfEI% 0.08 mglkg T -7-. W b EHILHEM (1 mgkg) ZH2 5D
DT 72 ino T,
B E AR CIE, ST 17 AATH LR S, RAMHEIE 2.1 mgkg, “FHEIE 1.0
mglkg Th o7, AEH 1L mhbidmiisniznolz. Wind, EEEHER (3 mg/kg)
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EBZDLL DI RN TE.

Y=g TR E UTHEM LEAMRAERTIX 24 REfrbil S, RREIT 1.1

mg/kg, ‘FYIMEIE 0.47 mglkg TH - 7-.
i KER

PR Ak 50 /i 26 KD &4 (M= 52 %) , fKfEIE 0.04 mg/kg, ~FHIEIE
0.02 mglkg TH o7z, FLPESE 7 &A% 3 ot (MR 43 %) A& KMEIT 0.03
mg/kg, FEIfEIE 0.02 mglkg Th o7z, WT b EBEHEE (0.4 mglkg) %2 56 DIk
noTz.

BB VR CIX, A TIE 15 R THh oMl 4, &KfEIX 0.65 mg/kg, FHEIE
0.31 mglkg TH-7=. AE¥H 1455513 0.03 mglkg A Sz, WP b EEER (1
mg/kg) ZHZ Db DTN Tz.

i #h

BliEA R 50 s 6 s DR &4 (B 12 %) , & KfEIE 0.8 mg/kg, “FHIfEIT 0.6
mg/kg Th o 7. FHESE 5 i biImi S o7c. Wy EEEMERE (3 mg/kg)
EBZDLL DI NoTE.

B E AR T, k) 16 i 8 bR S (MR 50 %) , & KfEIEL 1.1 mg/kg,
THIMEIE 0.6 mglkg THo7-. WEH 1AL LIEFRE S AL Wih b, FELERH

(7Tmglkg) B2 5 bHDIERMN-T-.

iv %

AR ARk 51 i 31 /b S 4L (BHIER 61 %) , I KfEIX 0.61 mg/kg, “FHIME 1L
0.17 mg/lkg Th o7z, FAES% 5 8 3 Aot s (Bt 60 %) , &HAfEIT 0.44
mg/kg, FEMEIL 0.24 mglkg Th o7, W b EBEREE (2mgky) ZHZ 2 HOE720
> 7.

B E AR T, ST 16 AAETH LR S, &KAMEIE 7.7 mgkg, FHEIT 5.1
mgkg Tho7o. WEKR 1L Aanblidmitisnhierolz. Wi bEEAMEE (KL 15
mg/kg, AEBIX 7mgkg) 2825 LD Tz.
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®3 E2REDE=F)VUIEDOHE
I)bREsnZb D

rEONE L e ” N L R RKE P g
5y (mo/kg) " | REC ) (mykg)  (molko)
1 BliR G R (FHZBRL) 58 34 59 0.31 0.08
R PR 5 4 80 0.17 0.08
BES o 3 st 17 17 100 21 1.0 0.03
BREE) 1 0 0
— FHELA AR 24 24 100 1.1 0.47
i g 105 79 75 2.1 0.40
04 B iR & ikt 50 26 52 0.04 0.02
R PR 7 3 43 0.03 0.02
KR 1 st 15 15 100 0.65 0.31 0.01
B Y 1 1 100 0.03 0.03
R g 73 45 62 0.65 0.12
3 B IR A ek 50 6 12 0.8 0.6
LR 5 0 0
#n ; Ak 16 8 50 1.1 0.6 0.2
B Y 1 0 0
R #t 72 14 19 1.1 0.6
5 B IR A ek 51 31 61 0.61 0.17
WS (b b &2 BR<) 5 3 60 044  0.24
[0 15 far 16 16 100 7.7 5.1 0.05
7 AB 1 0 0
0 i 73 50 68 7.7 1.7
3 B K

Ak 382 Ik L, AOEMEENTD N TS BRI 35 iy M OVE S REENTD S5
TWRWEESE 89 iy DFt 124 FRAFICOWTE=X VU VEZFEi LT, TOMEER 4 KD
#F5ITRLT.

B RYEE 2R L2 b ot o7,

BRI, L9 BAZLEOEDOILEIFEY, ZEOMILEIFEDI ONHE D B O RS
Mol BROMEIILLTOLEBY THhoTz.

i Zu)LBEUERARXFIL
BERREEREDONTWVWDHEI 3 B (KE, LH2bAZLKD~VA 1) 63 IZON

T, TE=X VU7 HEMLUIER, KEERVEILAZLMDLIIRHEN -T2, ~( 1

W5 AT 1 EABRE ST (B 20 %, 0.070 mg/kg) 78, EHEMEEABZ S HOIX

o iz.

Fio, BIREGHEEEZ FOICESEEENED G TV AR WEE 314 RI2H>WNWT, —o

T U AR FER LR, 5 ANLORIEENT. TONRIE, ST F 36 A% 4 5 iR 1

%, I KfiE 0.088 mg/kg) , =—> 7 NT 7 4 — K 23 5% 1 4 iR 43 %, 0.052

mg/kg) Th - 7z.
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i EUIRAAFIL

BEEEENED LN TWHEE 3 fE 63 /oW T, =4 U v 7 %%k L= R,
REND RSN hoT2. E9HAZ LI 57 A% 2 Ao s (BiH%E 3.5 %,
RAAE 032 mglkg) , ¥ A 2IX5AH LA bR Sz (i 20 %, 0.11 mg/kg) 73,
BHREEEBZDLDIT o7,

T2, EIRAHGEZ P LICA S EBEHENT D STV n el 314 81220 T, —g
T A ER LR, 10 SobBmHEnz. ToNERIE, EIRAEE 118 At 6 A5 (K
H#% 5.1 %, HKfE 0.11 mgky) , 22— AT 74— R 23 s 1 48 (B 4.3 %,
0.24 mg/kg) , Z—> 7T I —/L 15 g 2 H (= 13 %, A KfH 0.66 mg/kg) , 5
FF 3680 1A (% 2.7 %, 0.046 mglkg) ThH o7z,

i ~7FA4

B FEEENED DAL TV DK 3 FESH 63 M Kk OVEL 15 ;RIC >\ TC, E=4 U V%%
i L7 R, KRE, v mROBENS IR SR o7. £9bAZLTIE 57 i 1
M BRH (% 1.8%, 0.025mg/kg) SN2, AHREEZEZ L LT T-.

Flo, BURGEEE P OLICE S EEMEDED G TWRWEE 299 I >W\WT, h—1
T U A EFER LUIAER, 8 bR EN. ZONFRIE, ST F 36 4% 448 (R 11
%, B ARfE 0.066 mgkg) , =—> AT 7 4 —F 23 At 1 4 (BH=E 43 %, 022
mg/kg) , I—2 7 NT I —)L 15 g 2 1 (FHEEE 13 %, A KA 0.10 mg/kg) , EdiRA
Akt 118 M 1 (=R 0.8 %, 0.035mg/kg) THh - 7-.

iV ZOMORRH S T 2K

O #®HE
v Ry (E9bAZL), ZJx=huaFAtr (EH9HAZL) KOETZ = R
Y (&EH9bAHZ L)

@ HLE
JuplURR (FTAT7LT7), Tz "bLb—h (FEY—) , XUF 4 AZ)Y

vV (A—=HF LT TFA), mhTzrTav A (FEY—) , JalH— LI AF)L (R
— X TTA) FOTZNV R T HR— (74— F~A)
@ ek

7YV RA (RI=—T4—F, STELOCa— LT I—) , ¥l

Y (A= I NT T 4= RERa =TT =), THAE AR KRN T B A

c)Yy (5FF), Z7=z=btuaFty (= I N7 74— FEQPa—v 7 s3I —

V), SRR (2= AT IR OSTE) , BT Ry (a0
T4 —RREkQRa—r 75 I—) , 7 ) %—1F (DDGS kR — 2 7 )LF

V74— R) Rl erary—n (57F)

@ BIRA AR

TNLEARNIUERRTBr AR >
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K4 REDEZSVVITFOHRE (BATEEENEDHONTLVSES)

E=H YL IED ==X YL IED ;ﬁ\ Stk o%ﬁ;“jéahtve@” B
B RSY A B YEAH joe e M ERME SEHME TR
(mg/kg) (%) (mgkg) (mgkg (mgkg)
y-BHC (U > 7 V) FURAEE (- 595, KA 0.05 65 0 0
BliR & el (45 H) 0.4 51 0 0
B 0.4 15 0 0 0.005
FEYEE O 22 W R — 247 0 0
7t — 378 0 0
BHC B 8 A A 0.005 116 0 0
ffﬁz% ‘ 0.02 15 0 0 0,005
FYEE O 2 W B — 247 0 0
7t — 378 0 0
DDT Bl 18 A fil 0.1 116 0 0
M 0.1 15 0 0 0.0
FEAEAE o 72 i B — 247 0 0 )
il — 378 0 0
T hTVv KZE 0.02 1 0 0
EHbAHZ L 0.2 57 0 0
~ A u 0.02 5 0 0 0.0
W B 15 15 0 0
FEAEAE o 72 i B — 299 0 0
il — 377 0 0
75 m—) EHbAHZ L 0.02 57 0 0
~ A u 0.05 5 0 0
M 0.05 15 0 0 0.02
FEAEAE o 72 i B — 301 0 0
il — 378 0 0
7R R Bl 18 A fil 0.02 116 0 0
F 4L RY v B 0.02 15 0 0 0.0
AR o 72 i B — 247 0 0 )
il — 378 0 0
AV T xR A EHbAHZ L 0.02 57 0 0
FEAEAE o 72 B — 321 0 0 0.02
il 378 0 0
A=V v KA 0.5 4 0 0 0.002
A =¥ K WH9 7 4 0 0 0.002
TFF H 20 15 0 0
FEVENE O 70 W R — 363 0 0 0.02
it — 378 0 0
S VS Ficl I & £ ) 0.01 116 0 0
BEE 0.01 15 0 0 001
FEEE O 22 W R — 247 0 0 ‘
it — 378 0 0
7 a Lty kA KFE 0.2 1 0 0
EobAZL 0.1 57 0 0
~An 0.75 5 0 0
0.01
 EE 13 15 1 6.7 0.95 0.95
FEVENE O 70 W R — 299 3 1.0 0.028 0.025
it — 377 4 11 0.95 0.26
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£4 REDEZRVIEORKE BREEBELEDLONTVEIHS, HE)

R 2. LI T r DDV R R el TIELAAES T2 P
B RSY B3t FEYEAH joe e Bt BEXRME SERME TR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
sanLEURAAFL  RE 6 1 0 0
Lo AL 7 57 0 0
~A " 10 5 1 20 0.070 0070 002
FEVENE O 7 W R — 314 5 16 0.083 0.046
it — 377 6 16 0.083 0.050
sarrzreErkAr EIIHAZL 0.05 57 0 0
FEYEME O 22 W R — 320 0 0 0.02
i — 377 0 0
rsanrsa 7y A K#E 0.05 1 0 0
EH9BAHZ L 0.05 57 0 0 0.0
FEYERE O 72 W R E — 319 0 0 '
i — 377 0 0
ARy —h LH5HAZL 0.02 57 0 0
FEHEAE D 723 il ) — 321 0 0 0.02
i — 378 0 0
vom R KZE 0.2 1 0 0
EHbAHZ L 0.04 57 1 18 0.036 0.036
~ A u 0.2 5 0 0
M 0.6 15 0 0 0.02
FEHEE D 23 il ) — 299 2 0.7 0.13 0.094
i — 377 3 0.8 0.13 0.074
A Fx—} K#FE 0.04 1 0 0
Lo AL 1 57 0 0
~An 0.2 5 0 0
o 2 15 0 0 002
FEVEME O 72 W R — 299 0 0
it — 377 0 0
BTV ) v K#E 0.1 1 0 0
Lo AL 0.02 57 0 0
~A " 01 5 0 0
o 10 15 0 0 002
FEVENE O 722 W R — 299 0 0
it — 377 0 0
FNAERARY) RO KRE 1 1 0 0 0.03
FFmARY > EH9bA5Z L 1 57 0 0 0.03
~A " 1 5 0 0 0.03
Fr 5 15 0 0 0.045
FEHEQE D 23 il ) — 299 4 13 0.10 0059  0.03
i — 377 4 11 0.10 0.059
FTILT R A K#E 0.01 1 0 0
EHbAHZ L 0.01 57 0 0
Viu 0.05 5 0 0 0.005
W B 1 15 0 0
FEHEE D 23 ) — 299 0 0
i — 377 0 0
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K4 BEODE-AFAVIVIEOHE HESEEBIAEOOLNTVDIRS, )
sy D o sy D é% - Og*ﬁiﬁéjbf:%O) fa

N AR FYEAH e e B EXE  CEHE TR
(mg/kg) (%) (mgkg) (mgkg (mgkg)
NTF A K#E 0.5 1 0 0
EHBAHZ L 0.3 57 0 0
~ A 0.08 5 0 0 002
B 5 15 0 0
FEYEAE O 22 W ARLEL — 299 0 0
it — 377 0 0
Y IRAAFIL KFE 1 1 0 0
EobAZL 1 57 2 35 0.32 0.23
~ A 1 5 1 20 0.11 0.11 0.02
FEVEE O 22 W L — 314 10 32 0.66 0.16
i — 377 13 3.4 0.66 0.17
T4 7 u=) BUR AR (B - 595 H) 0.01 32 0 0
BLRAEE (F%. BRA) 0.02 84 0 0
M B 0.2 15 0 0 0.003
FEUEQE O 72 W FRE — 247 0 0
7t — 378 0 0
Jrx=haFFr KE 5 1 0 0
EHBAHZ L 1 57 1 18 0.10 0.10
~A 1 5 0 0 0.02
B 10 15 0 0
LA o 72 U B — 299 3 1.0 0.21 0.091
7t — 377 4 11 0.21 0.094
7z hxT—F K% 0.4 1 0 0
EH9bAHZ L 0.4 57 0 0
~ A 0.4 5 0 0 0.02
FEYEAE O 22 LR} — 314 0 0
it 377 0 0
Tz NN L—k BUR AR (B - 595 M) 0.5 32 0 0
BliR &Rk (BKH) 4 33 0 0
Bl & aikl (4% H) 8 51 0 0 0.02
I 13 15 1 6.7 0.42 0.42 '
FLHEAE D 73 B — 247 0 0
it — 378 1 0.3 0.42 0.42
TJxrFaryy  E 20 15 0 0
FLUEE O 72 O EREE — 363 0 0 0.02
7t — 378 0 0
NS H gL Bl 18 A fil 0.02 116 0 0
e B 0.02 15 0 0 0.02
FEUEQE D 72 W FRE) — 247 0 0 '
7t — 378 0 0
LA R v KZE 2 1 0 0
EHBAHZ L 2 57 0 0
~ A 2 5 0 0 0.02
BB 55 15 0 0
FEAEAE o 72 B — 299 2 0.7 0.21 0.15
il — 377 2 0.5 0.21 0.15
RUT 4 AKX K#E 0.2 1 0 0
EovAZL 0.2 57 0 0
~ A 01 5 0 0
0.02
I 15 15 1 6.7 0.056 0.056
FEYEAE O 22 W ARLEL — 29 0 0
it — 377 1 0.3 0.056 0.056
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K4 BEODE-AFAVIVIEOHE HESEEBIAEOOLNTVDIRS, )
— 1 S ke — > > fse fé\% S b 5%*&&3%7%%)@ *ﬁllfl
e Tt mww TN T T Rmw Ram TR T
(mg/kg) (%)  (mgkg) (mgkg (mgkg)
AmA Ay B K#E 0.05 1 0 0
EobAZL 0.05 57 0 0
~ A 0.05 5 0 0 002
 EE 40 15 0 0
FEYEE O 22 W R — 299 0 0
it — 377 0 0
AL — kK KFE 0.05 1 0 0
EobAZL 0.05 57 0 0
~ A 0.05 5 0 0 002
Pt 15 15 0 0
FEEE O 22 W R — 299 0 0
it — 377 0 0
~7F 4 KFE 2 1 0 0
EHbAHZ L 2 57 1 18 0.025 0.025
~ A 2 5 0 0 002
 EE 135 15 0 0
FEVENE O 70 W R — 299 8 2.7 0.22 0.078
it — 377 9 2.4 0.22 0.072
AFEFF KFE 0.02 1 0 0
EobAZL 0.1 57 0 0
~ A 0.2 5 0 0 002
 EE 1 15 0 0
FEEE O 22 W R — 299 0 0
it — 377 0 0
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4) TOMOBFEENE
EHEEESTED LN TS AT I 0IED, HEEEESIED LN TRV, e
CEZEBICEENDEFZEFHEAELDIBENRH D 3 My OEEMEIZOWNT, § 55 ADE
=2 )T ERER LT, TR AER 61T LT
B OFRERIL, UTDLEY ThHoTz
i AT
AR AFRE R B OT=2 U 7 &% Ui R, AAEAEE 15 A0 513 &
Niehol=., it 14 5% 1 S80S (B 7.1 %, 0.07 mgkg) , &HEEEYERE
(25mglkg) ZHZ 5 HDIERNoT2.
i fHEEREEE SR L NI R RE = R
WE6N (FTAVT77 V7718, A—F 7T A58) OV —_4 T A% FEfE LI-kEE,
2TOREI L OHBRERERS B S (&KRIE 740 mglkg) . £72, WTFoRE»L b
MAMEER IR SN AR, WP LBRMADEOSEFHRICEsZAND R
(01%) #Bx5HDIFen-7-.
i BAZ I
O —_A T v A% LI-AER, 1480 12 80 bR (Biti=e 86 %, i Afi 800
mg/lkg) N7, BEHLICEFSHEREZELDIBZNWRH DL ERBDONDLLDIX o7,

K6 ZTOMDEEVEDNE=L ) VITEDHEE

R T T - M v B L Wt IR
sy o e g ey RHDE KM P (mgg)
(mglkg) (%) (mg/kg)  (mg/kg)
fa Al A R 15 0 0
AT IV 25 g 14 1 7.1 0.07 0.07 0.06
=t 29 1 3.4 0.07 0.07
TIT 7T 5 1 1 100 580 580
3 E — A=K T TR 5 5 100 740 276 10
=t 6 6 100 740 327
TNT 7T 7 1 0
MAHEE R R — A= T T A 5 0 10
7t 6 0
| — ey 14 12 86 800 234 3

3.2 fAEI~OEMH KT A B S OIR AR
EANTHRIEINTZHH) 70 R OZOMOBNFEHRRZAAE 9 A, WIZFF I —/L 29 A
LT =P —3— L 15 SO\, BAMSEEF, ELISA BRI O PCR ABE & £l L 7= 5%, 4
M- APEDORNIBD L2 h-oT-. 728, PCR RBRICB W THE 6 ALK T > 8iHh
K DNA 23 S 47273, ELISA BBRICEB W CE— B b A d kI A BER B SR o7
ZEDD, RAMERHEFIEICES S FHKIEAAEORANIRD L0 EREITHE L.
WEk (KR—27 I—n) 2 SR BFEEHES AER 24 52OV T, ELISA 3B & OF PCR 7Bk 2 52
B L7oAE R, FHRIEABEORANTIRD b oT-. 728, ELISA RERIZH W TREHES
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WER 2 S0bFREEZABERRE SN2, PCR RBRICEB W TR —EI 5T 5 B
K DNA SR S e ino7 Z &0 s, IBRAMERHE FIRICES S FHR7TC AR EORANTRD
LW ERARIZHEE L., £72, PCR RBRICB W THREHEGWEN 1 8026 X3 9 B
& DNA 23 S 47223, ELISA RERICB W TH —RE G4 dki- A BESRI SR 7s
ZEND, RBAFERHETFECESEFRRZAAEORANIRD bRV EREIICHE L
INSHDORRER T RHOE8ITR L.

K7 BYHBRL-ABBOE=ZS IV JEOHRE (ANE)

BRI ELI SARER PCRAR we

R, BB Flk-AHE 59 Eh i DNA HE

RBR B MR RBr B B RBR B B et

R R (%) R R (%) R s (%) R
faky 70 0 0 70 0 0 70 6 8.6 0
PSR AL R F ) 4 0 0 4 0 0 4 0 0 0
T Y 2 0 0 2 0 0 2 0 0 0
A HTHR 1 0 0 1 0 0 1 0 0 0
DN EEY R 1 0 0 1 0 0 1 0 0 0
R 2 FHH 1 0 0 1 0 0 1 0 0 0

%8 EBYHAR-ABBEOE=-ZYIEDOHR (FXUI—)L, AEHRSH)

BHIR B E ELISAR R PCR# B& wa

R, BRE kA BE K49 @i skDNA - HIE

AEr R BbER R®EB R RHEE R BRd BHEER R

REC S8 (%) REC S (%) REC S8 (%) R
FxLI— 29 0 0 29 0 0 29 0 0 0
Tz —I—) 15 0 0 15 0 0 15 0 0 0
JFEHE & B8 24 2 8.3 24 1 42 0
WER(R—27 =) 2 0 0 2 0 0 0

[N CHLE S I Z A A B RO A LB A R 3 a8, LA B U EL A B R 2 4,
B R AR 12 &, LA EE R AR 38 &, WHAIEE HER AR 26 &, LA
MAEE RS SR 1AL, ARG SR 7 8, A4S HEAER L8, AT —v
MBLA R 16 AL, B ZFRIRG AR 148, BEEWAE SR 1 X O Ofth o R G fEE 18 5l

DUWNT, BAMBIEE, ELISA HEBRL O PCR HBRIC L 2l 2 380 L 7= /55, FHki-AAED
BAITRD G- Tz. 7ok, ELISA RERICB W TILHFFEEHESEFEE 1 8264 mk

B3 S 723, PCR BBRICIH W TR —7EH) D IZFLEM Bk DNA 2t S g o 7
ZEMD, BRARERHEFIEICESE FlHKZAHEORAMIFED LW EREMITHE L.
EAN TS SN Z O SHENT ORIRAFEE (BWEREZ &b 0) 10 FIZONT, @
TRBEHE 2, ELISA #BR K& Y PCR RBRIC X 2 sl 2 Ff L7 /65, AHk7-ABEOENTRD

Lotz TNHORREZFIITRLT.

A ST RIRAEE 25 &, ~ VU —I— L RIERMER 1 A, d@@RERmineEE 1 5% O R
ﬁ%izﬁ_omf,ﬁ%ﬁﬁm,aBAﬁ%&UWERﬁ% X DfeRRa I Lok R, 4l
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KIEABBEDRNIRBO N o7, TOREEFR 10ITRLT.

x99 BYHERLABEOE=FYUIEOHKE (ENREFAANSE)

SR S8 T ELISARUSR PCR#A we
BRE, BRE Wk AAE FALEHEORDNA X4 O B kDNA  CHIE
REB M B REBR M OBHEE KB R REE RBR ORd BEER RE
% QIS G ()] s s (%) mEE s (%) R s (%) mE
2F ) 4
EALIF R R T SLR AL O 3 0 0 0
EILI T4 B R G A AR 2 0 0 2 0 0 2 0 0 0
4 E R B A AR 12 0 0 12 0 0 12 0 0 0
A EE A EA B R 33 0 0 32 1 31 32 0 0 0
WA 4R E LA ARk 26 0 0 24 0 0 24 0 0 0
FLA F AR A R 1 0 0 1 0 0 1 0 0 0
PAI 42 5 F B & £ R 7 0 0 7 0 0 7 0 0 0
Fli 4= B G & AR 1 0 0 1 0 0 1 0 0 0
FEB AT — 2 MRk 16 0 0 16 0 0 16 0 0 0
CRRIR A R 1 0 0 1 0 0 1 0 0 0
28 W 5 £ 1 0 0 1 0 0 1 0 0 0
= Do R A 18 0 0 18 0 0 18 0 0 0
Z DAl o A Ak
(BMERE &b 0)
£ A R sk 1 1 0 0 0
T4y a )y a T NRFERR 1 0 0 1 0 0 1 0 0 0
= Do R A 8 0 0 8 0 0 8 1 01 0

K10 FYHER-ABEOEZS Y IJFORE WABANE)

SR B B ELISARBR PCRiR B& [N
B, BB Hlk-AAE K4 5 e skDNA  HIE
e B BHE BB BRd BHEE BB R BHEE R
¥ B (%) R B ) R 7¥ ) mEK
2 R A fal
T AU B ERE 13 0 0 13 0 0 13 0 0 0
HrdE A R [E 3 0 0 3 0 0 3 0 0 0
A5 )T 1 0 0 1 0 0 1 0 0 0
JEE 1 0 0 1 0 0 1 0 0 0
U E— 1 0 0 1 0 0 1 0 0 0
PN A= S| 1 0 0 1 0 0 1 0 0 0
=2 1 0 0 1 0 0 1 0 0 0
Frw—7 1 0 0 1 0 0 1 0 0 0
7T I 1 0 0 1 0 0 1 0 0 0
7T A 1 0 0 1 0 0 1 0 0 0
Rk H 1 0 0 1 0 0 1 0 0 0
< J—a— )L RIERBE
HhEE N RN E 1 0 0 1 0 0 1 0 0 0
I PSR I R e
JEE 1 0 0 1 0 0 1 0 0 0
finl B} FH B R
7 AV G RIE 2 0 0 2 0 0 2 0 0 0

33 AREMEAHY
ﬁﬂﬂﬁﬁ&bftﬂﬁ?, il LTV 2B IR (MR B g, [ &, RS IR
5 MK OFRFEBMEIIE 1 SUZOWT, REERMY OEH &2 HE LR, REERMY
EJZ THBEZBZ 2D e mnoT-. FOT=X ) U ITHEOREEAR 1LITRLTE.
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K1 TEMTHPOE=Z2I) U JTEOHRR

TR Y TED ) B B KAE XA
TRl B 5y kS LW ST (%) (%)
ELZeliililE 0.15 %LL 75 0.051 0.0002

FrE s eI 0.02 %LL T 1 0.006 0.006

34 YILEXT

[N C RS S A7 BUREREE 120 AR OBLIRA R 81 sIC DWW CTE = U o 7 & Filf L 72 2R,
BRI TR LR TIIRE SR AhoT2. 2B, AHEEOKRIEEIT 1.4%, BixEEORH
FIL 13 % Tho7o. BEIRAFEETIE 8L AH LANLH LVERXRT RS (R 1.2 %) .
¥, ATEEORHRIT 11 %, A4 FEEORERITE54 % THo7z. ZHDLDORMRER 12 KT
F 131" LT=.

RSNV ALER T OMBERIIR 14 1R T B0 THY, @5 5 FELUNITE R DS
Ni=EHIL o 7.

B, FEMAEDBRHER Picks s, SEPLSBS A 2 omERIL, ERNTRAELE
PLEXTRPEORKEEL LT Frb bR TEY, ZIHESBES N BAL 15 M9F
HIZZENDIHDOTH D,

K12 YILERSODEZZVJEOKE (BAEEAHOEER)

F=X Y T EOGEE ARSI R TR (%)
B B MR
faky 63 0 0
FXLI— 21 0 0
JEEHE G B 9 0 0
TxH—I— 0 0
faET Y & 0 0
K E Ky 2 0 0
N3 104 0 0
I
RS 0 0
/NEF 0 0
9T HH
ST F 5 0 0
Kol Hg 4 0 0
Fn 2 0 0
KR 1 0 0
AI=—74—F 1 0 0
JNEF 13 0 0
TEA M 2948
NER( RN 2 0 0
/INGE 2 0

e 120 0 0
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K13 HLEXRSODEZR Y ITEOHR (RESFAMDIELER)
T=2 U T EORGEE AR MRS R (%)

A= I C A i 34 0 0
7 F B & fi 25 1 4.0
% e 5 i e 16 0 0
BT A IR A AR 0 0
Z O OIRA K} 0 0
Bat 81 1 1.2

x® 14 BHEFAEIHLEIN-HILERSDOMBER

. W S =R o fEE
iR —
%5 B A Akt
S. Infantis 1
ait 1
X o

1) B B OZAEORMMR K N E OWEICBE T oM, B 284 4 A 11 H, EHH 3B 5
(1953).

2) BEMAES  EE R OEEHRING OB B ECBET 544, B SL4E 7 A 24 A, A45% 35
5 (1976).

3) EBMIKEEGERZIEM « Gk OFEWE ORREREUER OVEHIEEEIZOWT, 1N 63 4 10 A
14 A, 63 % B % 2050 5 (1988).

4) RMKEZEE - ZRRE@EA GRS EEDHIEIZONT, FEAL 2044 H 1 H, 191H%Z
%5 14729 5 (2008).

5) JEMWERERZ®EA - FEEREEREHEOHEICONT, 5245 H 10 H, 52 % B %
793 5 (1977).

6) RMKELHE - B2HEKERZREHREEI : FEPORBEOREIZONT, ik 18 4
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7) AR b SBRRRBVEZ B AW 0 2.1.1 RURHRET i, AHEMAR s ralBiE 2013 4k, H
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8) R Rk, AfG MeE, HIL =, AR B SRR HA, 27, 233(2002).

9) EMIKFEL A FEJR G P BRI R A (ARSI Y) FEEE a2t f LT 2O
R A O BT DWW T, Rk 144511 4 8 H (2002).

10) BMKFELEEREBEM KT 5 A ~OKT 5 B E b KA BEOR AP LI
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Monitoring Results of Antimicrobial Resistance of Enterococci Isolated from Feed Ingredients
(in the Fiscal Year 2018)

Miyuki ASAO" and Noriko OKUYAMA®
(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

We have made an antimicrobial susceptibility test on enterococci isolated from soybean meal and
animal byproducts ingredients.

In order to isolate the enterococci from samples, their selective enrichment culture in AC broth,
selective culture on Enterococcosel agar and two-time pure isolations on Brain Heart Infusion agar
were conducted in due order. Then isolated gram-positive cocci were detected by the cultivation
in Heart Infusion broth with 6.5 % NaCl. Having confirmed the biochemical characteristics of
the catalase test, PYR test, mobility and pigment production, enterococci was identified with
Rapid ID 32 STREP API. The minimum inhibitory concentration (MIC) was subsequently
measured by using the broth micro-dilution method according to the guideline of the Clinical and
Laboratory Standards Institute (CLSI).

Isolation rate of enterococci from soybean meal, fish meal, poultry by-product meal, and pork and
poultry meat and bone meal (MBM) were 45.5 %, 25.5 %, 16.0 % and 37.5 % respectively. The
most common strain was Enterococcus faecalis (E. faecalis) at 35.7 % (20 of 56 strains) followed
by E. faecium at 32.1 % (18 of 56 strains). The antimicrobial resistance rates were 0.0 % to
15.0 % (E. faecalis), 0.0 % to 61.1 % (E. faecium) and 0.0 % to 22.2 % (other strains).

Key words: soybean meal; fish meal; poultry by-product meal; pork and poultry meat and bone
meal (MBM); Enterococcus faecalis; Enterococcus faecium; antimicrobial susceptibility
testing; broth microdilution method; minimum inhibitory concentration (MIC); antimicrobial
resistance rates

F—U— R REMWM»T; B, T I—0; IKEIRAWER ; Enterococcus faecalis ;
Enterococcus faecium ; FEFN RS MERBR 5 B IRAIR A BRIE 5 MIC (/%8 5 FH AL %
FE) 5 FEHIm MR

1 #% 8
WA, FTHLOBIEAIO BT B> T 9T, SRFIMHE R K 2 EGYRE O HN A H FLAY I &
NTW5., T, WHO % 2015 4 5 H O TIAIMMEIC 3 2 EETEE R 28RN L, =
NuaZF, AARTIZEGRET - BIREE%SER Y o~ L« 77 a—F (A& B ofidsto—
KRR 72 HEHE) OBEFICNL S, W) L CHEPRICE Y e T3EAImE (AMR) RICBET 57 7 v

T OMNTATEOE N BEMOKBE B 2 R v & — AR R AR A
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a2 7T 2016-2020) VEEE Li-. BEENHO LR BT TEEMEH OHEES oAb, HEHIf
PEO B FHA - B AR, BIEKFEBYH EELOERICHEMENEE T A EZEN, 7
THUKIZ 3T A EE 0k Re D D 2o h, EKIWEE OB A ILER 11 FEND
Tt B ) 1 ke B i 5 MR 95 SRR B e OV S B o0 A= [ 1 70 SE AR I PE R A5 2 IVARM (84 Hh i 36 Al
MEEE=42 Y 7)) & LTHEML, MYATEIENEMOKEHE ZEEME 2 —I1%, BEKEZH
LL TV,

VARM TI3jEY CERK 11 EEED 6 Fpk 27 ) X0, L &G A ORBAY; (FA 24 D)
TERM LIEEREXIIEREN O DS BEKE A XS E L TWD— 5T, fE»rbosnD
FGEREIZ DWW T, ANV TR RS TR D6 O BERA, ZiEi 100 %& 66 % T, it
‘r@ﬁz’ﬁ FNEN 1.2~69.1 %& 0.1~59.8 % Th 7= L WV IHHE NLH 2N, BARICE TS, k)

7B S5 BBER T O 4y BfESR SOt O B A2 BE 9 2 Fn RO SR E I D e N T L h, KA A R
mef:.

2 EBRAE
21 B
Rk 30 /- 4 A2 B ¥R 3L 1 A £To 10 » A oMIC, KEM»»T, £, FFI—1
o ORISR W B & B OBt OB 15 O TRILL 7=, SRBOEFTIZ R Gl RO
i A fEIZ o T iﬁaAﬁﬁ*ﬁrIb% ZOMIZONW T RIEFEL Th o7z, RAB= I ANE D
HRBRBALA £ T, W TR L, BWM% 2 BB L 7.
22 & K
1) /KiZ RFD240RA (7 RV T w78 (2 X0 A L-ZAEK (JS K 0211 @ 5213 IZEHKR S
NIFREEAK) 2RV, ok, FRICHOWZRIEKT, 2 H 5 b O kkzE vz,
2) AHAEER
WAbF MU U AR (0.9w/v%) % 121 °C T 15 5 [l M 28 s L 7-.
3) 1L6wWNW%T BET LY — =T )T H ) — VIR

TREZ LY=L 08 g EEAKTH ) —)L 475 mLIZIE L, ZKEK 25 mL &0

ZCHRB L7z, XL T, |ETRELE.
4) AC Eih

AC 7 A 3 »JLffElE . (A KBSER) 505 g K O7 U b MU oA (FOLHBE T¥R) 0259
% 78B4 7K 1000 mL (292> L, 500 mL 55312 250 mL 437E L C, 121 °C T 15 43 [ s E 78 &K
L7z,

5 Tr7yuayabLEREM (LLF TECSEH tuwvH. )

ECS 15t (Difco #) 56 g % Z 47K 1000 mL (Z¥&7/>L, 121 °C T 15 4y @ &Kk L7z,
% 60°CETHALLEE, NRMVILIZ—FRIZIEND L D12 15mL 37k L, AKFEICEEL T
BElE S H 7%, fELCSEZEZDTMCT S L, 37 °C T 1 RMEE L ChMiE w2 ik S8
7.

6) 7L AN AT a—Ta VEREH (LIT IBHI ZEXEH#] 2v»H. )

BHI Agar (Difco ) 52 g Z7%%2/K 1000 mL (Z¥%72>L, 121 °C T 15 4y EARKIRE L7z,

LR, Blck-o7.
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7 7T LYK

TxAN—G =y 21 (AAKBER) OPptiR A (B2 NI TT70—) , PR (B2
YUl =% ) —ViR) ROYERB (V77 =)

8) 65 WNWHE LT Y T A N— AT a— a M (LU 76.5 %NaCl il HI 5541 &
2.)
HI Broth (Difco®) 259, itk +VU v A 659, 7 Kulilg KO*16 %7 2Er LY —/)L
IN—=T N B ) — VIR 1 mL 2788 7K 1000 mL ([ZIE Lz, 2/ NRBREIZ 3 mL B E S
HEL, 121°C T 15 yMmEEARSMEE L.

9) I=T7—tbr hropiREEE (LT TMH i@k 2o, )

Muller Hinton Broth (Difco #) 21 g & O® Bacto-Agar (Difco ) 2.5 g Z 757K 1000 mL (Z¥&
NL7z. ZhZE/DRBREIC 3 mL BESTEL, 121 °C T 15 4 EmERKIRE L%, &8I
BEE X H 7.

10) 3 vIV%iE R kA FEoK B kEAK (30%) % 10 4R L7z,
1) AUTHhT7— [4TU%] PYR (1 VX))

12) Rapid ID32 STREPAPI (A A v 7 A « B4 A Y o —Hl)

13) I = T7—br hrgmEnE (LU TMH @i tuvo . )

Muller Hinton Broth (Difco #) 21 g &% (" Bacto-Agar (Difco ) 2.5 g % 7&K 1000 mL (Z¥&
MULTZ. ZhE/NREREIC 3 mL BRENTEL, 121 °C T 15 MEEAKHE Lk, EEic
BEE X H 7.

14) 20wi% AF LI N7 (LT T20%AF L ILT | ). )
A% 5307 (Difcofil) 20 g #7884k 1000 mL (2L, FERBREIC 2 mL F2ESEL,
121 °C T 15 oy Al @ JE A KU R L 7z
15) HEFEZMRBRH 7o —X 7L — K R (A—F—7L— )  CEHMEZER)
2T 1 Ca® e O Mg? &2 ¥ L 7= Muller Hinton Broth & J M7=, ARG S & 5541 i i duig |2
DONTX Tablel D & BV . REZIFANEZNGMEHE TIEX, -80°C ThiFLZ.

Table 1  Kind, concentration range and break point of antimicrobial agents

N - Range Break Point
Group Antimicrobial agent Abbreviation (ug/mL) (BP)
Aminoglycosides  Dihydrostreptomycin - DSM 025 ~ 512 128
Aminoglycosides K anamycin KM 025 ~ 512 128
Fluoroquinolones  Enrofloxacin ERFX 012 ~ o4 4
Lincomycins Lincomycin LCM 012 ~ 256 128
Macrolides Erythromycin EM 012 ~ 128 89
Macrolides Tylosin TS 012 -~ 256 64
Penicillins Ampicillin ABPC 012 ~ 128 169
Tetracyclines Oxytetracycline oTC 012 ~ o4 16

a) Performance Standards for Antimicrobial Susceptibility Testing of CLSI

16) N—hA 7 a—Ta CREREM (LT THIEREH# Lvw). )
HI Agar (Difco ) 40 g # 7% /K 1000 mL (Z¥72 L, 121 °C T 15 4y M EAR K IRE L7-.
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LR, Blck-o7.
17) MU TFor—RAY A (DLF TTSBEH &5, )
N Z7Fr—2Y 1 (Difco®) 30 g ZZH/K 1000 mL (2 L, /NakBREIZ 4 mL 25
L, 121°C T 15 4[R2 KR L 7-.

23 HEEKOZHE

1) XMV : Hor~EEF» ALO0mMm, & 20mm Db O

2) HE&E: RV e Ll Ho<@EEH, Lub 7 4 ARL—7

3) ArFa—F— HNIEEEL 35~45°C (EBHKE :21°C) ICHRETEDHHD

4) 2o WERICHWEZRED 96, KR OEIRICEMT 2 b 0lk, wEIRE X ILsEEK
P D b D

2.4 SyEEMONRE T 1A

1) BRI B
StralElk 256 g & - T ACHIHLIZ AR, RV IEE 7%, 37°C T 18~24 I # L 7-.
2) BIRBELEE
BPUEERERIR O 1 A4 H % ECS KBk L, I LT 37 °C T 48~72 KffillE# L
7.
3) MEEyREE
ECS Ik Ok & o 258% (AN BEEa UTREAH T, FLEEHoar
=—) & 2 fAE L, TAENAEBRSER 15 pL BECEBLEZ. FEBKD 1 A4&FE%
BHI 2& K EFHIICHFR B R L, M1 L C 37 °C T 18~24 WFfilIs 2% L 7=.
Frfth, BHI BREHIEREOEEZ LHESHE L, EiLs RBEICEIELZ.
4) fRFEEAE
BHI %R EF Rl DL % LIEHE L, MH i@ iz 22 L7-%, 6.5 % NaCl /il HI £
IR L 7=, MH i EhEs X 37 °C T 18~24 [, 6.5 % NaCl Jil HI 55 1}% 45 °C T 18~24
Rpf s & L 7.
5) fERRFE
FRE 2 M OMERREE I, 7T AYeta, ¥ T —ERER, PYR T Table 2 ®A{LZEANEIR % e
L.



206 R BHIFZEER S Vol. 44 (2019)
Table 2 Biochemical confirmation test of Enterococcus
Biochemical confirmation Culture Culture medium Character of
Enterococcus
High NaCl concentration 18~24hat45+1°C H1? broth with 6.5 w/v%NaCl +
High temperature 18~24hat 45+ 1°C HI? broth with 6.5 w/v9%NaCl +
Moatility 18~24hat37+1°C Mueller-Hinton semisolid agar +/ -
a) Heart Infusion
Biochemical confirmation  Reagent Character of
Enterococcus
Gram stain Faber G" Nissui " Gram positive
Catalase test 3 viv% hydrogen peroxide water -
PYR test Swab color " IWAKI " PYR +
Pigmentation — +/ -

25

Strains presumed to be enterococci in property tests are identified by Rapid ID32 STREP API

TTLGts, AT RTTRAExTH ) —WZ—BpLLERIEL, N—FT—TRIES, BhE L.
Z 0 iz, 2 HOMPEER R BHAORIK 10 pL 250 L, ERT 2. wmigsg, kR
BE LB HmICY Al A ZHaoumL, 1oMEE L. YRaRzKikk, el cie
A OFOAPETHS R 2 EThA L. DRz KEEk, BkEicikeR B 2+
WL, 1 5MEE L. ek E KR, ABRTKRESEEY, P cig Lz,

NHT—VREE MO ELEEEVENERY, AT RS T2EIC I WEFLE 3
VIVOem R L Kk FEAK LIRBFI L, BIDOFELZ R LT,

PYR#EE WA 1 2 1WE T LT A MR 7 CHB DB R L7-#H 2 nEHRY, #Hil
DEEBET S, WIRT3I50FER, NIMEIE2Z1METL, Ao (beBlgLT-.
RO EACFERIER THERE O MR 2 7R L7 E 220 T, Rapid ID32 STREP AP C i i [l /&

w{To 7.

Rapid ID32 STREP APl #2222 g A7 742 mLiZ McFarland W 412722 X 5 ITH
ML, AR LEEKE T L — hOK D v 7I2 55 ub §o437EL, 2L T 37 °C T
A~45 BB L7e. v FORMXEDO LBV IHEL, HEMFEE APIWEB [FE Y 7 k
ZxTIZANL, WHEREZIT-o72. HHERE I N-EKIT, HI e 20 %A F L3I0 7
%“Eﬁo/ A LI AR s i ©-80 °C TIRTFE L 7=,

FEANR s MR (TR R A BRYE)

1) *ﬁfﬁéfi%

Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853 % F5EEE FRML & L CHEBR AR & RIRFIZEBR L, *F
JEEERED MIC (Be/NE B FLIEEFE © Minimum Inhibitory Concentration) 723 Table 3 O BLkSfE (2
ADZ & xR Lz,
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Table 3 Quality control limit of quality control strains
Quality contral strains

Ant:;s:noual Staphylococcus aureus  Enterococcus faecalis Escherichia coli Pseudomonas aeruginosa
ATCC 29213 ATCC 29212 ATCC 25922 ATCC 27853

DSM 1—2 16 — 64 1—4 4— 32

Km? 1—4 16 — 64 1—4 *

ERFX® = 0125 012— 1 <0.125 *

LCM 025 — 4 8—32 = 256 = 256

EM? 025—1 1— 4 * %

T2 05— 4 05— 4 >32 >32

ABPC? 05— 2 05— 2 2—8 *

oTC =1 4— 16 025 —2 2—16

*: No quality control limit
a) Performance Standards for Antimicrobial Susceptibility Testing (CLSI)

2) BEIROFR
PRAFEE 2 HI ZEREFHICEBRE PR L, ) L T 37 °C T 18~24 Ry L7-. HI ZEREsHh
Rl OEE % A~5EEHE L, TSB EFHICHEfE L, 37 °C C 18~24 FEfiR5# L7=. K& % D TSB
B 2 R A AEFR R T 10 AR L, McFarland ¥% 1 I2A ¥, ZTOHEKE S HIZIHEE
HAWR CI0HEAIRL T, 7a—X 7 L— MERHOHEIRKRE L.
3) 7u—Xr 7L — h~OFE KO &
QTCHBLIZEK (28) 2T 27 7—kvy bR AIZAR, 96 BT L— &R
L, %6 B> 7L —r270—X 7L — b ORWIEFE L., 7a—X 7L —hMIZEHEEL
T, 35°C T 16~20 B[ L /-,
4) CHE
U~?4Vﬁ¢?w@ia7m X/7v~b% &, WHRAYICRRE ST ) M@Enﬁ
AR OEY RS> TH L mm A& T LEOGEIIREMRILE Zle L., BREEORED
Bﬁiéﬂf:%ﬁ' IO EARIREZ MIC & LT,
708, BERIED bR MR COME % Scheme 1 IZ/~r L7=.
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Selective enrichment

weigh 25 g sample

—add to 250 mL AC Broth

incubate for 18~24 hat 37 °C

Selective isolation

plate out the culture obtained in selective-enrichment broth to Enterococcosel agar
incubate for 18~24 hat 37 °C

Pure isolation (first)

inoculate typical or suspicious colonies of Enterococci to Brain Heart Infusion (BHI) agar
incubate for 18~24 hat 37 °C

Pure isolation (second)

— plate out the colonies to BHI agar

incubate for 18~24 hat 37 °C

Culture confirmation

inoculate the colonies with wire

—I: Mueller-Hinton semisorid agar
incubate for 18~24 hat 37 °C

Heart Infusion (HI) broth with 6.5 % NaCl
incubate for 18~24 h at 45 °C
Biochemical confirmation
gram stain
catalase test
——PYR test
| dentification of Enterococcus
|——Rapid ID32 STREP AP

Store at —80 °C in 20 % skim milk
I
Antimicrobial susceptibility testing

plate out the stock strains to HI agar

incubate for 18~24 hat 37 °C

inculate several colonies to Trypticase Soy Broth

incubate for 18~24 hat 37 °C

— dilute the culture solution into 100 times with autoclaved physiological saline
inoculate to Frozen Plate

incubate for 16~20h at 35 °C

Determining MIC

Scheme 1  Antimicrobial susceptibility testing of Enterococcus spp. isolated
from feed ingredients

3 HERRUER
3.1 JrEEk
Wk 30 4 4 A BFRL 31 4F 1 H F CIZERIL 72308 0 S8 0 o Bl S 72 3R 0 s8R 2R 1
Table 4 DL B0 THDH. BEREIZIFHLBMOBENOEIER CTH LD, AR~ S b
AREVENE L, 2, SUEHLSMCEE, TR, BAR, W, HEE KRESICHLAERLT
W5, AEERE L 7 SEHREHT — % A I BLE TRICB W TNESOINE, Bt SEnirbh sz
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O, MIBEPHIGEED S D E TOMXUIRER L IFEOMICHERENTZEEZLND.

Table 4  Isolation of Enterococcus (for each feed ingredient)

Number of Number of Isolated Number®? of

samples positive ratea)(%) Enterococci
Soybean meal 33 15 455 21
Fish meal 55 14 255 20
Poultry by-product meal 25 4 16.0 6
Pork and pouitry MBM® 16 6 37.5 9
Total 129 39 30.2 56

a) Ratio of the number of samples to the number of the test samples
b) Isolated up to 2 strains from 1 sample
¢) Meat and bone meal

WIZ, B SIT-IBERE O R % Table 5127, &b E0>7=DIX E. faecalis ¥ 20 T, &K
W E. faecium D 18 i CTh o 7. FRIOFEERITIX, KREM»NI2613 6 BEfE, BhiE ML
BN B3 T 2 B EES -, IBERE T Table 6 O X 5 ICHEEIC X 0 AR YRR 5.
AREHT L0 B S N EREENS B2 B WM BRI R 7ER, (BRoIhT s (E¥(E, o2
EORR, RXIREDOEERLEOEM) REDENVEHDLEEZOND.

Table 5 Number of Enterococcus spp. isolated from each feed ingredient

E. faecalis E. faecium E. hirae E. avium E. gallinarum E. casseliflavus g gp?

p.

Soybean meal 3 5 6 1 1 4 1
Fish meal 8 8 1 0 0 0 3
Poultry by-product meal 6 0 0 0 0 0 0
Pork and poultry MBM 3 5 1 0 0 0 0
Total 20 18 8 1 1 4 4

a) Judged " Identification to the genus " by Rapid ID32 STREP API

Table 6  Species of the genus Enterococcus and their currently known habitats®

Species Known habitats Human pathogen
E. faecalis Human, animal (multiple), plant, insect Yes
E. faecium Human, animal (multiple), plant, insect Yes
E. hirae Animal (multiple), plant
E. avium Human, animal (multiple) Yes
E. gallinarum  Human, animal (multiple), insect Yes
E. casseliflavus Plant, soil, human, animal (multiple) Yes

3.2 HEHIRES MR D R
B 39 M D A BE S VT IBEREE 56 B (L 3B B K 2 BRAvBE) O BEFIEZ R O fE R %
Table 712, MitE%Z R L72EHROFEAMZ Table8 12/~ L7z,
MIC T DFEBERRO LR NS TZIREDR/IMETH S, MICs KT MICy IZEINLE N

/T
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50 %} 1Y 90 %D HEEDIEE ZHIE L7z MIC THDH. MICep MEWIGAEIE, KEB ORI

(—MMPEE A HE L TWAEALH D) , MICs @ WAL, KEBS AL LT\ 5 &
WiTx2%. F72, MICg & MICso DIEAJAWVIGA L, MR HEM, &2 WL, mHEEmIC S
HEZLNDO.

Alal oy S - 2T OEBKDS ERFX, ABPC KON TS IZEZETH 7=, KM, EM KO OTC
WX DI ERIEE ILEFL E. faecalis T 10.0 %, 0.0 %M T8 15.0 %, E. faecium T 61.1 %, 33.3 %
&UN0.0 %, TOMOEFET 11.1 %, 222 %% V56 % TH Y, FHEIC KV mHEOB AT EVD A
AoNT. ZOMOEENTK U CTIXMERR 0~1 K TH 0, FHEWIZR LR -7,

Mtk 2R U7 IE E. faecium 25 11K Tl b 2o 72, 2 FHI~DOLHIMMERE L, E. faecium
T 6K, E. faecalis T2k, E. p. T2 THY, IFEAI~DOLHIMMERE X E. faecalis T LkH >
7.

Table 7 Antimicrobial susceptibility of enterococci 56 isolates from each feed ingredient
E. faecalis (n = 20) E. faecium (n = 18) others (n =18
MI C50 MI Cgo Resistance M C50 M Cgo Resistance M C5o M Cgo Resistance
(ug/mL) (pg/mL) Number (%) (ug/mL) (ug/mL) Number (%) (ug/mL) (ug/mL) Number (%)

DSV 64 64 1 50 32 64 0 0.0 32 64 0 0.0
KM 32 64 2 10.0 128 256 11 611 32 256 2 11
ERFX 1 1 0 0.0 1 1 0 0.0 0.5 1 0 0.0
LCM 32 64 1 50 16 32 0 0.0 16 32 0 0.0
EM 2 4 0 0.0 4 8 6 333 0.3 8 4 222
TS 2 4 0 0.0 8 16 0 0.0 2 8 0 0.0
ABPC 1 1 0 0.0 1 0 0.0 05 2 0 0.0
oTC 1 64 3 15.0 05 1 0 0.0 05 1 1 56

Table 8  Antimicrobial resistance patterns in Enterococcus spp. isolated from feed ingredients

: : , : Antimicrobial Kind of feed _ Antimicrobial

Kind of - feed ingredient Species resistance pattern ingredient Species resistance
Soybean meal E. faecium KM Fish meal E. faecalis  OTC,LCM
Soybean meal E. faecium KM Fish meal E. faecium KM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM, EM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM, EM
Soybean meal E. casseliflavus ~ OTC Fish meal E. faecium KM, EM
Soybean meal E. sp. KM, EM Fish meal E. sp. EM
Poultry by-product meal  E. faecalis KM, OTC Fish meal E. sp. EM
Poultry by-product meal  E. faecalis KM, DSM, OTC Fish meal E. sp. KM, EM
Pork and poultry MBM  E. faecium KM

4 FEOH

Rk 30 4F 4 A DAL 31 4E 1 HETO 10 » A OIS, $RECL7ZEEHER (REH, M
B, FF% IV ROBEBIRGWER) 00l Lo EKE O FRE & R IEATIRIEIS & 2 3k
SRR 21TV, SEHEEHTZ 310 2 I BB O ZEHI MM 0 FZREH A 217 - 7.
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1) KRE»d, faf, TR I A LKOKBREAREHNOOEBEKREOSEERIT, ZhEh
455%, 25.5%, 16.0%M& (X37.5%Th 7.

2) HEREE O FEAE IS E MR & B E R C R D, KREM T 51k 6 FFE, O E)
W LSRR DX 2 EESDEE S . b 2D o - EEIL E. faecalis T 35.7 % (56
FRep 20 88) , WR\\NT E. faecium 7S 32.1% (56 £k 18 k) TH - 7-.

3) HAIEZMHERBROMBEIT, KM, EM KO OTC 26+ AMERITZENEN E. faecalis T
10.0 %, 0.0 %}% (¥ 15.0 %, E. faecium T 61.1 %, 33.3 %M (0.0 %, = DMOEMET 11.1 %,
222 %K UN5.6 %TH Y, HFEIZ LD MHEMM AR 572, ERFX, ABPC T TSIZXf L TlEAa
TOWERPEZMEZ R LTz,

4) MtEZ R L72EEIL E faecium 7% 11 ¥k E b %2 <, ZHIMMEREILX, E. faecium T 6 K,
E. faecalis T 3%k, E.sp. T2 TH -7z,

X M

1) AWSFEFEN B AREYHEE S - ERIm Y (AMR) 3R OHEEIZSWT — B HHLE A
OEEMEH—, Fpk 294 3 A (2017).

2) BEMKPER AR T 7 v a7 70250 T,
http://lwww.maff.go.jp/j/syouan/tikusui/yakuzi/pdf/setsumei_shiryo.pdf, cited 9 Apr. 2019

3) Paulo Martins da Costa, Manuela O., Alexandra B., Paulo Vand Fernando B.: Antimicrobial resistance
in Enterococcus spp. and Escherichia coli isolated from poultry feed and feed ingredients, Vet Microbiol,
120, 122-131 (2007).

4)  EMOKPEER SRR - WEHERA S EEHOMHE IOV T, 5245/ 10H, 52% B
% 793 5 (1977).

5) Muruleedhara N. Byappanahalli, Meredith B. Nevers, Asja Korgkic, Zachery R. Staley, Valerie J.
Harwood: Enterococci in the Environment, Microbiol Mol Biol Rev, 76, 685-706 (2012).

6) BIWAEANIZES B 7 —% BHEA~==27 V8 2 i, ¥k 25 4 4 J 12 A
(2013).
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3 BEARAMYBREBRFICONT (FH 30 FE)

A2 AT AR E S R
Results of Official Testing of Specified Feed Additives (in the Fiscal Year 2018)

BBy &%, R0 2 M O MR K OB O W T HIEE (BN 28 4E1EE% 35 5. LU
T MRtk LWl ) EIFEE 1HEOHTBICESERERNED bR o 55, i
Bt O 2V O R e OB O W IC BT 2 I TS (BBAn 51 AFEUR A 198 75) 8 2 455 2 &I
EO LN PEEWERAIZ VD . FEEEMMIE, fFEL 2SS 558 LHOBEICL Y, MArtT
BOE NEMOKFEMBR L 2N % — (LT TFAMIC) LW o. ) MroREEZ=ZT, RES
A ENTZ LD TRITIITHRE L TR LAV L ENTWS, =771, SFRZREE 74
1 HEORGRE T R E AR R RS S (LT DRSS E AR ERE¥ER) Lo, ) BnREL,
FVESS 16 5285 LI O R RIS 72 b O L ONENES 21 55 1 O X 8k % 52 7o 4 E 5 7 el ok 25
EEHRNEE L, REE 2HOERRBMFINTZHEDIZONTIE, ZORYD TIER.

Wk 30 I FAMIC 2K L TREDOHFENRH VD, ZHIZHE LIRERNMIZONT, #R
HEVFELEDLEOTEOMELRET D, £z, FAk 30 FEOBGRRE FEHEREER I X D5
ERMP) OBEERBEZIZ OV THIFECTHET 5. 7038, Ak 30 FEROR AT, SMEFRE Ak
RGEREE OBERIT .

1 BEEINY ORE 36 8 & OV 4 %

Rk 30 AEFEICREICAR LB ERIMICHOWNT, FOMEN NSS4 FEEENICR 1
R L7z,

HiBIZ 5 %8 (WHEE7E%E) »oby, TofldEEpiesx, ORAOREDHEIT>TND
DN 3FEF, OEMHFEOE AR A ORIEEZIT> TV D OO0 LER, QA OHAD %
THoTWEHON1ELETHY, BERARKZETTMALTH- 7.

Wk 30 AR EEICHREIC AR L-FRERINIL 6 FikE, 8 #9i (AAEEE 9 Fifd, 14 /i) Th -
7.

BEFFEASOUIRAF O ALE L, Oy I~a vy (BEERFRER) , /v~ T ¥4 K (i
RIEER) HE, @77 ~A vy (A) nEE, @F7 vy (JA) »KE, @sxrvr
(BEERIFAR) NTATI T, @B Y/ ~A v F b oa (BERFEER) NHEECT VT
7T, ABE (RHEE S HE) Thole.
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X1 RERFFERUVRLE-E

(FRE 30 F£E)
. - ol e et e 1 e . fid JoHi (2 = Pk
o %1 = 1 Y fe=k e INLY ’ﬁ, T z Loy
X a4 Rk R LG 5 TE VRN > FiEE e G 4 (a1 fi)/g)
. . YV )AL F RY T A O |V s=+avrT7100 100
= ¥R S SR
A s FE L) ETxvooF R UYL Txo o170 200
A [AA==2—bh) va VRS BT PY )AL F R UL O Py 7 2100 100
. E S 2% O |=vF=+14r8uR 80
- 2HH) B i\ - ) i 45 48
= (=3 TNy S e I TH S T TR R NI o F U 7 10%6RK 10
R AL R SRR 28 T BESy L35 JUNTHAR J U NTHEA R4 40
= e e e A 2 B TEImA T O |¥—=v7R20 200
5L a Yy RS FIvv O |Er7 100 100
it 5¥ 54 ¥4 B JH 884 17

M1 OAREEX : BIH - HERE - B, MOEEX AR - PE (AR - ME
X2 WEAEEITHY

2 FEEWINY OFEEUN ORE G AR

Rk 30 41 EE O K E TN OFEEE R O R E G AR, SR EE R OVE R IR & % Rk 28 4%
FE R ONERE 29 FFE DA R & & b IZRK 21TR LTz,

Rk 30 4R O RRE SRS BT 126 1, SR EkE T 590 b v TERE DM &1L 69 k> (J11fh)
Thoto. M, BEKOFEE MR EOXIAIEELIL, £hEh 82.9 %, 81.4%, 845 %L
0, K, HRELKOERNMBBE R L HIHED L.

Fpk 30 FEOREAKEEEZRENICALE, YUV I ~A T M) TAREED 37.1 %
(ATAERE 338 %) THHE<L, RWTT T 254 % (FI4EE 318 %) , TET~A v
222 % (R4EE 137 %) , /o ~TFH A F123% (Fi4EE 86 %) L7 -o7-. F£7-, FEEHHh
BEIZOWVWTE, SFEIEZTET AN aE0 381 % (FIFE 243 %) TbHE<, RV
TH IV /)~A>F hY w7 A3L8 % (BI4EEE 30.0%) , 7730 21.8% (Ri4/E 283 %) , /
UANTHA R A42% (RIFEE 3.1%) L7ro7z.

TRk 30 FEOMEAHKEREROERNMBPEELAEE LK TLL, 20 I~1vy,
UNTEHEAR, BERVCT NI UAKRRT TS 3 ML, YU AT b
U LROTFZv U 3Bd L, MFEEREDFEEN b= ) AF Ly, Jr@gasins Rk
W7 TR T AT+ VR—VTHFENR o7z, F72, Fk 3044 A 1 BS54 5 A 31
HE CTOMICEBHKERICBNT, [HEEERHRINDO Y 2 7 EMEERERS ) 1CESX,
FRERIE L SN ERNYEE IR L. AEORERIMBIEEREE 2> TWV5,

TNNVERILVRNYAFAT V=LAV DT X T NI A7) KT a)vT T84 7
U TR 29 FEND, HiEh ST T TR 28 FENDL, T r Y RPN U AT
REEND, N—=T =T A VTR 20FEND, BT 2T v AT MU U AR 19
EEND, =78 h~vA VUK LT EENDS, EaV e VXK 1L D RE O B
N, ZHBIEFERR 30 HEELHFEN o7, B, F¥ue v R M) oAE, kO£ 5
R LB, BEFrEMBFERIEERIC L 2-ETEFE N b7
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3 FREAINY O K Tl K OVERBHR I O 1 7 G A% A 4 55

K3 BMKELHICETAEEREL—E

B EWIN O TR R EBUHAH B
N=T =T Rk 304-7H 1H
g2 ) A5 KR 304:7H 1H
TTnu b -k 3045124 27H

UV A

SFotH45H 1H

AT

FrE e, Rk ORIETEDBENT LD, HR & WEkic Xy sn s, /g, Hik
W DA R DI Z B DA R ORE R U 7@t o g HIERIC kT2 & 0T, #F

X, PUEWEOAST,

WIZHKTHLOTHS.
LR 30 A FE D REE I O RS R K O BRI B O E S &4, AR S g M VR B )i E

BEAFRAIIRLT.

BUEIZ A W T Bk oy K OV B R Ky % 1 e B R R 2 ot L 7 B U

R it & BB D FN G A LT D &, BRI RE SRR RIR D 83.3 % (HIfEE 73.7 %) ,
MRE G B R D 85.6 % (AIEEE 80.2 %) , EEMEHHE &ERIKD 92.2 % (Al 83.3 %)
i, AR XL 7.

J)UNTEALRRORY Y )~ A rF b U oA, Kk s G OmMBEERR TSN TWD
2, R 30 AEFEE, J AT HA RIZEEEO IR, Y ~A T b U D AREENE O SR

TEDERBEN B - 7.

K4 REAKRGHE AHRBRERVEENMREE BERIER - FARKRAD

(FRE 30 &)
i L] > i Bt =
i Al moE ow om omomm | 2 e | IO | BE ) appem | KR
() (kg) (kg(J7 fiti)) () (kg) (kg(V1 fiti))
Hp N T - - -
BV ST F R 1V*7?4”/‘{ 2 5,380 430
)y ANTHA R 18 72,720 2009 — —
il = ) AT — — — — _ —
TNAFENLRNYAFALT VEZD A _ _ —_
FRIHA 7V % ANV GEFFRTT R ITHA 7Y
JunNT Iy A 7Y _ _ _
~7a 74 FR VogsA4a v — — —
HRAKRTY 2V By KR TIGRT F AT 4 JR—)L — — —
YU /) ~AF ) TA — — - 53 218,560 21,856
trFadv A UL - - -
R T —F LR FTvv 14 149,825 14,983
ERUTF R DA 3 12,160 2432
FYa NS Y UL — — —
TS AL 36 130,975 26,195
Zom :\\7\3\1\:?4’ // — — —
N—=D =T~ — - -
e A — — —
=X Hi 21 84,880 5341 105 504,740 63,464
il = (%) 16.7 14.4 7.8 83.3 85.6 R.2
FEf R L

#ORHBRIT, XS OBER RN L ERT.
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4 EREFIN OO IEABEBELOHB

gl 21 AREEN B AL 30 R E TOME 10 RN IS D RrE RN O FERI O E A k& EE K
OEENMIBEEOHB T NTIEHK 1 KOM 2127R L.

RE A %iﬁzi , WRIEH 2 b O ORAEI THER L, BT 2 FIEAETER 2 B & KIE 2D
Lz, %77, ﬁ1ﬂﬁ?ﬁkk%%ﬁﬁfﬁtt 1.5 B TR O Th - 7.

RE A %iﬁzi%*ﬁ%u HDE, RV Z—TFT LRNEAERD 50 %L, ETHER L (R 22 45 % [
<), PR 29FEETIERY =—T K, RIUXTF RRADIAIZE o725, Fpk 30 41X
RY =T L RM 645 % (BI4ESE 66.7 %) , IRWTEDOMA 22.2 % (AT 13.7 %) , AU
TF RERN132% (AIEE 17.7%) L7x-o7-.

JERI O R EIMMH AR & b RESKEEE & RROEM N, Zofl R Y X7 F RRONEN S
5 L7- DX 29 FRECTh o 72, Pk 30 4L, AU =—F L% 571 % (M4 60.3 %)
WNTE DM 38.1% (FIEE 24.3%) , AU XTF KRB 49% (FIHFEE 11.0%) L7x-o7-.

ZOMERY RXTF RRADNEML A HHE L7 HK & LT, filg=2) ZAF v (KRUXRTF RR) O
BERHESCT BT~ vy (20M) ORGERNAEZONDS. £z, Fk 30 F£EiX~r a7
A RR, ThIVATALVREPIKRART Y a2V By RROBGEERBIZR N7,
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5 R GRAE E fRE RE S 1T X D R E RN O T gk

Wpl 30 AFEERDOIEN T, HRASHB LB EETRES LHE R~ T~ Ay, U~ v
PFRITL, AT EANRN, EXCTVCT RN ULAKRO TR R MY DA, a—F b
FRRASHIUN TIGE = TIHN ) v ~T H A NIfR D B e SR B O RHEL L LT
PRI TWD. 7235, PR 29 D B AL 30 FJEIZH VT a2 —F AL ER RSN TH 5 =
THIZ X 2 REFER T e o7z,

Wk 30 AFEE %R Ek R E B RS RUE R X A REEIRINY O BE S E K VR R R &5 &
S50z, vk, VRPN UAE, R2 TCRLEEBYBRERBIT RN o700, Bk
FEBISERLEER IC L 2 HEFEER H - 12,

FERR 30 A D B Gk R I R RHE UG T X D REE TN O BUE S R 907 b (KPR b
106.4 %) , FEEDMHFEIL 128 b o (D) CHETEEE L 1042 %) T - 7-.

PRk 30 AFEoRIESEE, Y w4 T NI UA ERXRV U NIDA, T RUER
FRIDA, T DB E -T2, £, EEROMBERL, Tyt I va,
PV )4 FT NI UL, TR RFPNITA, 20T~ UDIRIZE ST,

x5 ZRFEAMNFHRERBICIIBERNMYORERES
(R 29 - 30 FE)

K 294F K 304F i
5 s ; e eSS =Wkl e E=S= kil
L] I = ‘;% ¥ 1)y =K P 1) Yk =K e
3H il KEEW j]ﬂq:@@*Ek,\ %L%(E Tﬁﬁi %Li&i Tﬁﬁi
(kg) (kg(Ju 1)) (kg) (kg(Ju 1))
TS w ATy 76,300 6,104 75,340 6,027
) NTHEA KR — — — —
RY AT F RFR
- g2 ) A5 1,120 112 — —
N i 77420 6,216 75,340 6,027
By )AL F Y T A 315,780 31578 396,260 39626
I ERYUT R UL 318,800 63,760 336,800 67,360
- SHay Ry U oA 140,280 21,042 98,160 14,724
/N &t 774,860 116,380 831,220 121,710
b 7t 852,280 122596 906,560 127,737
xf ET O (%) 101.1 104.8 106.4 104.2

KB BGEFTESEHERIEER LY S IY

6 FEERINY DRk B %

Rk 30 AEEEORFE RN O E G HRE (RS R OHA) & B E AR SRS 1T XL D
BEHEORE (ULT HE) &v). ) KOZoEENMHBEELZ R 6 IR LT

Rk 30 AEFEICHIIE R O A SN RETRIIE 7 EEH U, wEEAsEENICAD E, Y
=AYV TN (411%) , EX VT RUDA (233%) , ST (100 %) OJE
2% <, HHITIERY =—T VA28 kb %<, 1,212 b (BiE : 381 b, Xk : 831 o)
LA&RD 810 Nr i, £/, EENMEBEELEENICADL L, TRV T R T A
(355%) , YU/~ FbhU A (3L3%) , TEI~vA > (133 %) ODJEICZL,
MTHERY =T VRPRHEL<, 161 b (i) BRE : 39 ko (Jifl), &k : 122 k> (V1)
L 2RD 819 %% L=,
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WIZ, Rk 21 HEFE D S FRE 30 4EE £ TOidE 10 EMICB T 2R ERINY Otk Bk VER
Tl & ORI OB & L E X 3 L OK 4 1ZR LTz,

TRk R RS S 1T K 2RISR 19 R E DA ST Y, AL 20 I, B
FREGIN DO KIG 72BN B - T 52T, e EMAISFRIEEF IC L 2B SN ML, £
®%%$ﬁﬁmb4ﬁﬁm$FUMﬁi A BEY, SRR 30 I, FRERINY O
BERRD 60.6 % (ATFE 54.1 %) , EEHMEEESED 65.0 % (FIFE 60.1 %) % BHEkFE
ﬁﬂ%@%%ﬁm;é@%ﬁﬁwt.

@ﬁé%ﬁ%ﬁﬁ&bfwéﬁ,%ﬁﬁiﬁﬂ“@ﬁ%ﬁ’;6@EﬁﬁML1wé:&#%,
Fe BRI DR ERNT 1,600 b olifk, FEEMGHE X 200 ko (Ol THER L T D.

&6 BEAMYOKHKEF

(FRk 30 £%)
o g g =2 7l
Foopl 5 T VRN O R KE " R iﬁ*mQ HEpk L
(kg) (%) (kg(71 i) (%)
i A AN N AV — — — —
E A 4 80,720 5.4 6,457 33
RYRTHA KR )Y NTEALR 72,720 4.9 2,909 15
W= ) AT v — — — —
/N it 153,440 10.3 9,366 4.8
TAXINBRIAFALT E=T L _ _ _ _
S hSH A T N T ENTXTT VT A 7T v
rsanr Y%A U — — — —
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U A B SR 614,820 41.1 61,482 31.3
T aTv A R DA — — — -
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Rz —TFT V%K -
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SHuy FF U oA 98,160 6.6 14,724 75
/I 7 1,211,765 81.0 160,981 81.9
TEIvA T 130975 8.8 26,195 133
= T e (Vg - — — —
Z Ot N—=Y =T A — — — —
e — — — —
/I i 130975 8.8 26,195 133
i At 1,496,180 100.0 196,542 100.0
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