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Development and Collaborative Study of Determination Method of Prochloraz
in Rice Straw, Whole-crop Rice Silage and Paddy Rice for Feed by GC-MS

Masakazu SAIKI"

(" Sapporo Regional Center, Food and Agricultural Materials Inspection Center)

This paper presents the results of a validation and a collaborative study that I have conducted for
developing a quantitative determination method of the concentration of prochloraz in rice straw,
whole-crop rice silage (WCRS) and paddy rice for feed using a gas chromatograph-mass
spectrometer (GC-MS).

Having added water to a sample, prochloraz 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 Chem Elut (Agilent Technologies Inc.; Santa Clara, CA, USA). Having
decomposed to 2,4,6-trichlorophenol in pyridinium chloride, purified with liquid-liquid partition,
trimethylsilylated, and injected into a GC-MS to determine the concentration of 2,4,6-
trichlorophenol. The GC separation was then carried out on a fused silica capillary column (DB-
IMS, 0.32 mm i.d. x 30 m, 0.25 pum film thickness, Agilent Technologies Inc.; Santa Clara, CA,
USA). The mass spectrometer was operated in electron ionization (EI) mode.

Recovery tests were conducted on rice straw, WCRS and paddy rice. Prochloraz was intentionally
added at the levels of 0.02 and 0.2 mg/kg for rice straw, 0.00889 and 0.0889 mg/kg for WCRS in
original matter, and 0.02 and 2 mg/kg for paddy rice respectively. 2,4,6-trichlorophenol was
intentionally added at the levels of 0.01 and 0.1 mg/kg for rice straw, 0.0044 and 0.044 mg/kg for
WCRS in original matter, and 0.01 and 1 mg/kg for paddy rice respectively. The resulting mean
recoveries ranged from 101 % to 117 % for prochloraz and 99.3 % to 117 % for 2,4,6-trichlorophenol
respectively. The repeatability in the form of the relative standard deviation (RSD;) was less than
15 % for prochloraz and less than 12 % for 2,4,6-trichlorophenol respectively.

A collaborative study was conducted by eleven laboratories using rice straw, WCRS and paddy rice,
all of which were added with prochloraz according to the following specifications: 0.2 mg/kg for
rice straw, 0.2 mg/kg for WCRS and 2 mg/kg for paddy rice respectively. The resulting mean
recoveries ranged from 97.6 % to 101 %. The repeatability and reproducibility in the form of
relative standard deviation (RSD; and RSDr) were less than 10 % and less than 18 % respectively.
The HorRat was less than 1.2.

This method was thus validated as useful for inspections of prochloraz in rice straw, WCRS and

paddy rice for feed.

Key words: prochloraz ; 2,4,6-trichlorophenol ; gas chromatograph-mass spectrometer (GC-MS);
rice for feed; rice straw; whole-crop rice silage; paddy rice; collaborative study
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o FELHRG b S MREEEHAR ; Bk KERER

1 #

7nr 717 XL, Boots AEMBR LA I XV — LV ROZREAI THDHY., m/LITATa— L ES

REMREL, TEEELORESOREEEBEICH L CHEEEZ R, BREBEICER, oW

B, ENEFEOMRE L LeEHEE, ZOoMIcNE, boxrd, Fa—U vl EDORK
EBABRICER T a .

fAkth o7 a7 a7 AOEPIEMEMIT, fidb S T0.2 meke, FRIEEEHEIE (LLTF TWCRS) &
9. ) TO.1 mg/kg?, £, WINWE OB EAEICI T 2 E ML, Kk (XKK) T2 ppm, /b
2, REFROFAET0S5ppm TH LY. Furnd JIRETLEMET TREIEN, I —
VERMNBHE L CIRFEEKAZ LD N-ARLVIL-N-1-7 a2 EJL-N- [2- 2,4,6-bV 7nua 7= ) x)
TFN] RFEKO N-7 B EL-N- [2- 24,6-NVrumn7x/%y) =F ] JRFEELRD, HITh
KGR ZZ T T24,6-b ) 7 vu 7= ) —LiZiD I ERHLNIRS>TNDEY.

Alal, BN B ARSI v 2 =28 DERRVEE SR O EYE S ik s &Rt 5
WCBWTBHRB LR~ F7Z 7E&SHE (LT TGC-MS) & 5. ) ZHWERIEY
(LR MJFRLE) &W9o. ) ZHEiC, MEAfTo 727 a5 X0 GC-MS & V7= & & ik % B %
THEL B, HEREE AW FERERZ S L, SR T SO~ D5 O W& & R Lo
T, TOMEEZRETD.

BT r s a T X ONRHEYOHIEXSEZ Fig. LLWIR Lo, ARBIER S ORERIED & [,
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Prochloraz N-formyl-N'-1-propyl-N'-[2-(2,4,6-
trichlorophenoxy)ethyljurea
N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl]limidazole-1-

carboxamide

C15H16CI3sN3O2 MW: 376.7 CAS No.: 67747-09-5 C13H15Cl3 N2Os  MW: 353.6
cl cl
0o OH
/©i \/\N/\/
cl cl O)\NHZ cl cl
N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl]urea 2,4,6-trichlorophenol
C12H15CIsN202 MW: 325.6 CsH3CI3O MW: 197.4 CAS No.: 88-06-2

Fig. 1 Chemical structures of prochloraz and the metabolites

2 EBRAE
2.1 ATIEBA TS
211 ROB
RO L ROMKIZTZENENEME 1 mm OAZ V —2 2558 U 0% Tk L7=. WCRS X
60 °C T 5 RFff#zte, WIZEHEWNICHE L Cabz Lok, FARISH:L .
212 3K
1) 7MY, BT LROAST 3B - PCB R BRHAZHWz. NO-BEA (MY AT
N UN) R TZAFaTE TR REAR7a~ 7T 7 (e TER) 2 Huviz.
CIF LT ) a— R OHERITRIRMERE A HEE Y Yoo A3tk (Rt iiER
TEH) Mz, Kix Milli-Q Advantage (Merck Millipore #) (2 X v K58l L 7= #8 kK (JIS
K0211 @ 5218 IZ/EF S AL7-@MiAK) & Hui-.
2) Tmarnu T RAERRR
Tu s a7 AEAES (FtisE T8, M 98%) 25mg Z IEHEICE > TS50mL OE&ET T
AR, TEMCEMZTENL, BICERE CRBEZMZ T a s n T JEERIK
L7 (oW ImLiE, Yr27ua7 XL L T05Smgaaha7T5. ) .
3) 24,6-F V7 muT ) — LAY
246-FV 7nn T o ) — UAERES (FGHisR T2M, #EE 99 %) 25 mg % IEMEIC & - T 50
mL OEET7 T AIZAN, TE M ZMATENL, BICERE CREBEEZMZ T 2,4,6- b
Vrmu7x /) —EERKERZFARLZ (20K 1ImL X, 246-FV7an7=/—LE LT
05mgxEHT5H. ) .
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EHICEELT, 246-F)7mn7 =)/ — VIBBFERO —FE&EL, ~FHF U TEMIZHRNL,
I mLHiZ246-F) 77/ —LELTENLNO02, 04, 06, 0.8, 1, 2, 4, 6, 8, 10,
20, 40, 60, 80 X 100ng ZE AT 54 246-F) vnn 7z ) — VISR AR L 7-.

4)  EAER AR R

NDFE2,46-FV7un T =) — UERERSE | mL % GC-MS f/NA TIVICERIZAN, Zh
ICN,O-BEA (MU AF AT U) MU TZA4uaT7E 7 RS50uL #1%, S7ox L TRE
DIRE, GC-MSIZ X D2MEITHT 2B MEMIERTEERE L.

2.1.3 IGE K O A
1) Frterk -
Bt 1 CRCKRA)

ZM-100 Retsch 8 (HBE& 1 mm %27 U —>, ffi FHEEEEEE 14000 rpm)
Fifetk 2 (Fado 5 & OV WCRS )

SM-100 Retsch 8 (HBI& 1mm 227 U —, [E#EEH ((EAE) 1430 rpm)

2) IREOH: LY T r 2 — I —SR2W ¥ AT v 78 (ff AFHE & 5 %300 rpm)
3y M A Y s T L 0 Chem Elut (20 mL £R¥FFH) Agilent Technologies
4) RIA4 7wy 7N :THB-1 7 AU R
5) & : Vacuum Hydrolysis Tube (19 x 100 mm)  Wilmad-LabGlass
6) GC-MS :
GC # : GC-2010  j&b 7 B iy A
MS B : GCMS-QP2010 Plus /& it i /E fir
2.1.4 EEHIE
D #

IrERE 10.0 g 8- T 300 mL O3tk =47 7 A 32 Ak, /K30 mL CBIKiX 20 mL) %
Mz, 30 MERE Lk, FIZ7 & > 120mL CB2KiX 100mL) #0%, 30 3[RV RE T
L7z, 200 mL O2&E 7 7 A% 7 75 —iR}OTICES, ks A# (5 F B) TH
FlAHW LT, D =A7 7 Aa QORI ZIERT & M 50mL THEE L, FRERICES A8 L
o, BICERT7 T AaOERETTE N ZMATZ. 20K 20 mL % 100 mL O 72T 7 7 A
2| ZIEMEIZ AL, 40°C LA F DK T 3mL LA T £ CRUERME L, 77 AQBRICHET 23 BHATK
L.

2) T LR

REHNAR 2 Ay A Y 7 £ h T M AR, 10 SREHEE L. 300 mL ORI T 7 A%
T LDOTICEE, REHAKDO A>T\ T T 7 2 aZFiE=F /L 20mL 32T 3 [BElHEH
L, WRENEXR S 7 22Nz, WREADPFTTAAO FRICETLIETHFL TR 7T XK
MEE7. TICEBE=F /L 100 mL %7 7 A2 CRBRICHEM S0, BHRC 7' v —
vxF L7 U a—i (49+41) 1 mL 2%, 40 °C LLFOKB TR 1 mL F CRIEREMEL, S
mL DERET I A AN, BHIEOA> TWERTIEY I A a%2FiEoF /L 1mL §5T3
MIYEE L, WERZIAREORET7 T Aallhbdl. BIZEET 7 A 20K E TR F L
Mz, SRS 2 3EHER & L.



FEHfE T O 0 s v I AQH A v~ 77 7 EESHIFHNT & 2 ERIEDRHSE R UL R 5

3) o
AEHAIR 1 mL % SUSE I IEREIC AL, 40°C LA N THHR L7e 3 HEHRH A % ko CTHAlE S &
o BEWMIZEAE Y D=0 L1 g xx, BER T TSI L TRICENZIE L-#%ES
L7z, ThERIA7a vy 7 8 A&HNT 200 °C T 3 FERIIEL L 2% m L, ~F 9 VERIR
Wt L7z

4y ~FH HRYE
FOSE #BRE L, HEE (1450) S mL Z2Mx CNEWEEN L, NEWE 50 mL O EAem 0
WEE AT, SSE ZHEE (1450) 5 mL 25T 3 [BIYEys U, Vel 2 AV St i O vk e
WCINZ 7z, ~F W 4 mL Z 3w Dk s ICIEMICNZ, 5 2RV IEE. 1000xg TS5 4
M ODEEL, FICA~FH U EO 8% 5000xg T 5 oiE Lo L 72, LK 1 mL % GC-
MS HINRNA TOVIZIEREIZ AN, ZHIC NO-EZX (R AFALYL) VY70t T7kE N7
R RSOuL 2%, 57 L TERIEYRY, GC-MS IZ X 2HE I3 23 EhAR & Lz,

5) GC-MS 2 k2 illE
AREHATE M O K BB IS4 2 il & GC-MS ([CHEAL, &RA A Bl (LT
[SIM] W9, ) Z7a~v 77 L8%2857. WESMH% Table 1 IZR LTC.

Table 1  Operation conditions of GC-MS

Column DB-1MS (0.32 mm i.d. x 30 m, 0.25 pm film thickness), Agilent Technologies
Column temperature 50 °C (hold for 1 min) — ramp 20 °C/min — 280 °C (hold for 10 min)
Injection mode Splitless (60 s)

Injection port temperature 250 °C
Carrier gas He 1.5 mL/min

Transferline temperature 250 °C

Ton source temperature 230 °C

Tonization Electron ionization

Ionization energy 70 eV

Monitor ion m/z 253 (for quantification) , 217 (for confirmation)
6) &t &

BFoNl SIM 7 ax b7 7 ANnbE—7HBEE ORI Z RO THRERZERL, e o
246-FUV7mu 7=/ —EZEHL, 21191 28 CREYPO 7707 XEEZHEH
L7=.

ks, CEEOWE% Scheme 1 (TR L 7=,
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Sample 10.0 g (300 mL Erlenmeyer flask)
——added 30 mL of water (paddy rice: 20 mL) and allowed to stand for 30 min
——added 120 mL of acetone (paddy rice: 100 mL) and shook for 30 min
—filtrated through No. 5B under reduced pressure
—— washed with 50 mL of acetone
—filled up to 200 mL with acetone
— transferred 20 mL of sample solution to eggplant flask
—— evaporated to the volume of 3 mL under 40 °C
Chem Elut
—applied sample solution to Chem Elut and allowed to stand for 10 min
——washed the eggplant flask with 20 mL of ethyl acetate and eluted (three times)
—eluted with 100 mL of ethyl acetate
——added 1 mL of acetone — diethylene glycol (49:1)
— evaporated to the volume of 1 mL under 40 °C
—transferred to 5 mL volumetric flask
——washed with 1 mL of ethyl acetate (three times)
—filled up to 5 mL with ethyl acetate
Decomposition
— 1 mL of sample solution
— dried with nitrogen
——added 1 g of pyridinium chloride and vacuumed
—heated to 200 °C for 3 hours
—dissolved in 5 mL of hydrochloric acid (1:50) and transferred to 50 mL centrifuge tube
——washed with 5 mL of hydrochloric acid (1:50) (three times)
——added 4 mL of hexane and shook for 5 min
—centrifuged at 1000xg and transferred hexane layer to tube
— centrifuged at 5000xg and transferred 1 mL of supernatant to GC-MS vial
——added 50 pL of N,0 -bis(trimethylsilyl)trifluoroacetamide
GC-MS
Scheme 1 Analytical procedure for prochloraz in rice straw, whole-crop rice silage (WCRS)
and paddy rice for feed

2.1.5 HWHEWEIBIT HEEORIEDBGH

246-FNV7mw 7z ) — UIEERKO —EE&L BT F LV CEMICAHRL, 1 mL $i2 24,6-
M) Zwmu7x/)—LE L TSng 2B AT HEMEREMB L. EHEKR 2mL 7-2% 50 mL O 72
T 7 A ZIEREIC AN, ERTAZREATEEIE%, BICENENERTAE 0B,
30 LN 60 ORI E AT 72 b O &R L 7=, FRRICEYER 2 mL §°2% 50 mL O3 ~7 7
AZIEMICAN, T bhr—Y2F L7 U a— (49+1) 0.1 mL ZMXEHE T AERE A
TRE S 2%, RICENENERT A2 0 B, 30 BHAT 60 HKEfFIF7-b Dzl L
oo ~¥ Y 2mL ZIEMICIA TEEWEENL, £0 1 mL % GC-MS /A 7 /VIZIEREIZA
ni=. NO-t 2 (MU AFALUn) MU Zata7 7 K50yl 2z, Sz LT
RVIEYE, GC-MSIZXDHlEICfd oalkhmik s L.

2.1.6  IANEI G ER

2120 2) 7 s n T REHEFIHE KRR )D 246-F) 7nn T ) — L ERERKEEZ T ko
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TIEMEZ AR LB AW,

Turznus XL LT, b 5BIZ 0.02 KT 0.2 mgkg YR (REREBHAK T T 24,6-hV 7
g7 x /=& LT0.524 2O 5.24 ng/mL) , WCRS [ZJE#HH LT 0.00889 &% T* 0.0889 mg/kg
Y& (A 0.524 & ¥ 5.24ng/mL) , FUKIZ 0.02 X OV 2 mg/kg FHY & (] 0.524 % TY 52.4 ng/mL) ,
246-bV 77/ —E LT, fa5HIZ 001 K01 mgkg Y& (K&KREHARF T 0.5
J V5 ng/mL) , WCRSIZFWHE L C 0.00444 &% 10 0.0444 mg/kg 14 & ([7] 0.5 X ¥ Sng/mL)
K2 0.01 KO 1 mg/kg A E (A 0.5 2T 50 ng/mL) (2725 X ) IR ZENHEMNE L <EE
L, —HEE LI BRICARIEICHE > TER L, FHENE & OWGR U % R 7=

BE, KEEZFerns X% 246-Fsun 7 ) — VIO LTERT S0, WINEIR
RBRIEI7T o0 Ak N246-b) 7un T ) —)ELTRENEMTHML THEL7-.

F£72, WCRS IZEWT, RINTEEZYEHI LT rrr T XL LT 0.02 XU 0.2 mgkg,
246-hV 77 /)=t LTO001 K01 mgkg IS EIZARD X 1TV, FEMHEE~DOH
B, FEWP R ORI R OKYERREE 60 %10 %EHE LT, JFY Ok EAE 60 %)
R =R KO EHE10%) TEE 225 0Ktk viTo7z

2.2 JL[EEER
221 & B
TrnrzusX REmEEt) 258 L0 EEaER LML KU AZ, HEX 1 mm
DAYV — %35 Ui T L=, £72, WCRS % 60 °C LA F T 5 Bt L, W=
WICERE L CREZ Lok, FERICHELT. 2hbicon, 8 12 g §Fo/haidLiebo (R
BHZIZIEIR) & 2 82 R BAHRE E L TRt 6 84 AR BR=1ChUT L7
222 O3
) T7Ehry, BT ROANFY AT RIE - PCB B AL Z Ll Eob 0% vz
NO-BEA (hUAFALUL) MU TZAFaTE T REH A7~ 777 M (REHis
TER) ZHWE., P=F L7 a— L R UOHEBITRER R UL N EoMED S 0% H
Wi, e ) U=y MTRE - ROT IL EOMED b 0 & v, KITEMAK (JIS
K0211 @ 5218 (ZEFK S AL0@MA) XXMk E 7 v~ 77 7HXIEZRU Eob D%
Az,
2) Fmarnu T AFERERR
21202 RERIC T 0 7 o T XFEREFE A R L7,
3) 246-FV 7 uvnu” =) — VEERERK
212 D 3)ERIKEIC 2,4,6- NV 7 ou 7 = ) — VBRI &2 3L L 7.
4) R R AR RR AR Y UK
T L72246-F) 7 mu 7=/ — UEEHERIE 2.5 mL 2 250mL O2& 7 7 2 2|2 AR,
FICHEBRETTE R Z2MAT, ImL 2 246-F)V27nm7xc/)—LELTS5ugaahd
% 1 B AR A RO AR E IR & SR L 72
5) Fd B KON WCRS ¥RAN A HE R
DTHM L7 e 70T AEERFHK 2mL 2 500mL O2ET7 7 A3 Z A, FITERETT
Y hrEz, ImLPic7unrs7as X LT 2ug 2 aa8 T 5H b 5 &N WCRS RN #ER
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ZARE LT,
6) HUK RN A HE TR
DTHP L7 nr 0T ZfEHEFIK 10 mL % 250 mL OE®ET7 7 222 A, FICERET
T hEMZ, ImLPIZ7r 70T XE LTEREN20ug 54T 5 KRR %
L7,
DON,O-EA (FUAF)LTUN) M7 FuaT7t b7 2 RIERICEREEZIERRICLEZHO
1R, 5)D4KRKD6)D 2 K%, 221 ORERHFE & Of KRB ICEAT L7z,
223 et
FEWRD 2 HKET, 22,1 ORBAREZ AW, ok E LTiE, YroeI7 XL LT
fgi 5 T WCRS ([ZFHZ4 0.2 mg/kg MY & GRBHZEL 10 g 128 L THg & & Y WCRS &
INRAEYERR 1 mL RN %, PEKICZNZH 2 mg/ke tHY & GRERAFEL 10 g 12X L TREKIRM
MAERERR 1 mL #00) %, BRI THMrBs R BIZRM L TR L 723lek 2 vz,
224 EREFIE
21412 LK-o7~.
225 WAk
223 OHTERE 6 MO EIE, orEE P IRE (mg/kg) THRL, 4 HTHZMELAL TH
DN 3T E CIE S L e L
2.2.6 M S
Rk 28 4E 12 H 14 BB FRL2942 H3 HE T
227 T
FEROMITICOWTIE, EEMIC—FF A XS kFERBRICET 2 FIED 222512,
Cochran # 7, single Grubbs & & 8 paired Grubbs i/ 1T\, HIEOEHEEZ R L7 LT
HylEl =R, O RSB (RSDy) KR OVERMIFFBURE (RSDr) ZH ML, ff 677 RSDr 205, &
1E Horwitz 2'9% AT HorRat Z 3R & 7=.
2.2.8 ZNikR=
— AR NS R EBRREOREE X —, —RMEIEAN B ARBYRER S PR
e, —MRMENEANB KRBT ¥ —  ZEUHT, JA RAAKL b WaEE St
EE R b - PR E X —, RMEEA~Y A 3 bR UMmA RS, MMIATBUE N EAK
FEVH B Z RNt v & — BB SR AR, Rt ¥ —, Fletr 2 —, A4HEES ¥
—, A FE s Z— Kk OFEERE 2 — G 11 3ER=E)

3 WERRUEBE
3.1 HriLBA%E
3.1 FRER
212D HITHE>THB L= 2,46- ) 7 on 7 = ) — VEEHERR O 4 K BT AR HEE 4 2 ul
Z GC-MS IZHEAL, BN/ SIM 7 r~v 77 A6 E—7 mEEL OS2 HW TRERZE
L7z, BonRERO—FIL, Fig2 ot THY, 246-F) 7 v 7=/ —/LX0.2~10
ng/mL (FEA& & LT 0.04~20 pg tH4 &) KON 10~100 ng/mL (FEAE L LT 20~200 pg FH% &)
DOFEPH CHEMAMEEZ R L.
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B, YHMREBEROBERMIT, Yus 827 X% 0.0076~0.38 mgkg & O 0.38~3.8 mg/kg Xix
246-FV 7w 7/ —)L% 0.004~0.2 mg/kg &N 0.2~2 mg/kg & A T 2 bt B2 RiEIZHE
WA L 7o e RBHA IR R 0 2,4,6- NV s m 7 = ) — VIRERFHICHY T 5.

250000 - 200000 -~
y =2233171x - 4194.014 y =1778329x - 2557.167
.| v _
1 200000 R? = 0.9997 £ 150000 | R?=0.9953
c =)
> g
£ 150000 - =
2 = 100000 -
3 £
£ 100000 - o
~ <
3 T 50000 -
& 50000 - &
0 T T T T T 0 T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Concentration of 2,4,6-trichlorophenol / [ng/mL] Concentration of 2,4,6-trichlorophenol / [ng/mL]
25000 - 20000 -
y= 1964807x - 69.86214 y= 1568232x + 7.533981
£ <
> S
£ 15000 - =
N = 10000
3 5
£ 10000 - o=
X <
3 T 5000 -
& 5000 - &
0 A T T T T T 0 T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Concentration of 2,4,6-trichlorophenol / [ng/mL] Concentration of 2,4,6-trichlorophenol / [ng/mL]

Fig. 2  Calibration curves of 2,4,6-trichlorophenol derivative
Peak area (left), peak height (right), 10~100 ng/mL (upper), 0.2~10 ng/mL (lower)

312 ZHMET A Y U th T A K AR E A OB
2.1.4 ® DI X v FAE U723 BHE 2 JFRL JEICHEV 500 mL O 23K i & F WV TR oy i 12 ik
L7zt 24, bbbk WCRS T Ya 3 RELE. =<y J3fHE L CBITITHE
WT2HDOTHoTN, HWERT D012 15 U EIPPD O LSV, IR B OERIEIC KR %
WL, 22T, ZAMETrA Y LI T AOERERG L
214 O DIZXVFAR L0 7 2B IS 2REHAKIC T r 27 17 XL LT 200 ng (i
BHAR T T 246-FY)7nn 7=/ —/LE LT 524 ng/mL fIYS&E) KRN 246-FY 707 =)
—/L & LT 100 ng (AKRENRE T T SngmL M4 E) 2Z2nEnimmL, ZHra4 v ta
T EDD ORIy AR L. TOMEIIT Table2 DB THY, 7Yrnr T X KN24,6-F
Vrmnu7x/—/ViFHBE=F /L 160mL CTRTEH L. 2D Z &5, JFRL EDHKIK 5 BLO
ROVIZEZHAMNETA Y T L2 T LR ETH) 2 &L, WHEEIIEEE=F /L 160 mL &
L7,
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Table 2  Elution pattern of prochloraz and 2,4,6-trichlorophenol from Chem Elut

Recoverya) (%)

Feed types Spiked components Ethyl acetate (mL) Total
ota
0~100 100~120 120~140 140~160 160~180 180~200
. Prochloraz 94 3 3 1 0 0 101
Rice Straw .
2,4,6-Trichlorophenol 98 7 2 0 0 0 107
Prochloraz 91 1 1 0 0 0 93
WCRS )
2,4,6-Trichlorophenol 87 1 0 0 0 0 88
) Prochloraz 86 12 6 3 0 0 107
Paddy rice .
2,4,6-Trichlorophenol 101 0 0 0 0 0 101

a) Mean (n = 2)

3.1.3 i i d 2 BRI O IE DO AR
JFRL V£ CIIFERE — FVIRIA & (BRI, EHREE, 72 2 mL THEMRL, €D 1 mL %
SEICHE LTS, UL, fiib S KON WCRS Tif, ZREMICK 0.5 mL FREOEREYM N4
U, ZHME0 A Y0+ 7 25V HIETHLRBEOERBY N ELCTL., Tha 7 M2 2 mL
THEML, 20 1 mL #0235 2 L1, EBEREICBVWTARERTHLZ LD, BT A
WLPRTE DV IR % 40 °C LT DK TH 1 mL £ CRUERME L7 EHEZ, SmL ORE 7 7 22
TERL, ZO 1mL Z0fficftds2 & & L.
3.1.4 EREEIZBT HHKOB I
ERRIN & D HLEEAFIC BT 2 0 kIR DI OFELZHR T 5720, Trrn T IR
HRKE DY 24,6-FNVrvmna 7 ) — VIEERE TN ENISEICANERELE LM LIZE Z A,
7u a7 AOBIERITIFIX 100 % Th o720, 24,6-bU 7 vaa 7=/ —/LiF 0 %I W KRNI
KThoTz.
ZTIZT, 215 IV KETE T2 A, Table 3 DB, Ty —VZF LT a—
v (49+1) A5 Z L2k, 246-bV7on 7)) —LOBEKEHIETHZENTE .
ZIZT, BT LUBBEOBEBIRICTE =Y F LY a—b (49+1) 1mL 20z 52 &
L7z,

Table 3  Loss of 2,4,6-trichlorophenol due to dryness

Recoverya) (%)
Acetone — diethylene glycol (49:1) Duration of N, gas spray after drying up
0s 30s 60 s
Spiked 114 105 94
Not spiked 22.6 6.3 0.0

a) Mean (n = 2)

3.1.5 WiEWE OB
a5 2 BAK, WCRS 2 BIKLOWIK 2 iR Z2alEl & LT, 2.1.4 12 X0 L7 slhhaik =
GC-MS I EAL, BoN7- SIM 7 u~ 7T AEMZRLIZE 25, WCRS 1 #iFICB W%
v—7 (AEHEEHZ 3 LT 0.001 mg/kg) N@RH LN, MOREHZOWTIXEREZ T 5 &
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— 75RO b minoTz.

ZITRIBLEE—7DER

A LR A A D TREE I A T

ALz A, Yoo X

(24,6-FV 77 =/ —)v) TEe, FEE—7 LB LZ. L, £OmMEIT3.1.8 T
MREINT-ERTRICHY T E—27HED 1/10 RiETHY, FEHTELHERFR 3 ORBRED
HUMEMETBIETA BT A4 » (LLF TREMMRIETA FTA4 1 L)) ITED DEREDFF
A THL Z &b, RBRICSFED 2V O L L7z

B, HFonlSIM 7 ua~ 7T AO—Hl% Fig. 31ZRLT-

2000 2000 4

o
%
S
3

1500

1000
1000

Intensity/arb. units

@
g
Intensity/arb. units

500

e

8.2

0

7.2 7.4 7.6 7.8 8

!

N PV

Retention time / min 72 74

2000 4 2000
1500

1500

1000 1000

Intensity/arb. units
Intensity/arb. units

500 500

7.6 7.8 8 8.2

Retention time / min

7.2 7.4 7.6 7.8 7.2 7.4

Retention time / min

Fig. 3
in standard and blank sample solutions
(GC-MS conditions are shown in Table 1.
trichlorophenol derivative.)
A: Standard solution (0.2 ng/mL)
B: Blank sample solution (rice straw)
C: Blank sample solution (WCRS)
D: Blank sample solution (paddy rice)

Arrows indicate the

316 ~ FVU v 7 A ROMER
2140 1) b 4)
Vonrtda7® v7 2 REMAD8107 7 2 7 3 EHATK 1 mL (12,

7.6 7.8 8.2

Retention time / min

Typical Selected lon Monitoring (SIM) chromatograms of 2,4,6-trichlorophenol derivative

retention time of 2,4,6-

WXV L=/ 5, WCRS KO KD NO-BEA (KU AF L U) b

246-FUV 7o 7=z ) —)LE

LCO0.1 mgkg tHH4E (Furnm o XL LTO0.191 mg/kg fHY &, K&KABHART T 5ng/mL) &
UWNO-EA2 (R AFALYNL) MU TAFaT7E 7 RS0l #ZnZNilML7z&~ Y

v 7 AREYERRIZOWT, ~FH 2 1 mL I

246-F)7mur7 =/ —/E LT 0.1 mgkg fHY &

(FJ 0.191 mg/kg #8245, [ 5 ng/mL) KO N,O-E2 (FURFALYL) R TAFtaTE |
I RS0 UL % Z R ZAVIRI L ST 5h % ©— 7 Rk A R L7 & 25, Tabled 0 & 33
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DTHbv, 246-F)V7mru 7)) —VTHAE~ M) v 7 RCKLDREREELZITHZ L72L
HIERRETH - T-.

Table 4  Matrix effect study
Concentration of 2,4,6-trichlorophenol

) ) - 2 Matrix effect”
in matrix standard in sample™ as
Samples ] (%)
solution (ng/mL) prochloraz (mg/kg)
Rice straw 5 0.191 109
WCRS 5 0.191° 110
Paddy rice 5 0.191 115
n=1

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of 2,4,6-trichlorophenol in the presence of matrix to that in the
absence of matrix

¢) mg/kg air-dry matter

3.1.7  BNIEGERER

2.1.6 \Z K RNENGERER 2 e L7z, ZTORFEIL Table 5D LBV, v rr T X220 TiE
PN A 101~117 %, £ OfMOR UREE ISR MR 2E (RSDy) & LT 15 %LU, 24,6-F U7
o7 )= OWTREY AR 99.3~117 %, RSD; & LT 12 %A FOEN SO, %4
PERERIET A R T A NZED BN HEROOMTREO BEME GUE : 70 %LL 1 120 %LU T,
FE 2 0.01, 0.02 &O00.1 mg/kg TIEL 22 %LL T, 0.2mg/kg TiX 20 %LL T, 1 mgkg TIE 16 %L T,
2 mg/kg TIX 14 %LLF) iz LTz,

B, HFonlmSIM 2y a~ 7T AO—Hl% Fig. 4 1R LT,
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Table 5 Recoveries for prochloraz and 2,4,6-trichlorophenol

Spiked level Rice Straw WCRS” Paddy rice
Spiked components (mg/kg as fed Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
basis) (%) (%) (%) (%) (%) (%)
0.00889 - — 108 13 — —
0.02 114 12 — — 102 15
Prochloraz 0.0889 — — 117 4.8 — —
0.2 109 11 — — — —
2 — — — — 101 5.5
0.00444 — — 117 6.4 — —
0.01 109 43 — — 117 6.4
2,4.6-Trichlorophenol 0.0444 — — 110 12 — —
0.1 99.3 3.0 — — — —
1 — — — — 114 7.6

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) Prochloraz and 2,4,6-trichlorophenolwere spiked to air-dried WCRS samples one night prior to extraction.
The spiked levels were 0.02 and 0.2 mg/kg as air-dry basis for prochloraz, and 0.01 and 0.1 mg/kg as air-
dry basis for 2,4,6-trichlorophenolrespectively. The levels of prochloraz and 2,4,6-trichlorophenolin as
fed basis were calculated with following equation on the assumption that the moisture content of WCRS
samples was 60 % as fed basis and 10 % as air-dry basis.

The levels of prochloraz and 2,4,6-trichlorophenol as fed basis (moisture 60 %)

= the levels of prochloraz and 2,4,6-trichlorophenol as air-dry basis (moisture 10 %) / 2.25
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4000 4000 -

3000 l 3000 l

2000 2000 1

Intensity/arb. units
Intensity/arb. units

1000 1000

7.2 7.4 7.6 7.8 8 8.2 72 74 76 78 8 82

Retention time / min Retention time / min

4000 4000 D

3000 l 3000 l

2000 2000

h h W\w,/LJ/\\/_A

0 0 T T T T d
7.2 7.4 7.6 7.8 8 82 7.2 7.4 7.6 7.8 8 82
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Fig. 4  Typical SIM chromatograms of 2,4,6-trichlorophenol derivative
in standard and spiked sample solutions
(GC-MS conditions are shown in Table 1. Arrows indicate the retention time of 2,4,6-

trichlorophenol derivative.)

A: Standard solution (The concentration is 0.6 ng/mL as 2,4,6-trichlorophenol.)

B: Sample solution of rice straw spiked at 0.02 mg/kg of prochloraz (The concentration in
the sample solution is about 0.5 ng/mL as 2,4,6-trichlorophenol.)

C: Sample solution of WCRS spiked at 0.02 mg/kg of prochloraz (The concentration in
the sample solution is about 0.5 ng/mL as 2,4,6-trichlorophenol.)

D: Sample solution of paddy rice spiked at 0.02 mg/kg of prochloraz (The concentration
in the sample solution is about 0.5 ng/mL as 2,4,6-trichlorophenol.)

3.1.8 EE FREOHH TR

24,6-FNV 7w T /) —VOREBHRNSEREZ R LUZHE, 246-N)7rn7 ) —Lb L
T 0.2~100 ng/mL @ FHiflir & 72 5E (fhi 5, WCRS AL UHIKIZTr 72T XL LT
0.02 mg/kg A% & (BRI P C246-F ) 7mm 7>/ —L e L TO05ng/mLMYE) ) O
WNEGRBE OFE R, SN —2OSNER 10U EThoToch, 7urnT X0EE TR
G S, WCRS BEH K UK T0.02mgkg & Lz, ZOREX, YurznTs X0kmb b
PRECVEAE 2 O WCRS 45 BRILHEME o0 Bl gz H i F A (Z 424 0.2 KO 0.225 mg/kg) 12X LT
ZNENVI0 KL TH Y, Z4MWHERIETA FTA4 ICED b BEM (1/5 LF) &
7oL Tz, 7pds, Table 5 (TR L7 LB, HiZE® FRIEEICKIT 2 BMEINGUERE RITR
HFCThol.

KiEOBE TIREZMBT 5720, RMEIGRERICLX W ESNE—2 O SN s 3 L bRk
RO, ZoORERE, BHETRIEIMD S, WCRS REZM RO Kk TTrrz a7 XL LT 0.006
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mgkg TH Y, FAEICZ L VEMERIET A RI A4 ICED b BEME (110 LLF) &7~ L Tw
7.

3.2 JL[AEER

BFS L7c oA O ERM BB E A MR T 5729, 221210 AR A Fhe L7z,

FERIX Table 6 D EBY THHo7-. fib b, WCRS MUK IZOWTZENLN, FHEIERIL
99.1, 101 %X 97.6 %, RSDI% 10, 4.3 KX TX4.6 %, RSDrI% 14, 18 2 T* 18 %, HorRat iZ 0.68,
091 V12 TH Y, ZUMHERIETA RIA4 VICED ONI-EEHIEEO BEME (b bk
N WCRS IZDWTIE 41 %LL T, BRI DWW TIL 29 %LLF) Zdii/z LTz,

SEOD, FRBR=ETHEA L7 LC-MS/MS O#§fi% % Table 7 (277 L7z,

Table 6 Collaborative study for prochloraz

Lab. No. Rice straw WCRS Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.166 0.206 0.196 0.183 1.79 1.99
2 0.218 0.225 0.225 0.206 2.12 2.27
3 0.296 0.310" 0.277 0.296 2.62 2.68
4 0.241 0.213 0.213 0.192 1.92 1.78
5 0.193 0.188 0.186 0.182 1.80 1.86
6 0.206 0.209 0.203 0.197 1.90 1.88
7 0.152 0.155 0.150 0.154 1.31 1.30
8 0.178 0.183 0.212 0.202 2.11 2.02
9 0.224 0.224 0.219 0.214 1.97 2.12
10 0.198 0.172 0.162 0.162 1.90 1.70
11 0.170 0.243 0.187 " 02527 1.71°" 245"
Spiked level (mg/kg) 0.2 0.2 2
No. labs © 10 10 10
No. outliers ¢ 1 1 1
Mean value (mg/kg) 0.198 0.202 1.95
Mean recovery (%) 99.1 101 97.6
RSD: ? (%) 10 43 4.6
RSDr " (%) 14 18 18
PRSDk ¢ (%) 20 20 14
HorRat 0.68 0.91 1.2

a) Data excluded by Cochran test.

b) Data excluded by single Grubbs test.

¢) Number of laboratories retained after eliminating outliers

d) Number of outlier laboratories removed in parentheses

e) Relative standard deviation of repeatability within laboratory

f) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 7 Instruments used in the collaborative study
Lab. GC column
No. GE-MS (i.d. x length, film thickness)

! GCMS-QP2010 Plus, Shimadzu DB-1MS, Agilent Technologies
(0.32 mm % 30 m, 0.25 pm)

5 GC: 7890A, Agilent Technologies DB-1MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm x 30 m, 0.25 pm)

3 GC: 6890N, Agilent Technologies DB-1MS, Agilent Technologies
MS: 597 inertMSD, Agilent Technologies (0.32 mm % 30 m, 0.25 pm)

4 GCMS-QP2010 Plus, Shimadzu DB-1MS, Agilent Technologies
(0.32 mm % 30 m, 0.25 pm)

5 GCMS-QP2010 Plus, Shimadzu DB-1MS, Agilent Technologies
(0.32 mm % 30 m, 0.25 pm)

6 GC: 6890, Agilent Technologies HP-5MS, Agilent Technologies
MS: 5973, Agilent Technologies (0.25 mm x 30 m, 0.25 pm)

; GC: 7890A, Agilent Technologies Rxi-1MS, Restek

MS: 5975C Inert XL MSD, Agilent Technologies (0.25 mm x 30 m, 0.25 pm)

g GCMS-QP2010 Plus, Shimadzu DB-1MS, Agilent Technologies
(0.32 mm % 30 m, 0.25 pm)

9 GC: 7890A, Agilent Technologies HP-1MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm x 30 m, 0.25 pm)

10 GCMS-QP2010, Shimadzu DB-1MS, Agilent Technologies
(0.32 mm % 30 m, 0.25 pm)

1 GC: 7890A, Agilent Technologies DB-1MS, Agilent Technologies

MS: 5975C, Agilent Technologies

(0.32 mm x 30 m, 0.25 pm)

4 FEOH

BRI T 57 a7 v X225\ T, JFRL {E%#IZ, GC-MS # W= EREZR%ET 5
Elblz, EARBREFERL, FROITEES~OBHAORFIZOVWTHRFNLZE 25, ORIRTEL
HTAY T ENT AL DERICEE, QR F VIEREEOT o 2 mL % 5 mL O4 &
T7I7Aa MW ERICER, QN7 LUBABROBWRICTE M =Y F L7 a—b (49+1)
0.lmLZMZHZ LT, LFOMENGELN, BHNRARTHLEEZ L.

1) MERRIE, 0.2~10 ng/mL (FEARE LT 0.4~20 pg Y E) KO 10~100 ng/mL (JEAEE LT
20~200 pg FHY &) O CEMIEL R LTz

B, UHMmEROBERPMIL, YoZ o7 X% 0.0076~0.38 mg/keg &N 0.38~3.8 mg/kg X
246-FU 7 mw 7/ —/L0.004~0.2 mg/kgg & T 0.2~2 mg/kg & AT D oM HEE &2 RIEIZTEW

B L 72 i AR EHATR R D 2,4,6- N ) 7y on 7 2 ) — VIRERPHICHE YT 5.

2) FE 5, WCRS RMUHLKIZOWT, KIEZHE>THLNLLZ v~ N7 T AIZE, EEEZHTDS

E— 7 IO oot
3) ARBIZHEWE LN LREHAIRICONWTY MY v 7 A REMHEHR LR, 246-F ) 7m0 >

=/ = VEREIY N v 7 R KDREREELZZITH L RHEARETHS -
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4 Furzus XL LT, fbbIiZ0.02 K02 mgkg FH245 &, WCRS I[ZH##HE L T 0.00889 M
) 0.0889 mg/kg FHY &, KUKIZ 0.02 KON 2 mg/kg FAY &, 246-hV 77/ — & LTH
PHIZ0.01 KT0.1 mg/kg FHY &, WCRS IZHEMHE L T 0.00444 } O 0.0444 mg/kg fH4 &,
KIZ 0.01 XY I mg/kg Y EARM L, ARIEITHE- TS BOMT O 25 L, B K OWE L
FEAZRDIZ L ZH, ZUMEHRIETA RTA ITED SNT-EE R OGHTRE O B EEE 207
TRABRERBE L.

5) KEoO7ue a7 AOEE FRITFAEF T0.02mgkg, MHH TRIX0.006mmgkg THo7-. HE
L7oER FIRE ORI TRRIZ, ZYUMEHRIETA R4 VICED b BAEEZ - L Tz
6) fEP 5, WCRS MUK Fr 7T XL LTEREN 0.2, 02 K12 mgkg Y &EZTRML
B E VT 11 BBERICB W IAREICHEWIEFERBR 2 EE L2 & 25, ZUVEMRIETA R

T A NTED DAV E M B E O BIEEZ W B RIS /G O,

Bl i
HFRIFRIZSML T2V — R EE RO BEMEIE R EBREOR Y & —, —UWH
BN BARBMBEWS  PRUgEET, —BMEEANB KRBt 2 —  ZEUTT, JA EH
AL B WEEHER S BEREEH o - Rt —, —BRMEEA~YA 2 XU URER
DB IBEBRESMICEHF OB ERLET.
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Development of Determination Method of Fipronil in Feed by LC-MS/MS

Aiko YANO™, Norihiro SATO™ and Yuzo ONO™
("! Fukuoka Regional Center, Food and Agricultural Materials Inspection Center (FAMIC) (Now Kyushu
Regional Agricultural Administration Office, Ministry of Agriculture, Forestry and Fisheries of Japan),
*2 Fukuoka Regional Center, FAMIC (Now Food Safety and Consumer Affairs Bureau, Ministry of
Agriculture, Forestry and Fisheries of Japan), ** Fukuoka Regional Center, FAMIC)

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

Having added water to a sample, fipronil was 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 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 pm, 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 negative mode electrospray ionization (ESI-) was used.

As documented in the previous report, whereas we conducted the recovery test on rice straw, the
mean recovery of fipronil did not comply with the validation standard stipulated in the Feed Analysis
Standard of Japan. On the other hand, in this report, we investigated the possible cause of the low
recovery of fipronil. We found that the low fipronil recovery was caused by a water soluble
material in rice straw matrix, and the effect of the material can be removed by the use of NaOH
solution (0.5 w/v%) instead of phosphate buffer in liquid-liquid partition.

Recovery tests were carried out on rice straw. Fipronil was intentionally added at the levels of
0.01 and 0.2 mg/kg, and the resulting mean recoveries ranged from 76.7 % to 84.8 %, and the
repeatability in the form of the relative standard deviation (RSD;) was less than 13 % for fipronil.

Formula feed for layers, corn, alfalfa hay and whole-crop rice silage (WCRS) were also brought to
recovery tests in order to determine the limit of quantification of fipronil in feed. Fipronil was
intentionally added at the levels of 0.0008 mg/kg for formula feed for layers and corn, 0.01 mg/kg
for alfalfa hay, and 0.004 mg/kg for WCRS in original matter respectively. The resulting data
together with the data obtained from the previous report thus enabled us to determine the limit of
quantification of fipronil in feed.

Key words: fipronil; liquid chromatograph-tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); rice straw;

OMSIATBOE NRMOKEEBE R RSN o2 — Rt o F—, Bl RMOKER WN R EUE
2 OMMSIATEOE NEMOKEEE B R it o 2 — e o Z—, Bl RMOKERTEE - Z2R
B OMSIATBUE N EMOKEIH B R S v 4 — Rk v 2 —
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F—U—R: T4 Tam ) BRI~ VST TR T ARG 2L R
L—AF Ml b b

1 % £l

T4 m= ML, T VBT Y LROFBAITHY, BRI L CHRREEMH 2 HES S
LR VEBEBERE R T EEBEZ LN TS, FAETIX19964 2P [H] 3 Gk S 4v, 3@ H R IE
WEITKRE R OB RETH L. G hOREREEE LTI, 4, OAFE, IWFEKCL MBS
A QN R B & B EFCT0.02 mg/kg, /A DNH 76 HE AR T0.01 mg/kg, HHTO0.2 mgkg & &XE
ENnTWpY, F, AP oFHELHEE L LT, b5 T0.2 mgke, fREEMHE R (LLF
[WCRSJ £ 9. ) TO0.lmgkg EEDHNTNDY,

kRO 7 4 T u = A OaiEE LT, WESITEENI W T T A7 a~ 7T 7 EESHT
FHZ LD —FoWriEN I STl Y, E& FRIX0.01 mgkg THDH. Sk, D7 4 7Fr=
JAZHOWT, REEEE R O RE R OLENmF SN TRV, EEMEIT L THao S 2 FfF
OONTEDHRBNEE L 72> T 5.

WEAEFE IR DI, —RMEEAN B ARSRENBRE L oiiEd% &, fMethor o 7e=
NOWEK I v~ N7 T 75207 LB ESHE (LT TLC-MS/MS]) &5 . ) IZ KD EREIEDH
BFO T RE~OBEA ORI G A2 RFT LTz & 25, Fabd b USNOEHT DU TIR ko BT A HERI L3 D
RBRIE D Y MEMEBIETA R T4 (LU TR4MEMRIETA RT4 ) L)) ICED LR
HEKOKEO BIEMBEMZTHERTH o7, MOLIZ OV TTEED BFIEEAW =S 2ol
W, A, ZOREEHRVERIEOKBREZRFF LIZOT, TOMELRET H. £, Wb HL
SROFREHT DN T, EFRERRGF Ch oo @& FREA O TIREZBEF Lo e THET 5.

BHENT 4 T a =V OMHEASE L Fig. 1 1T L7

/.

e

Xii

Fipronil
5-amino-1-(2,6-dichloro-4-a,a,a,-trifluoro-4-p-tolyl)-4-
trifluoromethylsulfinylpyrazole-3-carbonitrile
C12H4Cl2FeNsOS  MW: 437.1  CAS No.: 120068-37-3

Fig. 1 Chemical structure of fipronil
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2 EBRAE
2.1 &K
RSB RHEEEE, 2 bAZL, TAT77 V7 7HEROELOLIZIZFNENHEBAE | mm
DA — 2 248 U THf: L7=. WCRS 1Z 60 °C T 10 B e, FICENICHE
L Clliz L7z, [FARICkHIEL 7.
7B, MEHCHW TR ASE OB AE A % Table 1 (28 L7z,

Table 1  Composition of the formula feed
Proportion

Formula feed type  Ingredient type %) Ingredients
For layers Grains 61  Corn
Brans 1 Rice bran
Oil seed meal 22 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 6  Pork and chicken meal, fish meal, feather meal
Others 10 Calcium carbonate, animal fat, calcium phosphate, salt,

oyster shell, feed additives

22 O

) 7Er=hkUN, 7B RONFHF IR - PCB RBAEZH W=, A% 7 — X
LC-MS Hl (L7 A v aftiskil) Z2Hwnwiz. 7oe=7k, #HtF U 7L, HEE, I
e, WEEe7 »E=7 A, B, KT NV OLA, N Zooalpifg, U704 aEEET ~Y
Ui, VUBBKFEZ AV L, VUEETIKFEND UL, FEBESH LKL ORETS NY T A
(HEAR) 1TERERR 2 Az, b U 74 m BERRIL SAY Frk (Sigma-Aldrich #) 2 w7z, 1
mol/L g7 v E=vU MIE#iRAE 7 v~ b7 I 7 (L7 A4V AFJEZER) 2 v
Ki% LC-MS Aok (&=L~ A L AFEHMSER SOOI R R e i) 2 v,

2) 0.5mol/L V »EfE@E R (pH 7.0)
UUgKFEZAY 75527 g kO U ZIKFEHTY U L3302 gE2EY, KK 500 mL (i
L, 1 mol/L 2 XI% 1 mol/L KEE{LF b U 7 A% HWTpH & 7.0 ICTHREE L7, KEMZ T
1L & L.

3) T4 7 e = VEERER
747 u = VRN (BT A v AR HEEEY, MBS 99.4 %) 20 mg & EMEICE > T 100
mL O&ET7 T A3 AN, T M ZMXTHENPL, TICERE CREBEZMX T7 478
SRR ERL L (ZOoW ImLiE, 747 o=t L T02mgaahamT5d. ) .
FEHICELT, 74 7 m = VRO —E&EEZ A X/ — /L TIEMIZHRL, 1 mL HIC7
4 7= L7TO01, 02, 04, 0.6, 0.8, 1, 2, 4, 6, 8 XN 10ng & AT % M EMERH
T4 7 n = VAR A TR L

23 HEROSGE

1) FBrierk .

M 1 (ALK OES AT LA
ZM-200 Retsch f (HBIE 1mm 27 U —, fifi fFF[E#5% 18000 rpm)
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Fifetk 2 (REHCR, Fio & K OY WCRS H)
SM-100 Retsch . (HB#& 1mm 227 UV —, [EEEHK (L4 1690 rpm)
2) WEIM: LY T = — A —SR2DW Z A 7 v 7 & (i FEHE & 5 %300 rpm)
3) Ak :SHEB Ml LSRR
4 77774 IR/ 2F LUV TIVNTRELT I LT Y DA AVFEE I =0 T A
(LLF ITR=#FF 4] EvH. ) :lInertSep GC/PSA (500 mg/500 mg) ¥ —T/LHA = R
5 AT Z 27 4% — :DISMIC-25HP (4L#% 0.20 um, B 25mm, #H/KM PTFE) HIEIEHK
;@
6) LC-MS/MS :
LC B : ACQUITY UPLC System Waters i
MS #F : ACQUITY TQ Detector Waters #
2.4 ERIE
D #

SRR 10.0 g (FEARE, Fib S RN WCRS 1X50g) # 8- T200mL O3tk =77 X2
WAL, K 15mL Mz, 30 5MEER, BIZ27E =Y 1 100mL 2004, 30 4V R
FCHHLZ. 200mL ODEE 7 7 A2 7 77 —R}O FICES, iz A cls] Ai
L7ctk, O =A7 7 2Aa KOS ZIRKRTE F=hr UL 50mL THHE L, [FEEICESAHEL
o, SHICABT7TAAOERETTE M= NIAVENATZ. ZOWK20mL %, KRB
T OMBHAK & LTz,

2) RIS

AEHAK 20 mL 2 5 H 2> Lot kT MU w7 A 10 g KOV 0.5 mol/L U VU EefEEE (pH 7.0) 20
mL (Fgo 5 13KEIF N U 7 ABK (0.5 wiv%) 20 mL) Z A#L7= 100 mL O 53k i E
Wz, 10 5MIRVIEE-#FHEL, 7 h=r Vg (@) % 100 mL O =477 X 2i|Z
AN, T =N VEREEOREET N UL (HK) THAKL 100 mL ORTHT 7 2
TR AW LToth, B =M T T AaRIERDVEOTE N = U L THRE L, WEIRE SO
Beril L CAREEDE. A% 40 °CLLFOKIB TIEE A CHET 5 & CHILEM L 721,
BRI A LS THE L., ~FH o 2mL 2 CTEEDERNL, 7 L2025 5K
BHEKR & L.

3) T LALER

R=hT7L%TE R 10mL K ONFH 2 10mL CHERESE LZ. BEHAKREZ I =5 7 Al
AL, REDAFETAFO BIlZiET 2 E THRI N Lo, SBHEIK D AN > Tz 100 mL D72
TI7 I Aaz~FH L 5mL T-OC2HPEFL, WKEZIEKI =07 L2z, RERICHT
SH. SOmL ORI I A% I =T LDOFICEE, ~FHhr—7kELr (4+1) 15mL
I AT AIMATT7 4 7 a = v aEREH S E7Z. IEHIEZ 40 °C LT OKI\E TIE & A L HLlE
T 5 F CHIERM Lok, ERTAEES THE L. AX /—)b 1| mL (HEE, bbbk
O'WCRS (IZH > TIX 10mL) ZIEFEICINA CTEREM AW LTR, AT 707402 —ThH
L, LC-MS/MS (2 X5 WEICHT 25UHEIR & Lz,

4) LC-MS/MS (2 X 2 HIE
AEHAR K O 7« 7' e = )UREAER 4 5 uL % LC-MS/MS IZ7EA L, @RS (SRM)
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sma~ M7 hufe. WESKMN%Z Table 2 KN 3 (TR LTz,
Table 2  Operation conditions of LC-MS/MS
Column Capcell Pak C18 MGII (2.0 mm i.d. x 150 mm, 3 um), Osaka soda
Mobile phase 2 mmol/L ammonium acetate- 2 mmol/L ammonium acetate methanol (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
Ionization Electrospray ionization (ESI) (Negative ion mode)
Source temperature 120 °C
Desolvation gas N2 (700 L/h, 350 °C)
Cone gas N2 (50 L/h)
Collision gas Ar (0.25 mL/min)
Capillary voltage 2.5kV
Table 3 MS/MS Parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
Fipronil 435 330 — > =
— 250 25 30
5) i

HBoi/e SRM Z7ua~ h 7 7 .06 — 27 HBELADTE I ZRO THRERZERL, 3D
T4 Tu= VEEET L.
B, EEEOMEZE%L Scheme 1 (278 L7-.

2.5 WhnE R

22D 3)YDT 4 T a = VAEREFIR B A K — )V CIEREIZ AR LRI -,

T4 7a=l LT, RERREREAFREERRE 5 H AT LIZ0.0008 mg/kg MY B (il
VPG 0.8 ng/mL) , T 7 L7 7L 0.01 mg/kg FHY E ([ 0.5 ng/mL) , WCRS (ZJ5#
B LT 0.004 mg/kg Y& ([7] 0.5ng/mL) 1Z2 D X5 ICZFREFRFMLTCELSEAL, K
B L7 RICARIEICHE > TER L, YRR L OMGR LR E 2 R 7.

72%, WCRS ~O i EmakEHic Rt LT 7 4« 7r =1L LT 0.0l mg/kg FAY &IZ725 X 9
TV, JF PR E~OBRE X, JFY T R OBy ORI EREE 60 %K 10 % EMBE LT,
J54 UK EA & 60 %) TIRE=REY OKOEHRE10%) TRE, 225 0L ViTo72.
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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))
added 15 mL of water and allowed to stand for 30 min

added 100 mL of acetonitrile and shook for 30 min

—filtered through filter paper (No. 5B of JIS P3801) under reduced pressure

washed with 50 mL of acetonitrile

—filled up to 200 mL with acetonitrile

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

added 10 g of sodium chloride and 20 mL of 0.5 mol/L phosphate buffer (pH 7.0)

(20 mL of NaOH solution (0.5 w/v%) for rice straw)

shook for 10 min and allowed to stand for a while

—discarded the water layer and transfered the acetonitrile layer to a 100 mL Erlenmeyer flask

added some amount of sodium sulfate and dehydrated the acetonitrile layer
filtrated to a 100 mL eggplant flask

washed the Erlenmeyer flask with acetonitrile and filtrated to the eggplant flask
evaporated to dryness under 40 °C

dissolved in 2 mL of hexane

GC/PSA column (500 mg/500 mg)

prewashed with 10 mL of acetone and 10 mL of hexane

applied sample solution and leet it flow out

washed the eggplant flask and eluted with 5 mL of hexane (twice)

set a reciever (50 mL eggplant flask)

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

evaporated to dryness under 40 °C

dissolved in 1 mL of methanol (10 mL for grass hay, rice straw and WCRS)
filtrated through hydrophilic PTFE membrane filter (pore size: 0.2 pum)
LC-MS/MS

Scheme 1 Analytical procedure for fipronil

3 BRRUEBR
3.1 fad b TOMREUERDJF K D FEH]

WEEE, fbDBIZOWT T 4 7 = L ORIEMEWRE 2 MG L& 25, KB R
NHDHAREENE N ERRB I N, £ 2T, FRDEOHEE R OEIEO L E S EE R L
72eZA, UTOZ ENHE L.

O KEEOFRRYE L, @IRLIIZK L CRERKEEDE TS 5.

@ BREAACHOLNADEZ WL OORIBIC L W EINRALESND.

@ Lo bLTAAYDOHEN, EUEOLEDH RN E.

@ [RGB O - DICHEINT HRIL, HHEETIER L, REOBRFICRNT 2 0ERND 5.

T ORETORER, WRIKEREZ, U CEBEEIROMND D ICKEET N U AERAE RN L
e a &b BAFREINER L 75 T

I C, RRDERFOKERLT NY U AEROKREREZRFT L. bblic7 4 7Tr=1¢&
L T 0.2 mg/kg tHHY B2 RN, AIEITHE> THME L 72 H#& 20 mL 2 H vy, 0.5 mol/L U gz
Bk (pH 7.0) 12182 T0.1, 0.5, 1, 2 XL 5 wiv% KEE{LT ~ U o A% 20 mL ZfH L C,
RIETHE » TR TP LB D BAE 2 AT o 72, *HRE U TR AR 20 mL IZAIEIZHES> T 0.5
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mol/L U > ERiEER (pH 7.0) 20 mL i L, RIEROELIEDOEIEEZIT 72, DR E, Table
4 LBV, 747 a= VI dOKEIT MY U AR (0.5 wiv%) ZEM L7256 10Kk S mBIeR
Tholz. LIENR->T, RKSBIHERT 2KEEET N U U ADOREREIZ0Swiv%s B 2 bil
7.

LLEDFERNG, Fhbd B2 oW TIHRIKIR T BRI 0.5 mol/L U » EFEER (pH 7.0) Oftb v I
KEEILT B U U AEIR (0.5wiv%) WD Z L L L.

Table 4  Optimal concentration of NaOH in liquid-liquid partition (LLP)

Recovery (%)
Sample Phosphate NaOH (w/v%)
buffer 0.1 0.5 1 2 5
Rice straw 1 53.0 83.6 87.4 81.5 70.9 71.7

n=1

32 fbblzB T 2 EME OB
e o s MiEZREE LT, RIBICEVRE L -REHARZ LC-MS/MS 12 EAL, Bbhi-
SRM 7 v~ M7 I LR LIZEZA, WTAORBHIBWTHERZHITLE—71TRDH
nipinoiz.
7B, BFONTZSRM 7 < N7 T 5O —fl% Fig. 2 12" L7z,

400 - N 400 -
350 - 350 -
£ 300 2 300
£ E v
S 250 - 2 250 -
g 200 200 -
£ 150 | § 150 A
c
£ 100 - & 100 A
50 A £ 50
(5 S A 4 M 0 - Mwm A " A § N Y G N
-50 - T T T ! _50 ] T T T 1
11 11.5 12 12.5 13 11 11.5 12 12.5 13

Retention time/min Retention time/min

Fig. 2  Typical Selected Reaction Monitoring (SRM) chromatograms of fipronil
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the
retention time of fipronil.)
A: Standard solution (0.1 ng/mL)

B: Blank sample solution (rice straw)

3.3 fib oloB T D us e s
a5 5.0 g7 4 7Fm=/L L T0.01 %02 mgkg fFHYEAHTMELSESL, —HiFE
L7, RIECE->TERL, 74 70 =L O RILEE OHE U EEZ RO, TORE,
Table 5 D LV, 747 =/LOFEEEILFEIT 76.7~84.8 %, Z OO UKEE 13 FH k2% HE {7 7=
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(RSDy) & LT 1I3%UTOMFETHY, ZU4MWHRIETA KT A4 NTED DI B KOS E
OB (B 70 %L b 120 %LLT, KSEE : 22 %LA T (0.01 mg/kg) , 20 %LL T (0.2 mg/kg) )
i NG AY

Table 5 Recoveries of fipronil with NaOH in LLP

Rice straw 1 Rice straw 2
Spiked level 2 ) 2 o
(mg/kg) Recovery RSD; Recovery RSD;
(%) (%) (%) (%)
0.01 77.4 13 84.8 9.0
0.2 84.6 1.3 76.7 2.6

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

34 MbHICBIT 2 ERE FRLOHH RO

T4 70 = ORERSERMEZ R LZ#PE 0.1~10 ng/mL O FHaftir & 2 58 (b b T
0.01 mg/kg AHY & (K REHAIR T T 0.5 ng/mL fHMS &) ) (BT 2 EMEIGRBR O R, 55
NIZE—Z7DOSNERI0LL EThoT77c®, ThEWboH 07 4 7r=VOEETFRE L.
ZOREX, MbbHmoT 4 7 u = LOEREEME (0.2 mgkg) 2K LT 120 THY, 244
WERBIETA R TA ANZED bV BARE (1/5 LF) &M/ L7z, 723, Table 5 (TR LBV,
YELE R TRIEEICB T A2 IRMNENGEERFE R IIRGFTH - 7.

KiEOBE TIRAZMBT 5720, RMEIGRERICLX W ESNE—2 D SN s 3 L bRk
BRI, FOE, B TRIZ 0.004 mgkg TH Y, FERICZYMEMBIETA BT A4 28D
L BAEME (/10 LAF) &7z LTV,

3.5 b bUAORENCR T 5 EE FIRE O FIROMG
1)  @hnEEER
2502 L0 B GERER 2 SEhE L7=. & DR FIE Table6 D L350, FHENERIL 81.3~102 %,

ZTOMIRUAGEILRSD, & LT 12 %L TOMETH Y, ZUMEMZBIETA FT7A4 IZED LR

ToBLE R OEFE O BAZAE (LR 70 %LL F 120 %LA K, F& : 22 %20 F (0.0008 ~0.11 mg/kg)
20 %LAF (0.2 mg/kg) ) M-I RETH-o7-. 728, Table 6 121X, BE D= OITHEEHEIC
S L 7= B ANE IR ER O fE B2 ORE CRis Lz
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Table 6  Recoveries for fipronil
Formula feed
Spiked for layers Wheat Corn Alfalfa hay WCRS?
level ) b) ) b) 2 b) ) b) ? b)
(mg/ke) Recovery RSD; Recovery” RSD; Recovery RSD; Recovery” RSD; Recovery” RSD;
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.0008 1029 3.99 81.3 8.9 91.1% 129 - - — -
0.002 — — 86.2 6.7 — — — — — —
0.004 - - - - - - - - 1027 7.07
0.008 — — — — 85.8 6.6 — — - —
0.01 83.2 7.1 — — — - 81.6° 5.59 — —
0.018 — — — — — — — — 87.5 7.2
0.02 81.3 7.0 — — 90.0 1.8 — — — —
0.04 — — — — - — 86.7 4.1 — —
0.11 — — — — — — — — 85.6 5.2
0.2 — — — — - — 85.8 6.7 — —
—: Not tested

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

c) Test results conducted in this report.

d) Fipronil was spiked to air-dried WCRS samples one night prior to extraction.

0.04 and 2.5 mg/kg as air-dry basis for fipronil.

Others were conducted in the previous report.

The spiked levels were

The levels of fipronil as fed basis were calculated

with following equation on the assumption that the moisture content of WCRS samples was 60 % as

fed basis and 10 % as air-dry basis.

The levels of fipronil as fed basis (moisture 60 %)

= the levels of fipronil as air-dry basis (moisture 10 %) / 2.25

2) EETREUHH TR

74 7 a =V OMRBRDERMEE R LIZ# P, 0.1~10 ng/mL O TG AIT & 722 DR (kA
HHARAER, NEXRE S S A LT 0.0008 mg/kg FH2Y & (& REHAT T T 0.8 ng/mL
i) W7 V7 707 7 i 8 KO WCRS (R H) 1% 0.01 mg/kg #8245 ([ 0.5 ng/mL

MY E) ) BT 2B G O RS E,
NoxE7 470 LOEETFERE LE.

BoNT-E—27OSNENI0LL ETHhHoT-720, =
INDORER, EAEHZIIT 5 HKEMEO K /IMET

HHBRO)THHEAEE DO T ¢ 7 u =L OEAEM (0.01 mgkg) 12X LT 2/25, fHKEh

D7 47 v =)LOKEHEE (0.2mgkg) |

JEVRZ ) R EAE (0.2 mg/kg) (2%F LT

ZxF LT 1/20, WCRS 1D 7 1 7' 11 = L O B L YE(E

120 ThH Y, ZHEMEBIETA RT7A4 VICED N

FARE (ARYEME 0.1 mg/kg Rl - 2/5 BLF, AYEME 0.1mgkg UL b 1/5BL0F) &z LTz,

7B, Table 6 ;v L7=&BY,

YRLE R FIRIREIZR T 2 @I EIGRERE R ITRAFTH o 72,

AEOBRHE TIRZF#ERT 2720, NMEINGRRICZ VGOSN —27 O SN X 3 L5

FEAEROT-.

ZTORER, B TIRIZKEREHEAEE, hEEOTE > HAZ LT 0.0002

mg/kg, 7T 70T 7 HE KT WCRS (JAFEMH) T0.004mgkg TV, [FIERIZ 2 Y MR
EHA RTATED DIV BEEE GE¥EE 0.1 mg/kg AKiifi : 1/5 LIF, HY%E 0.1 mg/kg LA

1710 LF) &7 LTz,
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4 FEH
AR T D7 4 7 r =220 T, LC-MS/MS (T & % & &1k Ok i FHe~ o FH o wf

BERF L2, Wb oIz oW T, REDORFHIBWT T 4 71 = )L O RIIEE MR > 7R K O

AR ONVERBIEOH R EZMFL, b bUSADREHIOWTIE, FEFEEREM CTH - E R FIRK

OB FIREREFLIZE 25, UTORENELNLE

1) MbbLHO7 4 7= L, fab b OKEMEIMEY OFEIZ XV REIRE L 225 2 & LR
WO ECRFIC KL T N Y O AR E VD 2 LI XD EIEEN G ET D Z AP LN 25T

2) FMbLERAWTRIEIE > THONZZa~ N7 T A0, BEEEHTSE—71ERD LN
N T,

3) fbbi, 74 7=t 1L T001 XiX02 mgkg HYEZIFRML, REH- TS SHHTH
Mra g L, FERHERE R LEE 2RO 25, ZUMEHRIETA 74 VICED BN
T B N OV A FE 0 RS 23 7= L C U7z,

4y KEOT7 4 7a = LoOERE FRIZ, RHEHEENRESEE, NEROE IS A LT 0.0008
mg/kg, TVT 7T 7 ELE, fEb 5 &Y WCRS (RS H) T 0.01 mgkg, i T IR
BHARAEE, NEERE S HAHZ LT0.0002 mgkg, 7/V7 7 /V7 7 EE, fib & KON WCRS

(REH)H) T 0.004 mg/kg Tholo. RELIZERE FREOKRI FIRIZ, Z4MMRETA K
TANTED bV BB & 72 LTz,

X |
1) RaLEEFARREFMWES 7« 7 o=/ LR - @R ERGFME, Pk 28 1 A
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2) EMED SRR OEEHRIN O R B E BT 2845, WMMSIET A 24 H, BHRESE
35 5 (1976).
3) BMKFERGERF@E « FE oA EDE O ERMER OVEREEOHIEIZOWT, I 63
10 A 14 H, 63 % B & 2050 5 (1988).
4) BEMOKFELWEE - ZRF/HEEA SO EEDOH EIZONT, Fk20F 4 A 1 H, 19 HE
% 14729 5 (2008).
5) —MMEEANB RSB  FRK 29 FEAFEEM ZEMRIIRETEEE (BB O RIS HT
EBREEFLE ) (2018).
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3 BRE#MIATOLOTXIEBOREKI O NI S I3 T LBEEBESHE
(CkBDEEEDRHFE

HE BRET, & T, BRAR B
Development of Determination Method of Cyanuric Acid in Dried Skim Milk by LC-MS/MS

Ayumi NUMATA", Yuichi TAKAHASHI" and Shinpei NAGAKUBO"

(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

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

Having added water to a sample, it was sonicated. Next, cyanuric acid in the sample was extracted
with acetonitrile, and the extracted solution was centrifuged. The supernatant (2 mL) was then
diluted with acetonitrile-water (1:1) to a volume of 10 mL. The diluted solution was applied to
strong anion exchange mini-column (Oasis MAX, Waters Co.; Milford, MA, USA), which was then
rinsed with acetonitrile and ammonia water. The purified solution was subsequently 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 mm i.d. x 150 mm, 5 pum, Merck Millipore Inc.; Burlington, MA, USA) with a
gradient of acetonitrile-10 mmol/L ammonium acetate solution (19:1) and 10 mmol/L ammonium
acetate dissolved in acetonitrile-water (1:1) as a mobile phase. In the MS/MS analysis, the
negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on three kinds of 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 94.6 % to 107 %. The repeatability in the form of the relative standard
deviation (RSD.) was less than 15 %.

Key words: cyanuric acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); dried skim milk

F—U— R T XN BRI v~ N T T2 T MRS, =L br AT L
—A A AR BURBFL

1 #& B

T ANV, —MRIZT T AF w ZIZEINT L HRH W m A O, S L DR EAI L L
THEAINTVWAY., T XVBECELUILE T D AT I 0L, BRIMCTATERES THY, =
FRFELZLGATWDD, BREICHRNESHh, ARToABEE &% mD 54 & LTH
WHNDZERHDHY. T XV AT I L, B CTEIL 28546 o EEEIT iRy
N, FARCERLESS, BRAREFHERTHMERETKT 22 ENRBINTWVDY, 2007412k
ElZHBWT, A7 VEEbamicifianlc~y h7—FZERLIZA XX allB T 5842
FEGIDS KBIFIZHAE Lz, EFEICBW T, 27 I VBEEAEDR R EIREA S -5 R

" ORNIATBUE N EMOKETE B 2 R v 7 — B EREN 2 R
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TR ALK & BN 2 AR EOBBALEOWENREI N TVDY. HARIZEBWT, St
8 H 6 H AT T THIEL DA EHEME O FRE I K OVE PR HED N BOE S 4L, JRFE 2 b < Sk (BBHEEE
EEte. ) TOAT IR T XVEE (VT XVEE) & L CEPREEMA2.5 mgkg &% iE
EnTe (BF2ME2H6AMITT) . LinL, 7 XABRICHOWTIE, £ OHriE RSBy i ez
N ENTWRWZ LD, SITEDELDNEE LIRS TND.

R, RAGROIE, KERLEKLF (FDA) NORINTWDIKEI a~w N7 7807 M
B &R (LLF TLC-MS/MS] & ). ) Ik B ERIEY (LLF [FDA k) &), ) &L,
ARt O > T XVEED LC-MS/MS IZ K D E®IEA BT L7729 2O, BIEH I T O RMENER
(ZF W TR T B UERI R3O FBRE D 2 Y M MEBIET A R4 (LLF TS MEMHERIETA KT
AV EWID. ) KEDLNTIMTREZM - SRWER LAY, FHNERETH DL ERMAT
FHER S T AN (LLF [ 7 XVER-BC) & )H. ) OEIREKRLEWERTH-72Z &b,
EZBmatnnEe s, 22 C4H0H, BIERMALEZERE LT T XVBOEREDHRITON
THRFLIZOT, ZOMELRETH.

BB T XNBOEERNE % Fig. 1 IR LT

OH
N)\
)\N
1,3,5-triazinane-2,4,6-trione

C3H3N3O3  MW: 129.075 CAS No.: 108-80-5
Fig. 1 Chemical structure of cyanuric acid

N

HO OH

2 EBRAE

2.1 &K
BIEBFLIX 1 mm D52 W E @B L7=b D& Fuvniz.

22 O

1) 7Er=HFUWILC-MS I, 7o E=7KIZFr# (HEEDFE28%) , ¥MITLC-MSH (&
BEOFE 99 %) , 1 mol/L BT =0 ARKIEEERE S o~ 77 7HERGZ (W
HE 7 A VAR ERED) . KX Milli-Q Integral 5 (Merck Millipore #) |2 2 0 FE#d L 7=/
flizk (JIS KO0211 @ 5218 IZiEF S iz fdffik) z e,

2) T ROV AR YE R

T XOVEEREERES (B LT A L ARDGHER, HEE 99.2%) 10 mg Z IEfEIC & > T 20mL D
BET T AIIZAN, KEMZTHENL, TITERETKEMZ TS T XVERIE K 2 5
L7 (O 1ImLE, 7 XARELTS0ugzaa6835. ) .

3) T RVEE-BCs WAE K

T XOVER-BC FEVESL (BROMISE T2, MR °Cs 97.3 %) 5 mg & EfEICE > T 20 mL O42
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|77 AZAN, KEMATHENL, BITERE TKEMZ T 7 XVEE-PCs WAEHERIK
B (Z0@ ImL X, Y7 XVEE-BC; L LT250ug 2 aHT 5. ) .
4) RRERIERH Y7 XOVERIEHETR
TR L C, ¥ 7 XVERIEAEFIR K OV 7 X VEE-BC; WIEHERR D —E /4 X —T7 &
F=hFU (1+24) TEMIZHRL, 1 mL 27 XUl s LT 2.5, 5, 10, 25, 50, 75,
100, 125, 150, 175 18200 ng &AL, 7OV 7 XE-BC; & LT 10 ng 254 25
ERER > 7 XOVERIEER 2 R U7 (AR
5) T XOVEE-BCs WAEHENR
ERICER LT, 7 XVEE-BC; WIEMERIK O —E&Z /K TEMICHRL, | mL FlZv T X
JVER-BC3 L LCapng 250 T HNIEMERZ AR L 72 (FREFRE) .
6) WHEK A 7 b=KFYU/L—10mmol/L FFEET » & =7 AIEHK (19+1)
7)) WEHEK B l mol/L HEfAT » FE =D MK 10 mL IC7 & F=FUL—/K (1+1) 2z T1
L&l
23 HEROSGE
1) BEEFWICHEHE - MCS-6 7 XU UG
2) HREYF A — : POLYTRON PT20SK KINEMATICA fl
3) FRIEEMEA A RBIKRI =T L (LT [R=H2F 4] Lo, ) : Oasis MAX (ETA
Fl & 150 mg, U — " —%& & 6mL, Kift 60 um)  Waters
4) AT F 27 4V H— : 13HPO4SAN (FL£2 045 pm, EE 13 mm, AU TF F 7 74 nxT
L) TR
5) LC-MS/MS :
LC #[ : Nexera X2 SiEfl/Epril
MS # : LCMS-8040 & it B iy
2.4 ERIE
D #oH
SINTEEE 1 g & IEMEIC &> T 50 mL O 32 DR I A4, K 10mL 20 % 721, 15 47 fH]
AR L=, ZomOMEEEICTE h=FU /L 10 mL 2%, B2V T XLEE-13C; NIE
iR 250 pL Z BRI X 2%, REYFTAF—T 1 s EETHE L. mtikz
1600xg T 10 /i DoBE L, EEAE 2 mL %2 10 mL O2E T 7 A3 ZIEMIC AN, 2%
TIAADERMETTER= MY =K (1+1) 2z, 77 20T 25 EHEIKR E LT,
2) 1T LN
S=WTLETER=RUASML KOT BT K=K (5+23) 5mL TIEXRESE L. &
BHEHK 2 mL 2H 060 C0OT7 U E=7 K=K (5423) 3 mL # A7 =7 7 LI TEM
L, MEARTAHO EigIZET HE T &t F7v = )AL 5mL =07 A
Wz CeaEait S (RE#IE 1~2 mL/min f2E & 7225 X5 ICWs|l~=hR—/L F&MH L
7. LR ) %, 7ToE=TK—/K (5+23) 2mL #3=h 7 A2 CEELZHHSE
10 mL OEBRHEBREALI =D T LOTICESE, ¥B—7Er=rJ/ (1+24) 2 mL %
=BT RNTEMICMZ T T XNVBERH SIS, WMHREA LT T 7 4V H—TAilL,
LC-MS/MS IZ X 2 HIE I 2 30K & L7z,

N
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3) LC-MS/MS (T X % lE

FUBHATR e OV 1 AR ERC A & 7 XOVERFE HEWE 4 5 uL % LC-MS/MS IZ{EA L, RIS

H (LLF ISRMJ W9, ) Za~<x 7T 85257,

Table 1

HESAMEA Table 1 LN 2 IZ/R LT-.

LC-MS/MS operating conditions

Column
Mobile phase

Flow rate

Column temperature

SeQuant ZIC-HILIC (2.1 mm i.d. X 150 mm, 5 um), Merck Millipore
Solution A — solution B (19:1) (hold for 8 min) — 2 min —

(2:3) (hold for 10 min) — 2 min — (19:1) (hold for 5 min)

0.3 mL/min

40 °C

Ionization Electrospray ionization (ESI)
Mode Negative
Nebulizer gas N2 (3 L/min)
Drying gas N2 (15 L/min)
Interface temperature 350 °C
Heat block temperature 300 °C
Desolvation line temperature 250 °C
Table 2 MS/MS parameters
Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) eV)
Cyanuric acid 128 2 - b
- 85 10
.13 43 ' 16
Cyanuric acid- "C3 131 - - T

CIC

HEONZSRM 7~ h 7T 50T ANRME O T X)VER-BC; O ¥ — 7 Hifi & KD TH

BB LV RERZEKL,

KB O T X VBERE T L.

B, EEIEOEE % Scheme 1 [Z/R L7z,
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Sample 1.0 g (50 mL centrifuge tube)

——added 10 mL of water

—ultrasonic treatmented for 15 min

——added 10 mL of acetonitrile and 250 pL of cyanuric acid internal standard solution (4 pug/mL)

—— homogenized (1 min)

— centrifuged for 10 min at 1600xg
2 mL of supernatant (10 mL volumetric flask)
filled up to 10 mL with acetonitrile-water (1:1)
Oasis MAX (150 mg)
—— washed with 5 mL of acetonitrile
—— washed with 5 mL of 28 v/v% ammonia water-water (5:23)
—applied 3 mL of 28 v/v% ammonia water-water (5:23) and 2 mL of sample solution
—— washed with 5 mL of acetonitrile
—— washed with 2 mL of 28 v/v% ammonia water-water (5:23)
——placed a receiver (10 mL stoppered test tube)
—eluated with 2 mL of formic acid-acetonitrile (1:24)

—— membrane filter (0.45 pm)
LC-MS/MS

Scheme 1 Analytical procedure for cyanuric acid in dried skim milk

2.5 T LNAEORE G
24 O DIZPE> THIH 21TV, EOSEER O EBAK 1, 2 X 4mL % 10 mL OR&E T 7 X 2
[ZIEREIZ AT, 7 XVEE (2.5 mg/kg tH Y &, F&RUBHAR T 12.5, 25 X O 50 ng/mL)
KO T ZOVEE-BCy (1 mg/kg fHYS &, [ 2.5, 5 XN 10 ng/mL MY &) Mz, LLF, 24D 1)
MWD DUZHE > TRENAKR Z I =8 7 LMZAM Lz, BT E=TK—7/K (5423) 5mL 23 =
BT AIMAZTEBEZHRE S (REIE 1~2 mL/min BE &R 5 X5 ICWF~=h—/L K&l
ML, UTREEE ) %, 72 r=FrI A 5mL #I=0 7 LMz TEBEEHHSEZ. T,
TER=FU SmL ZI=HT7 LM TREZRMIELE, TUoE=T/K—/K (5+23) 5
mL%ZI=h0T7 LM CaEEHHBIEZ. LT, 2402005 )IZHEWVERIEL .
T XOVEER DN T XOVER-BC; ORI R IT R ERIBIC LV REH L. 2B, VT XVEE
DEINRIEZERB DT T 7 ExEZE LI WTEH LT

26 TUE=TIAK—K (5+23) IZ K DWEHREDORFT CTHW L ERFTIE
24 12K UTc BB AWK 2 mL Z IEMEICANTZ 10 mL ORET 7 X3, 7 X% 0.5
% 2.5 mg/kg MY R (B AERUEHAE T 5 3UE 25 ng/mL FHM &) , 7 XLER-3C; & 1 mg/kg
Y & (& REHAR T T 10 ng/mL FHY &) 2L, BT, 24D 1) OEET T AADER
MEH DDEIEEIT-T=. 72720, 24 D 2)OT v h= U LVDWHEHOT =T Kk—K (5+23)
DOYeHHEIL, 2mL L 5mL & L7, B2 2.4 @ 3)ITHEV LC-MS/MS THlliE L7=#, Ho s &
BIEICE D o7 XVBOREIRERZRD . 7B, V7 XABROBIRIZEZRE O T T o 7 f% %
LEIWTHRMH L.

2.7 WiEMEOBRG THWEE R
24 - TH LN =7 IZHEY— 7 BNEL > TV D 0HERT 2720, LC-MS/MS JIlES
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OB TARONT IV 2 bEUTOEBYVELET LI LICXVEREIToT-. 7ok, IR
rua~ 77 7EHORESREUINT 2.4 1216572
J 7 A TSK gel Amide-80 (N4E 2.1 mm, & & 150 mm, KifE 3 um)  # Y —H
W B W 10 mmol/L FEfE 7T =0 AR — 7k F=hK VUL (19+1) (8 min fREF) —
2min — (243) (10 min &) — 2min — (19+1) (5 min £RFF)
b # : 0.3 mL/min
717 MAEIRFE : 40 °C
2.8 IANEIGAER
22 D 2D T ROV UEJFR 2 K T IEMEIC AR LIRINZ AW,
T XN E LT, 0.5 KT 2.5 mg/kg HHYE (REFEBHAK T T 5 K25 ng/mL FHY &) (12
D EIICENENIRNE LEAL, —KFE L7CRICKRIEICE> TERL, FHEIEK T
MR UK Z R, ok, 7 XNVBOBINERITARREO T F o 7 lHE2Z2ELSIWTHRI L.

3 BRRUBER
3.1 ¥ T XOVER-BCs BME[ENNER & 72 o T2 UK o S8 B
WEARFE S0 U 72 AR ¥ 2L 2 F W 72 RN EDNRGRBR O 5 R, + 7 XOVER-13Cs DEILED 30.9 %L
TThY, ZUMHRIETA RTAICED LN BIEME (40 %LL E) ZHi7- L TWniedho /-
Z T, RILERD EDOEEMHEN T XVEE-BCs OREINEDJRE &2 o TWDL D0 E, 7 X)L
A fRfE & L CIRO G IETHER L.
24 OEERE (TFL 1)~4)) T 0.5 mg/kg FHY & (HAEBUEHATK T T 10 ng/mL A1 &) OIFEAER
EWRMUIZSAEOYT IOVEBEOEINCERE Z R RERIEIC LIV EHR L. 2720, 24 © HizBn
T, LB O EBEARORREIT4mL & L., £, 24020280\ TC, TUE=TAK—K
(5+23) 2mL T =4 7 A2 Weif T 2 AT EM L THh722u.,
1) B2 A7z 50 mL O SR DL IZK 10 mL 20 2 726k, 7 XOVEEZ Ui,
2) 15 rMFE I L=k, > 7 XVEEE N
3) ELODEERO EBEAKAIMLZ 10mLORE T 7 A ZIEMIC A%, ¥ 7 XIVEEE TN,
4) I=NT LB EDOELIKEA T T T AN E—TAHAB LT AIRIZ Y T XIVEEZ BN,
ZDOFER, D~MHIZBIT DT ZVEEROEILRIT 29.6~34.4 % TH o 7=, [FIULRNS VTG [FFE
FEICAR o T2 2 D, 7 VBRI ER & 72 o 72 ERJRK X, LC-MS/MS JIERFD A A
LBREICH D B2 B, AR L2 IRMEIGRER IS W T o 7 XOVER-13C; MEENRE &
ol R bR THDL EE X L.
32 H T AR O
LC-MS/MS I ERf D HAFRL T DB L DA A AU ELZ R T 2720, 7 LLEIZEB N T
WEEEE D IFIEN DU T O 2 ROBEIZOWTHF L7z, £7, MEEOHTETIE, oo O
FERIEE 2.5 EHIRUZREHRR E B 7 DBLICHE L T2 E D, B BB E AR
52 TUT XVEEDEIEN R BT A RE L. WIS, A A AL EE b 72 O I ER 2
KIEMETH D EHEB L, TNERETIEDT7TE =N MICED I =D T 2OWEFITNZ, T
YE=T K=K (5423) TOWHFEEZBEBMT L L L Lz, HWiEHRIEZEBNT 124720, T&
F=hUNWEORTE=T K=K (5423) DI =0T L~OBEEDNEE > 7 X )VEEO [RILEE
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ICHBE G 270D RR L., WML Ty 7 XOVER-BCy 12X W ¥ 7 X VER O AR 234/ 1E
éﬂéﬁwﬁ?@%ﬁ%%ﬁ&%@%ﬁvdmﬂ£’iéﬁﬁwﬁDEW%WM&F%E%ﬂxﬁng&b\
« BRETOBRIZIT T T XOVEE O B SR R R AR L0 B L7z,

%%%%%WMT25hi@v?ﬂ»%@@ﬂ@%*@kk:%uka3®%%ﬁ%%ﬂk.
T INVEEORIICEN RS B RER TH o2 0D, 5 EAIR LT BRI E B T LA
ezl l, RBBRAMEDOI =N T LOEEIEITERN= NIV, TUE=TK—K
(5+23) DIETITH> Z & & L. b, MM ERIEIC LV FEH L2 o7 XOVEE-BC; oI
T, 2 TORBEXIZBW TV T XV EFRRETHH- 72,

Table 3  Effect of washing mini column on recoveries of cyanuric acid and cyanuric acid-"3Cs

Dilution factor Recoverya> (%)

Order of washing solution flow — 3
of supernatant  Cyanuric acid  Cyanuric acid-"Cs

Acetonitrile 2.5 46.5 44.4

- 5 79.8 78.4

Ammonia water-water (5:23) 10 757 71.0
Ammonia water-water (5:23) 2.5 36.7 344
-~ 5 66.2 63.6
Acetonitrile 10 75 4 739

a) Mean (n = 2)

33 TUE=TAK—AK (5+423) 1T K DIEEREO KRG

32 DBEHIEWT, TrE=TK—IK (5423) 5mL TI =N T L&k L%, FBE—7T%
F=FUn (1+24) 2 mL T 7 XABEREHE LZE, BHROAB B I, 2, 7
YE=T K=K (5423) DEREN S ol EZ, WEEZHOLT I LICX D AW RYE S
O 26 ICEVRERL. ok, R EEZN ST 2 &1 X 0 KEWRMEY OV PR+ L
00, AF AMEHEORELZRELIZTHZEBEZL6NTZ, £ T, BEFREZHOT Z LI
E0 T XVBOEENMET LW ERT 5720, #xk i EHRIEIC LY &7 XVEE O RIEE
EERMTH L L L.

ZTORER, TrE=TAK—K (5423) 2mL TI=FT7LEWEFTHLICEY, BHHEOH
WITME STz, £z, Tabled O EEY, I =BT LOWEHFITHNDLT L E=T KK (5+23)
DO EE 2mL £ LTH, VT XABOEIENMETT 52 Eidkhotz. £, RABREEHR &
T XOVEBIERER T O > T XOVEE-BCs O — Z A D DD > T X OVEE-13Cs ORI [EIER % oK
Wiz Z A, TR EN 2 mL KOV 5 mL OEEIZB W T, ZE4 78.9 %Lh B, 745 %L ED
WRTHo7Z. Lo T, UBOBRFIT =7 /K—7/K (5423) 2 mL TI=h T L&HkHTH
ZEELT.
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Table 4  Effect of wash volume on recoveries of cyanuric acid

Wash vol f
35. volume o Spiked level Recoverya)
annmonia water-water

(5:23) (mL) (mg/ke) (%)
) 0.5 853
2.5 93.0

S 0.5 8.5
2.5 91.7

a) Mean (n =3)

3.4 WiEWHE OB
BiAE RSl 3 MR Z VY, 24 12X R (7272 Ly 7 XVER-BC; NERER IZA TS, ) L=
REHA 2 LC-MS/MS I[ZIEAL, bz SRM Zu~ N/ AE2MR L. B, &bz
SRM 7 v~ h 77 5O —fl% Fig. 2 IZ/R L2, EORER, &£ TY 7 XVEE &R CARFFRFFIC E —
7 WARH HIL (0.06~0.08 mg/kg) , EEA A LHERA AL O HEREREFRE THoTZ. S5
2, 27 W THT LRI TV NERUEEAETE L CHRBEZI T2 A, TOERMEICK
XREVRRP ST END, VT XA THDH LRI LT
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A B
29000 1 l 29000
219000 4 cyanuricacid 2 19000 -
© ©
3 3
29000 - 128>42 2 9000 - 128>42
cyanuricacid-3C; 131 >43 131 >43
-1000 T T \ -1000 T T \
3.5 4.5 55 6.5 3.5 4.5 55 6.5
Retention time / min Retention time /' min
C D
29000 A 29000 4
} }
o 19000 - o 19000 +
© ©
3 3
£ = 128>42
£ 9000 - 128>42 £ 9000 A
131>43 131>43
-1000 T T " -1000 T T "
3.5 4.5 55 6.5 3.5 4.5 55 6.5
Retention time /' min Retention time /' min

Fig. 2 Typical Selected Reaction Monitoring (SRM) chromatograms of cyanuric acid and
cyanuric acid-'3Csz in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. 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 (dried skim milk)

3.5 WNENEER

2.8 12 &V EOMENGGRER 2 Kh L 7. £ OfEFRIT Table 5 D &Y, 7 SUVEROFEIEILE L
94.6~107 %, % O#MuR UK IIFXEERZE (RSD) & LT 15 %LA FO@A oz, £,
WIMENGRBRGGABHER & > 7 XOVIBERER O & — 7 A DO L h b & 7 XOVEE-3Cs O SFEH I %
KDL ZAH66.0% L EOFERTH-T-. Zhbld, ZHMEMBIETA R A4 IZEDHILIZH
FRAE (BLEE 0 70 %LA | 120 %LA T, WERHED RN : 40 %LL b, FEE : 17.7 %LU T (RINRE -
0.5 mg/kg) XIE 13.9 %LA T (AR : 2.5 mg/kg) ) %/ B RTH -7z,

2k, BHoHNZSRM 7 a~ 7T AO—fl% Fig. 3 IR L7z,
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Table 5 Recoveries for cyanuric acid

_ Dried skim milk 1 Dried skim milk 2 Dried skim milk 3
Spiked level 2 b) 2) b) ) b)
(mg/kg) Recovery RSD; Recovery RSD; Recovery RSD;

() (%) (%) () (%) (%)
0.5 101 15 107 11 94.6 6.1
2.5 105 22 96.7 1.7 97.6 2.0

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

B
59000 - l 59000 - l
@ 49000 - @ 49000 -
$ $
3 39000 - 3 39000
© ©
\ 29000 - \ 29000 -
2 2
£ 19000 - £ 19000 -
c c
= 9000 - = 9000 -
-1000 r r . -1000 ; ; .
3.5 45 5.5 6.5 3.5 45 5.5 6.5
Retention time,/ min Retention time,/ min

Fig. 3  Typical SRM chromatograms of cyanuric acid in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of cyanuric acid.)

A: Standard solution (25 ng/mL: 0.125 ng as cyanuric acid)

B: Sample solution of dried skim milk (spiked at 2.5 mg/kg of cyanuric acid (as 0.25 ng/mL in sample

solution))

3.6 EiE FIR&XOWH FERO M

T XV EAR S EARMEE2 R LT, 4 2.5~200 ng/mL O FuEflT & e HEE GUEHR T
0.5 mg/kg P4 & (FofalEHAR PR Sng/mL M4 &) ) OWINEGRBR O E, Gohizte—
7D SNEN 10 LA ETH T2, V7 XVEBOERE FIROEEIZREH T 0.5 mgkg & L7z,
ZOREE, e O T XOVEROFLUEE 2.5 mg/kg 2K LT 1/5 TH Y, ZUMEMEREN AR
TANTED DT B (1/5 BLF) Zdiz LTz,

KEORHE TIREZMET 2720, IRMENGRERICEX VLN —2 O SN i’ 3 Ll bRk
RO, FORE, B TRIZEE T 7 XLEE 0.15mg/kg TH Y, RIS Y MHEREY
A RTAATED N BEME (1710 LLF) Zfz LTz,

703, Table 5 IC/R L7228V, BEEE FRIEEICE T A2RMNEIGREBE IR TH - 72,

4 F&OH
BiIS Y FL T IC R 3 5 O 7 XAFEIZ OV T, LC-MS/MS % f\\ 7= & & 1E O FEH) ﬁ%ﬁm@ﬁ%
DAFIZONTHES LIZE 25, BOULDEERD EERKEOFHREROLEERRT =T KICK
PRI JEVEE A A U RBRI =D T 2 OWFEEZEBINT A T, LTFORENELN, %ﬁﬁﬁiﬁfﬁéf‘
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bHEEZLNI.

1) BAEBE 3 MIKIZOWT, REICE-> THELNZZ r~ N7 T A2, EREZLTLH2E—71F
RO LI T.

2) MIEMIFLIC Y 7T X LERE LT 05 KON 2.5 mgkg Y BEARML, ARIEITHE- TS SOHMT oW %
Fha L, [EIEKZOBEKR UKEEZROIZE A, ZHNEMBIETA R4 VIZED b EEK
O TR O B 2 7= T BAF R 5 R MG b v Tz,

3) REOTT XNABOER FRIX0.5mgke, Mt FIRIZ0.15mgkg Tho7o. RELTLER FIR
ORI T RRIE, ZYMREERBIETA R4 VICED b BEME A2 LT\ e,

X
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4 E5HAZLYAL—OFOTAFOZANL/ —ILRUETSL/ Y
DHEARIOR NI S T2 T LREENHETICKDAEEZDRE

KRE EF", Mg R, Filb 77

Development of Determination Method of Deoxynivalenol and Zearalenone
in Corn Silage by LC-MS/MS

Shinji OSHIMA®, Mari TABATA" and Koji AOYAMA”

(" Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center)

We have developed a quantitative determination method of the concentration of deoxynivalenol
(DON) and zearalenone (ZEN) in corn silage using a liquid chromatograph-atmospheric pressure
chemical ionization-tandem mass spectrometer (LC-APCI-MS/MS).

DON and ZEN were extracted with acetonitrile-water (21:4), and the extracted solution was
centrifuged. The supernatant (1 mL) was then diluted with acetonitrile-water (21:4) to a volume
of 20 mL. The diluted solution was purified with a SPE column (InertSep VRA-3, GL Sciences
Inc.; Tokyo, Japan), and the purified solution was used for LC-MS/MS determination of ZEN. As
for DON, the purified solution was further purified with graphite carbon to obtain a sample solution
of DON. Sample solutions thus obtained from each process of DON and ZEN were respectively
injected into a LC-MS/MS to determine the concentration of DON and ZEN. LC separation was
then carried out on an ODS column (InertSustain C18, 3.0 mm i.d. x 50 mm, 2 pm, GL Sciences
Inc.) with a gradient of 2 mmol/L ammonium acetate solution and 2 mmol/L ammonium acetate
methanol solution for DON, and 2 mmol/L ammonium acetate solution and acetonitrile for ZEN as
a mobile phase respectively. In the MS/MS analysis, the negative mode atmospheric pressure
chemical ionization (APCI-) was used.

Recovery tests were conducted on corn silages. Corn silage was added with 0.2 and 4 mg/kg of
DON, and 0.02 and 1 mg/kg of ZEN respectively. The resulting mean recoveries ranged from
89.3 % to 116 %, and the repeatability in the form of the relative standard deviation (RSD;) was less
than 8.7 % for DON, while the mean recoveries ranged from 101 % to 112 %, and RSD; was less
than 12 % for ZEN.

Key words: deoxynivalenol; zearalenone; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); atmospheric pressure chemical ionization (APCI); corn silage

F—U—R:THAXL =NV )=V BT TV s a~ NI T2 T ARVE
INTEE ; R&JEALFA Aokl E 5o bAZ LA L —V

il

1 #& B
ARt EMAEOR B, AREEHNER EOEELEKE L MEMNT R, L5 AZ LY AL —
% G de [ EERLETE O B EE X R ARSI ICITThbR TS, 20— T, HELILAILYA L—
UL T AXF =L /)= (LLF IDONJ £, ), B7F 1L /v (LLF TZEN) £, )
FONOHEIRIBINTEYY, BHOKEENEFFEL L COERAFEN DGR FEEREFE S
Fhii LTS, B AT EEEDICINE, STV D DON KON ZEN 2 &8O —F ok 5 b

" ORNIATBUE N EMOKETE B 2 R v 7 — B EREN 2 R
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AZLPAL—V~OlEANRKETHL Z ENHERINTELY, ERoEYREEHEFETIX
FEZDMBITHRE LIomER VLR TN D.

AR O F EYE OFfFEILUE R OVEFLILEYIZ BT, DONIZOWTIEKT H 8% (1FAHo b0
RS, ) RS SN HEEH T4 mgkeg WNCESE (KT 588 (FAHOLDOERLS. ) &k
<. ) MOFEEAICKHS SN HEET Tl mgkg, ZEN ICOWTIEREROFE ARG Sh 5
BTl mg/kg OFEBEAMEMENRE SN TR, FERAYICE R GRS B MEE 2857 L T\ D
CLEMERT AT OOHONIELZED TEBREERNOLEEZELXALNS.

ZIC, GHRERBHEFEICB VT, FR29FEEIC KM EIEAN B ARR SR AW SiTEY
(LLF TIFIC 1) & 9. ) KROVER0MAE B — MRt FE AN B AR S E s 03 W T2 3 AT iES
(LLF INKKK ) &), ) 282, £928AZ LA L —UH O DON KT ZEN DK 7 v~
N7Z T T KRG RS HTEE (LLF TLC-MS/MS) £V 9. ) 1L D ERIEDOE BT IEHE~D
WHOREZBRFFLIEZDOT, ZOMELRET .

2% |2 DON kT ZEN D&% % Fig. 1 IR LT

H H H OH O
e |
B sl OH
(@)
o ; wilH
: HO
H 2
= H
HO/ @)
Deoxynivalenol (DON) Zearalenone (ZEN)
(4S,12E)-15,17-dihydroxy-4-methyl-3-
12,13-epoxy-3a,7a,15-
) ) oxabicyclo[12.4.0]octadeca-12,15,17,19-
trihydroxytrichothec-9-en-8-one
tetraene-2,8-dione
CisH2006 MW: 296.32 C1gH2205 MW: 318.364
CAS No.: 51481-10-8 CAS No.: 17924-92-4

Fig. 1 Chemical structures of DON and ZEN

2 EBRAE
2.1 & OB
EOBLAT LY A L =060 °C T 18~24 RFfH o ete, HIZHEMNICHE L TREZ L721%, HBE
X 1mm DAY Y — 2 BHE LT Tl LTz,
22 RO
1) Eife7T =0 NTRERHE, TER=FILERAZ J—LiF LC-MS H (L7 AL A
FyeMisEsd) | 72 7 7 A KB —73 1% Supelclean ENVI-Carb SPE Bulk Packing (Sigma-Aldrich
) , 1 mol/L BEfET =7 ARKITEEIREZ v~ 7T 7 H (BL7 A 02 Fotiisks)
Z 7=, Kix Milli-Q Integral 5 (Merck Millipore ) (2 X 0 #7288k (JIS K0211 @
5218 IZEF I N HiAK) 2.
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2) DON FE#ER
DON FEHE S, (E L7 A LV AFDEMSEERL, M 100.0 %) 2 mg % EMEICE > T 20 mL O &
TIAIIZARN, T F= MU AEMZCTENL, FITERE CRESZ 2 T DON FEHER
WAL (Z0O 1mLiE, DON L TO0Ilmga2aaT5. ) .
FEFICES L C, DONEHEFE I mL %z 50mL DR 7 7 A ZEMICAN, FICEHRETT
T h=hU—7K (21+4) ZMZ T, 1 mL FIZ DON & LT 2 ug 254 T DIEHERZHR L
o, ZOEUERO —ERE, K—AKX ) —L—TF r=FrU/ (18+1+]1) TEMIZHRL, 1
mL 2 DON & LTENEN 4, 6, 8, 10, 20, 40, 60, 80 X 100 ng & & A T 5 £ 1= Uk ig
AL 7.
3) ZEN 1Z#Ejg
ZEN HEHEN, (B + 7 A L AFEHIEREL, HE 100.0%) 2mg Z IEfMEICE > T 20mL D&~
TFAAZAIN, TER=RFULEMZTENL, FIERE CRFEEEZ N % T ZEN EHEFK
R L7Z (ZoO 1mL X, ZENE:LTO0IlmgaaaT5. ) .
EAICE L C, ZEN ARG 1 mL % 50 mL O & 7 F X 2 |CEMICAN, EICEHRETT
T h=hU—7K (21+4) ZMAZT, 1 mL FIZ ZEN & LT 2 ug 25 AT DEERZHR L
7o, ZOEWRO—E&EZ, 7= V—7K (21+4) TEMIZHRL, 1 mL HIiZ ZEN &
LTENENO.1, 0.2, 0.4, 0.6, 0.8, 1, 2, 4, 6, 8, 10, 20, 30, 40 X' 50ng & HT 5
AR A R L 7.
23 HEEMOEGE
1) Kyt - ZM 200 Retsch . (1 mm A 27 U —>, fii FEREIER2 14000 rpm)
2) IREHIHE: A br Y= H—SR2DW XA T v 7 & (ff AFHE & 9 % 300 rpm)
3) ZHEE 7 A - InertSep VRA-3 (U ¥ — "—KE 6mL) ¥V—x /LA X
4) AT T 7 4/0H— : 13HPO20AN (fL£% 0.20 pm, EE 13 mm, AU T F 7 7t r=F
LY) PR
5) LC-MS/MS :
LC &} : Nexera X2 SiEfl{EprHl
MS &5 : LCMS-8040 &l fE Ay
24 TEEHE
D f
AR 25.0 g 2 EHS T S500 mL O =A 7 T Al A, T =MV L—K (21+4)
250 mL Z Mz, 60 iRV EE THH L. K %E 50 mL o @O EE I A,
1600xg T 5 /Rl DB L, EEAK ImL 2 20mL O2EY 7 A |ZEEICANE. 2R
TAADEMRETTE =RV =K (21+4) ZMz, BT L0 2EHRR E L.
2) BT NP
HEHATR 2 e 7 DT AL, PIODOMEIKR 1 mL 28T/, 10 mL ORBREZ 1 7 LD
TICEE, ZO%OFHIR 1mL 2% F, LC-MS/MS (2L % ZEN OJIE I 23kEHATR E L
72, HIZ, Bl 10 mL ORBREZH T L0 FICES, ZO%OFMIE 3 mL 251, KRt
T OMBHAR & Lz,
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3) rE H
REHEREZH SN LD T T 774 P —HR 2 200 mg Z A7z 15 mL OELF = — 712 AR,
1 3R 0 IR 72. 1600xg T 5 sy LBl L, EEAE 2 mL %2 10 mL ORBRE 2 IEMEICA
N, BZBH A X CHELE. K—XA%/)—1L—7T% r=FrVU/)L (18+1+1) 0.5 mL % IEff
WA TEREWMEEN L, AT T 7 4 0% —TAhiL, LC-MS/MS (ZX % DON OHIEIZ
e 2 3BHAER & LTz,
4) LC-MS/MS (2 X 5 HIE
ABHAR, 4 DON FEHER e OV ZEN FEYERR 5 L % LC-MS/MS IZiEA L, EIREUSH
(LLF ISRMJ W9, ) 7ma~ 7T h&/ T, JWESM% Table 1 O 2 IZ/R LT, HKIK
7ma~ 7T 7EIZEWT, DON KU ZEN OEBER DSR2 % %, Tablel D& B ThEh
B 1 OV 2 OSETHIE L.

Table 1 Operation conditions of LC-MS/MS
Column InertSutain C18 (3.0 mm i.d. x 50 mm, 2 pm), GL Sciences

Mobile phase 1 (DON) 2 mmol/L ammonium acetate-2 mmol/LL ammonium acetate methanol solution
(19:1) (hold for 1 min) — 9 min — (1:19) (hold for 5.5 min) — 0.1 min
— (19:1) (hold for 4.4 min)

Mobile phase 2 (ZEN) 2 mmol/L. ammonium acetate-acetonitrile (7:3) (hold for 1 min) — 4 min
— (1:19) (hold for 7 min) — 0.1 min — (7:3) (hold for 4.9 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative

Nebulizer gas Air (4 L/min)

Drying gas N2 (5 L/min)

Interface temperature 350 °C

Heat block temperature 200 °C

Desolvation line temperature 250 °C

Collision gas Ar (230 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) V)
295 265 - 10
DON

355 - 265 13
131 - 30

ZEN 317
- 175 22

5 7t ®
BFoZ SRM 7~ R 7 AL E— 7 HEL O E S 2RO ThrEftzER L, o
DON # K N ZEN &4 B H L7-.
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B, EEIEOMEE % Scheme 1 (TR L7z,

Sample 25.0 g (500 mL Erlenmeyer flask)
added 250 mL of acetonitrile-water (21:4)

shook for 60 min

centrifuged for 5 min at 1600xg

1 mL of supernatant (20 mL volumetric flask)

|—fi11ed up to 20 mL with acetonitrile-water (21:4)
InertSep VRA-3
applied sample solution

——discarded 0~1 mL fraction

|
Collected 1~2 mL fraction (ZEN) Collected 2~5 mL fraction (DON)

|
Dispersive solid phase extraction (ENVI-Carb 200mg)

shook for 1 min

centrifuged for 5 min at 1600xg

2 mL of supernatant (10 mL test tube)

evaporated to dryness with N2 gas

added 0.5 mL of water-methanol-acetonitrile (18:1:1)

[——filtrated through a menbrane filter (0.2 pm)
LC-MS/MS LC-MS/MS
Scheme 1 Analytical procedure for DON and ZEN in corn silage

2.5 ZHERE T LD ORI 4y O MEFR T 15
1) ZEN OZHERED T L0 5 O Il 4y O 8 J5 ik
EOBLAZLYAL—Y 125¢g 5T =Y —K (21+4) 125 mL THiH L, =05 EE
L7z EEAKR 25 mL 2 10 mL O2 &7 7 A 2|2 EMIZ AN, ZHUZ ZEN & LT 1 mg/kg Y
B (RERENAR T C 50 ng/mL FHME) Z2RIMLE%E, 2BV 7 2Aa0ERETCTE =1
U=k (21+4) %Mz, 77 HAEICHET 2R Z R Lo, RAEHARE ZHED 7
LIZAR, 0~1 mL, 1~2mL, 2~3 mL, 3~4 mL O¥iHE s 28 L, LC-MS/MS IZ & 2 HIEIZ
L7z,
2) ZEN OZEERET T LD O 43 12 361 2 A R EH R O R 7 vk
EOBATZ LA L=V FHNT 25 O D) EEBRICHIT, =008 L7 EBA% 1 mL % 10
mL X TN20 mL ORET 7 XA ZENEIVIEMIZ AL, THAUHIZZEN & LTENREI 1 mg/kg
FAY B (R fRUBHAR T 20 ng/mL & O 10 ng/mL FH4 &) ZRINML7-%, 2877 A a0
METTE =M L—K 214+4) ZMZ, BT 2B T HFENAR AR L=, LI
DOENEIL 2.5 D 1) & RREICAT - 72,

2.6 IINIENGER
DON /%, DON ¥ (8 L7 A v AFOEMEER, HME 100.0 %) 9 mg # EMEICE > T 20 mL

DEETTAIIAN, TEI=DFNILEMZTEHENL, BITERE CHRIESEZ M2 T DON &
IMAERERZ PR L7 (Zo@ I mLiX, DON L TC045mg2aa45. ) . FEELRET &

F=RF U )LTIERMICHRLEML -,
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ZEN (X, 2.2 ® 2)?D ZEN fZ#JFE 2 7 b= b UV L CEMICHR LN L 7.

EIBLATLYAL—VIZONT, DON & LT, F#HE L T02 KU 4 mgkg fHY & (i
AREHAR T C 8 LT 180 ng/mL) , ZEN & LC, JF##HBE LT 0.02 X' 1 mg/kg A4 & (7] 0.2
V10 ng/mL) 12725 K2 ICZNENHRME LSRG L, —&KifE L7oZIZ 24 121> TERL,
SESIEIIVE Y 0N STABY T Y: R L oY

728, WHINTREYFEHI R L CDON & LT 04 %19 mg/kg fHY &, ZEN & LT 0.04 X
2 mg/kg MM BEIZRD X 51TV, FWFRE~OBRE L, FHFEORGY T oKy ERREE
60 %M N 10% EMME LT, i OKDEAE 60%) TRE=EAZY OKSEHE10%) FIRE
225 DRITEVITo T,

3 HRRUBE
3.1 REOFRE Tk

JFIC 15K QY NKKK £ 230 O 7 1E1T, ko EEICHE SN HiEE By,
WELZ AT TIWCEOEE 2 mm A7 J—2THBIT 5 HIETHDL., EHHbAT LA L —
DNIT - FEE RO MRIE L TR Y, MRRIESHL, o, T 2@Y &N D72 W EY
FOSHTIX, DIEDOIELSENKREL 2D ENBEINTZI LD, RN EREICHE
SNTRE OB AGEEH D Z &L LTz,

3.2 Pl HA PRI B oo Bt

EIOBLAZ LY A L—UDRE 25.0 g 12, JFIC iEK OV NKKK EEFRIBEICTE h=F UL —
K (21+4) 100 mL ZMzx 7L 24, fHEHEZRINL TRV IBE O RWEB R 72, &K
T225mL OMEEE AV ELT5RERNH 72 20D, 2R &R CHiHEEE % 250 mL
L.

7B, MWL Z e D TE L0 EN o EHER TE Rholc 2 &b, 33 UKEOMK
FHERUEHR IR X O s I & 2 e 8 L C e L7z,

3.3 LC-MS/MS HIE Mt D fmt

EOBLAZLYAL—Y 125g% 7 b=k U/b—sk (21+44) 125mL THitH L, LAE: JFIC ¥4
29> TR L 72 30EHR K &, NKKK JEDRIFEIZHE > T LC-MS/MS THIE L, 554172 SRM 7
n~ N7 LEMRE L., TOE, DON IZBWTEEEZGITH2E—7RBOLNT-Z LD,
LC-MS/MS DHIE S DT 2 it L7z,

DON D E&A 4 2 K OHRA A v % Z I m/z: 295 > 265 KN m/z: 355 > 265 1245 L CHl
ELTERE, CEZGTHIE—273ROONRN-T-2 00, YEHMESREZHWDSZEE L
7.

3.4 fRER

22D KN NT L VFHE L7~ DON ¥ ZEN HZEHEHL A 5 uL % LC-MS/MS IZVEA L, b
7ZSRM 7 B~ R Z A6 E— 7 RO E S & W THREREERR L7z,

Bon-mERO—FIIX Fig. 2-1 X O*22 D LBV THY, DON T 4~100 ng/mL (FEAR L L
T 0.02~0.5ng fHY &) , ZEN (X 0.1~50 ng/mL ([A] 0.0005~0.25 ng tH*4 &) O CHEMRMEEZ R L
7.

B, YHMmEBROEEHIHIX, DON % 0.2~5 mg/kg & 8 ZEN % 0.02~10 mg/kg &A1 5 55 #r
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FRURN 2 ARTEIZOE VIR U 7o B RUBHA TR Tt O 45 0 OV IR RGP S 975

70000 - 12000 4
y=110x - 11.064
60000 - y=573.79x - 341.98 10000 R2=0.9993

R?=0.9995 *
(2] -
= 50000 - c

S 5 8000 A
3 o
Ke} =
= 40000 - s

5 £ 6000 -
9 30000 2
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é x 4000 4
3 20000 - 3
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10000 - 2000 +

0 T T T T d 0 T T T T d
0 20 40 60 80 100 0 20 40 60 80 100
Concentration of DON / [ng/mL] Concentration of DON / [ng/mL]

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

450000 - 120000 -
400000 - y = 8236.9x - 2479.6 y =2275.1x - 1031.3
R2=0.9992 100000 - R?= 0.9989
350000 - "
2 £
< 300000 - S 80000
S o
_8 =
© 250000 ©
= £ 60000
© 200000 A =)
© (]
ey
§ 150000 - x 40000
[0}
2 100000 4 o
20000
50000 e
0 T T T T 1 0 T T T T 1
0 10 20 30 40 50 0 10 20 30 40 50

Concentration of ZEN / [ng/mL] Concentration of ZEN / [ng/mL]

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

3.5 ZHERED T L5 OFEH Sy O FERR
1) ZEN OZHEEES T 2 B O H 8 4y O 2R
25D DIZLY ZEN OZHERED T A0 O OB 77 Z fEFR L=, ZOFE50E Table 3 D L 35
D, 0~1 mL OWH4rT 54.6%, 1mLLLEDOES TIXENZEI 143 %L LRI TH - 7.

Table 3  Outflow pattern of ZEN from InertSep VRA-3

. Dilution ~ Concentration (%) a)
Mycotoxin .
ratio (ng/mL) O~ImL  1~2mL 2~3mL  3~4mL
ZEN 4 50 54.6 143 147 150
n=1

a) Quantitated concentration in sample solution after column treatment /

Concentration in sample solution before column treatment x 100
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2) ZEN OZEERET T L b OUi B 43 12 3817 2 A R B O e e
DIZBIT DEROJRRIL, RHELDICEOEETHD LHEE L, RHE D DR Z B LT,
25 O DXV BT LB IHT 2RO FAIRERICOV TR EITo 2. TORRIT
Table 4 D& BV, 0~1 mL O[5y TiX, 10 fEFARET 20 fEHINTENLI 51.3 L1469 %T
BV, BWMEODEFETH-72. 1 mL LLEDOESGTIEAHRIZTLED 100 %23 < BR800 6
AU, 105 R E i U C20 AN G NRIF MR ERoTc. ZoZ Lnh, HHKRE 20 %

AR UTR 2 0 7 DRI 23 BHARICH WS 2 L & LT

Table 4  Dilution effect in outflow pattern of ZEN from InertSep VRA-3

. Dilution  Concentration (%) )
Mycotoxin .
ratio (ng/mL) 0~1 mL I~2mL  2~3mL  3~4mL
10 20 51.3 121 117 106
ZEN
20 10 46.9 113 114 113
n=1

a) Quantitated concentration in sample solution after column treatment /

Concentration in sample solution before column treatment x 100

3) DON DZEEREH T L H B D HE 45 D e R
EOBLAT LY AL —Y 125g%FARE24D DL OB LD T 20 28 5 3RBHATK
{ZDON & LT 4 mg/kg MY & (RAFUEHAIR T 80 ng/mL MY &) ZiRINML, ZHERED 7 &
22O DY E Sy A R Lo, B, BEEEZBEL 2mL § 508 E L, 0~6 mL KO}
1~7 mL O THER L7z, ZOR R Table 5 & B Y, JFIC £ TERL TWDIEHIE 2~4
mL & T8 3~5 mL D[4 T 106 %D it Z 58 o 7=.

Table 5  Outflow pattern of DON from InertSep VRA-3

. Dilution Concentration (%) 3 (%) 3
Mycotoxin .
ratio (ng/mL) 02mL 2~4mL 4~6mL  1~3mL 3~5mL 5~7mL
DON 20 80 97.2 106 99.1 93.0 106 102
n=1

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

solution before column treatment x 100

D3)DFEEREN G, ZHERED 7 A0 0 OFHEZICHOWTIE, #1HO 1 mL 28T, 1~2 mL ©
B4y % ZEN ZIE T 5720 LC-MS/MS 123 23 UEHAIKR & L, 2~5 mL D4y % JFIC ik & [F
£RIZ DON Z# Il ET 5 7o ORE It T- 23 BHAIR & L7-.

3.6 WiEWHE O

EABLAT LA L—U AR AR, AR LR L - RBHEIK 2 LC-MS/MS IZEA L,
O SRM 7 v~ M7 I LB LICRER, EEZBT L8 -7 1380 bnknole. ik,
DON (Z—# Dkl ZEN 12 TORE TEI L4 DON KT ZEN & [ ULRFFIFRIC B — 27 235
Do, INHDOE—=ZIZONWT, EEA LV EWRA T OB LIZE A, EHER L
M% ChHho7=Z &b, DON KR ZEN Th 5 & HIli L7,
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AR IV ELONTZSRM 7~ 7T 5O —1f5l% Fig. 3 2R L7,

DON 580 ZEN
1350 A \l/ \l/
1150 480 1
2 2
:C,_ 950 A g 380 A
2 2
T 750 A ©
:>' :>' 280 A
@ 550 - @
2 2 180 A
£ 350 | £
150 A 80 1
-50 T T 1 -20 T T 1
5 5.5 6 6.5 4.5 5 5.5 6
Retentiontime/min Retentiontime/min
580 A ZEN
1350 A DON
1150 1 \l/ 480 1 \l/
2 2
§ 950 1 S 380 ;
2 2
© 750 ©
~ ~ 280 4
2 =
@ 550 A @
‘2 2 180 A
= 350 £
Y LN — /\_/_/\_._A_.._
-50 T T !l -20 T !
5 5.5 6 6.5 4.5 5 5.5 6
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Fig. 3  Typical Selected Reaction Monitoring (SRM) chromatograms of DON and ZEN
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention
times of mycotoxin.)

A: Standard solution (8 ng/mL as DON)

B: Standard solution (0.2 ng/mL as ZEN)

C: Sample solution of DON from corn silage (blank)

D: Sample solution of ZEN from corn silage (blank)

3.7 7 MU w7 R FEOMER
24D D)DICEVFARLZLE D LA LI A L=V DT 7 0 7 3 EHATIZ DON & L T 4 mg/kg
FEY & (R RERURHAIR 1 C 80 ng/mL FHY &) ZIRIM L7~ RV v 7 ZAFEHERE, 2.4 O 1)=2)IZ &
DRE L9 DALY AL —V0T7 7 0 73 EHAIRIC ZEN & LT 2 mgkg fH¥ME (A 10
ng/mL FHSE) ZIRMLEZ~ Y v 7 AEEERKIZOWNT, 2.2 O )R 3INTHE - TR L 72 [FE
W®%ﬂ@%ﬁ@ﬁCﬁ?éf%?ﬁ%%%ﬁmbtk %, Table 6 DL BH THY, #F0W
FEE~ FY v 7 AR D REREE LT L ERHENRETH -T2
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Table 6 Matrix effect study

Concentration of mycotoxins Matrix effect” (%)
Mycotoxins  in matrix standard i 2
d . n S.ample Cornsilage 1  Corn silage 2
solution (ng/mL) (mg/kg air-dry matter)
DON 80 4 102 108
ZEN 10 2 103 105

n=1
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of

matrix

3.8 WINENEER
2.6 12X 0 USINEIGRER Z FEHi L7z, & DOFEHEIX Table 7 ® LBV, DON (2D TIXFEHENY
3 89.3~116 %, E DO#EIR UK IR 2 (RSDy) & LT 87 %LL T, ZENIZDOWTIXFEY
EIN S 101~112 %, RSD: X 12 %L FORAE 2 G Hav, Bk HER & 3 O3B L D 2 Ml
BIETA RTA4 > (BLF TREMUMERIETA R4 EWn)H. ) IZEDLNTE DED2)DOHEE
B OV THRE S D B AR B & 7 3 BAF i R CTh - 7=
1) FE 70 %Ll E 120 %L T
2) PMTHREEE : 22 UL (WRINIREE 0.02 mg/kg) , 20 %LLF (A 0.2 mg/kg) , 16 %L (A 1
mg/kg) , 13 %LL T ([A 4 mg/kg)
7k, BoNZSRM 7~ N7 7 ADO—fl% Fig. 4 IZR LT,

Table 7 Recoveries for DON and ZEN

Spiked level Corn silage 1 Corn silage 2 Corn silage 3 Comn silage 4
Mycotoxin ~ (mg/kg as fed Recoveryb) RSDrC) Recoveryb) RSDrC) Recoveryb) RSDrC) Recoveryb) RSDrC)
basis)” @) (%) @ (%) %) (%) W )
4 89.3 5.9 89.4 8.7 — — — —
DON
0.2 — — — — 114 7.9 116 6.0
Spiked level Com silage 1 Com silage 2 Com silage 3 Com silage 5
Mycotoxin ~ (mg/kgas fed  Recovery” RSD  Recovery” RSD  Recovery” RSDS  Recovery” RSD,”
basis)” (%) (%) (%) (%) (%) (%) (%) (%)
1 101 4.0 106 4.2 — — — —
ZEN
0.02 — — — — 110 8.7 112 12
—: Not tested

a) The mycotoxins were spiked to air-dried corn silage samples one night prior to extraction. The
spiked levels were 0.4 and 9 mg/kg as air-dry basis for DON, and 0.04 and 2 mg/kg as air-dry basis
for ZEN respectively. The levels of mycotoxins as fed basis were calculated with following
equation on the assumption that the moisture content of corn silage samples was 60 % as fed basis
and 10 % as air-dry basis.

The levels of mycotoxins as fed basis (moisture 60 %)
= the levels of mycotoxins as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 5)

¢) Relative standard deviation of repeatability
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Fig. 4  Typical SRM chromatograms of DON and ZEN in standard and spiked sample solutions

(LC-MS/MS conditions are shown in Tables 1 and 2.
A: Standard solution (60 ng/mL of DON (0.3 ng as injection amount))
B: Standard solution (10 ng/mL of ZEN (0.05 ng as injection amount))

Arrows indicate the peaks of mycotoxin.)

C: Sample solution of corn silage (spiked at 1.3 mg/kg original matter of DON (0.3 ng as injection

amount))

D: Sample solution of corn silage (spiked at 1 mg/kg original matter of ZEN (0.05 ng as injection

amount))

3.9 TETREOHMH TROBE

MR BN Z 78 L7Z#iPH, DON (2B TIE 4~100 ng/mL O R & 72 58 (L9 b
AZ LI A L—VREYT T 0.4 mgkg MY & (RAAEHETIRE 8 ng/mL #iY &) ) , ZENI(Z
BWTIL0.1~50 ng/mL @O FHafIir & 2 2 E (&9 A2 LA L— VR T T 0.04 mg/kg
WE (BN IEE 0.2 ng/mL HHY4E) ) OFRMEIGREBROFE, Son/e—2 D SN it
2510 L ETH o772, DON T ZEN OERE FIROBEITE S A LA L— U ORFEY

FCTENEI 0.4 &TN0.04 mgkg & L7-.

ZOBEEIX, DONKMRZENDE I LAZ LA L—

OB (DON IZOWTITHE IRV VE) OREZMh#FEME (2 mgkg) Zxt L TENE

15 KON 1/50 TH Y, 24Pk

BIETA RTA4IcED BN BEME (1/5 L F) Zii/z LT
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Wiz

ARIEOK FIRZ MR T D720, WNMEIGRBRICL VGO —27 O SN IS 3 Lir bRk
RO, TOREE, B TRIXEFS S+ T DONO0.1 mgkg , ZEN0.01mg/kg TH Y, REEICZ
UPEMERBIET A R T4 ICED Bz BEEME (1/10 LLF) &z L T\

72¥%, Table 7 IR L7c By, BEER FREEICH T 2RMEIGURER TR Th o 72,

4 FEOH
EIOBLAZ LY A L—UH D DON K ZEN IZOW T, JFIC ¥ & ONNKKK ¥ % #£12, LC-MS/MS

W2 EBE OB ST EE~DOEH O HICHOWTHRE Lz L 24, Hialie, 5 20

(T 2 RENRIR O FIRE R L OSHEEE D 7 LALHEIC BT 28T DBy 2 £ F 45 2 & T,

LT ORERBE LN,

1) MERIL, DON T 4~100ng/mL (FFEAEE L TO0.02~0.5ng FAY4 &) , ZEN (X 0.1~50 ng/mL (7
A& & LT 0.0005~0.25 ng FHY &) O CTHEMMEL R LT,

B, UM EBEROEEEIL, ZEN Z 0.02~10 mg/kg & X DON % 0.2~5 mg/kg & A T % 50
R 2 ARIE IV U 72 i iR TP DO A > OV IR EE P IC A 975

2) ABRHTHWELIBAZ LA L —JICo0nT, KEC->THELBNLTEZu~ R 7T AT
X, EREEZHT2E—27F3BO oo T.

3) KRBV L NTZHBEHEIRIZOW T MY v 7 A R A4 Lo/ R, DON KON ZEN (3t
Bt~ Y w7 AR DREREELZT T L L RWEMRETH 2.

4) E£H5bAZLYAL—UIZ, DON & L THEMHE L T 02 KTV 4 mg/kg tH2 &, ZEN & L T
WA L C0.02 KON I mg/kg Y EAIRINL, RIECWE-> TS ROMTOTZ ML, BEUEE RO
MR UK Z RO 25, BUMEHMRIET A R4 VIZED bV BE K OO TR E O B 1ZHE
ol P Y SRAS T AT ST e

5) AK¥EO DON OE&E FRIZEZY T 0.4 mgkg, B FHRIZ 0.1 mgkg, ZEN O7E & FHRIZE
W29 C 0.04 mg/kg, R FIRIZ 0.01 mgkg Tho7o. BELERE FIREOHR FIRIX, 2%
PERERIEN A RTA4 VICED BN BEEZ 72 LTz,

X R

1) ERAR - fRR O~ A 2 v BRIk, BRIKEREE, 25(6), 10-17 (2007).

2) RMKFELHE - BRFRE®EA : FE T EEOHIEIZOWT, FaL204 4 H 1 H, 19 HZ
%5 14729 5 (2008).

3) FHE T, HHE BR:EHOBAI LA L —VHONDEERECHETIRFA~T 75 %
VVBlL, BTV UROT AT =L ) — b~ FEMFZEHR S, 42, 87-100 (2017).

4)  JRMOKPEL GPERF@A - fEO A HEYE O EIEER O BEEEICOWT, 1HF 63 4 10 A
14 H, 63 &% B % 2050 5 (1988).

5) —RMHIEAN B AR SR - Rk 29 FEREAPEEM L SRR EE (HEME T ODONES
AFEEME) ®EE, FR304FE1H (2018).

6) —MAEEEAN A ARMEEREHS « Pk 30 FEAEEM ZaERIIREE (EEMEf oD
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5 EmBYWAAHMIOTAFI=NAL/—I, =L/ —), HT-2 bF
SURD T2 PRI UOREKIOR NI S DA T LBEEENHEICEK
EEEEEDRR

oA TR, R BT, &R ERT

Development of 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 (NIV), HT-2 toxin (HT-2) and T-2 toxin (T-2) in pet food using a
liquid chromatograph- electrospray ionization-tandem mass spectrometry (LC-ESI-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 respectively.

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), confectionery (biscuit for dogs), milk powder for cats and wet
food for dogs. DON was intentionally added at the levels of 0.1 and 1 mg/kg for the pet foods
except wet food, and 0.02 and 0.1 mg/kg for wet food respectively. NIV was intentionally added
at the levels of 0.1 and 0.5 mg/kg for the pet foods except wet food and milk powder, 0.5 and 1.0
mg/kg for milk powder, and 0.02 and 0.05 mg/kg for wet food respectively. The resulting mean
recoveries ranged from 80.2 % to 108 % for DON, and 85.5 % to 102 % for NIV respectively. The
repeatability in the form of the relative standard deviations (RSD;) was less than 15 % for DON,
and less than 17 % for NIV.

Note that HT-2 and T-2 were excluded from the analysis because of their tendency of excessive
recovery.

Key words: mycotoxin; deoxynivalenol; nivalenol; HT-2 toxin; T-2 toxin; liquid chromatograph-
tandem mass spectrometry (LC-MS/MS); electrospray ionization (ESI); pet food
F—U—FR:»h0E; 7AF=A"L /=L =L —)L HT2 FF T2 ;T2 FF ¥
YK~ NI 72T AMERBGHEE, =L br AT L— A F L
o ZooEh ) AR

1T # 8§
PU a7 2 ROUEE, EEEOENICE Y 24 TANLDICHES R, =L —L (U

COMSEATEOE N EMOKEEN B L it o 2 — M o 4 —
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T INIV) &S, ) FISMDORFBICHINVAR=NEETET L4 A7 BIZET 5. NIV IIT4AF =
N /= (LUK IDONJ ). ) ofiibtawcdy, 7TV v ARBONRIT LY EE
i, BE (FRNE, REECEI LA L) Z2HERTLHLZENRMBNTNDD,

EANTIEL, NIV IZOWTIERENM, ke ICEREEILR L, ¥ A 7I2B7T %5 DON 22\ T
BAHA/NETLL pg/g?, FEKROZRZEAITHEG SNLEE Tl mgkg (KT 58 (FHAHO LD
<) ITRRE S D EEHT4 mgke (BLAETEHI3 mg/kg) ) YO FREHEENRE I ATV DHIEM,
ZHLENY) A EEF CIE R C2 pglg, ATl pglg DREEEIRED N TV D,

ZIEh ) A B O DON O43HriE & LTiE, B HEESEOBREEIICE W TRIEZ <
7T 7B &SR E W B S o TESRE S TR Y, E&RA (FIR) v =y ML
ShOFELTO0.1 mgkg THY, U=y S () TiX0.02mgke THD.

VRO, FEH O IT—MMEEAN ARSI & =23 Lo airiE® (LU [JFRL VA
EWwso. ) ZHEIZ, DON, NIV, HT2 hF v (UUF THT-2) &WoH. ) KO T2hF o (BLF
(T-2) W9, ) OEE I e~ N7 F 75207 2RE&ESHTE (LU TLC-MS/MS] w95 . )
IR DR ERIEORF Z1To7 (LT TR o, ) Do Z2ORRE, vy FGKIZONT
(X DBV TR B S DR A A S 11 R IE O 2 R RRE (LUT TEBRIE O 2 9 PEmRIE] L uv
5. ) OBEEMEM-TRERERNMEONN, FIAHE, I RT A8, KLY vy —%—,
FMEREY ¥ —F%— (N RIS TRRY T hFAT) WRIZHEFFHTIE NIV ORIEENMEL,
Fo, I L7 TIENIV BZEBEIOMEAICH Y, HRLMHAVBLETH 7.

ZZTAHE, BTROMEEHEERBR L, BINEORELZK>T-DOTEOMEBELRET S, BEIC,
BBt G OMEE A E % Fig. 1 IZR L7z,

M
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H H H H H H
= o w B
B SnilIOH : SnioH
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H % H E “
= H = OH
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HO HO/

Deoxynivalenol (DON) Nivalenol (NIV)
12,13-epoxy-3a,7a,15- 12,13-epoxy-3a,48,7a,15-
trinydroxytrichothec-9-en-8-one tetrahydroxytrichothec-9-en-8-one

CisH2006  MW: 296.32 CisH2007  MW: 312.32
CAS No.: 51481-10-8 CAS No.: 23282-20-4
H H H H H H
o] o]
. : ' - "......mOH 0 ; ’ o "'""""OH
‘ \\\\\ )\)J\ ‘ \\\\\\
)\)J\O é l.,.,,,,,H o é iy
o OH o o
o o /\o
HT-2 toxin (HT-2) T-2 toxin (T-2)
(3a,4B,8a)-12,13-epoxytrichothec-9-ene-3,4,8,15- (3B,40,80)-4,15-Diacetoxy-3-hydroxy-12,13-
tetrol 15-acetate 8-(3-methylbutanoate) epoxytrichothec-9-en-8-yl 3-methylbutanoate
C2oH3208  MW: 424 .48 C24H3409  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

2.1 OB

ZhEm AR O b R8-S A , B FTA8E (RA) , fiBYy—%F— (K
M), EFMEBRY vy —F— (=247 (RH) KXY 7 M2 A7 (KH) ) I HEFH

(RAEAZ > b)) IZHBAE 1l mm DA Y — 235 LB ohfL, BAE L THWE.
B, EOEETIIHMENRE R v —F—F, FSAFELZHOTMBTLZobBRLE. ¥
=y MG (RA) X7 — ety —TCH#L, BELTHWZ., REN 1 mm UL FTho
T INNZI3FOEEHWE,

BEH AW IR O K OV O A B % Table 1 128 Lic. JEM B4 IZRFHZ AW = 4R
FHZ R I N TV 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, dried chicken, coarsely ground rice, pea protein, brown rice,
chicken oil, alfalfa meal, potato protein, beet pulp, linseed, protein hydrolysate, oats
fiber, soybean oil, yucca extract, vitamins (V. A, V. B;, V. B, V. Bs, V. Bi2, V. C,
V. D3, V. E, choline, niacin, pantothenic acid, biotin, folic acid), minerals (K, Cl, Se,
Na, Mn, I, Zn, Fe, Cu), amino acids (taurine, methionine), antioxidant (mix tocopherol,
rosemary extract), green tea extract, spearmint extract

Dry food for cats

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 stabilizer (glycerin, casein sodium), quality improving
agent (propylene glycol), preservative (sorbic acid potassium), pH regulator, vitamins
(choline, V. C, V. A, V. E, nicotinic acid, pantothenic acid, V. Bi2, V. Bs, V. By, V.
B, folic acid, V. D), food color (titanium dioxide, yellow 5, red 106, blue 1, yellow 4,

Semi dry food
for dogs

red 102), color former (sodium nitrite)

Chicken white meat, vegetables (potato, carrot, green peas), sugar, chicken liver,
chicken wings, soybean oil, oligosaccharide, salt, refined fish oil containing DHA and
EPA, chondroitin protein complex, glucosamine hydrochloride, plant lactic acid
bacterium K71, thickening stabilizer, minerals, taurine, vitamins

Wet food for dogs

Beef tongue skin, chicken, wheat starch, soy flour, modified sugar, dietary fiber, salt,
sorbitol, propylene glycol, polyphosphoric acid Na, food color (red 102, yellow 5, red
106, yellow 1)

Formed jerky
for dogs

Dried jerky for dogs

D t
(hard type) eer mea

Dried jerky for dogs Chicken (white meat), glycerin (humectant), propylene glycol (quality maintenance

(soft type) agent), antioxidant (nitrite Na)
Confectionery . . .
.. Wheat flour, glucose, shortening, cornstarch, sweet potato, oligosaccharide, yeast
(biscuit) for dogs
Milk (powdered skim milk, casein), oils and fats (plant oil, animal fats, y -linolenic
) acid), soy protein, egg yolk powder, oligosaccharide, L-carnitine, minerals (Ca, P, K,
Milk powder for cats . .
Mg, Fe, Cu, Mn, Zn, 1, Co), emulsifier, flavor, vitamins (V. A, V. B1, V. By, V. B¢, V.
Bi2, V. D, V. E, V. K, nicotinic acid, pantothenic acid, folic acid, choline), taurine
22 O

1) 7k Rr=hKUL (LC-MS/MSHIEREDEEHER DA LC-MSH (B L7 A /L AFEHEER) )
LA L ) — Vi3 B - PCBREBHAZ W=, BT =y Aid@mERik 7 o~ K
777 (1 mol/L ik, & L7 AV LAROLHMEER) 2 Mz, Kid LC-MS i otk
(BLE7 AV LAROEHEER) 2 M.

2) BN OEFIEAE S,

DON, NIV, HT-2 }x T8 T-2 DA X4 T Trilogy Analytical Laboratory 4, i 98.0 %D %
D% Wz,



FHEMAREROT A%y =AY )=, =AYV )= HR b5V ROT2 by v Ok o v 75748 07 MUERERMEHI L 2 AN EREOEE 55

3) A ORI

22 O QTR LETIROE NN R T4 7 v 78I, BESNZEOTE M=K L&
ZCHENL, FEEREEZRAR L (2RO OFERERK 1 mL 1, £2»08% & LT0.1mg %
GETLH. ) .

4) NOFEEGEER
RO~ EBEZRAGL, T =MV ATERICHRL, | mL FIZENVOEE LT
10 pg = 50 3 HIREFEERK 2 M8 L7z,
FERICE LT, BREEEFRRKRO ~EE&EZK— AKX /) ——TF r=FrU/L (18+1+1) TIE
fEIZAINL, 1 mL FIZ&E2EE LT 05, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200,
400, 600, 800 K TX 1000 ng % & A T DiRO I HERR 2 FHH L 7-.
23 HEEMOEGE

1) ¥t . ZM 200 Retsch 8 (BBAE 1 mm A7 U —, ffi Fs[Al#EE2L 14000 rpm)
2) 7—FK7uakyH¥—:MKKS /FYV=v sl

3) KL O Ay = — A —MW-DRV B AFRHF TR (AR S 9 %300 rpm)
4) EIRFIEHE  FC-410 7 RNV T v 78l

5) ZH%RED T A : MultiSep 227 Trich+#% — h U >~ ¥ Romer Labs

6) AT TLUT 4NE—

DISMIC-13HP (#L£& 0.2 um, [E£E 13 mm)  HPAEEKR

Ekicrodisc 13CR (#L#8 0.2 um, H#E 13 mm) PALL H

7) LC-MS/MS

LC B : ACQUITY UPLC System Waters

MS #F : ACQUITY TQ Detector Waters
24 EEFE

D #

i U=y Mg

TR 25.0 g > T 200mL OIFE =MA 7 T A3l AN, TER=FU/L—K (21+4) 70

mL Z 0%, 30 43R VIR CTHI L7=%, 10 0M#E L. iR Z 100 mL o ket ik

FIZALL, 1600xg T 5 sl LaREL, REAREEZ 200 mL O2E T 7 A2l Az, e

DILBE 27 F=hUb—/K (2144) 70 mL THH L, WikZIEREOE =/H 7 5 2 =2

B L, [FRRIZ 30 3[R VIR CTHith L7, WA Z Jeo ke im O IZ AL, 1600xg T 543

Lo L, EBARELOEET7 T AINZ, BIZEE7 7 AaDERETTE =T

Vv—oK Q1+4) ZMzx, 717 LB 2a0EHAK & Lz,

i U=y MG LIS
HTEREF 25.0 g 8- T 500 mL DI =FA 7 7 X3l A, 7T F=FUL—K (21+4)

200 mL Z Nz, %L T60 °C T 60 /rME#%, =i T 60 /3R v IR Tl L7z, HhiHik

% 50 mL O AR LIREAE I AL, 1000xg T 5 s L, EERRE B T MLEIZ g5

LRBHAR & LTz,

2) h T LHLER
REHAIR & 2680 7 KA, FIDOWMER 3 mL ##C, ZO%OWHK 3 mL (V= > b
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B TIE S mL) % 10 mL ORBREICZT7-. ZoEo2mL (7=xy MRS TIE4 mL) % 50 mL
D72FHT7 7 A 2TIEMIZAIL, 50 °C LLFOKIBRTIZE A Wzl 5 £ CRUERM L7, £F
HA%ESTHEHE L., K=—AZ 7 —NL—=7F b =1rU/b (18+1+1) 1 mL % IEfEICINZ THEREY
BEWENL, AT T 74 N0E—%HNTAIL, LC-MS/MS (& X 2 HEICHT 2 3EHENR &
L7-.

7B, HINZIZONTIE, LC-MS/MS (2 X HHEICHES AR O —ER/EK— A Z ) —
=Tt F=FVUL (18+1+1) TIEMEIZ 5 EAIRL, Bl&E, NIV HER ORI & L.

3) LC-MS/MS IZ & % HIE
BRI K OE D OV HIR G IERERS 10 pL 2 LC-MS/MS [ZHEA L, BIRSHH (LLF
[SRM| &\W95. ) Zrma~ 778557, WES NS Table2 K3 IT/R LT,

Table 2  Operation conditions of LC-MS/MS
Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. x 150 mm, 5 pm), Agilent Technologies

10 mmol/L. ammonium acetate-acetonitrile (19:1) (hold for 1 min)— 14 min

Mobile ph:
obile phase — (1:19) (hold for 10 min)— 1 min— (19:1) (hold for 9 min)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
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)
Collision gas Ar (0.25 mL/min )
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target Mode ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
DON B 355 265 - 10 10
- 295 10 10
NIV B 171 281 - 10 15
- 311 10 10
HT-2 + 442 21> — 20 20
- 263 20 15
T2 N 484 185 - 34 22
- 305 20 15
4 & =

BoN7 SRM 7 ua~ h 7 7 AL E—ZHBEONE I ZRO THREMRZER L, e D
DON, NIV, HT2 KO T2 &4 HEH L7-.
R, EEEOME % Scheme 1 127 L7-.



FHEMAREROT A%y =AY )=, =AYV )= HR bV RO My v Ok n< b 7575 07 MUBEEMEH L 2 ABEREOEE 57

Samples except for wet food Wet food

Sample 25.0 g Sample 25.0 g
——added 200 mL of acetonitrile-water (21:4) ——added 70 mL of acetonitrile-water (21:4)
——swelled sample at 60 °C for 60 min —— shook for 30 min and allowed to stand for 10 min
— shook for 60 min — centrifuged for 5 min at 1600xg
— centrifuged for 5 min at 1000xg — transfered supernatant to 200 mL volumetric flask

——added 70 mL of acetonitrile-water (21:4) to residue
— shook for 30 min and allowed to stand for 10 min

— centrifuged for 5 min at 1600xg

transfered supernatant to 200 mL volumetric flask
MultiSep 227 Trich+ and filled up to 200 mL with acetonitrile-water (21:4)
——wasted 3 mL of elute

—collected the elute 3 mL (5 mL in wet food)

—transfered sample solution 2 mL (4 mL in wet food) to eggplant-shaped flask

——evaporated to dryness under 50 °C

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

—filtrated through membrane filter (PTFE 0.2 pm)

—diluted 5 times with water-methanol-acetonitrile (18:1:1) in case of determining NIV in milk powder
LC-MS/MS

Scheme 1 Analytical procedure for DON, NIV, HT-2 and T-2 in pet foods

25 AT T T 4NHE—DOREIE
K=AZ ) —=n—=78br=FIU/ (18+1+1) TIHE L7z 25 ng/mL OPOFERSEERZ LV, K’
PR O PALL O A 7T 07 4 0% — (ME : PTFE) (Z LT Al L7 AEER & A L7
VR Z2 LC-MS/MS IZ XV HIEL, o780 FEDO Y — 7 miff 4 i L7z,
26 Txv MUELDSE S L Uz JFRLIEOHH A O B TR\ E &k
FMEMEY ¥ —F— — FZ A TIZH5 0O L LT 0.1 mgkg fHY &% RN L 720 HralehHe
WT, LD D3)ITHEDEH 3 mfMT CHRIEL, £ 4 OEIEZ I L7,
1) otrakkl 250 g 8-> T 200 mL O =47 T X a2 Ak, 7 F=FU/L—IK (21+4)
100mL %Nz, ##: L T 60°C T 60/ MfE%, =i T 60 Y /M@ﬂﬁatﬁ L7, fhibig
Z 50 mL O 3RO ILEAE IS AL, 1000xg T 5 il L, EEAERO—EEE T b
= hUL—JK (21+4) TIEMIZ 2 EHRL, 77 28I 23 0BEK & L7z, L/LB%‘:LZK 2.4
D2), LV HZHENERE L.
2) DOEIEDH B, e =MA7 7 ZA2%200mL 2°5 300 mL [ZEF L, FEOEIEEZIT- .
3) 24® 1)ii, 2), LV HITHEWVERE L.
2.7 By v BBHA R O ARG R O RRET
240 DERDICEIVFAB LI IV OT 7 0 7 ABHEKIZ, NIV & LT 0.5 mg/kg fHY &
(B EFREHRIR T 125 ng/mL FHYS &) ZIRIMM L7~ b Y v 7 ZAEEBE R RO~ b v 7 A&
YR AEK— AL ) — =T b=FrU (18+1+1) TIEFEIZ 5 5& O 10 54K L 7= 3 EHA K &
FHELL, 2.2 O HTHE-> TR L 7ZFRERE O NIV EZER IR 25— 7 mfb 2 s Liz.
2.8 WINENERER
2.2 @ 3)®D DON FEAERE KON NIV FEHERK A2 7 & b= b U L CTIEMEICA R LRI H W .
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DON & LT, = MG LAOFENZ 0.1 O 1 mg/kg A% B (GRfEaUEHA T 25 KO8 250
ng/mL) , 7= v MLE (FEY) 120.02 % 0.1 mg/kg FH24 & ([7 10 & O 50 ng/mL) , NIV & L
T, IV KRR Y =y MDA OFENZ 0.1 LTV 0.5 mg/kg #1242 ([F] 25 & OV 125 ng/mL)
Fy 71205 KOV 1 mg/kg MY & ([ 25 V50 ng/mL) , 7= ML () 12 0.02 XY
0.05 mg/kg 4 & (A 10 LT 25 ng/mL) (2725 K HicEnEFnmmz L<EEL, vy M
UM OV TIZ— & HE, 7=y MOV TIE 30 SRIZEHE L2110, KECHE-T
IINEIGGRBR & F2 ki LU, P2 a8 J ONR U RS B &SR 6D 7z

3 WERRUEBE
3.1 fRE#R

22 D HIZE DAL - KIRAAERER 10 uL % LC-MS/MS IZ{EAL, 5472 SRM 7 =2~ h
7T KD E— 7 &R S &RV TRERZER L.

DON K& Y NIV /% 2~1000 ng/mL (7EAZ & LT 0.02~10ng FHY4 &) , HT-2 X T-2 1% 0.5~1000
ng/mL (JEA& L LT 0.005~10 ng tHY &) O®PFATEMMEL R L. 0¥, HEBmEHRORE
#HPHIZ, 7= v LIS TIE DON YNNIV % 0.008~4 mg/kg, HT-2 2 O T-2 % 0.002~4 mg/kg
GET HoNHFEE, 7oy ML TIEIDON LK ONNIV % 0.004~2 mg/kg, HT-2 & (NT-2 % 0.001~2
mg/kg EH T DN FARE 2 AREICE VTR U 72 B fRENATR T O & O B iR EE R P I S 1 5.

32 AT TUT 4 NH—DRE

ATV T, REEUBHATRIEL 5000xg C 5 s DBt O AR E LT en, Z 0Ok
HRBHA Z LC-MS/MS IZHEA LT EZ A, BT L0 EVRALNTL. £ T, R&EHEHE
B ORBERR Y DBREBRIEIZONT, BLDHEND AL T T 7 4 VH—IZEHEL, 2.5 IZHEW
ENPOFEOREOH WAL L. TOMEIT Table 4 DLBY, HFEALVT T T 4V F—DE
— 7 AR IE, WPEERRLX 97.0~101 %, PALL (X 94.8~103 % TH Y, AT T 7 4 ¥ —
~OWFHFIZ X DR BIIMEL VLD TH o 7.

Table 4  Adsorption of each mycotoxin by membrane filter

DON NIV HT-2 T-2
Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
Toyo Roshi Kaisha, Ltd 101 1.5 97.0 7.3 100 43 99.8 4.9
PALL Corporation 98.4 8.3 103 9.4 96.8 6.6 94.8 2.1

a) Mean (n = 3)
Ratio of peak area of mycotoxin after filtration to that before filtration

b) Relative standard deviation of repeatability

3.3 SO MY
AIERIZIBNT, U=y ML D NIV O RN FERTE O 2% S HEfEREO BIEME A FE S
fER & o RRNE, BRI T 2 EERCABAERNPE Y TIERL, RVBERAR 0
CICEDHHBEORTICHER S D B DT, 207D, 2.6 [TV, fHHBEIER OB
BERORHBEELEZT, FRMEICBIT DM RA K L.
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Z DfERIT Table 5 D &0, NIV O RN THIHEE & 200 mL K VA ERA & 500 mL OHfH
FMITEBNT 905 % & 720, A& R L CRORFER TH -7, £7z, DON DEULZRIZDOU
Th, 102 %E BARFEERNEGONIZ. —F, T2 Z&MEFECB W CGREIE 2D, Fiz,
HT-2 [ZB W T HIEEIR O\ T - 7-.

DL DOFERNG, U=y MG LSO R SIS 200 mL & VA FRZ & 500 mL (2
EHREL, PSRt HT2 KO T2 #BR4N LT, IBEOREZIT9 2 & & LT,

Table 5 Recoveries for mycotoxins in dried jerky for dogs (hard type)
under various extraction conditions

Spiked level Extractant volume Flask volume Recoverya) RSDrb)

Name
(mg/kg) (mL) (mL) (%) (%)
200 78.6 7.4
100
DON 0.1 300 81.3 8.5
200 500 102 4.0
200 68.7 3.8
100
NIV 0.1 300 71.8 6.7
200 500 90.5 4.0
200 114 2.6
100
HT-2 0.1 300 108 2.8
200 500 109 34
200 138 6.1
100
T-2 0.1 300 129 4.5
200 500 127 3.8

In dark cell, mean recovery is less than 80 % or more than 110 %
a) Mean (n = 3)
b) Relative standard deviation of repeatability

348 3L BEHERO RRAER OB

AIRICEBNT, IV O~ b v 7 ZBRRBRTIE NIV (220 Tl U O A 23 i S 7z
A, MR EZZEE L2 L b, NIVISHT 28 07 3SR 1 O FHER T IR 5 A
A AL DL 2.7 ITHEWFER LT,

ZOFERIX Table 6 O L3V, FHEHARAZ AR L7225 o 726 Tl BN O 7 25 /L 6 772 23,
ARTHZEITED, v Y v 7 ZOFENMRI LT,

ULEDFERNS, I L7 O NIV OBEIZBWTIE, 77 A% OREBHERZ 5 FHIRL
TLC-MSMS Itk Z2 L & L7
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Table 6  Effect of matrix effect on NIV detection in milk powder for cats

NIV concentration Matrix
Dilution rate in matrix ) " effect”
(-fold) standard solution in sample o
(ng/mL) (mg/kg) 0
no 125 0.5 136
5 25 0.5 112
10 12.5 0.5 98.1

n=73
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of NIV in the presence of matrix to that in the

absence of matrix

3.5 ZIEEED T LD O HE 4y O RERR
FZa 85 ) 25.0 g %2 24 O 1) il X 0L 707 204 2 3CEHR IR ,mm
MO'NIV & L T4 | mg/kg FHY EA RN (RA&RUEHARR 1 C 250 ng/mL AHY &) L, ZHne
LD OWHE Sy R LT, T ORI Table 7 D L0 THY, DON LT NIV | :tomtljmz 3
mL UL EDOW4y Tk 88.7 %L LD 238 7-. Zd7=®, JFRLELFEEICY = v FELF LIS
owfimb®MMW3mL%#f ZDH%D 3~6 mL OE /35 2mL 28T 52 & L Lz,
7B, U=y MURIZOWTIIRTR TR DT D Bahia g L.

Table 7 Elution patterns of DON and NIV from MultiSep 227 Trich+

0/\9)
Types Target (%)
0~I mL 1~2mL 2~3 mL 3~4 mL 4~5mL 5~6 mL 6~7 mL
DON 35.7 84.6 110 90.5 91.5 93.9 95.2
Dry food for cats
NIV 0.1 23.5 61.0 88.7 98.7 101 109
n=1

a) Concentration of the target component in efflux after the column processing / that in

the sample solution before the column processing x 100

3.6 WiEWHE OB
Uy MURDSO TR E Vv, RIEICE DR L 2RBHA R Z LC-MS/MS IZIEA L, 556
T2 SRM 7 v~ N7 T L%&MERLIZEZ A, WTFROREBHIFBWTEH DON LT NIV O 2R
EHT A E—27 3o oo, vy MLEIZOW TIEETH CTHERRE & O 72 DR FHIA
L.
P, BoN-SRM 7 u~ 5 A% Fig 2[R LT-.
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DON NIV
4000 4 3000 4 \l/
3500 \L
2500 -
3000 -
2000 -
2500 -
Z Z
£ 2000 - £ 1500
€ €
£ - A
1500 A B
L A~ 1000
] D
1000 . D :
E 500 - F
500 - F G
ﬁ H
0 T T " 0 T T ,
6 7 8 9 5 6 7 8
Retention time./min Retention time/ min

Fig. 2  Typical Selected Reaction Monitoring (SRM) chromatograms of DON and NIV
in standard and blank sample solutions

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

A: Standard solution (25 ng/mL each as DON and NIV)

B~H: Blank sample solution (B: dry food for cats, C: semi dry food for dogs, D: formed jerky
for dogs, E: dried jerky for dogs (hard), F: dried jerky for dogs (soft), G: biscuit for dogs,
H: milk powder for cats)

3.7 7 MU w7 R B OMER

24 @ )i, FN DL VAR Lz Y = v NG LS OE LB R D 7 Z v 7 3UEHATR
(ZDON & LT 1.0 mg/kg MY & (&A™ T 250 ng/mL AHY &) , NIV & L T 0.5 mg/kg
FIM & (A 125 ngmL Y &) 220 Liz. B ONIVIZOW T, ERRiisinigiik
EK—AZ )= =T F=hrU (18+1+]1) T 5 EMAMR L THRMEHABHA T T 25 ng/mL #6324
BLLEE~ MY v 7 ZEMEREIER L, 2.2 O HITHE-> TR L 2[R O K N O FEEUER I
MY HE— 7 B EME LI A, Table 8 DEEBY THY, E0OFEITAE~ MY v 7 R
IR DREREEBLZZITHZ LR PETRETH T,
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Table 8  Matrix effect study

Concentration Matrix effect ”
in matrix standard  jn sample * (%)
pes (ng/mL) (meke)
DON NIV
DON NIV DON NIV

Dry food for cats 250 125 1.0 0.5 102 100
Semi dry food for dogs 250 125 1.0 0.5 89.8 97.2
Formed jerky for dogs 250 125 1.0 0.5 95.1 101
Dried jerky for dogs (hard) 250 125 1.0 0.5 89.3 94.9
Dried jerky for dogs (soft) 250 125 1.0 0.5 94.5 89.1
Biscuit for dogs 250 125 1.0 0.5 94.6 97.7
Milk powder for cats 250 25 1.0 0.5 99.6 112

n=73
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

3.8 IRANENGER
2.8 (K D IRMENL SR 2 F2 0 L7z, T ORRIT Table 9 © L&Y, DON O VRN (T
80.2~108 %, & Diffik UAEE TR ERZ (RSD) & LT 15 %LLT, NIV O FH I =%
85.5~102 %, RSD, 1T 17 %A FORMERE LN Z E0vn, RBRIEOZ Y IEMERIEICED bz
BEROOMTREO BAEME (B : 80~110 % (RINEAEA 1, 0.5 XKW 0.1 mgkg OH%E)
60~115 % (RIS 0.02 LT 0.05 mg/kg DHE) , FEE 16 %L T (RINEED 1 mgkg O
BA) , 22%LL T (WINEEEA 0.5, 0.1, 0.05 & TN0.02 mgkg DIFA) ) Zii7- LT\,
nE, BHH5NESRM 7 u~ K77 AO—fFl% Fig. 3 IR LT,



FREMAREROT 4%y =AY )=, =AYV )=, HR) b5V ROT bV v Oiiiky vne v 7774 07 MERMEHZ L DA EREOEE 63

Table 9 Recoveries for DON and NIV

Dry food for cats Semi dry food for dogs Wet food for dogs Formed jerky for dogs
. Spiked level
Mycotoxins 2 b) 2 b) a) b) a) b)
(mg/kg)  Recovery RSD, Recovery RSD, Recovery RSD, Recovery RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
0.02 — — — — 89.8 14 — —
DON 0.1 106 6.2 106 4.2 101 1.5 108 5.0
1.0 89.2 2.2 100 15 — — 80.2 8.7
0.02 — 85.5 11 — —
0.05 — 87.9 53 — —
NIV
0.1 97.1 11 102 3.0 — — 92.7 1.1
0.5 90.7 3.7 89.1 17 — — 94.9 13
. Dried jerky for dogs Dried jerky for dogs Biscuit for dogs Mik powder for cats
. Spiked level (hard) (soft)
Mycotoxins 2 b) 2 b) a) b) a) b)
(mg/kg)  Recovery RSD; Recovery RSD; Recovery RSD; Recovery RSD;
(%) (%) (%) (%) (%) (%) (%) (%)
0.1 83.7 4.7 82.1 2.2 88.4 5.5 104 3.4
DON
1.0 100 1.9 98.0 1.2 102 0.4 89.3 2.8
0.1 90.9 11 91.9 32 85.9 14 — —
NIV 0.5 99.4 1.6 92.3 2.7 95.8 2.3 88.6 9.1
1.0 — — — — 89.9 2.6
—: Not tested

a) Mean (n = 5)
b) Relative standard deviation of repeatability
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A 2 B 2
2 \2 2 \%
E 50000 - E 50000 -
g 1 < 1
& 40000 - £ 40000 -
3 X
Z 30000 - \7 £ 30000 - \l,
c 15
2 g
£ 20000 - £ 20000 -
=
10000 - 10000 - _J
0 : : : . o : . : .
5 6 7 8 9 5 6 7 8 9
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Fig. 3  Typical SRM chromatograms of DON and NIV in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
1: NIV, 2: DON. The baselines were shifted for display.)
A: Standard solution (The concentration is 250 ng/mL of DON (2.5 ng as injection amount)
and 125 ng/mL of NIV (1.25 ng as injection amount).)
B: Dry food for cats (spiked at 1.0 mg/kg of DON (2.5 ng as injection amount) and 0.5 mg/kg
of NIV (1.25 ng as injection amount))
C: Standard solution (The concentration is 25 ng/mL of NIV (0.25 ng as injection mount).)
D: Milk powder for cats (spiked at 0.5 mg/kg of NIV (0.25 ng as injection amount))

3.9 EERRA (TIR) K OW: RS O

DON K O NIV D i S S AR % 7= L 7o %iPH, 4 2~1000 ng/mL @ Tt & 72 22 (DON
IZBWTI Y =y RS T 0.1 mgkg Y & (REREHART T25ng/mL AHYE) , V= v
ML (F#) T 0.02 mg/kg FHM & (A 10 ng/mL A4 &) , NIVIZBWTIEH I L7 KONT =
v NS T 0.1 mg/kg FEY & (B A&RURHER IR EE 25 ng/mL FHY4 &) , I /L7 T 0.5 mg/kg
FEY & (A 25 ng/mL Y &) KOVY = v MG (FEY) T 0.02 mg/kg fA%4 & (A 10 ng/mL F84
&) ) OBMENGREBRORE R, [F oo MEOREERAED 10 5L RDRELZRD.

ZOfER, DON OE&RER (TIR) |EIXY = » MFLSNT 0.1 mgkg XOU = > MG
(JF#) T0.02mg/kg & L7z, ZaLH O¥REEIT5 eEh ) A &R o FEEE o fe HARVE G
lug/g) IR LTUI/10 (V= FRGLIAL) KOS5 (7= y LS THY, BRIEDZ YR
RIBICEO OGN BEE GEEEO 1/5 LF (v =y MG , EEEO 12 AT (T=y
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R UKD EAR 10 %IHRELZL0ICR L) ) ) i L Tz, £/, NIV OEER
SOCFIR) REITH I V27 RO = > MLGLIST 0.1 mgkg, ¥y I/v2 T0.5 mghkg KO = v
N () T 0.02mgkg & L7z,

REOKBRH TRZMERT 2720, ERIRMENRERIC L0 5 537z 50 47 O 15 MR 212
Student D -EZ T CT-ED 2 {5 & KRH7z. ZOFKEE, DON ORMBRFIREILZ Y = » &L
T0.03 mg/kg, Vv M () TO0.01l mgkg & L. D OREXE i A E O
B OR BIRVE O : 1 pg/g) 2L T 1/33 (7w FRELIA) KOV 1/11 (7 =y M
i) Th, RBIEOZYERRIEICED b BAEE R¥EMEO 1710 LT (V= v MR
), BEEOI1B3UT (V=y MG KDGAEI0%ICHE L2 LT) ) ) &k
LTz, NIV OB HRARE TR I V27 KO = v MG LIS T 0.05 mg/kg, By I/L2 T 0.2
mg/kg, V= v MU (JF¥) T 0.008mgkg TH 7.

7235, Table 9 IZ/RL72L B0, HFERRT (TIR) REICIT D RINEIGUEE R 1L R4
Tho7-.

4 FE&OH
St AfGEE R O N U a7 ' R OFEO DON, NIV, HT-2 H O T-2 (I22WC, iM% i

LC-MS/MS % F\ 72 [ R 12 % O 5 Jrsh ) F B B O RAEIE A~ OB O P S IC OV THRE L7z & 2

B, RGO NEE 4 NS 2 i (DON KON NIV) IS4, MEsE ;O RSA R

DEL, BINTHO NIV O~ b v 7 R K HEBEZRBT 5 72O RERENERE 5 AR

52 LT, UTOMENRGEON, BEHNAIRBTHDL EEX L.

H 7085, I N8, Yy —F—, EMLREY—F— (N—FFA KRV T
N2 A7), BEPEITERICHIALZIZONT, KBS THELILE SRM 7 a~ M7 T AC
X, BREEZGT O E—27 3RO o T,

2) AREZHENELNIZHEHARIZOWT~Y MY v 7 2R A2 M8 L72f5 5%, DON KOV NIV [L#
Bt~ RFV w7 AR DREREELZTH L RMERBETH - T2

3) DON & LCvU = v MDA OREHT 0.1 KOV mg/kg FHY &, 7= v ML (F%) (12 0.02
KTON0.1 mg/kg FHY &, NIV & LTHIALT KRNy = v RGPS OFEHZ 0.1 LT 0.5 mg/kg +H
M, BHIAZI205 KD 1.0 mgkg A E, v v MG (EY) 120.02 XT0.05 mg/kg F7
BEUIML, KRB TS SOHMTONEE L, BIELOMK UBEZRD-E 25, AR
LD Y VEMERRIEIZE D DAV B R O TR O BB 2 72 3 BAF R/ R3S o

4) ARk DON OEERA (FR) REEZY = v NEGRLIST 0.1 mgkeg, 7= > MG URW)
T 0.02 mg/kg, BHRAREIZY = v MG LIAT 0.03 mgkg, V= v MG () T 0.01
mg/kg, NIV OEZRKN (FIR) BEFH I AL XY = v N LIST 0.1 mgkg, #3I/L7 T
0.5mgkg KO = » NS (FE¥)) T0.02mgkg, BRHRBAIEEIIG IV KT = v ML EL
4T 0.05 mg/kg, ¥rI/L27 T02mgkg, V= MM (JF4) T0.008 mgkg T o7z,

RE L7 DON OF &R (FR) KOB R, REEDZ Y MBI ED bz BEE
EZ 7= LTz,
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6 FAMRUVERBYAAHNDOME HFIVL SBMREVKEORE -
SZREREEEDMAHE
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Development of Rapid Simultaneous Determination Method of Arsenic, Cadmium, Lead and
Mercury in Feed and Pet Food by ICP-MS

Masayo NOMURA", Saori ITOU" and Mari TABATA”"

(" Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center)

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 solution to samples,
they were digested by a microwave digestion system at 1400 W for 40 minutes. Having further
added rhodium and rhenium as internal standard to the digested samples, arsenic, cadmium, lead
and mercury were respectively quantified by ICP-MS.

Recovery tests were conducted on formula feed (for finishing period broilers, growing pigs and beef
cattle), fish meal, chicken meal, rice straw, dry and wet food for dogs. The resulting mean
recoveries ranged from 89.0 % to 101 % for arsenic, 90.4 % to 102 % for cadmium, 88.0 % to 95.2 %
for lead, and 84.1 % to 97.8 % for mercury. The repeatability in the form of the relative standard
deviations (RSD;) was less than 4.8 % for arsenic, less than 2.3 % for cadmium, less than 6.7 % for
lead, and less than 2.3 % for mercury.

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

F—U—F @R D RIT L6 KR FEMES T 7 X~ EESNE; S8 Z5elh
W Fil e

1 # B

B R O i AR T O FEEeRE (I FI UL, KE, SARORE) 2oV TIE, fk
D F FY)E O FRE L AE K OVF BRIEEDI QNS Z Bedih W BB O oy A IR T 2 A S22 80 T
Table 1D & B0 EEENED LN TN D,

BBy AT FEED K OV BrBh i BB O R AR iEY (LLF TPF k) v ). ) 1, AFES
BEOEREELEL LT, BBOKME OKEEUMFELZRS. ) O%, BIZID2EADMEZITV, KE
WZOWTIHE I RALAKERPELEBIC LY, 70 FI U LA, A OMBIZOWTIHEF-WEEEET
WCEVHETDHEPPNE I N TS, I OoER, RTBRICREMZZEL, WEHILHED
WZAEBNCAT 5 BN H D 7o ORI L. TF, SMBREFOSE TIE, ~A 7 ool
Z WAL B ] o R L, SFEMA T 7 A~EHE&oHEr (LUK TICP-MS] w9, ) IZX5
L RERESTAER LI TND.

" ORNIATBUE N EMOKETE B 2 R v 7 — B EREN 2 R
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Z ZCWEEEE, EAFEREBEY (LT TIEEEREE] v, ) KDY AOAC Official Method
2015.019 (LLF TAOACIE] & ). ) ZEICAFEBBEDICP-MSIZ LD EEELRFTL, A
¥, ¥ I =NV EOMOLIZOWTEE N O TRE 2R LT-.

SAEEFET, HEEORMICBT 2O ERE FTROMEEM (0.8 mgkg ) 2%, SR oHr AR
3 ORBIEOZYMEMRIETA RT7 A4 (LT [ZEMEMERIET A FT A4 E0nH. ) [TED
ONTEETROHEM (04 mgkg) 2L TWRNo72Z End, hOKBERE COMRE
MOBGED T2 ORRFH 24TV, £72, ko — (BEEEE) K OE B AEo —H (K7
A B ICKIT D R U MHR A FEM LD T, TOMBELRET S.

Table 1 Maximum levels of arsenic, cadmium, lead and mercury
Maximum levels (feed: mg/kg , pet food: pg/g)

Feed types

Arsenic Cadmium Lead Mercury
Formula feed 2 0.8 2 0.2
Grass ha
(except fil)r rice straw) 2 ! 3 04
Rice straw 7 1 3 0.4
Fish meal 15 3 7
Meat and bone meal 7 3 7 1
Pet foods 15 1 3 —
—: Maximum level is not set.

2 ERAE

2.1 B
1) ERk K OVE: Brsh ¥ 1 A )

FAEE (A7 —RE#MA, FKRERH, AAFREAROCARFEER) , A—7
FXoI—, Ak, FTXUI—L, b EKOEEYHAEE O N7 A -RIXEnZER
F1lmm DAY Y — U HEE LTS TR Lz, EnEimifEoy = v NRIZ 7 — K
Tat .yt —CHiEL 7.

Rk, BMENZH W AR % Table 2 12, ZLr@h# k% Table 3 (2 L7-.
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Table 2  Compositions of the formula feeds
. Proportion .
Formula feed types  Ingredient types %) Ingredients
For finishing period Grains 65  Corn, brown rice
broilers Oil seed meal 26 Soybean meal, rapeseed meal, corn gluten meal
Brans 1 Rice bran
Others 8 Vegetable fat, calcium carbonate, salt, calcium phosphate,
feed additives
For growing pigs  Grains 71 Corn, polished rice, wheat flour, bread meal, wheat, milo
Oil seed meal 16  Soybean meal, rapeseed meal, corn germ meal
Brans Wheat bran
Animal by-products Fish meal, pork and chicken meal
Others Food industry by-product, molasses, corn steep liquor,
calcium carbonate, calcium phosphate, salt, vegetable fat,
betaine, cilicic acid, animal fat, feed additives
For beef cattle Grains 76 Heat-treated barley, heat-treated corn, corn
Brans 16 Wheat bran, corn gluten feed, soybean hulls
Oil seed meal 7 Soybean meal, rapeseed meal
Others 1 Calcium carbonate, salt, isomaltooligo saccharide syrup,
cilicic acid, feed additives
For dairy cattle Grains 61 Heat-treated corn, barley, corn, extruded soybeans
Oil seed meal 14 Soybean meal
Brans 8  Wheat bran, corn gluten feed, soybean hull
Others 17 Cotton seed, alfalfa meal, soybean curd residue,

molasses, salt, calcium carbonate, feed additives
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Table 3  Ingredients list of pet foods used in this study
Pet food types Ingredients

Corn, chicken, rice, corn gluten meal, chicken fat, beet pulp, protein hydrolysate, soybean
lecithin, fish oil, dried tomato, yeast, whole grain linseed, mannan oligosaccharide, dried

Dry food for dogs chicory, yucca extracts, L-carnitine, vitamins (V. A, V. D3, V. E, V. C, V. B}, V. By,
pantothenic acid, niacin, V. Bg, folic acid, biotin, V. B2, choline), minerals (P, Na, CL Ca,
K, Fe, Zn, Mn, Se, I), antioxidants (V. E)

Grains (corn, white medium soft sugar, corn gluten meal, wheat flour, hominy feed), meats
(meat meal, chicken meal), fishes (fish meal, fish powder, dried tuna, whitebait, imitation
crab meat chips, shrimp), animal fat, soybean meal, seaweed, oligosaccharide, vegetables
(cabbage powder, carrot powder, spinach powder, pumpkin powde), minerals (Ca, P, K,
Na, Cl, Fe, Cu, Mn, Zn, 1), vitamins (V. A, V. D, V. E, V. K, V. B}, V. B, V. Bg,
pantothenic acid, niacin, folic acid, choline), amino acids (methionine, taurine), food yellow
no.5, food red no.3, food yellow no.4, food blue no.1, food red no.102, monascus color,
antioxidants (rosemary extracts)

Dry food for cats

Meats (chicken, beef, pork, beef extracts), vegetables (carrot, corn, green pea), starches
(corn starch), oils and fats (beef oil), sugars (oligosaccharide), polysaccharide thickener
(carrageenan), minerals (Na, Cl, Ca, Cu, K, I, Mg, Zn, Fe, Mn), vitamins (choline, V. E,
V. B1, V. D, V. Bg, folic acid), chondroitin sulfate, ghicosamine

Wet food for dogs 1

Wet food for dogs 2 Tuna (white meat, dark meat), polished rice, tuna extracts

2) FAPAS k)
The Food and Environment Research Agency T F{# L TU» %, Food Analysis Performance
Assessment Scheme (LT TFAPAS] &\ 9. ) @ Proficiency test 07353 @ 4341 FalEl T07353
(Metallic contaminants in Animal Feed) Z{#/H L 7z.
22 @

1) HiEg K OREE2 1L Ultrapur-100 (B # b7 8) 2 HvW7o. R (b/ksE & O'WERR 1X Ultrapur (B
L) ZHWe. - AT A VRIZADEEHR (B L7 A L AR R) 2 Mniz. Kix
Milli-Q Integral 5 (Merck Millipore #) (2 X 0 K58 L 728K (JISKO0211 @ 5218 IZEE ST
R & VT,

2) AR (10 pg/mL L-3 A7 A e A R — WEfE — i — K (5+6+10+179) )

L- A7 A VB 1 mg % 100 mL @ Digi #F = — 712 Af, K70 mL Z0x TN LTEHE,
Hilg 2.5 mL, FEER 3 mL KX OVERE SmL 212, SEICEEME TR ZINZ THAREE 2R L 7.
3) FEAEIFIR
M, BRI UL, ¢, KE, L=ULh, vPUL, EROVTTFULOEERIRIL,
Table 4 (278 Lo AR EFH, BUEO L OZ VT,
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Table 4  Standards used in this study

Certified value
Manufacturers Specification
(ng/mL) b
Arsenic standard solution 99.4 Fujifilm Wako Pure Chemical = JCSS
Cadmium standard solution ~ 100.2, 99.3 Fujifilm Wako Pure Chemical  JCSS
Lead standard solution 100.1 Fujifilm Wako Pure Chemical  JCSS
Mercury standard solution 100.3 Fujifilm Wako Pure Chemical JCSS
. . for atomic absorption
Rhenium standard solution 1005.1 ACROS ORGANICS ) .
spectrochemical analysis
. . . for atomic absorption
Rhodium standard solution 1002 Kanto Chemical . )
spectrochemical analysis
. . for atomic absorption
Gold standard solution 1004 Kanto Chemical . .
spectrochemical analysis
) . . for atomic absorption
Lutetium standard solution 1004 Kanto Chemical

spectrochemical analysis

4) HERERAEERIK
M, I UL, SHROKIEREFIES 750 uL %z 15 mL @ Digi T = — 72 IEMEIC AN
TRAL, FICERE THRREZ N2 CESRSRAEERKZAMLEZ (208 1 mL 1,
FEHEBELLTCENRENSue 2 8HT 5. ) .
5) IRAPEEHER
L=y Ak n Yy MEWEFKRS 75 uL % 15 mL @ Digi #F = — 7 AN TRE L, HIZ
AR E CREE (1+19) ZMx CTIRENIEHEFIEREZRK L7 (20K 1 mL 1%, FNEELS LT
TNENS pg 25 AHT L. ) . BIZIREGWIEEMERK 300 uL % 15 mL @ Digi #F = — 712 A
I, ERRE THEE (1+19) 22 TRAWEERZREM L (208 1| mL X, SWEELE L
TENEN100ng 56T DH. ) .
6) &—NTF U LRAEMK
R ONVT F 7 AERER 4 1.5 mL Z 15 mL @ Digi fF = — 7 IC AN TRA L, FITHER
£ CHERE (1+419) ZM2 TE&— AT FULREGREFAM L7 (Z0WK 1 mL 1%, &KL TF
TDAELTENENI00ug 25675, )
7) BV
SAEHERR 1.5 mL % 15 mL @ Digi T = — 7 IC AN, fEfE CHEE (1+19) 2Nz TR
WAL (Zo® 1ImLlE, £ LTl00pg 28695, ) .
8) HERFIRAIEER
AR SR AE YRR L R A NIRRT NS SRR T — VT F 7 MR O —E&E
15mL @ Digi #F = — 7 I AN TIRA L, BITEMRE CHIEEZ N2 CTEMICAHRL, 1mL
PICHAESBS L LT 0.05 0.1, 02, 0.4, 06, 0.8, 1, 2, 4, 6, 8 }xT* 10 ng, £ MNIEHEL
LT lng, £LLTXIZEKRVILTFILLE LT 200 ng 28 AT 5 EEELSREASEAER %2
LRy
AR I B4 B SR AR YE IR 2 N 2 TICAARICERE L, BWNEEREL LT lng, & & LTI
SRONVTTFTLELT 200ng 25 HT DIRE 0ng/mL OESREERAIEERZ TR L 7.
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9) FEEREEIRINABRIALE (10 pg/mL L-3 AT A U ERE A iR — it — /K (1+2+37) )
L- A7 A W 1 mg % 100 mL @ Digi fF = — 712 A, K70 mL 2 X THEN LI,
e 2.5 mL R OMEEE S mL &0 %, SEAICARMR F CKZ N 2 CHERE BRI A RS I 2 R L 7=
23 HEROGE
1) Fmerk -
rew 1 (Fido & LIS o BUEHA)
ZM-200 Retsch ® (HB#E 1mm 2727 U —>, [Al#E53L 14000 rpm)
sk 2 (fdo 5 )
SM-100 Retsch . (HBE& 1mm 227 U —>, [EEEH (H4£) 1690 rpm)
2) EIENEFEE . 77 v TFM A28 100 mL  Anton-Paar
3) VA 7 vyt - Multiwave 3000  Anton-Paar

4 Faz— 7
i Sample vials 50 mL 7 VU 7@ E L > Thermo Fisher Scientific # (LLF [Thermo #F = —
T ENS. )

ii Centrifuge Tubes with screw caps 50 mL 74V 7@t L2 Labcon 8 (LAF [Labcon #F
a—7] LWwH. )
iii AU 7reLrrfs7L 50mL AU FrbElLy -7y 7l
iv. Digi TUBEs 15mL, 50 mL %, 100 mL KUY 7mt L Digifd (LLF Digi #F = —
T e )
5) &E7 T Aa
i Volumetric Flasks 50mL A Y 7wt L VITLAB #
ii Volumetric Flasks 50 mL -~V 7 /A a7 afxy 7 v F#EMEIE VITLAB
iii PPARATZ T A2 (FZ77%f) SomL AU 7o'y 7XUUH
iv  Volumetric Flask 50mL 7Y 7’1m vl > Thermo Fisher Scientific # (UL F [Thermo 4
w7723 LWy, )
6) ICP-MS :
F— Y77 —E . ASX-560 Teledyne Technologies
B S 7T XA~ BN EHER « iCAP RQ ICP-MS  Thermo Fisher Scientific
24 EEITIE
n H H
SIHTEUEF 0.5 g & EfEIC &> TRIEDRAMICAIL, EEE 5 mL, WER{L/KSE 2 mL K OVETE
®04mLZMz, BANBIEoTth~A 7 a i pfaEE % AT Table 5 D370 7 F A
(& o TR Uiz (O3 W ORI 140~200 °C Th o712, ) . m#é, WfRiE% 15 mL O
Digi T = — 712K T LiAZ, I Digi ®TF =2 — 7 O E TKEMZ, 1,700xg T 5 43
DA REL 72, BB AE 3.75 mL K ONEA NEEHERK 0.5 mL % 50 mL @ Digi #F = — 72 IEf
WA, FRIREEZ Digi 8T o — 7 ORER E TMZ, ICP-MS (2 X 2 HE T 23 EHAK &
L7z.
[FIRFCRB 2 W W TR — O #EZ 1TV, 28R BRIE R 2R L7z
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Table 5 Operation condition of microwave digestion equipment

Wattage Tme
Process ]

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

2) ICP-MS (2 X % &

AR, A EERSIRAEER N O REsiE % ICP-MS IZEHEAL, £E=4—A1FIC
ZH
5

BIAAF T MEERET. BESM:% Table 6 1278 L7-.

Table 6  Operation 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 s, e d, 208Pb, 202Hg, 103Rh, ¥R

3) Bt H

BoNTeAFT T MEPBMBERLOH FI T AER T T AT, M OKEIZL=T LT

WIEHERIIE L, RAEPOME, PRI TvLA, A OKEEZRH L.
ZER BRI IRICHOWNWT, EOEIELNTZHEIFREREZ LIV,
R, EEEOIE% Scheme 1 12/~ L7-.

Sample 0.5 g (100 mL high pressure degradation container)
——added 5 mL of nitric acid and 2 mL of hydrogen peroxide
——added 0.4 mL of Au solution
Microwave digestion
|—washed with water
15 mL Digi TUBE
— fulled up to 15 mL with water
— centrifuged for 5 min at 1700xg
50 mL Digi TUBE
——added 3.75 mL of supernatant
——added 0.5 mL of mixed internal standard (Re, Rh)

— filled up to 50 mL with hydrochloric acid-acetic acid-nitric acid-water (5:6:10:179)
containing 10 pg/mL L-cysteine acid

ICP-MS

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

2.5 VT F U LNRINOEED g )ik
2.2 D 4D EAJEFIR A ME R & A RIS I CIEMEIC AR LI I v i-.
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RO BIZOWNWT, fit#FE LT7 mgkeg FHY & (REREHAKRF CT17.5 ng/mL) , # RI UL
LT 1mgkg fi4&E ([A2.5ng/mL) , $H& LT3 mgkg Y& (A 7.5ng/mL) , KL LTO0.4
mg/kg FHYE ([F 1.0 ng/mL) IZR225 X2 ICENERHRMELISEAL, —KEHFELLEZRICUT
DHFEZ XY 2 SOMTRER A FEh L7z,

QLT F 7 LEM : 2.4 I/, BREICHOWTIZE— LT F U NREH TEM LT-.

QLT T U LRI 2.4 1206572,

IHMEROSBEEET L2 LI XD IMTREROCTRBELZREL, BICZhEhOER
EIZOWT -MREEIT o T2

2.6 HEOHE L

KEHD SOmML OF =2 — 7 K ORET 7 A2z, ZILEIICERREERINARELZ 15 mL

FEEEANL, 1 BREB®ZICEhDOA A o MEZERIE LT
2.7 BaUEEDROMERR T L

KEMHD 50 mL @ Digi F o —7 % H W, EHFITEEH V1L, JIS K 8007 Z#E U ChglEE
(1+3) XIIARIRLEZ 50 mL AL, 12 BEILL EIR L72%, BHMKCHo+ T <SEIEEZ{T- -
ZHREND 50 mL O Digi T = — 7 ITHPREEEZ 15 mL BREE AL, 2 REHERIE# T 1 B #
W DA T Iy MEZHE LT, oA F BT MEIZOWTAIN T - J 5
TABEZEIT, ANEOFEEZER LI ETA A DT MED FHE K ORE Y K UK EE
(RSD,) %K=,

2.8 IANEIGAER

2.2 D 4)D H 4R S IR AR E R 2 A BRI I CIERE A IR LI vz,

Flafsl (ZTra 7 —IBEERYMA, THREKRALCHBSIEER) , &, 7% I—0,
Lo ROEEMAEE (R85 CRH) , vy MR (RHA) 1| K07 =y MG (R
M) 2) l22o0W T, FEHBBEAZNENURNZELICEEGL, vy MRIZOWTIX 30 FfE
L7, TN OREHZ W T —KEFE L 72 BISARIEIZHE > THSINEIGRER 2 926 L, P
[ SR K OV LK B & SR oD 7.

mE, FARFICESBELZRMLR2VWTRER —OBREZITY, 77 0 7 EiREFHE L, BEIERITHA
REtO 7 Z 7 fEEZELSIWTREB L.

3 WRRUEE
3.1 WSO ZEHE
ICP-MS DOFEHAR TIZIRBENRAE L2 E, MBORNT ORENHET H. 2 OMEGNR
ZIEMER LRI 2 D72 012, AOACHEICIIHFBFDORFR ZIRMT 2 Lo ICii#fianTng. £2
T, EUER R OB IR ICHERR &3 %L BIRINT 2 Z LI k0, MFED LT O REEE O H &% 1
ETE2L0REESBIC, RIETHLEREZ3 %I LA RESEEZEHRA T2 & Lz,
32 VT FULERINOA D g
AOACIETIE, ~A 7 vl ORI OB KRR OTZDIINVT F U LEZIRIML TS, 22
T, VITFULRMOLENEEZERT 2700, BEEBREZRMULIZBD HIZOWT 2.5 IZHEW 2
ROHMTRBICE O IHMTRELOTMBELZFEH Lz, TR, Table 7 O LB, WIhokk
Ry, BHMEMHRIETA RT A ANED BT HHATREE K O R EE 0 B R E 2 0 72 3 BLATF 7058
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RTholz. £z, t-BREDKER, VT F U LOHRMEE L OGRS EIC A B 2213380
SN hotz. FO, SHOBETIX, VT FULERMLRNWZ L& L

Table 7 Comparison with and without lutetium

Reference value

Heavy metals Spiked Recovery Repeatability Interrn.efilate . Intermediate
and others level precision Repeatability precision
(mg/kg) (%0) (%) (%) (%) (%)
Arsenic 7 98.5 0.7 1.4 12 15
Without Cadmium 1 99.1 1.1 2.2 16 20
lutetium” Lead 3 94.7 1.9 5.8 14 17
Mercury 0.4 92.7 1.1 2.7 19 23
Arsenic 7 97.7 1.1 2.7 12 15
With Cadmium 1 98.3 1.8 1.8 16 20
lutetium” Lead 3 93.6 1.1 2.9 14 17
Mercury 0.4 92.3 0.8 1.7 19 23

a) Degrees of freedom: 4, n =2

3.3 SR DRI FE L P 0 iR St O R
WEAEFE DRRFHZ B W T, SO EMROMKIREFIFH (0.05~1 ng/mL) TIXFHBIFRED 0.995 % F
Bl 57280, $hOMEHROHPHEZ 1~10 ng/mL & LTEY, Z0DHOERE FROHEEMEIX 0.8
mg/kg FEE L RAED DT\ o, ZOMITRYMEMBIET A K74 >0 HEEfE (0.4 mg/kg) %1
Te&7enie®w, ShoOKREREOMREMROLEO DO ORFEITH> 2 & & L.
1) HaDL#g

G B G P CAHBIR B ME R B RF & LT, MEEORFICEB W THOA A B 7 ME
DNEEFE 0 ng/mL DFEHERE T 50000~140000 cps FEE L -T2 Einh, A7 AROBRENL D
BOWHICE DNy 7 77 FMEO EFIZL DD EBZ XN, £ 2T, ARFHTE AT
RABEROT 22— KN ERET 7 XA a %2R T 57280, 2.6 IV, $aDA AT ME
g L.

Z DFER, Table 8 IZ/RT K 912, Thermo #F = —7, Labcon F = — 7, Digi F =2 —7
KO Thermo WAEET7 T A aDA A0 v MENIENK) 7. ZThbDo b, E&ICH
WHZENTE S Digi F 2 —7 KO Thermo ML ET T R a3 7 AMeE T 7 2 a DR
ELUTARIEICHERATREE B2 5722, Thermo MAER Y 7 XA 2 IEAZOEENMLETH D
7o, W THRREZe Digi WTF 2 — 7 2fEHT 20088 & & 2 HiL7c. Thermo A E T 7
A 2lL, 50 mL OAORIETH > 7225, Digi F = — 7%, 50 mL OMIZ 15 mL & T 100 mL
OWERDH Y, WO EIZIE U THENWS T A ERAETH L. o, 22 @ 8)ITHELY,
DigiflF o —T72HOTHHE LA, VT F U7 LERMOBEE 0 ng/mL ZEER CTA A
7 v Ml % 1200~6800 cps FEEIZINZ D Z ENTE 72, Doz &b, 4%, AKIETHX Digi
WF 2 —TEHNDZEE LT
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Table 8 Comparison of ion count value of lead (Comparison with vessels)

Vessel Manufacturers Quantification availability Material Ion count value (cps)
Thermo Fisher Scientific X PP 3381
Labcon X PP 3601
Tube

BL TEC K.K. @ PP 16353
Digi O PP 5153
O PP 24168

VITLAB
) O PFA 29083

Volumetric flask

AS ONE O PP 33952
Thermo Fisher Scientific O PP 4224

n=1
PP: Polypropylene
PFA: Tetrafluoroethylene/perfluoro (alkyl vinyl ether) copolymer

2) B UeiEh R O MR
Digi ®F = — 7 O HFIEEF N LENMERT D720, 2.7 1T, $hOA AU MEE
bz U7z,
ZDFER, Table 9 O & BV, HHATIEE 2 L EMHEHFTESRHZITo72b DL DMT, WTh
bAA U H Ty MEICREREZZTRAON o722 s, FHBOEEIIITORNWZ L L L
7.

Table 9  Comparison of ion count value of lead (Confirmation of effects of vessel washing)

The solvent for Ion count value RSDrb)
Assay date .

vessels washing (cps) (%)

Without washing 33107 7.7

After 2.5 hours Nitric acid (1+3) 3268" 0.8
Diluent solvent 3185" 3.7

Without washing 3104 6.7

The following day Nitric acid (1+3) 31127 2.0
Diluent solvent 2949° 2.8

a) Mean (n =4)

b) Relative standard deviation of repeatability

¢) Mean of data retained after eliminating outliers excluded by Smirnov-
Grubbs test (n = 3)

3) B DRI B R PH O A Ry
33D DNER2)DOFEREZILIZ, 2.2 D)X VORI ERF (0.05~1 ng/mL) D Ff &A% {E
R L7Z. ZoOfER, MERENGEL, EREEZRLE. Gon-RERO 6% Fig. 1 1ZR
L7,
B, UHMEBROBEHIMIT, #17% 0.02~0.4 mgkg & AT 5000 AREE AEICRE VR
U 7o e BUBHAS IR Hh O O YR FEREPHIC A S 3 5 .
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3.4

AR

(Ion count value*Concentration of
internal standard solution/Ion count

0.9 | ¥=0.9228x+0.0066
‘ R>=0.9999

value of internal standard) /[ng/mL]

0 0.2 0.4 0.6 0.8 1
Concentration of lead/[ng/mL]

Fig. 1 Calibration curve of lead in low concentration

33DFERAEII, 220 DLV EESBEFEOMEMRZIER L. TOME, WThOoESRSE
IZEBWTH 0.05~10 ng/mL OFFE CEMMEZ R L. BohRmERO % Fig. 2 IR LTz,
B, UHRBROBERGAL, SESBESZ 0.02~4mgke &4 T 50N AREE REIZHEOH
B 72 e UBHS IR Hh o0 45 EE 4 B SRR BE R PH ISR 7 5.

(Ton count value*Concentration of
internal standard solution/Ion count

(Ion count value*Concentration of

internal standard solution/Ion count

value of internal standard) /[ng/mL]

value of internal standard) /[ng/mL]

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

y=0.0359 x + 0.0005
R?=1.0000

0 2

Concentration of arsenic/[ng/mL]

y=10.9196x +0.0015
R?=10.9999

Concentration of lead/[ng/mL]

Fig. 2

2.5
y=0.1939 x+ 0.0001
R?=1.0000

(Ion count value*Concentration of

internal standard solution/Ion count
value of internal standard) /[ng/mL]

(=}

2 4 6 8 10

Concentration of cadmium/[ng/mL]

4 6 8 10

1.8
1.6
1.4
1.2

y=0.1527x+ 0.0024
R?=1.0000

0.8
0.6
0.4
0.2

(Ion count value*Concentration of

internal standard solution/Ion count
value of internal standard) /[ng/mL]

2 4 6 8 10
Concentration of mercury/[ng/mL]

=
o

4 6 8

Calibration curves of arsenic, cadmium, lead and mercury
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3.5 ERMEOMR

Flafel (T rea 7 —EERMA, THRERALOCILAFFEER) , FF0I—0, A—7F
¥, fib b EROEmEMAGEE (K748 ) ROv s MR (RA) ) % 1
RN N AR 2 iR Z AV, KEICKDREIRORE, 7RI VA, SAROKEELRT LT
ZORER, EHEOREHIOWTHE, 7RI UL, SHEROKENRH ST,

T, MFE, BRIV, EROUKEBBRE S REHZOWT, BT T SUE PF MR
BIEIZEWN T LTz, ZOFERIT Table 10 DL B0 THDH. MFE, 7 I 7 AR TIE, Ik
SIHTEMEN T PF AL LD b RIEO AN ERETH Y, KPIXZOHWTH D728, BEDEN
SHHETIEIARH E 2 2R ENRBO N, ERETREMOMEIZIESS2ERNHDZ LE2EETH
&, KIETHOLNLEERMEIIANTHEOARIBEDO S D EE X LI, RIEOBIPEICHEEIZZR
EEZBNT.

B, MbbLHOH KI T AIZOWTIE, Table 10 D L0, Akl bl U CFEH T EHED
FH, EEMEPNEL RHBAPROONT. MOLITITFABEAENZEH LT WNIZD,
A By AT L E CIIam S (200 °C LA E) KV IRWIRE (185°C) TLMMEATE ledrolz. £ D72
D, SRRt LR, EEMEICENECTZEEZ LN
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Table 10  Quantitative results of this method and

analytical standards method of feeds or inspection method for pet foods

Arsenic Cadmium Lead Mercury
Sample types Analytical methods Quantitative Quantitative Quantitative Quantitative
value value value value
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
For finishing period I 0.095 0.025 0.033 ND
broilers 11 (0.079) (0.029) (0.029) (0.004)
For growing pigs I 0.069 0.031 0.063 ND
in all stage II (0.032) <LOD (0.078) (0.017)
. I 0.023 0.038 0.025 ND
For dairy cattle
II <LOD (0.046) <LOD <LOD
. I 0.269 0.211 0.271 0.005
Rice straw
II 0.250 0.175 ((),33())3) (0.004)
. I 5.66 1.01 0.329 0.370
Fish meal 1
11 5.79 1.07 (0.370) 0.398
) I 4.24 0.772 0.208 0.255
Fish meal 2
II 4.28 0.772 (0.220) 0.271
) I 0.080 0.076 0.106 0.008
Chicken meal N 3 9
II (0.111) (0.064) (0.131) (0.003)
Pork and I 0.060 0.030 0.179 0.003
chicken meal 1l <LOD <LOD <LOD (0.023)
I 0.628 0.112 0.070 0.039
Dry food for cats b
I 0.629 0.107” <LOD 0.036
I 1.14 0.013 ND 0.034
Wet food for dogs 2
I 128" (0.015) <LOD 0.037
Analytical standards - OF quantification - 0.10 0.5 0.03
nalytical standards : . . .
(mg/kg)
Method of feeds and o ) 0.01°
. . hod Limit of detection 0.05 0.03 02
t { . . .
inspection metho (mg/kg) 0.02"

for pet foods

I: This method

II: Analytical standards method of feeds

III: Inspection method for pet foods

Except where noted: n =1

ND: Not detected

(): Less than the limit of quantification

<LOD: Less than the limit of detection

a) Mean (n =3)

b) Mean (n = 2)

¢) Limit of detection by Analytical standards method of feeds
d) Limit of detection by Inspection method for pet foods
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3.6  FAPAS Bl S5
ARIED LM Z MR T 5728, FAPASHEZHWT 24 ICit> CTEEZIT-T-.
ZFORES, Table 11 IZRT LI, WITNOFRERL 22237 2 ToORRETH- 7=,

Table 11 Quantitative results of FAPAS sample

Arsenic Cadmium Lead Mercury
FAPAS assigned value (mg/kg) 321 204 2176 35.7%
Quantitative value (mg/kg) 297 203 2111 23.6"
z-Score -0.39 -0.02 -0.21 -1.54

a) Less than the limit of quantification

3.7 WINEIERER

2.8 1K VESIMENEER 2 Sl L7z, & OFERIX Table 12 ® L0, HFEIZOWTITFEE RN
3 89.0~101 %, # DR UKEEIIHXHEMER2E (RSDy) & LT 48%LLF, 7RI T LAIZDONT
IFE RN AR 90.4~102 %, RSD; I 2.3 %LAT, oW T FEHEIE 88.0~95.2 %, RSD; I
6.7 %LL T, KEIZHOWTITFEHIENILER 84.1~97.8 %, RSD 1% 2.3 %LL FORAENE DI, 244
WeFBIET A N7 A4 O PF M iiEef 11 FalBiis o 2 PEERRE (LA TPF MR AiE o 262 M
WL Lo ) IWEDBN]) KD2) OREXROHHTREO AEE 22T BRAGRFERTH
27z,
1) BJE

70 %Lh 120 %LA T (k)

60 %LL E 115 %LU T (ZBrEhi HETEHZ 31T 2 IR 0.04 mg/kg)

80 %LL I 110 %LL T (IR 0.6 mg/kg, 2 mg/kg, 3 mg/kg, 7 mg/kg &N 15 mg/kg)
2) FHEE

22 %LLE (BN EE 0.04 mg/kg)

17 %LAF (7] 0.6 mg/kg)

14 %LL T (7 2 mg/kg & OF 3 mg/kg)

12 %LLT (A 7 mg/kg)

11 %LL T (1A 15 mg/kg)
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Table 12 Recoveries for arsenic, cadmium, lead and mercury
Arsenic Cadmium
Natural Spiked a) b) Natural Spiked b)
Sample types o Recovery  RSD, o Recovery  RSD,
contamination level contamination level
(mg/kg) (mgkg) (%) (%) (mg/kg) (mg/kg) (%) (%)
ishi 0.021 0.04 97.7 0.9
For finishing 0.095 2 97.6 L1
period broilers 0.025 0.8 102 1.0
ing pi 0.030 0.04 93.2 1.1
For growing pigs 69 2 96.7 1.4
in all stage 0.031 0.8 101 1.1
. 0.018 0.04 92.4 4.8 0.021 0.04 102 2.2
For dairy cattle
0.015 2 94.2 0.5 0.027 0.8 98.4 0.9
Rice straw 0.269 7 101 0.8 0.211 1 101 1.5
Fish meal 2 4.24 15 97.2 1.7 0.772 3 99.3 1.4
Chicken meal 0.080 7 96.8 0.9 0.076 3 98.2 0.5
Dry food for dogs 0.240 15 99.1 0.7 0.055 1 101 0.9
Wet food 0.003 0.04 96.6 2.3 0.003 0.04 95.2 1.9
for dogs 1 0.003 3 89.0 1.3 0.003 0.2 94.5 1.4
Wet food for dogs 2 — — — — 0.015 0.04 90.4 2.3
Lead Mercury
Natural Spiked a) b) Natural Spiked b)
Sample types o Recovery RSD; o Recovery RSD:
contamination level contamination level
(mg/kg) (mgkg) (%) (%) (mg/kg) (mgkg) (%) (%)
For finishing ND 0.04 86.3 1.5
i ) 0.033 2 92.7 0.4
period broilers ND 0.2 86.4 1.0
F ing pi ND 0.04 90.1 0.8
COT SIOWIEPIES 063 2 92.6 0.8
in all stage ND 0.2 90.6 1.5
. 0.008 0.04 91.2 6.7 ND 0.04 84.1 1.0
For dairy cattle
0.010 2 91.8 0.9 ND 0.2 84.4 0.9
i 0.003 0.04 91.7 2.3
Rice straw 0.271 3 95.2 0.6
0.005 0.4 94.6 0.7
Fish meal 2 0.208 7 90.8 1.1 0.255 1 90.6 0.8
) 0.008 0.04 92.3 2.2
Chicken meal 0.106 7 88.0 0.6
0.008 1 89.3 1.0
Dry food 0.007 0.04 91.3 2.0
0.144 3 93.1 1.0
for dogs 0.006 1 95.5 0.5
f ND 0.04 93.2 1.3
Wet food 0.232 0.6 918 2.6
for dogs 1 ND 0.2 92.9 0.7
Wet food for dogs 2 ND 0.04 90.2 1.0 0.033 0.04 97.8 1.3

—: Not tested

ND: Not detected

a) 100 x (mean of quantitative values of the five samples — natural contamination) / spiked level

b) Relative standard deviation of repeatability
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3.8 EE FREOHH TR

BFHERSBEFOMRBERDERMEZL S L-H#HFA, £ 0.05~10 ng/mL © Fiaflir & 72 2 E (0.04
mg/kg HHY & G iaEHR IR 0.1 ng/mL MY &) ) (BT 2RMENGERZ £l Lz & 2 5,
ZOFRRIZRIETHY, 2o, HEERED 10 FIXUZIRELZBI TR o7z. - T, FE
EREOE R TIROREIL 0.04 mg/kg & L7z,

Fo, B TRIE, EOFEEREICABE 4, FHAAEAKLE 0.05 O Student O - % 5 U7 fE
D21fE (=4.26) , T2OLERETRO 4.26/10 %, 0.02mg/kg & L7-.

Z OEE PR & O T RO ¥R EE R o H 4R % o F B YEM I L C 1/5 LR R OY 1/10
LI, ZIcEhi o B RS OFIEM IS LT 125 LFED 1/50 L FTh Y, =4k
MERBET A T A > J O PF MAETEO ZGMEMERRIEIZED biLc 1) KU 2) ORIEMEIZKT 5 7E
BETFREOHE FIRO BEMZM7Z LT\

) EETFR: 15 EEEEOY =y MG LAOZEERAEGE) , 12 (7=v FMLE OkSE

AR 10 %CHHELZHD) )

2) B FBR - 1710 (BB ROV = > MR DA O Z i R , 13 (T =y MG (K5

GHEI10%IHBELZHD) )

723, Table 12 [Z/R L7z &30, M%ERE FRIEEIZRIT 2 BMNENGRERE RIZRGFTH 72,

4 FEOH
fE R O E B HERHICE SN2 AHEESRSE (MK, 1 RI VL, HEKUKER) OoE&REIZHO

WC, ERFRERIE O AOAC 1% SLICWEARFEBR S L 7= ICP-MS % H\V 7= % o0 58 [Al R 7 &k O ik 4y

Frik#E KR OY PF BRAE~DBEH O RIZHOWTHF L7 & 25, MREEE~OFROIEBMN, ~A 7

RS REE DV T F U ARIMOEE K NE® T 7 A% Digi fFa—TF~EH+5ZLT, UUF

DFERDBE BT,

1) BERIEL, THEH 0.05~10 ng/mL OFiH CTEMRMEZ R LT

B, UHEMmEROBERHREIL SELSEBEEE 0.02~4mgke &H T DO HRE 2 AREIZHEWD
TR L 7 i AR TR T OB B A R IR RIS S T 5.

2) EAEE (A 7 —BERYA, FRELAKOCLAFEER) , fakh, T I—n, KR
—7FF I, bbb EOERBYAGEE (R ALK =y M) 1220 T, Kik
> TR ONTEA T ATy MEPDNIEEEIC LIV R OFERBEO &L R LK
B, HEOREHCOWTHESBSNRE S), RETHE L E BTSN x5O 3 RE
ToboLBEZ LN, REOBRREICHEIZWEEZ LN

3) FAPAS B Z W TARIEO R UM ZMRB LIZE A, z-Aa T 2L TOMERG L.

4) EAEE (A 7—REREH, FERERE, WHFRER) , &), FXrI—1, fb
OROEEWAEE (RZA-HEKROT =y MR) IZOWTEESBELZRML, RIEITHE
ST 5 BTN &2 Ehii L, BEUELR OB UIEEZ RO 2 H, YMMERIETA KT A v
F OV PF AR AVE O 2 S MEHERRIE T E D b AL T B EE R ORI THG FE 00 B ARAR 2 i 72 3 B A 70 5 R 35
Y AW
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5) AREOKEELBESOER FROBEKEIL 0.04 mg/kg, B FRIZ0.02 mgkg Thoto. FELE
EE IR &L O FERIE, Y MEMRIET A R 74 2 KO PF RAEEO S EMGRIEICED b il
7= BREE 2 7= L C U7z,

X [

1) BEMKEEGEREBRN B OAEREOfRERLAER VEHILEOHIEIZ SV T, B 63
10 H 14 H, 63 &% B % 2050 5 (1988).

2) EMOKPEE S - BREIE D BB AR OB EICET 284S, FAk 21 £ 4 H 28 A,
RMOKPEA T « BREATHE 15 (2009).

3) ERNKEENEE - BERE®M ST EEOHIEIZOWT, L2044 H 1 H, 19 HE
%5 14729 5 (2008).

4) ISIATEOE NBWOKFENEZ 2Nt v ¥ —BEE@mm . (s A eSO REE] O

EWCOWT, k2149 H 1 H, 21 {§4H 1764 5 (2009).

5) RSEATBUE NEMOKPEEE 22t v 2 — « JREERBRE (2019).

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).

7) RBEEY VE, BEE VAT, A ZE, FA L, 8 %W ICP-MS I X 2B A I X T v

O —FF o0, RS HERS, 52, 336-339 (2011).
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Additional Consideration and Collaborative Study of Measurement Method of Crude Fat
in Dried Whole Milk and Formula Feed Including Dried Whole Milk

Chika SUZUKI*

(* Sendai Regional Center, Food and Agricultural Materials Inspection Center)

This paper presents the result of a collaborative study I have conducted for validating the
measurement of crude fat in dried whole milk for feed and formula feed including dried whole milk.

A sample was transferred into a tall beaker, added 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 extracted with diethyl ether. Having washed diethyl ether layer with water, the
diethyl ether was evaporated. The residue was dried, and the crude fat was weighed.

A collaborative study was conducted by twelve laboratories using dried whole milk, formula feed
for suckling pigs, milk replacers for suckling calves, and milk replacers for suckling calves and
suckling pigs. The resulting repeatability and reproducibility in the form of relative standard
deviation (RSD; and RSDr) were less than 2.0 % and less than 4.1 % respectively. The HorRat
were less than 2.0.

This method was thus validated as useful for inspection of crude fat in dried whole milk for feed
and formula feed including dried whole milk.

Key words: crude fat; acid hydrolysis and ether extraction method; dried whole milk; collaborative
study

X—TU— N M BBy mF L — T L HE  RIER L  LFEERE

1 % B

AR OGN ORIEVE & L TIE, SR T REVIC U = F v = — T L E R OB S iR o = 5
NE—TF Ui (BUF TR RIE v ). ) BIER SN TR Y, BESBRILIC OV TITRTE
DM ER>TWD. LrL, RIEMALLORELLE EREE T 2EEFEHZBNTY = F LT
— T VHIHE TR ICHIE I 2 i S e 2 & N ERBHRLE 2638 70 ORI S, BR 4y fif ik o i
PERXUTGHTEOU RPN EF I TS, —J, REMILTOIENOREEE LT, 7k Vi
KR EITHOLV—E « T b —7% (LLF TRG#) &9, ) 73 AOAC INTERNATIONAL 2%
DEBE I AZRESHEE LTRSS AVWLNTEY, BAEOILL OGOy BESICET 54
BNZHBWHEH SN TNV D, 207, FRFEIZEHARSIE, 2IEBLLKOCEERLZER LT 5
Bl G AREE A VY, RGVE M O oy fif 5 0 AR O I EAE O R %M X O 3L O DR E 217 - 72
V. ZORER, RG IEIZxHT BB RIEOWPEMOIX1.001~1.041 TH VY, AEKAE 5 % T Hik
W OREMEICHBERENRO b, BOMREN RGIELD bEWHIEM 2R LZRIKIE, 2SR

COMSEATEOE N EMOKEEN B L et o 2 — et 4 —
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WAKEELEBIZEZ—TVEIZBALTWDEOEEZZ LN LD, SFR30FEIZLZHLIX, By
ik DT —T Vg & YT D KOEE20 mL 2>560 mL CT3ENZAEE L=k (LT Mok R
] EWvwH. ) & RGIEDIBHREFZITV, HEROWEMICEERENRD NN & 4
L.

AEl, BiEl & TR D MR A BB & T2 B OBl A SR 2 VT, GBI TCTRR RS R E &
RG VLD ERFI &2 T+ 5 & & bio, Lmalkha Ao emaRBR 2 Ei L, fk o L~ ol
FADORBIZONWTHHNLIEZDT, TOMEELRETS.

2 EBRAE
2.1 BIRE
2.1.1 & g
1 mm OS5 W2 L7z 3 FEEO SR A EZ & il & ik 2 v,
B, MEHTH WL AR % Table 1 1278 L7z,

Table 1  Compositions of the formula feed

Formula feed types Ingredient types Pro(;();r)hon Ingredients
0
For suckling pigs Grains 2 Wheat flour, dextrin, starch, potato starch
Oil seed meal 2 Wheat gluten enzyme degradation
Animal products 76 Dried skim milk, dried whole milk, whey protein concentrate, casein
Others 20 Glucose, vegetable oil, fructose, lactose, yeast extracts, calcium
carbonate, lecithin, silicate, bread yeast, licorice extracts, dry yeast
cell wall, egg powder, stevia, Bacillus coagulans , oligosaccharide,
dextran fermentation by-product concentrate, silicic anhydride,
bentonite, citric acid, lactic acid, feed yeast, medium chain fatty
acid calcium, milk thistle extracts, Saccharomyces cerevisiae
boulardii, vegetable hardened oil, feed additives
For milk replacer Grains 3 Dextrin, potato starch, corn starch
for suckling calves 1 Animal products 65 Dried skim milk, dried whole milk, whey protein concentrate, casein
Others 32 Vegetable oil, lactose, silicic anhydride, lecithin, licorice extracts,
brewers yeast, bread yeast, egg powder, lactoferrin concentrate,
glucose, stevia, salt, calcium carbonate, zeolite, lactic acid bacteria,
butyric acid bacteria, oligosaccharide, saccharification bacteria,
natural aluminum silicate, galacto-oligosaccharide, garlic powder,
cumin powder, thyme, licorice powder, feed additives
For milk replacer Grains 1 Dextrin, potato starch, corn starch
for suckling calves Animal products 88 Whey protein concentrate, dried whole milk, dried skim milk, casein
and suckling pigs Others 11 Vegetable oil, lactose, egg powder, licorice extracts, brewers yeast,
bread yeast, glucose, stevia, calcium carbonate, zeolite, lactic acid
bacteria, butyric acid bacteria, oligosaccharide, saccharification
bacteria, lecithin, silicic anhydride, natural aluminum silicate,
galacto-oligosaccharide, feed additives
212 & K

) 7re=7K (BEHE 28%) , =%/ —), i, PoFrz—7), AlHz—T 1K
W7 = ) — L7 X LA 3Rk FW 72, 7KIX Elix Essential 5 (Merck Millipore ) (2 X U %
B 7RERIK (JISK 0557 O A3 Iy ENDK) &RV,
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2) 7/ —NTHLAURIK
Tx /)= NTE LA gk Z ) —/VIZENLT100mL & L7,
2.1.3 WEHIE
1) RG i

OHTRE lg Z EfEICE > Ty Y a =T EICAN, K8SmL 2%, MNELARN LD REE
THREPZEL L%, TUE=7TK 1.5 mL 2z, 60~70 °C OKBHFTL X EXRVIREE
M B 15 SrEUNEN L 7= hm LTz,

TH )= 10mL Z Mz TRV IBE-%, 72/ =L T7F LA VRE3IHMOY=F Lo —
TA25mL ZMz, FTIHMELIEYIRE., 512, AlM=—7/125mL Mz, [k
WCIRVIBE-#HEL, BB (xFro—FL - aillm—7/VE) % 200 mL O h—/L B —
— (BB T8 100~105 °C T 1 BEffE L, TV 7 — ¥ —F CThtmtk, ES & EHEICE-
TEWEHD) I AT,

v Va=TEICLZH ) —4AmL Nz, FCTISHMBLIIEVREZ. YoFrz—T 1
15mL 2z, 145 #ML<IERYIEYE, Biam=—7 /115 mL 2%, R IBE %
BEL, LEEED =Lt —h—IMx 5EE% 2 BT - 7.

WIZ, oD b= ——NOEH% 75 °C LLFTERZEL, 100~105°C T 1 KfszE L, 7
U= A= TCRmE, BESEALEMICEY, RERPORIEEE B Lz,

e, WEEDOHEE % Scheme 1 (2R L7z,

Sample 1 g (Mojonnier flask)

200 mL tall beaker that has been dried

——added 8.5 mL of water and shook until homogeneous
——added 1.5 mL of ammonia water
—heated at 60~70 °C for 15 min
——added 10 mL of ethanol and shook
——added 3 drops of phenolphthalein indicator
——added 25 mL of diethyl ether and shook vigorously
——added 25 mL of petroleum ether and shook vigorously
I

Ether layer Water layer

| ——added 4 mL of ethanol and shook vigorously
——added 15 mL of diethyl ether and shook vigorously

and weighed previously )

——added 15 mL of petroleum ether and shook vigorously

I |

Ether layer Water layer
| —added 15 mL of diethyl ether and shook vigorously
——added 15 mL of petroleum ether and shook vigorously
—
Ether layer

——evaporated at <75 °C
dried tall beaker at 100~105 °C for 1 hour and weighed after cooling down

Scheme 1 Measurement procedure (Rose-Gottlieb method)
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2) MRS R RIE
FABH T L UESS 3 3 32 OFEND, T—T AV EEEE T HKOEE 20 mL T 3 [E2 5 60
mL T3[ENCAEFE Lz, £, IV —T VBERFEIFEICHW S 2@k F B 1X, 500 mL
ROLDIZEEL L.
7ok, WIEEOBE % Scheme 2 1278 L7z,

Sample 2 g (100 mL beaker)

——added 2 mL of ethanol

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

——heated at 70~80 °C for 1 hour

200 mL separating funnel (separating funnel A)

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

——added 75 mL of diethyl ether and shook vigorously

I
Diethyl ether layer Water layer

500 mL separating funnel (separating funnel B)

added 50 mL of diethyl ether and shook vigorously

containing 60 mL of water

[ |
Diethyl ether layer Water layer
I

added 50 mL of diethyl ether and shook vigorously

Diethyl ether layer
|

——shook vigorously and threw away water layer

——added 60 mL of water and repeated same procedure twice
——poured through funnel (cotton pledget packed in its stem) into
weighing flask that has been dried and weighed previously

——recovered diethyl ether by rotary evaporator

——dried weighing bottle or flask at 95~100 °C for 3 hours and weighed after cooling down

Scheme 2 Measurement procedure
(Acid hydrolysis-ether extraction method (modified method))

2.2 Jh[EEER
2.2.1 ok
1 mm OS5 D%
TONGITFLIZbD (
7.
7B, RBRICHWIZEAEEHT 2.1.1 XL Table 2 IZ/R L2 b D& 7.

L 7o 2R RL 2 BB M OV lE AL &2 e & DBl E AR 4 AR 3 g
AEHAITIEIR) 45 2 WA B & L CaF 12 B2 SlBr=Icift L

=

Wl

b=
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Table 2  Compositions of the formula feed

. Proportion .
Formula feed types Ingredient types %) Ingredients
(V]
For milk replacer Animal products 95 Dried whole milk, dried skim milk
for suckling calves 2 Others 5 Glucose, dry yeast cell wall, lactic acid bacteria

222 R
X =), HiE, P TFA=—T VRO N T A (HEK) TR I AL Eo b D
ZRAWTz. KIZIJIISK 0557 D A3 IZHFHINDREERK T Z N Eob o x v,
223 StralEl
FEWRD 2 HIKET, 2.2.1 ORBRHAREIZ VW, % 2.00g 280 Sfralkl e L7z,
224 WEIE
213D 2k~ 7.
225 #WEIE
223 OO TR 12 SOSHTEE, SHRREHTIRE (%) TRL, SHHAZUELALTHER
Hi¥afiE cHESELZ L L LT
2.2.6 Sy R
BRICHFEI12 A 23 B SfM24F 1 A3 HET
227 ATk
FEROMITICOWTIE, EEMICN—T A XS kFERRICET 2 FIEO 22512,
Cochran # %, single Grubbs & } O\ paired Grubbs #iE # 1T\, ANMEDOH HEE2 R L= L TF
HylEl =, #OR RSB (RSDy) KOV BURE (RSDr) ZHM L, ff677 RSDr 205, &
1E Horwitz ¥ % I\ T HorRat # R 7-.
22.8 A=
— AR N R BE B & E BB ORI v X —, ATE AR SR AT A
N—T, —IRAEEVEN A ARBFEEH SF R AR 2 —, —RMEEN B AR RS
Z— RSP, AARRELERSHRERIETSSREER 7 V—"", 74— F - U Ut
WFZEFT, MSTATBOE N AR PE N B 22 2B o & — IR 2e i Ay, WALt o % —, Rl
Brrg—, R4 EEEyZ—, FFL s 2 —ROFEER Y % — GF 12 BR=)

3 WRRUEE

3.1 EIRE

EHE L ORI 2 & DR A EFEHC DWW T, 8K D AT - B0 f#ik & O RG 1B X 2
EAE A Pl U 72 fERIE, B ML RGIEX W b WRAEE A R L, WEBEICHERENED L
=Y . ZoORRE LT, BOMIETIESMBYBKE LI —T IV BIZEAL TS L
BEzoNl-ZENS, BRI OYRIEO = —T VG ETET HKOEE21.3D)INIR LIRS
R BIED LBV EEL L, RG EE OEBRTFNZITo7. TOME, WEMEICHERZTRD L
iR o 79 .

ZHOBBRFHCHWER G EEHI TS RIEM AL A B e E U, MBI 25 20 %5E Tida
Akt Ch o2, A, RIEMALOEEEIEN RS, MBI 25 10 %25 30 % &t 3 FEHO
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Fl G et V<, Mol RIiEL RGIEE OEBRT AT 7.

ZDOREHRIT Table 3 D & BV, RGIEK ISR BIEIZ X D MEMEIZ DWW T t-ME 21T o 7o
FIXZENZp =0319, 0429 Kr0.122 THVH, HEKUE 5 %THERORNEMICH B2
TR N2 T,

£ oT, RG IER OB FELBIEONT LGB EE~OHEAN R THL EELX DD
5, BEICEE AT BRI &, ERN ORI HTIZIA VS TW 5ok 2 i R L7
SIIRSCBIEDS, BRI T EE~OIRIC LV E L7 HIETH D EE 2 L

Table 3  Content of crude fat measured by Rose-Gottlieb method and
acid hydrolysis-ether extraction method (modified method) and ¢-test results

Rose-Gottlieb method Acid hydrolysis method Ratio of the measured value
Sample types (modified method) (acid hydrolysis method value Significant
ple P Crude fat” RSD,” Crude fat” RSD,” (modified method) P difference
(%) (%) (%) (%) /Rose-Gottlieb method)
Formula feed for suckling pigs 10.02 0.51 10.07 0.88 1.005 0.319 No
Formula feed for milk replacer 30.69 0.03 3075 0.30 Lo 020 -
for suckling calves 1
F la feed for mi )
ormula feed for milk replacer 18,14 034 18.07 0.1 0,996 22 .

for suckling calves and suckling pigs
a) Mean (n = 3)
b) Relative standard deviation of repeatability

3.2 H:[FIEER
e R Bk O SR BHBUSE 2T 5720, 2.21 (R R Bk & 20 L 7=
FEHT Table 4-1 K 420 L 80 Tho 7. iﬂa%?u, e Fl2, T KGR E A A

B, EHWFAERAARIEA 1, EFEM A ERRARN 2k EAM A E AR
A AR E B A FEHZ DWW T, ZALEAURSD: 2.0, 0.73, 0.94, 1.1, 12K U7 %,
RSDr 1%3.8, 1.2, 4.1, 3.1, 2.7} 3.0 %, HorRat (%2.0, 0.62, 1.5, 1.7, 12K D13 TH Y,
AOAC DO HLRIFRBRICEAT 5 A K714 LI &b%ntﬁ”ﬁﬁfﬁﬁf@mﬂ (0.5<HorRat<2)
Zifi7- LT\ 7=, HorRat IZ DWW TIiX, 15222 b00NBA IR, BELEHEMESD
I D RERBRICENLDZMLERDH Y, < ORBENARE L E LMX%# RN ERFIA &
LTEZbLNT.
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Table 4-1  Collaborative study for crude fat (1)

Dried whole milk 1 Dried whole milk 2 Formulé feec.l
Lab. No. for suckling pigs
(%) (%) (%)
1 27.05 26.64 25.82 25.87 10.12" 10.67”
2 26.84 26.86 25.70 25.74 10.19 10.28
3 26.77 26.92 26.15 26.31 10.00 10.13
4 25.329 25.49° 25.23 24.99 11.03 11.21
5 27.18 26.33 26.02 25.66 10.21 10.41
6 24.39Y 25.64" 23.59” 24.37” 9.835 9.765
7 27.08 26.97 2591 25.77 9.930 9.932
8 26.76 26.92 25.74 25.95 10.52 10.28
9 26.86 26.78 25.59 25.42 10.40 10.23
10 26.98 26.96 25.59 25.51 10.00 9.905
11 25.13% 23.24% 25.74 25.44 10.36 10.29
12 27.09 26.60 26.14 25.53 9.520 9.522
No. labs® 12 11 11
No. outliers’ 0 1 1
Mean value (%) 26.37 25.72 10.18
RSD? (%) 2.0 0.73 0.94
RSDR" (%) 3.8 1.2 4.1
PRSDR” (%) 1.9 2.0 2.8
HorRat 2.0 0.62 1.5

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

¢) Not excluded by single Grubbs test, as more than 2/9 of the laboratories flagged for removal.

d) Not excluded by paired Grubbs test, as more than 2/9 of the laboratories flagged for removal.

¢) Number of laboratories retained after eliminating outliers

f) Number of outlier laboratories removed in parentheses

g) Relative standard deviation of repeatability within laboratory

h) Relative standard deviation of reproducibility between laboratories

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

Horwitz equation
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Table 4-2  Collaborative study for crude fat (2)

Formula feed Formula feed Formula feed for milk
Lab, No. for milk replacer for milk replacer replacer for suckling calves
for suckling calves 1 for suckling calves 2 and suckling pigs
(%) (%) (%)
1 30.69 31.00 19.63 20.41 18.11 18.05
2 30.47 30.33 19.90 19.95 18.02 17.91
3 32.58 32.93 19.40 19.35 20.99” 21.78"
4 31.17 32.03 20.03 19.90 17.49 16.90
5 30.86 30.53 19.54 19.78 18.27 18.42
6 29.71 29.10 18.67 18.55 17.30 17.37
7 30.04 30.33 19.38 19.89 18.45 18.15
8 30.73 30.45 20.72 20.16 18.32 17.53
9 30.06 30.02 20.01 19.97 17.56 17.63
10 30.55 30.57 20.07 19.92 18.16 18.13
11 29.33 29.89 18.82 18.93 16.61 17.56
12 30.43 29.43 19.66 19.72 18.65 18.42
No. labs” 12 12 11
No. outliers” 0 0 1
Mean value (%) 30.55 19.68 17.86
RSD,” (%) 1.1 1.2 1.7
RSDr? (%) 3.1 2.7 3.0
PRSD:” (%) 1.8 23 2.4
HorRat 1.7 1.2 1.3

a) Data excluded by single Grubbs test

b) Number of laboratories retained after eliminating outliers

¢) Number of outlier laboratories removed in parentheses

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

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

Horwitz equation

4 FE&OH
SRR FL & B & 3 2 Bl A k2 F V72 RG B R OV o it BYE O b F 2 8N CHE a3 5 &
& BT, Mok Rik ORI A EM L, ST EE~OBEP O SICO W THREILIZE 25,
UTOMENGLN, BHANATETHDI EEZ LN,
1) RG EXR OB MREBIEICEDZHEMICONT tBRIEEZITo 2R, HEEICAERZTRD
LIV Tz,
2) AEBMAKLORIERIALZIEE L T 5 G EEZ HVW T 12 3REBREIC W TR it B1E O HL[H
ARERAFENf L72E 2 A, AOAC DILFFABRIZET 0 A RI A VITED bl EMBEBMEEOH
PEAE 2 i 72 9 BRAF IR SRR S iz,
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Validation Study of Simultaneous Determination Method of Phosphorus-Containing Amino Acid-
Based Pesticides in Feed by LC-MS/MS
~Application of N-acetylglyphosate to Grains, Rice straw and Whole-Crop Rice Silage~

Masakazu SAIKI"! and Kyo MIYANOYA™
(*! Sapporo Regional Center, Food and Agricultural Materials Inspection Center,
*2 Sapporo Regional Center, Food and Agricultural Materials Inspection Center

(Now Nagoya Regional Center))

We have made a validation study on the inclusion of grains, rice straw and whole-crop rice silage
(WCRS) in the analytes of N-acetylglyphosate for the simultaneous determination method of
phosphorus-containing amino acid-based pesticides 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 grains, rice straw and WCRS was 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 N-
acetylglyphosate. The LC separation was then carried out on an ODS column (ZORBAX Eclipse
XDB-C18, 2.1 mm i.d. x 150 mm, 5 pm, 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/MS
analysis, the positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on oat, barley, rice straw and WCRS. N-acetylglyphosate was
intentionally added at the following levels: 0.04 and 20 mg/kg for oat and barley; 0.04 and 0.2 mg/kg
for rice straw; and 0.02, 0.04 and 0.2 mg/kg for WCRS in original matter respectively. The
resulting mean recoveries ranged from 101 % to 114 %. The repeatability in the form of the relative
standard deviation (RSD;) was less than 14 %.

This method was thus validated as useful for inspections of N-acetylglyphosate in grains, rice straw
and WCRS.

Key words: glyphosate; N-acetylglyphosate; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); grains; oat; barley; rice straw; whole-crop rice silage
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OMSIATBOE N EMOKEIH B R B o 2 —FLii e v 2 —
2OMSTATBOE NBMOKEE B 22ttt v % — ittt 2 —, 8l AvEE % —
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1 # B
7 YR —=F (LLF [TGLYP) &0 5 ) 1% Monsanto Company CKI[E) 23BH%E L 7o IR 1E
WEROT IV BEARERTHY, TAHBEARICKHEDEEET I JBOAKREMNET S Z LI

X0 BREIEMEA RS, GLYP itk m%ﬁ@zﬁ%¢fiN7ﬁ%w7)T% M s s Z
ERMBITNAD.

BUE, MEOZEMEOHEKLEOCREOLWEICET D EEICE S S BHRKERELHR L
GLYP BB 2RO E I LA LXRENFEEH & LTHiBEL TV 5.

GLYP D EWNICE T B kb o UMD 1T, KE, 2 AEK N~ A 2 T2 mgkg, /NETS
mg/kg, k5%5’b“(“1 mg/kg, 7 A & 7T0.2 mg/kg WONZHET120 mgkg EEHHILTWD. F
7=, BAKEAREBMC X 2O EDEOBEHEEREYL, b bR OREEAER (LT
Fwamjéwo )TOM@&g&E%%hTV%.ﬁfiGHT@ﬁﬂﬁ%kﬁofwéﬂ,%
BEOLE LIZYZYD, N-TEFAZ IR — bR RICEDDLLIBMFTIN TS

zZ f%%%i fl k55 ﬁ%ﬁ”l&ﬁéﬂfwéaJ/T‘/%%%%@W%7ﬂvhﬁ§
7 X T DRVE BSOS EHC X D REIESITECSOWT, E928AZ YD N-TEBF AT VRS — b
DEUEOHEREZITV, RELELEZATHDY . A1, LHHAZ LUSDOEME, bbb EWY
WCRS FON-7EF NI VRY— FDOZYEOHREZIToT-DOTEOMELHET 5.

BB N-TEF NI NE TR — b OHEERSEL Fig. 1 1R LT

o)
0 \\T%7 0
|F! N\)J\
HU/W\\// OH
OH

N-acetylglyphosate

2-[acetyl(phosphonomethyl)amino]acetic acid
CsH1oNOsP  MW: 211.1 CAS No.: 129660-96-4

Fig. 1 Chemical structures of N-acetylglyphosate

2 EBRAE
2.1 OB
ZNFE, RE, PNE, ~AaRkORbLIZZENENHMBE 1 mm OR 7 Y — &35 Uiz
TR L7z, WCRS I 60 °C T 10 Wff]izifets, BIZE|NICHE L CRE Lo, RRICH I
L.
22 & OHK
) AZ =, T ROFERETTFVITERE RS - PCBRABH &2 MWz, AV MEERE N U A
FOITHE AL T 28 (M 98.0 %L F) 2=, BRIz Mz, 7 =1V
JMIZLC-MS Al (B b)) 2wz, FEIZLC-MS Al (B L7 A4 L AFDEMEER) 2 v
7. 7KIE Milli-Q Advantage (Merck Millipore ) (2 X 0 FF# L 72 #HiK (JIS K0211 @ 5218 I
EFINTMBMAK) &R,
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2) GLYP EEHEUK

7V ARV — MERER (BE7 A LF00H3ER, HE 99.3 %) 25 mg Z EMEICE > T 25 mL
DEET T AIZAI, KEMXTENL, BITHEMRE TRIEEZ I 2 T GLYP #2450 2 3
WLz (ZOW ImLiE, GLYP & LT Imgz&aT5. ) .

3) N-TEFNTY ARV — MMEAERR

N-7E2F N7 VY — MEXES (Tronto Research Chemicals 2, Hi 97 %) 25 mg % IEEIZ
EoTC25mL OEET T AIIAN, KEMATEML, BITERE CHREEE M T N-7
TFAT Y ARV — MEEFRREZRB L (ZOW 1 mL X, N-7EF L7 VAP —hrELTI
mg AT S ) .

4) AR AE R AR Y U

GLYP HE¥EF# 1 mL % 10 mL O &7 7 X 2|2 ANTIRAG L, FICE#E TKEZMZ TH

R A AR L7 (o 1mL i, GLYP & LT100pug 2 aHa34 5. ) .
5)  0.01 v/iv% X ERIATR

FRE 1mLIZ/KEZMATILEL, BIZZOWR 100mL IZKEMAZTIL & L7,

23 HEROGE

1) ek

M 1 (R AZE, KRE, DNEKROP~A 2 H)

ZM 200 Retsch # (1 mm A2 U —>, [Alfi5%% 14000 rpm)
Frrerk 2 (Fido & & Y WCRS )
SM 100 Retsch (1 mm A7 U—, [Al#EE (fE4%) 1430 rpm)

2) IEEIHE: LTy = —H—SR2W ¥ A T v 78 (fF HEHEEI$K 300 rpm)

3) YE=AR_R¥r—N-E=1tnl RUERBEARI =T L : Oasis HLB H—h VU v

(FRTAAIRE 500 mg) 12V HF—— (F&E6emL) ZiHREL7-bD Waters

4) ALKRUBEMIE=Z LR Py —N-EoAtrl FUEELSKI = F A : Oasis Plus
MCX #— RV v (FECAHIE225mg)  Waters

5 77Uy U VI =T A Sep-Pak Plus NHy — U v (FECTAA
360 mg) Waters #IZ Y F—"— (F&E 10mL) ZHEFELLLHO

6) v UHBZF NI =H7T L : Sep-Pak Plus Silica #— F U v ¥ (FETAKIE 690 mg)  Waters H

7) LC-MS/MS :
LC B : ACQUITY UPLC Waters
MS & : Quattro Premier XE  Waters £

24 TEEHE

D #

IMrERE 10.0 g 28> T 300 mL O3k = /A7 7 A 32 AR, /K200 mL &1z, 30 25 HEHE
VIR TR L7z, fhi iR 2 oA DR 12 A AL, 1500xg C 10 syl DB L, R AR
D—EREEZKTEMIC 25 HZICHIRL, H T N0 I 2R EHAKR E L.

2) T AR

VEEANRCB—N-E=er ) FUORESEI =TT A (500mg) O I ALK CRE
fiive=A_XrEBr—N-t=rbtnrnl FNVEAGERI=TF L (225mg) ZHEFEL, A¥/—
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b 6mL K OUK 12mL THAKR PR L7 (K5l ~=F— RZEH L, JitE 2~3 mL/min & L7z
UFRLC. ) . 50mLORTIBETZ I A ZI=NTLOFICES, REBHAK | mL Z2I=07
LITIEMIZ AR, WRENSFECTAHIO BimlZET 2 ETHRFLT, WHEEZ, ®IiZ, K18 mL
EI=NTAINZ, FRICERSEE. BHREDEOKT 200 mL ORTHT 7221l
L, SFEMRIICi 23 BHAKR & Lz,

3) whEkfk

REHATEZ 50 °C LA FOKIB TIEE A CH[ET 5 & CRILIRM L7-th, EFHT A%k T
[ L7=. HEEE 1| mL KOV NEEEE b U ATV 4 mL 22 CREDEZEN L, ZORGEE
2 LT 100 °C T2 FERIMNEL L 729, KL, S0°CLLF DK CTIEE A CHET 5 £ CHUERE
MLT-th, BRHAZE- Tl L. BFR=F /L 4 mL % ERECMZ CTREMEZBENL, 7
T LAV T BT 2 BB & LTz

4) T LRLER I

T2 TeENT UMY BTNV =T A (360 mg) DRSBTS NI =TT L
(690 mg) ZHEfE L, W=/ 10 mL TP L7z (KSl~=FK—/L FZMHHL, i#E 2~3
mL/min & L7z, BLFREILC. ) . MEAT 2mL 2 =8 T LT IEMEIZAI, WREDNFETARIO
EUSICET A E T S, B, BT 18mL 2 =8 7 Az, RS S
7.

S50mL ORTIET7 T A% R T LOTICESE, TEM10mL 2 =07 XIMA, #KEN
FETAHD EWICET 2 FE TR F L, GLYP FEKREZEH ST, RIS, 71/ 7ve vy
ML VBTN I=h T LETTL, T b=k (19+41) 10mL A2 U B F LI =0T LI
MMZ, GLYP #FERZEH ST, EHEE 50 °C LT OKIBTIE L A EET 5 £ ClE R
fis L7oth, BRI AZ L5 THE LTz, 0.01 vV%IERIATR 1| mL % EMECIN 2 CTHREY & IR
L, LC-MS/MS (T Lk 2 HEIZHT 23R & LTz,

5) IEHER OFERA

T B AR B2 R HE UG | mL & 200 mL O 72§ 7 7 A 2 ZIEREIC AR, 50 °C LLF oK
WTIEEAEHET 5 E CHRITERME Lok, ERTAEZE- THLE L. B 1 mL KAV
FHEEE R U ATV 4mL N2 CEBWMAZENL, RTIBE7 7 A2z LT 100 °C T 2 KFfH
B L 7=%%, Wm L7z, Z0Oi%E, 50 °C L FOKIBTIEE A ELET 5 £ CRULREM L 7214,
ERNA ko THELZ. 0.01 vv%FXIEEIK 10 mL 2 EMICNA CHEREMAZENL, EIZ
FPRIECEMICAIR L, 1 mL Hi2 GLYP &£ LT 03, 0.5, 1.0, 2.5, 5.0, 7.5, 10, 25, 50,
75, 100, 150, 200, 250 %300 ng fHY B4 &4 3 HAEHERZ TR L 72

6) LC-MS/MS |2 & % H|E

BN M OB AE YW 4 5 pL &2 LC-MS/MS ([ZiEA L, BIRBUSHE (LLF TSRMJ &0

9. ) ru~x 7T LEG. WESRMEL Table | L2 1ZR L2,
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Table 1 Operation conditions of LC-MS/MS
Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 0.01 v/v% formic acid aqueous solution — acetonitorile (93:7) (hold for 12 min)
— 3 min — (5:95) (hold for 10 min)— 6 min — (93:7) (hold for § min)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (600 L/h, 400 °C)
Cone gas N2 (50 L/h)
Capillary voltage 3.0kV
Collision gas Ar (0.25 mL/min)
Table2 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier volltage energy
(m/z) (m/z) (m/z) V) (eV)
. a 102 - 22 17
Glyphosate (GLYP) derivative 254 - 5 > 7
a) Derivative of GLYP and N-acetylglyphosate
7) & &
FoNIZ SRM 7 1< 7T L6 E— 7 HEA OGS 2RO TREMZIER L, HEHo

GLYP & (N-7T&F N7 VARV —hhkEET) 2HHELE.
£/, 24 O 3)OFEEMRIICE Y GLYP KONN-7T B F /L7 U RH— b GLYP #FEEKIZ2 5

ZENG, IRMEIGRER 21T > 2B OEIE (%) OFHHEIL,

BN SHRD - GLYP DJEE

(mg/kg) Z N-7EHFNTVARY—FORE (mgkg) ([HEL, IRMLZ N-7EF A7 VR
P— FORE (mgkg) THRLTZOEGEZRDDLZLICLVIToT-.
ek, EEEOME % Scheme 1 IT/8 L7z,
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10.0 g of Sample

——added 200 mL of water

— shook for 30 min

— centrifuged at 1500xg for 10 min

——added 1.5 mL of water to 1 mL of supernatant

Oasis HLB-Oasis Plus MCX jointed cartridge (attached Oasis Plus MCX under Oasis HLB)
|—washed with 6 mL of methanol and 12 mL of water

50 mL eggplant flask i
. . Standard solution
applied 1 mL of sample solution
—ecluted with 18 mL of water I mL of mixed standard solution
transferred to 200 mL eggplant flask transferred to 200 mL eggplant flask
Derivatization

— evaporated under 50 °C and dried with nitrogen gas
——added 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
— plugged air-tightly and heated for 2 h at 100 °C

— cooled to room temperature

—— evaporated under 50 °C and dried with nitrogen gas

——added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH,-Sep-Pak Plus Silica jointed cartridge added 10 mL of 0.01 v/v% formic
(attached Sep-Pak Plus Silica under Sep-Pak Plus NH>) acid solution

washed with 10 mL of ethyl acetate 10 pg/mL of standard solution
applied 2 mL of sample solution

—— washed with 18 mL of ethyl acetate

50 mL eggplant flask

—eluted with 10 mL of acetone

removed Sep-Pak Plus NH;

Sep-Pak Plus Silica

——cluted with 10 mL of acetone-water (19:1)
—evaporated under 50 °C and dried with nitrogen gas
added 1 mL of 0.01 v/v% formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for N-acetylglyphosate

2.5 WHNENEAER

22 D 3)D N-7T 2 F )7 Y AW — MEREFIK 2 K CTIEMIZAR LI vz,

ZNEROKREZIZN-TEF N Y ARY— K &ELTO0.04 L 20 mg/kg #1248 (e i&alphg
T GLYP & LT 032 XU 160 ng/mL tHY &) , MO OICN-TEF AT VAR —FE L TO0.04 &
0.2 mg/kg FHY & (A GLYP & LT 0.32 & O 1.6 ng/mL fHY4 &) I ONZ WCRS 2 #a 5 L C
N-72F N7V EkEY—hKELT0.02, 004 0.2 mgkg FA4E ([F GLYP & LT 0.36, 0.72 &
3.6 ng/mL fHY &) 12D K92 ETRENE EEAS L, —&FE L7CRICKREICE- T
AN ENI AR 2 i U, RN K QR LR EE 2 R 7z

72%, WCRS IZBWT, WRINFAZYFEHCX LT N-T'8F A7 U RS — K& LT 0.045,
0.09 K T 0.45 mg/kg FHE B2 70 2 K 94TV, R TPIRE ~OHEIZ, R K OREY DKy
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GHEEE 60%NNI0%EMEL T, FY (KTEARE60%) TERE=RGEY OKoEHE 10%)
R 225 ORIC L VITH T2

3 HBRERUBR
3.1 WiEYE OBt

ZAFERRIR, KE 6 BIK, /N2 3BIK, ~1 v 3K, fibb 1 BRIAKO WCRST ik %
BhE LT, 24 12X B L= EHA 2 LC-MS/MS IZIEAL, 57 SRM 7~ 7 A
ERERLIZEZ A, REABRIK, NE2HBRAELR~A 1 3 BIKIZOW T GLYP 58K & [ U444
RIS B — 7 BB SN2, EBAFUVET TRAMBAL LV THUEREToRE A, &
@ﬁﬁ%?&@*ﬁbk:k#%%%(EHKWiNY?%»?U$%~FKE%?5E—7k
HEr =i, WINoEEHZBWTYH N-TE2F AT VAR —FOEEEZHITHE—7FTRD L
Tpino iz,

B, BONESRM 7 a~ 87T A0 —f#l% Fig2 ([Zx5 LT-.

A B

20000 - \l’ 20000 - ‘l’

15000 - > 15000 -

10000 - 10000 -

Intensity/arb.Unit
Intensity/arb.Unit

5000 - 5000 -

0 2 4 6 8 10 0 2 4 6 8 10
Retention time/min Retention time/min
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15000 -

10000 -

Intensity/arb.Unit

5000 -

Retention time/min

Fig.2 Typical Selected Reaction Monitoring (SRM) chromatograms of GLYP derivative
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the retention time of
GLYP derivative.)
A: Standard solution (0.5 ng/mL GLYP: 0.005 ng as GLYP)
B: Sample solution of oat (blank)
C: Sample solution of WCRS (blank)
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3.2 IRINENGER

250K 0 ENEINGRERZ i L7z, Z DRI Table3 DL, N-7EF AT VR — KT
DONT, ZAETITEHEERIL 104~107 %, Z OMIR UK E XA HE %R 2 (RSD,) & LT
11 %L T, KETITEHEIERIL 101~111 %, RSD, 1L 5.3 %LLTF, fiidb 5 TIEEYEIIE T
104~114 %, RSD: % 10 %LL T, WCRS TIZFEHJENNEIL 101~107 %, RSD:id 14 %L F O A A
oy, BRI AT ERERIR 3 ORBRIED Y EMRIET A T4 (LT T4 MRET A K
FA L)) CEDONTCEEROATRE O B (R : 70 %A E 120 %L T, ¥
JE 2 0.02 &1 0.04 mg/kg Tl 22 %LA T, 0.2 mg/kg TiL 20 %LL T, 20 mg/kg TiX 10 %L F) %
M T B RERTH T

B, BONZSRM 7~ v 7T A0 —#l% Fig. 3 128 L7z,

Table 3  Recoveries for N-acetylglyphosate

Spiked level Oat Barley Rice straw WCRS?
(mg/kg as fed recoveryb) RSD,” recoveryb) RSD,” recoveryb) RSD,” recoveryb) RSD,”
basis) %) (%) %) (%) %) (%) %) (%)
0.02 - - - - - - 105 10
0.04 104 11 101 4.7 104 10 101 14
0.2 - - - - 114 5.0 107 9.3
20 107 6.1 111 53 - - - -
—: Not tested

a) N-acetylglyphosate was spiked to air-dried WCRS samples one night prior to extraction. The
spiked levels were 0.045, 0.09 and 0.45 mg/kg as air-dry basis for N-acetylglyphosate. The levels
of N-acetylglyphosate as fed basis were calculated with following equation on the assumption that
the moisture content of WCRS samples was 60 % as fed basis and 10 % as air-dry basis.

The levels of N-acetylglyphosate as fed basis (moisture 60 %)
= the levels of N-acetylglyphosate as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 5)

¢) Relative standard deviation of repeatability
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20000 - ‘l’ 20000 - ‘l’
2 -
=4 j=
g 15000 - 215000 -
E 2
210000 - ‘210000 -
2 I
£ £
5000 - 5000 -
0 T T T T ] 0 T T T T )
0 2 4 6 8 10 0 2 4 6 8 10
Retention time/min Retention time/min
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Fig. 3  Typical SRM chromatograms of GLYP derivative in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the retention time of

GLYP derivative.)

A: Standard solution (0.5 ng/mL GLYP: 0.005 ng as GLYP)

B: Sample solution of oat (spiked at 0.04 mg/kg of N-acetylglufosinate (as 0.32 ng/mL as GLYP
in sample solution).

C: Sample solution of WCRS (spiked at 0.04 mg/kg of N-acetylglufosinate (as 0.32 ng/mL as
GLYP in sample solution).
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Validation Study on Application of Salmonella Detection Method for Pet Food
to Formed Jerky and Dried Jerky (Hard Type and Soft Type)

Akiko TAKAHASHI™!, Yoshiyasu HASHIMOTO"!, Chitose WATANABE" and Ryota MASUT"!
("! 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 made a validation study on the applicability of an existing Sa/monella detection method
for pet food to jerky type pet food.

For this purpose, we first tried the use of sterilized scissors or similar tools for cutting jerky type
pet food, and weighing out samples of 25 g each. It was, however, not possible to aseptically cut
out all samples of dried jerky (hard type) using scissors or others.

On the other hand, Salmonella spike test was performed by adding 1 mL of Salmonella bacteria
solution (100, 10, 1 CFU/mL) to 25 g of formed jerky and dried jerky (hard type and soft type). As
a result, in the tests in which Sal/monella bacterium solutions of 100 CFU/mL and 10 CFU/mL were
added, Salmonella was detected from all samples. In contrast, in the tests in which 1 CFU/mL of
Salmonella was added, Salmonella was not detected in 6 of 25 samples. The detection sensitivity
was about 10 CFU in 25 g of formed jerky and dried jerky (hard type and soft type), which was
equivalent to that of dry food, semi-dry food and wet food.

Detection method of salmonella in pet food was thus validated as useful for formed jerky and dried
jerky (hard type and soft type), except for some dried jerky (hard type) that cannot be cut out
aseptically.

As for three samples of dry jerky (hard type) that cannot be cut out aseptically, pieces of about 25 g
each of them were put into a sterilized stomacher bag individually, and buffered peptone water and
the surfactant solution were added, and subsequently pre-enrichment culture without stomacher
processing was conducted. As a result of the Salmonella spike test of the dried jerky (hard type)
that cannot be cut out aseptically, 10 CFU of Salmonella was successfully detected on a 25 g sample
surface.

Key words: Salmonella; pet food; formed jerky; dried jerky; validation study
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List of pet foods (formed jerky) used in this study

Pet food types

Ingredients

Formed jerky for dogs 1

Meats (chicken, beef), wheat flour, wheat protein, D-sorbitol, glyceline, flavour,
salt, seasoning, phosphates (Na, K), preservative (sorbic acid), antioxidants
(sorbic acid, extracted V. E, V. C, Na), color former (sodium nitrite)

Formed jerky for dogs 2

Beef tongue, beef cattle, wheat flour, soybean protein, sugar, salt, starch, sorbitol,
propylene glycol, sodium polyphosphate, coloring (food red no.102, food yellow
no.5, food red no.106, food blue no.1)

Formed jerky for dogs 3

White fish, meat (chicken), gelatin, defatted soybean, pork collagen, modified
starch, D-sorbitol, glyceline, propylene glycol, baking powder, phosphates (Na, K),
salt, seasoning, oligosaccharide, preservative (sorbic acid), antioxidant (extracted
V.E)

Formed jerky for dogs 4

Meats (chicken, pork), gelatin, defatted soybean, yeast, pork collagen, modified
starch , D-sorbitol, glyceline, propylene glycol, baking powder, phosphates (Na,K),
salt, seasoning, flavour, oligosaccharide, antioxidants (V. C Na, extracted V. E),
preservative (sorbic acid), color former (sodium nitrite), coloring (food red no.106)

Formed jerky for dogs 5

Meats (chicken, mutton, lamb), gelatin, defatted soybean, yeast, pork collagen,
modified starch, D-sorbitol, glyceline, propylene glycol, baking powder, phosphates
(Na, K), salt, seasoning, flavour, oligosaccharide, antioxidants (V. C Na, extracted
V. E), preservative (sorbic acid), color former (sodium nitrite), coloring (food red
no.106)

Formed jerky for dogs 6

Grain, meats (chicken, cartilage etc.), vegetables (carrot, pumpkin, etc.),
thickening stabilizer (glyceline), flavour, preservative (potassium sorbate), coloring
(food red no.40, food yellow no.4)

Formed jerky for dogs 7

Meats (beef, gelatin), soybean protein, bread crumb, wheat flour, saccharides,
vegetable oil, glyceline, sorbitol, propylene glycol, mineral (Na), preservatives
(sorbic acid, sodium dehydroacetate), smoked liquid, sodium polyphosphate, color
former (sodium nitrite), antioxidant (V. E), coloring (food red no.106)

Formed jerky for cats 1

Meats (chicken, beef), soybean protein, wheat flour, fish meat, beef tallow,
actinidia polygama, glyceline, thickening stabilizer (modified starch), sorbitol,
minerals (Ca, P, Na), preservatives (sorbic acid, sodium dehydroacetate),
seasoning, color former (sodium nitrite), sodium polyacrylate, coloring (caramel,
food red no.106), V. E

Formed jerky for cats 2

Meats (chicken, beef), soybean protein, saccharides, wheat flour, fish meat, oils
and fats, chicken extract, glyceline, sorbitol, thickening stabilizer (modified starch,
sodium polyacrylate), dietary fibers (cellulose, CMC-Na), minerals (Ca, Na),
seasoning, preservatives (sorbic acid, sodium dehydroacetate), sodium
polyphosphate, color former (sodium nitrite), coloring (caramel, food red no.106),
V.E
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Table 1-2

List of pet foods (dried jerky) used in this study

Pet food types

Ingredients

Dried jerky for dogs (hard type) 1

Ribs of calf, soybean protein, glyceline, propylene glycol, sorbitol, mineral (Na),
color former (sodium nitrite), antioxidants (V. C, sodium erythorbate), phosphate
(Na), preservative (potassium sorbate), V. E

Dried jerky for dogs (hard type) 2

Chicken breast meat, propylene glycol, glyceline, salt, sodium dehydroacetate,
preservative (potassium sorbate), antioxidant (sodium erythorbate), color former
(sodium nitrite)

Dried jerky for dogs (hard type) 3

Chicken breast meat, starch, plant protein, glyceline, sorbitol, calcium carbonate,
phosphate, minerals (Na, CI), color former (sodium nitrite)

Dried jerky for dogs (hard type) 4

Chicken breast meat, starches, soybean meal, albumen powder, pork collagen,
trehalose, glyceline, minerals (Na, Ca), phosphate (Na)

Dried jerky for dogs (hard type) 5

Cervus hortulorum meat, D-sorbitol, glyceline, phosphate (Na), preservative
(potassium sorbate), color former (sodium nitrite)

Dried jerky for dogs (hard type) 6

Turkey muscle, salt,glyceline, phosphate (Na), antioxidant (V. C), color former
(sodium nitrite), seasoning (amino acid)

Dried jerky for dogs (hard type) 7

Pork ears

Dried jerky for dogs (hard type) 8

Beef muscle

Dried jerky for dogs and cats (hard type) 1

Cod, preservative (sodium dehydroacetate)

Dried jerky for dogs and cats (hard type) 2 Cod, preservative (sodium dehydroacetate)

Dried jerky for dogs (soft type) 1

Chicken breast meat, salt, sorbitol, glyceline, sodium lactate, propylene glycol,
antioxidant (sodium erythorbate), preservative (potassium sorbate), color former
(sodium nitrite)

Dried jerky for dogs (soft type) 2

Chicken gizzard, salt, sorbitol, glyceline, propylene glycol, color former (sodium
nitrite)

Dried jerky for dogs (soft type) 3

Cartilage containing veal, soybean protein, glyceline, sorbitol, mineral (Na),
antioxidants (sodium erythorbate, V. C, V. E), phosphate (Na), preservative
(potassium sorbate), color former (sodium nitrite)

Dried jerky for dogs (soft type) 4

Chicken cartilage containing collagen, beef extract, salt, vegetable glyceline ,
propylene glycol, preservative (potassium sorbate), antioxidant (V. C), color
former (sodium nitrite)

Dried jerky for dogs (soft type) 5

Chicken breast meat, glyceline, propylene glycol, sodium hexametaphosphate, salt,
preservative (potassium sorbate), sodium polyphosphate, antioxidant (sodium
erythorbate), color former (sodium nitrite)

Dried jerky for dogs (soft type) 6

Chicken breast meat, salt, propylene glycol, glyceline, sorbitol, color former
(sodium nitrite)

Dried jerky for cats (soft type)

Chicken breast meat, skipjack extract, scallop extract, glyceline, sodium lactate,
pH adjuster, phosphates (Na, K), taurine, flavour, antioxidant (sodium nitrite)

Dried jerky for dogs (soft type, two types

materials) 1

Chicken breast meat, Sheet of cod, propylene glycol, trehalose, sodium lactate,
vegetable oil, phosphates (Na, K), salt, preservative (sorbic acid)

Dried jerky for dogs (soft type, two types

materials) 2

Chicken breast meat, sweet potato, soybean meal, corn starch, trehalose,
glyceline, propylene glycol, phosphates (K, Na), salt, preservatives (potassium
sorbate, sodium dehydroacetate), antioxidant (sodium erythorbate), color former
(sodium nitrite)
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Pre-enrichment

weighed 25 g sample in bag for stomachere

(jerky: cut at one or more points before sampling to reduce the length of cut pieces to 20 mm
or less)

added 225 mL buffered peptone water and leave at rest for 30 min

shook for 5 min using stomachere (200 rpm)

added 15 mL of 10 % Tween 80

incubated for 18~24 h at 37 °C

Selective enrichment

mnoculated 1 mL for Hajna tetrathionate broth and 0.1 mL for Rappaport-vassiliadis broth of
culture obtained in pre-enrichment broth

— 10 mL Hajna tetrathionate broth

—— 10 mL Rappaport-vassiliadis broth

incubated for 18~24 h at 42 °C

Selective isolation

plated out the culture obtained in selective-enrichment broth
desoxycholate hydrogen sulfide lactose agar
brilliant green agar

chromagar Salmonella agar
incubated for 18~24 h at 37 °C

Pure isolation

plated out the culture obtained in selective-enrichment broth
desoxycholate hydrogen sulfide lactose agar

chromagar Salmonella agar
incubated for 18~24 h at 37 °C

Detection of Salmonella

Scheme 1 Analytical procedure of Salmonella in pet foods inspection method
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Table 2  Collapse of sample by pet foods inspection method

Cuttin Collapse
Pet food types with scis;gors by s‘tomacherp processing
Formed jerky for dogs 1 Possible O
Formed jerky for dogs 2 Possible O
Formed jerky for dogs 3 Possible O
Formed jerky for dogs 4 Possible O
Formed jerky for dogs 5 Possible O
Formed jerky for dogs 6 Possible O
Formed jerky for dogs 7 Possible O
Formed jerky for cats 1 Possible O
Formed jerky for cats 2 Possible O
Dried jerky for dogs (hard type) 1 Impossible Not processing
Dried jerky for dogs (hard type) 2 Possible O
Dried jerky for dogs (hard type) 3 Possible O
Dried jerky for dogs (hard type) 4 Possible O
Dried jerky for dogs (hard type) 5 Possible A
Dried jerky for dogs (hard type) 6 Possible A
Dried jerky for dogs (hard type) 7 Impossible Not processing
Dried jerky for dogs (hard type) 8 Impossible Not processing
Dried jerky for dogs and cats (hard type) 1 Possible O
Dried jerky for dogs and cats (hard type) 2 Possible A
Dried jerky for dogs (soft type) 1 Possible A
Dried jerky for dogs (soft type) 2 Possible X
Dried jerky for dogs (soft type) 3 Possible AN
Dried jerky for dogs (soft type) 4 Possible A
Dried jerky for dogs (soft type) 5 Possible O
Dried jerky for dogs (soft type) 6 Possible O
Dried jerky for cats (soft type) Possible O
Dried jerky for dogs (soft type, two types materials) 1 Possible O
Dried jerky for dogs (soft type, two types materials) 2 Possible O

O: completely collapsed, /\: partially collapsed, X: Did not collapse
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32 YILER T IINGRER

2.1 OFBHZIDOWT 2.5 ICX D PR TR Z FEh Uiz, WEE DI H2EEHWT
WEOCEIW 21T 2 72\, FHRMBERE S TO2FEMEREY v —%— (h— K& 7) (KA
1, ROBZFRET IR MEEY v —F— (N—FKZ A7) (KA 7 KOEHEREE TS
FMEBEY ¥ —F— (hN—=FZA7) (KA 8D 3IHIRIL, 25 gBRELRDLEEZ AN~ v I —
WA, PVEXRTERBEOMRERZ 1 mL ML, k25 gloxt L CREE 7 kK 225
mL K OV EIEPERIVEIR 15 mL OFIAETMA, IRYIBE-%, i@ E 7o, YLEXT
FEfile b O E R OMERE %, 1.0 x 10° CFU/mL 75 1.8 x 10° CFU/mL TH Y, 107 f R @ik,
10 A BRI K O 107 AR K 1 mL 121, £ 41E 4 100 CFU, 10 CFU J U8 | CFU F2 £ L& %
TREENTWE., FLERTIRMRB O RIE Table3 D LBV, BE25gI2HLEXRT % 100
LOVI0CFU MY EZRIM LG AE, 2 ToREIcYHLrEXR I R En/. 1CFUMYE%Y
WU 7235603, BIWT L7oakk 25 30k 6 30k, BT & 22 o 73kl 3 BBk 2 BBt 3
IER TR SN o7, BEHIHWIZGE O 5k (Table 1-1 KO 1-2) Z gl L7ofs &%,
FERT ORI ET DR OBEVTRD bR o T,

XoT, BHEEX, Yv—F—25¢gHIC10 CFU BETHY, FIT A8, I FT7 A8
KOy NUGORREOLFEZETH Y, oFRER2S ¢ 2EB501IC, X8A2%%2 AV TEENIC
I 28 F 2 M2 228 T, FIARGERAELEZ Yy —F—/RICEATRELSL S 2 bz,

XS HEEZ RV THEEPICEIRN TERWRMERY ¥ —F— (=¥ A7) IZOV T,
RENH OV ILER T ORIHBEE LoD BT A RSERELEZEH TE R o7, OB
BRENL, BB 25 g EOREIC 10 CFURE TH Y, BRI O VTR T OV Gufes (5 H 7T
RREFZZDbILT.



YR T RAILEOBEMFEI 2 2 v — 2 —ITHER T % 7280 D 24 PERERR

113

Table 3

Results of Salmonella @ spike test

Pet food types

Test result

100 CFU ”

10 CFU ©

1 CFU ¢

Formed jerky for dogs 1

+

+

+

Formed jerky for dogs 2

Formed jerky for dogs 3

+

Formed jerky for dogs 4

+

Formed jerky for dogs 5

+

Formed jerky for dogs 6

Formed jerky for dogs 7

Formed jerky for cats 1

Formed jerky for cats 2

+ [+ |+

Dried jerky for dogs (hard type) 1 °

Dried jerky for dogs (hard type) 2

+

Dried jerky for dogs (hard type) 3

Dried jerky for dogs (hard type) 4

Dried jerky for dogs (hard type) 5

Dried jerky for dogs (hard type) 6

Dried jerky for dogs (hard type) 7 ©

+ 4+ |+ ]+

Dried jerky for dogs (hard type) 8 °

Dried jerky for dogs and cats (hard type) 1

Dried jerky for dogs and cats (hard type) 2

Dried jerky for dogs (soft type) 1

Dried jerky for dogs (soft type) 2

Dried jerky for dogs (soft type) 3

4+ |+ ]+

Dried jerky for dogs (soft type) 4

Dried jerky for dogs (soft type) 5

+

Dried jerky for dogs (soft type) 6

Dried jerky for cats (soft type)

Dried jerky for dogs (soft type, two types materials) 1

A R A R e R R B R A B R R R B R R B

Dried jerky for dogs (soft type, two types materials) 2

+

e I o I o I o I e I I [ I e I e o IR [ IS [ IR () IR [ A

+ |+ |+

+: detected of Salmonella colonise, -: absenced of Salmonella colonise

a) Rifampicn resistant Salmonella enterica serovar Enteritdis

b) Salmonella culture solutions (1.0 x 10° CFU/mL ~ 1.8 x 10° CFU/mL) were diluted 10’-fold and 1

mL added to sample 25 g.

¢) Salmonella culture solutions (1.0 x 10° CFU/mL ~ 1.8 x 10° CFU/mL) were diluted 10%-fold and 1

mL added to sample 25 g.

d) Salmonella culture solutions (1.0 x 10° CFU/mL ~ 1.8 x 10° CFU/mL) were diluted 10°-fold and 1

mL added to sample 25 g.

e) Aseptic cutting was not possible.

About 25 g of the sample was put into a sterilized stomacher

bag, buffered peptone water and the surfactant solution were added, and pre-enrichment culture

was performed without stomacher treatment.
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4 FEH

K7 A B S RAEE O A 2 Y v —F — R OBEMEHRE Y v —F— (N RZ A TR

T NEAT) ITHERT DI DGR AT o 15, OMTREE 25 g 2B AENC, WEFEALD

T EAREEZACTERENICUINT28BEZMADZ LT, UTFTOMENMELN, GIBATE 20—

HOBMEEREY ¥ —F— (N—FXA7) ZBRVWT R/ BESEREEOEANATEEEZ 5N,
T, BEAREEFHOCTEEGICUM AT RWEMEZRY vy —F— (hN—FK&Z A7) 12251 T

X, RENHOYILERT ORMMBEHE LD NI A BESEREIEZ A CE ooy, 25g

JEL D EE A N~y I —IRIT AR, BB 25 g loxt U CREME A7 b 7K 225 mL J OVS i 1 14 41 A

K 15mL OFETMA, WVBEE%, MEEEELZIT) 2 &Ik, ABREOVLVEXRT DG

RERICEHTE 2 E 2 O,

1) Y Y —F—ROEMEEREY Yy —F— (N RZATRRY T NE2AT) OV LERT B
RER 2TV, [FIRFICRT R BB ORI ORELZBE L., EMEEREy—F— (h— K& A
7)) DL, THENE, BROBFROEGZREE 35 3 MERIE, 1LEA% %2 v CEENIZOI
TOHRIEEIT A oo, T ORENE, 25gBELRDEEZ A b~ v I —RIZ A, FEES
7 KK %E 225 mL ROV EIEERIRIE 15 mL 201 %, A b~y —BE2{THOTRE#HEL
1To7z. E2CoRHZBWTH L ERT AR TH -T2,

I aE e ¥ v —F —BRIZ OV T, R 7 A B EREEICIT S A% %2 H 0V THEREPIC U
THEEZMZADHZ LT, Vyr—F—8EFOVLVEXTOREBAETHDL EEZ LN, Y]
WiNCTERN—HORMEEY ¥ —F— (N—RZ A7) 2OV TIX, MENBOYLVERTH
Tomitix, L EBxb5hi-

2) MY v —F—ROFEMELREY Y —F— (V= FF AT ROV T N2 AT) TP LEXRTHEE
o107 AR, 108 A REIR L O 10° HRE K Z 1 mL (2B AREKRICIE, 22 100
CFU, 10CFU, ICFUREDOYLERXRTINEEN TV, ) RIL, VLrEXTHRERREZIT-
AR, BRE 25 gl TR T & 100 OV 10 CFUMNSEEZTMLIZHEA1E, & ToRikecir
ER T S 7. 1 CFU MY &AW L7256 1%, U0k L7calp 25 30kt 6 30k, Il T
o R B3 EEF 2 B D L ER T IIRE S oo BRIBEEE, AT v —F
— R OFEMEREY ¥ —F%— (N— KX A TR T X A7) 25 g2 10 CFURETHDY, K
TARE, EIRIARBELER Yy MG ERETH -T2,

XS HEERACTHEERICEE N TERWREMEERY Yy —F— (hN— ¥ A7) ORPEEIC
DT, B 25 g BREDRMEIZ I0CFURRETH - 7.

#o B
ABFIEZEAT 5 1012 0 B &R HE L T e W AL BRI NS AHFJE IS L THIBI S W e 20
o= MM BN B 2 BT S 5 O IR, BEMERGEE O JULE Tk, ARt
AN REERDOEABLEEICEHHOBRERLET.

X [
D B E—RR, NHE AR, BA B, KE sz, ERI &% ARICBITA2AXHARY —
Y OHPIVER T BEHRRI, 5 161 [0 H ARBKE PP INE S B, 391 (2018).
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2) BMKERWE - BERSGKEZREHRREREN : Xy b7 — ROJEEMAEWG YR 1L X5ER O
EIZDOWT, SFTFE 7 A 12 B, JTHEE 1178 5 (2019).

3) MSEATBUOE N EMOKEH R Z2ENE v 2 —BERi@mam . [Eos W RS O REE ) O E
[Z2WT, K219 A 1 H (2009).

4) HERZFPEREIE S 5 2 BEYTFEERE, R, AE, 60 (1998). (ISBN4-
621-04465-6).

5)  —RRARRVE AR BEIEERE, R 30 R EBLENY AR O AT IEMRETE LR EE (XY b7
— F (RIEABHE) OOV VTR T BEOSMHHE) HEE (2018).

6) IMSIATECE N EMOKPEM B2 2t & — 1« YRk 20 EEy b7 — RO 2B IR H R4
(AR D T FHA (2009).
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1 TR FEAMFOXEHAMICLDIOMEEIZDONT
Proficiency Test (in the Fiscal Year 2019)

HH ALY, MK B, A EE5,
HH R, mE W, Bk MEET

1 B B
fABHR A FE RS, ERE - SR RO 3E, RE OIS 23 21T, SRS O 3@ alet
WL DOEEEIT O 2 LI2E D, IR OEE M OMER A L2 XY, i TofridszitiEL,
fRPEE S 00 i IE 70 RGOV E B B O EREICE D .

2 HBEHHOWNE
A B - R HAEE R - WHAEE HEA R
BalE---f B
C B} - - 82 H SDEHECEHE A 508k
DR - AW FEERAT LI v 7 R

3 #HEHHORR
3.1 SRR
SFOTAE 6 A 20 HE W6 A 21 H
3.2 SR
MSTATBUE N AR E B 22 i v & — JEADE 2 4 i A 0
3.3 WREITIA
1) ARE
HBRE I mm OR 7V — 2 &245 U mfes Tk L7 AA4E K - WAAFIEE AR E
Ak 80 kg & AV, LU FOFIAIC L0 B 2R L 7=
REZ LCIRBE L%, 9 S0 L. Z0oH0 4 Kz —2IlAbETLIRBE L, 4
FHLTRICR L., Zo#FEZR 1 ORGXKERICEYD 7THBEY KL%, KXEXLY —FE
® (20g) Fo&b0, 148457205180 g AV OFE} 340 ffl 2 7ML L 7-.

UORSZAT B N RAOK EE W B A T o 2 — IR A A D
2 OMSIATBOE N RAOREN B 2 it v 2 —FLiit > & —
BOMNIATBAE NRMOKEH B Z ettt 7 — Bt ¥ —
OMSIATEGE N EMWOKEW R Z et o 2y — R 2 —
B OMSIATBOE NRMOKEH B Z 2t 2 —tFt 7 —
O MNIATBOE N RMOKEEH B Z it > 7 — @it v 7 —
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=®1 RBEREZXR

W % 1 O m IV vV VI VI
2 6 9 2 6 8 2
9 4 4 9 8§ 7 7

X 5

REES 4 s 6 1 2 3
5 1 3 8 3 4 s

2) Bk
HEIE 1 mm 0525\ 2l 8768 80 kg 2 AV, A REHE [FARICHEUEL 340 B 2788 L
7.
3) C
FIEH R O R 2 R LT21h, MBS U THREL, £ 2 1R L7z 10 FEOFE & [F %
DIRAEA TIRES DR (B&E80kg) & AV, AFEFL [RIERIZEE 340 18 2 R L 7=

£2 CHHEHOEHRUZOESIE

RAEE RAEE
BB 44 %) BB 44 (%)
EoO9HAZL 30 ezl 10
K#E 20 E— koL 3
Kda il g 10 =Rl 3
BN IS 10 D AEET IV T I 2
DDGS 10 B 2

4) D #EE
FAH TR ERH T LI v 7 2 80kg AV, A BUEHE [AIARIZEUEE 340 i 2 305 L 7-.

4 HFETEBRUERESS
4.1 oHr#EEEH
AFE - 2K, HTZABE, MRS, HRME, MK, Ao, VU RBRER VT
INPRZAA
Bagl- - - Ky, MEABE, KT, PRI TVLAER= FFIF2
CaUBF - « - fRHEE O & OZE OIRAEIG OHEE

DB « <8, HKLDT ZURET TV
42 Sl EGE
[ FnoeEfE faph e o Smal e K B o r i E S5 a0 ) (143 X—) (2 X 5.

5 HBARHOHE MR
A KB ?ﬁ*ﬁrfﬂi*ﬂf:hﬁ’g&(ﬁ*ﬂ)\ﬂ, FUBH TS & OV SR D43 HTIZ L > T, Thompson 5
@ harmonized protocol V-2 X, 3B O BB M2 R L7z,
T B DTIHRER -T2 10 WTH 2 TN LR EE£ 312, £, TOMRITES
B Dy B rfs R AR 4 1R LT,
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WTHOREHZBWT S, Skt Fold FEREFMEZ TEIY, FEKE S %IV TREHMICA R
TR b T, REIOWE IR R &l L7z

3 A BRUDHHDHHHEE

AFUE} Bl D&k}

3 HEARE FLIK 53 - A E FLIK 53 &l Gk

£ (%) (%) (%0) (%) (gkg) (gkg)

No. runl run2 runl run2 runl run2 runl run2 runl run2 runl run2
1 18.56 18.93 5.55 5.79 66.21  66.16 1745 17.55 39.08 40.17 41.69 44.63
2 1849 18.73 5.68 5.49 66.55 66.38 17.61 17.45 39.45  40.39 44.65 44.20
3 19.18 19.18 5.78 5.68 66.26  66.36 17.33  17.51 39.73  40.32 41.08 4391
4 1833 1894 5.84 5.74 66.20 67.01 1742 17.46 39.61  39.69 40.36  42.89
5 1945 19.08 5.74 5.73 65.98  66.47 17.53  17.55 40.79  39.91 4422 41.30
6 18.45 19.81 5.77 5.80 66.33  66.84 17.61 17.47 40.11  40.72 43.64 4298
7 19.04 19.34 5.81 5.73 66.90 66.44 17.58  17.57 41.55 39.63 45.09 41.92
8 1893 18.63 5.79 5.75 66.52  66.94 17.58  17.48 39.97 38.22 42,62  39.12
9 19.15 18.53 5.65 5.62 67.08 66.28 17.31  17.48 40.08  40.82 41.22  43.92
10 19.04 19.36 5.73 5.55 66.21  66.70 17.51  17.67 40.45 39.76 41.31 40.68

£4 A BRUDFHMOIBAWHER
MV AmE RNMaoi o8t FERME

> /N
P = S ) V=S/p Fo=V4/Ve F(a=0.05)
v S i | 1.1957 9 0.1329 0.83 3.02
M7z B8 Shride E 1.6099 10 0.1610
ABE} N T 2.8056 19
A 0.0960 9 0.0107 1.37 3.02
HOIK 4y E 0.0780 10 0.0078
T 0.1740 19
A 0.6874 9 0.0764 0.62 3.02
=R E 1.2228 10 0.1223
— T 1.9102 19
A 0.0788 9 0.0088 1.14 3.02
HOK 5y E 0.0771 10 0.0077
T 0.1559 19
A 3.8870 9 0.4319 0.76 3.02
&l E 5.6583 10 0.5658
Dt} T 9.5453 19
A 23.0360 9 2.5596 0.82 3.02
[iER 4 E 31.1194 10 3.1119
T 54.1554 19
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6 SmHBRE
6.1 ¥ 215
2L BRI GRS 44
Al B 0 S B AR - 141
fr BRI 0 3 BALR - 11
B Hr e BE -+ 19
6.2 FUEHHIZ I INEER =44
A GREE--210
B & Ef---211
C k116
D #B}---74

7 DHEEROBEITERIE I8 EBE
7.1 Sy AT EGRE M OMIBAT i 2R

A, BRODREHZOWT, ZORHEMER SIS, L AN TLaK 11T, £, MEHTHR
I 6~8 TR LTz,

IINTIEDENTIL, B AR MEICESELTOFIRIC L VITo 7.

A 1S K0 AR B A OHEE & & LT NIQR (Normalised inter quartile range; 4% ¥ U 237 i
) Zkdicth, X2ICKVEDIIED -2 a7 2Rk, ok, FMUSMEIL, REFEY 7 b
7 = 7 Microsoft Excel ®BJ%t QUARTILE.INC Z HW\ TR 7-.

a: 1 U AE
c: %3 ALK
Z_;(:z7:(x_b) ............ =2
NIQR
x: BRBREOSHTE
b HRAE

£70, 22 AT OMEHEN 3 UL O EE RFEMEEHE L, ZhEFTA L%, FHHED 95
%5 HE X [ & sk 7.
7.2 R
CHBHZIDWT, ZOWEMBEZRIKLRI10ITRLTE.
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=5 A BRUDHEH
ARE
Bk Koy M= A HLIE LA A HLIK 53 Y2 BN v MN (5 B2 53 BT 1) MN (fil #8453 B 3 74)
é% i No. z-score orhri No. z-score i No. z-score 3T i No. z-score! ST No. z-score! it No. z-score syt No. z-score b 0. z-score o2 bt No. z-score
(%) %) %) (%) (%) (%) (%) (g (O 1t) (e (i) /1)
1 1273 1 -2.69 1931 4 0.63 299 1 081 572 1 -0.55
2 13.20 1 -0.65 19.13 3 -0.03 3.04 1 116 638 2 043 593 1 111 0.896 2 0.77 0532 1 0.04 262 1 -2.37
3 1326 1 -0.39 19.33 3 0.89 3.03 1 1.09 625 2 0.19 574 1 -0.39 0.830 2 -0.98 0525 1 -0.58 29.6 1 -0.35
4 1336 1 0.04 18.89 3 -0.93 274 2 -0.88 30.0 2 -0.11
5 1348 1 0.56 19.12 3 -0.07 283 2 -0.27 572 1 -0.55 0.874 2 0.18 0.527 1 -0.40
7 13.17 1 -0.78 1929 3 0.55 329 2 286 516 3 -1.81 555 1 -1.90 0.818 3 -1.30 0533 1 013 321 2 113
8 1351 1 0.69 1956 3 1.56 58 1 023 0.846 2 -0.55 0530 1 -0.13
9 1342 1 0.30 1929 1 0.55 297 1 0.68 59 1 134
10 1325 1 -043 19.07 3 -0.26 295 2 054 636 2 0.39 555 1 -1.90 0862 2 -0.13 0533 1 0.13 263 3 -0.24
12| 1329 1 -0.26 19.52 3 141 271 1 -1.09 644 2 054 58 1 039 0.880 2 0.34 0.530 1 -0.13 26.6 2 -2.13
14/ 13.72 1 161 19.36 3 0.81 579 1 0.00 0.852 2 -0.39 0538 1 0.58 31.0 1 047
15 1344 1 039 19.56 4 1.56 254 2 -2.25 572 1 -0.55
16 1335 1 0.00 19.03 3 -0.40 263 2 -1.63 6.11 2 -0.06 58 1 023 0.890 1 0.61 0537 1 049 258 3 -0.72
17 13.07 1 -1.21 19.80 3 245 273 2 -095 571 1 -0.63 0910 2 1.14 0533 1 013 263 3 -0.24
18] 12.88 1 -2.04 1935 3 0.78 295 1 054 561 1 -1.42
19 1345 1 043 19.44 3 111 576 1 -0.23 292 1 -0.59
21 1336 1 0.04 19.09 3 -0.18 291 2 027 659 2 081 594 1 1.19 0.855 2 -0.31 0530 1 -0.13 258 3 -0.72
28] 1328 1 -0.30 19.69 3 2.04 286 1 -0.06 537 2 -1.42 590 1 0.87 0.893 2 0.69 0.536 1 040 274 3 0.81
31 1325 1 -0.43 1879 3 -1.30 3.00 2 0.88 681 3 1.22 585 1 047 0.880 2 0.34 0520 1 -1.03 272 3 0.62
32 1340 2 021 20.11 4 3.60 275 2 -0.81
33 1350 1 0.65 1920 3 022 252 2 239 571 3 -0.80 58 1 023 0954 1 231 0539 1 0.67 267 3 0.13
34/ 2026 2 4.16
35 13.60 1 1.08 1947 3 122 268 2 -1.29 591 3 -043 585 1 047 0930 2 1.67 0552 1 1.84 28.0 3 1.39
36, 1399 1 278 19.55 3 1.52 289 2 013 58 1 0.07
37, 13.56 1 091 19.19 3 0.18 293 1 040 58 1 071 0895 2 0.74 0520 1 -1.03
38, 13.76 1 178 18.68 4 -1.71 9.11 1 42.62 565 1 -1.11
39, 13.04 1 -1.34 19.31 3 0.63 2.65 2 -1.50 6.19 1 3.17 0.866 2 -0.02 0.525 1 -0.58
40! 1345 1 043 19.01 1 -0.48 581 1 0.15
41 1329 1 -0.26 18.98 3 -0.59 58 1 031 0914 2 1.24 0543 1 1.03 3.5 1 077
42 1330 1 -0.21 18.83 3 -1.15 278 2 -0.61 685 3 1.29 58 1 0.55 0.836 2 -0.82 0523 1 -0.76 26.5 3 -0.04
43 13.11 1 -1.04 19.09 3 -0.18 292 1 034 6.63 2 0.89 58 1 079 0.855 2 -0.31 0551 1 175 30.8 1 0.36
44 13.75 1 174 19.23 3 033 537 1 333
45 13.11 1 -1.04 19.25 4 0.40 296 2 061 58 1 0.07
46 1343 1 034 1895 3 -0.70 290 1 0.20 608 1 230
47! 1294 1 -1.78 18.74 4 -1.48 291 1 027 6.03 1 190
48 13.16 1 -0.82 1923 4 033 284 1 -0.20 577 1 -0.15 0.576 1 4.00
49! 1342 1 0.30 19.15 4 0.03 294 1 047 6.03 2 -0.21 577 1 -0.15
50, 1331 1 -0.17 19.18 3 0.14 598 1 150 255 3 -1.01
51 1324 2 -047 1935 3 0.78 568 2 -0.87
52 13.11 1 -1.04 20.11 1 3.60 3.06 1 1.29 443 2 -3.15 556 1 -1.82 0.840 2 -0.71 0.570 1 3.46
53 1323 1 -0.52 19.18 2 0.14 285 1 -0.13 629 3 0.26 581 1 015 0.865 2 -0.05 0540 1 0.76
54 1328 1 -0.30 18.75 3 -1.45 260 2 -1.84 597 3 -032 574 1 -0.39 0959 2 244 0521 1 -0.94
55 13.67 1 1.39 18.18 4 -3.57 284 1 -020 640 3 046 553 1 -2.06 0908 2 1.08 0552 1 184
56 1194 1 -6.13 2075 4 5.99 257 2 -2.04 571 1 -0.63
57 13.11 1 -1.04 19.14 4 0.00 284 2 -0.20 729 3 210 6.05 1 2.06 0.861 2 -0.15 0510 1 -1.93
58] 13.54 1 0.82 1943 3 1.07 291 1 027 557 1 -1.05 587 1 0.63 0.841 2 -0.69 0539 1 0.67 254 3 -1.10
62 13.37 1 0.08 19.15 3 0.03 268 2 -1.29 577 2 -0.69 557 1 -1.74 0.827 2 -1.06 0523 1 -0.76 26.1 3 -043
63 1339 1 0.17 19.12 1 -0.07 290 1 0.20 529 2 -1.57 579 1 0.00 0928 2 1.62 0534 1 022
63 19.16 3 0.07
64 1346 1 047 1947 3 122 3.03 2 109 571 1 -0.63 0.833 2 -0.90 0525 1 -0.58
66 1327 1 -0.34 3.1 1 053
67, 1330 1 -0.21 323 1 1.24
69, 1329 1 -0.26 19.94 3 297 273 2 -095 573 1 -047 0.850 1 -0.45 1.079 1 49.23
70, 1890 3 -0.89
71 19.16 3 0.07 276 2 -0.75 644 3 054
72 1368 1 143 19.18 3 0.14 263 2 -1.63 578 1 -0.07
73 1332 1 -0.13 18.87 4 -1.00 2.87 1 0.00 6.03 3 -0.21 578 1 -0.07 0.848 2 -0.50 0529 1 -022 323 1 124 272 3 0.62
74 13.17 1 -0.78 19.27 3 048 299 1 081 654 1 0.72 587 1 063 0876 2 0.23 0531 1 -0.04
76 13.40 1 021 19.25 3 040 298 2 075 621 2 011 587 1 063 0.789 2 -2.07 0526 1 -0.49 26.0 3 -0.52
77 13.77 1 1.82 18.82 2 -1.19 288 1 0.06 688 1 1.35 577 1 -0.15 0.888 2 0.55 0529 1 -0.22
78, 1340 1 021 19.73 3 219 296 2 061 633 2 034 581 1 0.15 0.863 2 -0.10 0.538 1 0.58
78, 630 3 0.28
78 6.03 4 -0.21
79 13.83 1 2.08 1924 3 037 270 2 -1.16 595 1 1.26 0.831 2 037 0537 1 049
80, 1344 1 039 1933 1 0.70 279 1 -0.54 532 2 -1.51 536 1 -3.41 0.855 2 -0.31 0533 1 0.13
81 1354 1 0.82 1920 3 022 287 2 0.00 649 2 0.63 58 1 071 0.844 2 -0.61 0523 1 -0.76 303 1 0.05
82 1352 1 073 19.09 3 -0.18 277 1 -0.68 6.17 1 0.04 581 1 0.15 0.840 2 -0.71 0544 1 112
83 1332 1 -0.13 19.22 3 0.29 282 1 -0.34 635 3 037 594 1 1.19 0894 2 0.71 0545 1 1.21 29.1 1 -0.67
84 1323 1 -0.52 18.67 3 -1.74 269 1 -1.22 558 2 -1.04 601 1 174 0869 2 0.05 0565 1 3.01
85 1335 1 0.00 1927 3 048 316 1 198 575 2 -0.72 58 1 0.55 0.847 2 -0.53 0543 1 1.03
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DHHEAR (1)

Bt kr Dt

Koy Wiz aE HLR 5y BRIV L N kil i 7 xUEE T T | RE
ﬁm 1ﬁ No. z-score! %m {E No. z-score! %m {E No. z-score %W{ﬁ No. z-score /I?W{ﬁ No. z-score ﬁ”" fﬁ No. z-score ﬁ”" fﬁ No. z-score QM 1ﬁ No. z-score %

0] (%) (%) @h) @h) (g/kg) (g/kg) (g/kg)
781 1 -1.41 66.66 4 -0.30 1741 1 -0.46 1
787 1 -1.04 66.54 3 -0.55 1753 1 077 39.68 1 -0.32 4723 1 1.80 2
796 1 -0.49 67.18 3 0.76 1743 1 -0.25 3
8.01 1 -0.18 67.18 3 0.76 4
8.12 1 049 67.38 3 1.17 1750 1 046 4191 1 1.62 44.87 1 0.65 5
809 1 030 66.52 3 -0.59 1730 1 -1.60 7
825 1 128 67.07 3 053 1744 1 -0.15 4096 1 0.79 5173 1 3.98 8
795 1 055 66.64 1 -0.35 1750 1 046 9
7.87 1 -1.04 66.43 3 -0.78 1733 1 -1.29 3971 1 -0.29 4725 1 181 10
8.03 1 -0.06 66.97 3 032 1754 1 0.88 12
827 1 141 66.56 3 -0.51 17.46 1 0.05 14
8.09 1 030 6748 4 1.37 1732 1 -1.40 15
7.93 1 -0.67 67.08 3 0.55 1747 1 0.15 190 1 -236| 16
7.81 1 -1.41 6721 3 0.82 1745 1 -0.05 17
733 1 435 6649 3 -0.65 1742 1 036 18
806 1 0.12 66.76 3 -0.10 1744 1 -0.15 19
794 1 -0.61 66.55 3 -0.53 1756 1 1.08 40.00 1 -0.04 46.05 1 1.23 21
8.00 1 -0.24 67.37 3 115 1737 1 -0.88 073 2 033 263.8 1 -0.12 39.74 1 -0.27 4277 1 -035 208 1 025 28
790 1 -0.85 66.64 3 -0.35 1759 1 140 214 1 113 31
8.80 2 4.66 66.75 4 -0.12 32
7.98 1 -0.36 67.07 3 053 1746 1 0.05 206 1 -0.06| 33
66.40 2 -0.84 34
820 1 098 66.91 3 020 1739 1 -0.67 072 2 0.1 417 1 3.60 249 1 -049 35
844 1 245 66.99 3 037 1749 1 036 36
816 1 0.73 66.94 3 0.26 1752 1 0.67 37
827 1 141 65.63 4 -2.43 17.26 1 -2.02 38
749 1 337 67.09 3 0.57 1750 1 046 39
817 1 079 66.15 1 -1.35 1747 1 0.15 200 1 -0.91| 40
7.92 1 -0.73 67.80 3 2.03 1754 1 088 41
8.02 1 -0.12 66.67 3 -0.28 1750 1 046 205 1 -0.18| 42
8.01 1 -0.18 66.62 3 -0.39 1758 1 1.29 43
825 1 128 66.51 3 -0.61 1752 1 0.67 44
786 1 -1.10 65.87 4 -1.93 1736 1 -0.98 45
796 1 -0.49 66.81 3 0.00 1757 1 119 46
747 1 -3.49 66.04 4 -1.58 1763 1 1.81 47
7.89 1 -0.91 66.03 4 -1.60 1755 1 098 48
815 1 0.67 65.99 4 -1.68 1756 1 1.08 49
8.15 1 0.67 66.54 3 -0.55 1754 1 0.88 50
789 2 -091 66.96 3 0.30 17.46 2 0.05 51
8.19 1 091 6891 1 4.32 17.35 1 -1.08 52
8.02 1 -0.12 67.32 2 1.05 1751 1 057 53
801 1 -0.18 66.58 3 -0.47 1752 1 0.67 0.76 2 101 39.46 1 -0.51 4283 1 -032 54
817 1 079 63.49 4 -6.83 1742 1 -0.36 55
672 1 -8.09 66.61 4 -0.41 1746 1 005 56
7.80 1 -1.47 65.80 4 -2.08 1758 1 1.29 072 2 0.11 4028 1 0.20 44.13 1 030 57
797 1 -0.42 67.46 3 1.33 1753 1 077 0.69 2 -0.56 281.0 1 0.61 4030 1 021 4335 1 -0.07 200 1 -0.91 58
8.15 1 0.67 66.68 3 -0.26 17.40 1 -0.57 091 2 438 2726 1 025 3587 1 -3.66 3841 1 -247 181 1 -3.68 62
8.04 1 0.00 66.18 1 -1.29 1757 1 119 075 1 0.78 2386 1 -1.22 63
66.84 3 0.06 63
8.03 1 -0.06 66.53 3 -0.57 1741 1 -0.46 64
806 1 0.12 40.65 1 0.52 4035 1 -1.53 207 1 0.03| 66
8.00 1 -0.24 40.05 1 0.00 4145 1 -0.99 210 1 054 67
782 1 -1.34 67.65 3 1.73 17.42 1 -0.36 2025 1 -2.78 69
66.57 3 -0.49 70
67.37 3 115 71
830 1 159 66.82 3 0.02 1745 1 -0.05 72
816 1 0.73 66.44 4 -0.76 17.35 1 -1.08 0.69 2 -0.56 39.40 1 -0.56 4198 1 -0.74 208 1 031 73
797 1 042 66.86 3 0.10 1751 1 057 40.76 1 0.62 4328 1 -0.11 74
809 1 030 67.04 3 047 1758 1 129 207 1 016 76
7.60 1 -2.69 67.68 2 1.79 17.61 1 1.60 0.69 2 -0.56 3870 1 -1.18 4422 1 034 77
793 1 -0.67 66.32 3 -1.00 17.45 1 -0.05 3842 1 -1.42 41.85 1 -0.80 78
78
78
839 1 214 66.82 3 0.02 1760 1 1.50 3733 1 -2.38 4376 1 012 79
40.56 1 044 262 1 -043 80
804 1 0.00 66.94 3 026 1743 1 -0.25 81
813 1 055 67.19 3 0.78 17.44 1 -0.15 40.58 1 046 4138 1 -1.03 82
8.05 1 0.06 67.36 3 1.13 1756 1 1.08 83
798 1 -0.36 62.17 3 -9.55 17.66 1 212 0.64 2 -1.68 4047 1 036 47.62 1 199 84
810 1 036 67.50 3 1.42 1747 1 0.15 0.67 2 -101 2399 1 -116 39.58 1 -0.41 4501 1 0.72 205 1 -0.18| 85




122 fREHFZEHE Vol 45 (2020)
=5 A BRUDHH
ARE
Bk Koy M= A A HLIE LA A HLIK 5 Y2 FN g MN (5 B2 53 BT 1) MN (fil #8453 B 3 74
é% i No. z-score i No. z-score b No. z-score! ST i No. z-score! ST No. z-score! b it No. z-score Syt No. z-score Syt No. z-score srHi it No. z-score
(%) ) ) (%) ) %) (%) (g (i) /1) (e (i) /1)
85 18.81 4 -1.22
87 1352 1 073 18.92 3 -0.81 282 1 -034 6.50 3 0.65 567 1 -0.95 0903 2 095 0537 1 049 263 3 -0.24
88| 1329 1 -0.26 19.22 3 0.29 272 2 -1.02 638 2 043 579 1 0.00 0877 2 0.26 0522 1 -0.85 29.1 2 -0.67 273 3 073
90, 1337 1 0.08 19.58 3 1.63 292 1 034 6.19 3 0.08 58 1 071 0.861 2 -0.15 0.537 1 049
91 13.56 1 091 18.85 3 -1.07 272 2 -1.02 7.03 3 1.62 58 1 0.55 0936 2 1.83 0512 1 -1.75 31.9 2 1.00
93 1331 1 -0.17 18.69 4 -1.67 3.04 1 L16 654 3 072 569 1 -0.79 0.869 2 0.05 0554 1 202
97 1338 1 0.13 19.12 1 -0.07 282 1 -034 6.03 2 -0.21 549 1 -2.38 0.898 2 0.82 0520 1 -1.03
98, 1343 1 034 18.31 3 -3.08 291 1 027 697 3 151 537 1 -3.33 0.790 2 -2.04 0540 1 0.76
99, 1347 1 052 2146 2 8.63 265 2 -1.50 526 1 -420 0535 1 031
102] 1339 1 0.17 20.17 3 3.83 310 1 1.57 59 1 134 0547 1 139
103 13.02 1 -1.43 19.32 3 0.66 255 2 -2.18 399 4 -39 573 1 -047 0.882 2 0.39 0.538 1 0.58
104 1.79 1 -6.78 19.08 4 -0.22 282 1 -0.34 593 1 111 0930 2 1.67 0530 1 -0.13
105 13.09 1 -1.13 18.83 4 -1.15 3.09 1 L50 597 1 142 0.851 2 -0.42 0544 1 112
106 1352 1 0.73 19.66 3 193 273 1 -095 641 1 048 555 1 -1.90 0.876 3 0.23
108] 1329 1 -0.26 1929 3 0.55 291 1 027 6.10 1 245 0.920 2 1.40 0555 1 211 30.1 2 -0.05
109 1336 1 0.04 1942 3 1.04 285 2 -0.13 536 3 -1.44 58 1 039 0958 2 241 0540 1 0.76
110] 17.63 1 -5.61 287 1 0.00 588 1 -0.48 594 1 1.19 0892 1 0.66 0526 1 -0.49
112] 1351 1 0.69 1883 3 -1.15 577 2 -0.69 58 1 031 0864 1 -0.07 0538 1 0.58
114 1347 1 052 18.71 4 -1.60 280 2 -047 6.01 3 -0.24 539 1 -3.17 0874 1 0.18 0.521 1 -0.94
115 1362 1 117 19.14 3 0.00 285 1 -0.13 628 4 024 578 1 -0.07 0.830 2 0.34
116 1325 1 -043 587 1 0.63 0.891 2 0.63 0.536 1 0.40 286 1 -0.94
118] 1335 2 0.00 19.02 3 -0.44 573 2 -047
119 1336 1 0.04 1881 1 -1.22 294 1 047 6.06 2 -0.15 578 1 -0.07 0917 2 132 0529 1 -0.22
119] 19.16 3 0.07
120/ 1344 1 039 18.88 3 -0.96 3.02 1 1.02 633 3 034 590 1 0.87 0.863 2 -0.10 0525 1 -0.58 27.1 3 0.52
121 13.14 1 -0.91 18.64 3 -1.86 593 2 -0.39 556 1 -1.82 0825 1 -1.11 0554 1 2.02 273 1 -1.70
122 13.62 1 117 19.15 3 0.03 6.46 2 0.58 575 1 -031 0.847 2 -0.53 0.528 1 -0.31
123 1325 1 -043 19.78 3 238 284 1 -020 558 2 -1.04 555 1 -1.90
123 19.55 4 1.52
124/ 1372 1 1.61 1873 2 -1.52 582 1 023 0.834 2 -0.87 0543 1 1.03
125 1330 1 -0.21 19.00 2 -0.52 298 1 075 6.14 2 0.00 564 1 -1.19 0877 2 0.26 0544 1 112 253 3 -1.20
126/ 1329 1 -0.26 19.04 3 -0.37 296 1 0.6l 646 3 0.58 577 1 -0.15 0908 1 1.08 0546 1 130 314 1 071
128] 1335 1 0.00 1991 3 286 572 1 -0.55 0.850 2 -0.45 0523 1 -0.76 26.6 3 0.04
129] 1344 1 039 1897 4 -0.63 296 2 061 6.02 3 -0.23 544 1 277 0852 1 -0.39 0523 1 -0.76
130 1298 1 -1.61 1890 2 -0.89 256 1 -2.11 598 3 -0.30 58 1 0.55 0.836 2 -0.82 0497 1 -3.10
145 1327 1 -0.34 18.97 2 -0.63 292 1 034 572 2 -0.78 595 1 1.26 0862 2 -0.13 0529 1 -0.22
146 1223 1 -4.87 19.13 2 -0.03 273 1 -095 559 2 -1.02 575 1 -031 0.850 2 -0.45 0593 1 553
147 12.80 1 -2.39 19.00 3 -0.52 290 1 0.20 6.10 2 -0.08 577 1 -0.15 0.820 2 -1.24 0.710 1 16.05
148]
149 1232 1 -448 18.67 4 -1.74 317 1 2.04 520 1 -1.74 58 1 0.07 0.858 2 -0.23 0.528 1 -0.31
150] 1348 1 0.56 18.87 4 -1.00 3.07 1 136 6.17 2 0.04 587 1 0.63 0.861 2 -0.15 0492 1 -3.55
151 1361 1 113 1897 4 -0.63 321 1 232 5.66 2 -0.89 594 1 119 0.827 2 -1.06 0531 1 -0.04
152 1221 1 -4.96 1936 1 081 3.64 1 525 531 1 -3.80
153 1338 1 0.13 19.08 5 -0.22
154 1292 2 -1.87 18.04 4 -4.09 276 1 -0.75 731 1 214 560 1 -1.50 0390 1 -12.72
155 1352 1 073 19.17 4 0.11 280 1 -047 652 2 0.69 579 1 0.00 1.195 1 871 0494 1 -3.37
156/ 1337 1 0.08 19.92 3 290 58 1 079 0.855 3 -0.31 0567 2 3.19
157 13.61 1 113 19.18 3 0.14 275 2 -0.81 6.66 3 094 58 1 0.55 0.855 2 -0.31 0515 1 -1.48 26.6 3 0.04
158 13.06 1 -1.26 1871 3 -1.60 267 2 -1.36 565 1 -1.11 0.537 2 049
159 1328 1 -0.30 1944 3 L.11 579 1 0.00 0.857 2 -0.26 0.536 1 0.40 294 1 -047
160 13.24 1 -047 287 1 0.00 576 1 -0.23
161 13.54 1 0.82 19.18 3 0.14 251 2 -245 584 3 -0.56 585 1 047 0810 1 -1.51 0540 1 0.76
162] 13.18 1 -0.73 1973 1 219 259 1 -1.91 545 1 -1.27 58 1 031
163 13.68 1 143 1892 1 -0.81 284 1 -0.20 593 1 L11 0.524 2 -0.67
164/ 13.11 1 -1.04 1895 3 -0.70 568 1 -0.87 26.6 3 0.04
165 1342 1 030 18.72 4 -1.56 295 1 054 6.05 2 -0.17 561 1 -1.42 0.8 2 0.50 0529 1 -0.22 270 3 043
166 1347 1 0.52 19.13 3 -0.03 290 1 020 578 1 -0.07
167 13.16 1 -0.82 19.18 3 0.14 277 1 -0.68 579 1 0.00 0877 2 0.26 0519 1 -L12
168 1351 1 0.69 19.03 3 -0.40 282 2 -034 578 1 -0.07 0917 2 132 0.527 1 -0.40
169 1330 1 -0.21 20.02 3 3.27 316 1 1.98 556 2 -1.07 553 1 -2.06
170] 1276 2 -2.56 19.08 4 -0.22 576 1 -0.23
171 13.54 1 0.82 18.89 3 -0.93 270 2 -1.16 578 1 -0.07
172 1328 1 -0.30 19.12 3 -0.07 565 1 -1.11 274 1 -1.66
173 1273 1 -2.69 1935 3 0.78 624 2 017 58 1 023
174 13.20 1 -0.65 19.03 1 -0.40 557 2 -1.74
185 13.18 1 -0.73 19.02 2 -0.44 28 1 013 639 2 045 6.02 1 1.82 0930 2 1.67 0532 1 0.04 255 3 -1.01
186/ 1252 1 -3.61 1827 4 -3.23 278 2 -0.61 711 3 177 566 1 -1.03 0.841 2 -0.69 0534 1 022
187 1341 1 0.26 19.10 3 -0.14 291 1 027 595 2 -0.35 581 1 0.15 0.841 2 -0.69 0533 1 0.13
188] 13.28 2 -0.30 18.86 4 -1.04 295 1 054 589 2 -0.46 572 1 -0.55 0905 2 1.01 0502 1 -2.65 27.6 3 1.01
189 1351 1 0.69 519 2 -1.75 578 1 -0.07 304 1 0.11
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DHHEAR (2)

Bt kr Dt

Koy iRV =L HLR 5y BRIV L e kil i 72 UEE T T | RER
ﬁm 1ﬁ No. z-score! %m {E No. z-score! %m {E No. z-score %W{ﬁ No. z-score /I?W{ﬁ No. z-score ﬁ”" fﬁ No. z-score ﬁ”" fﬁ No. z-score QM 1ﬁ No. z-score %

0] (%) (%) @h) @h) (g/kg) (g/kg) (g/kg)
66.14 4 -1.37 85
816 1 0.73 67.19 3 0.78 1751 1 057 4125 1 1.05 241 1 -053 198 1 -1.20| 87
796 1 -0.49 66.79 3 -0.04 17.41 1 -0.46 88
8.08 1 024 67.20 3 0.80 17.45 1 -0.05 0.70 2 -0.33 2689 1 0.09 3678 1 -2.86 3334 1 -4.92 90
8.15 1 0.67 67.01 3 041 17.45 1 -0.05 3920 1 -0.74 91
815 1 0.67 66.10 4 -1.46 1751 1 057 0.71 1 -0.11 2848 1 0.78 40.74 1 0.60 4248 1 -049 93
811 1 042 66.64 1 -0.35 1739 1 -0.67 0.67 2 -101 4137 1 LIS 4408 1 027 97
98
807 1 0.8 6733 3 107 1732 1 -1.40 9
8.09 1 030 6743 3 1.27 17.56 1 1.08 102
777 1 -1.65 66.89 3 0.16 17.40 1 -0.57 3263 1 258 40.60 1 048 4218 1 -0.64 20.7 1 010 103
6.44 1 981 65.06 4 -3.60 1751 1 057 0.74 2 0.56 104
801 1 -0.18 66.02 4 -1.62 1759 1 140 072 1 0.11 3035 1 1.59 40.03 1 -0.01 4172 1 -0.86 105
106
8.03 1 -0.06 66.64 3 -0.35 1754 1 088 108
812 1 049 67.23 3 086 1753 1 077 072 2 0.1 109
110
819 1 091 66.83 3 0.04 17.42 1 -0.36 112
816 1 0.73 66.65 4 -0.32 17.19 1 -2.74 114
816 1 073 66.94 3 0.26 17.37 1 -0.88 4021 1 0.14 4494 1 0.69 115
806 1 0.12 1749 1 036 042 2 -6.63 36.17 1 -3.39 214 1 -0.66 199 1 -1.05| 116
8.14 2 0.61 66.80 3 -0.02 17.38 2 -0.77 118
806 1 0.12 63.82 1 615 1753 1 077 0.65 2 -1.46 40.03 1 -0.01 43.63 1 0.05 119
67.94 3 232 119
8.18 1 0385 66.94 3 0.26 17.46 1 0.05 0.70 2 -0.33 2492 1 -0.76 39.01 1 -091 4365 1 0.06 203 1 -0.47| 120
799 1 -0.30 66.49 3 -0.65 1754 1 0.88 121
8.15 1 0.67 66.97 3 032 1748 1 025 41.00 1 0.83 4518 1 0.80 122
808 1 024 67.00 3 039 1729 1 -1.71 123
67.88 4 220 123
833 1 177 6733 3 107 1737 1 -0.88 124
813 1 055 67.11 2 0.61 1736 1 -0.98 082 1 236 2613 1 -0.23 39.84 1 -0.18 4280 1 -0.34 213 1 098 125
8.08 1 024 66.51 3 -0.61 1754 1 0.88 126
8.27 1 141 66.86 3 0.10 17.28 1 -1.81 3797 1 -1.82 43.68 1 0.08 21,5 1 1.27| 128
799 1 -0.30 66.04 4 -1.58 17.25 1 -2.12 129
7.67 1 -2.26 65.68 2 -2.32 1761 1 1.60 130
7.99 1 030 65.45 2 -2.80 1751 1 057 070 1 -0.33 2733 1 028 40.05 1 0.00 204 1 -071 208 1 025 145
8.00 1 -0.24 65.97 2 -1.73 1677 1 -7.10 146
147
2229 1 -1.90 148
6.68 1 -833 66.66 4 -0.30 17.50 1 0.46 149
7.88 1 -0.98 6620 4 -1.25 17.44 1 -0.15 150
820 1 098 65.68 4 -2.32 1743 1 -0.25 151
729 1 -4.59 66.87 1 0.12 17.18 1 -2.85 152
811 1 042 65.13 5 -3.46 153
7.63 2 -251 66.89 4 0.16 1729 1 -1.71 154
8.08 1 024 64.74 4 -4.26 1739 1 -0.67 155
8.02 1 -0.12 67.20 3 0.80 17.40 1 -0.57 156
8.18 1 0385 66.98 3 035 1749 1 036 4151 1 1.27 4467 1 0.56 207 1 0.10| 157
158
7.92 1 -0.73 66.89 3 0.16 1750 1 046 159
7.99 1 030 1751 1 057 160
8.12 1 049 67.30 3 1.00 1755 1 098 2768 1 043 21.7 1 156 161
8.04 1 0.00 67.98 1 240 1752 1 0.67 162
822 1 110 66.01 1 -1.64 1745 1 -0.05 163
8.14 1 0.6l 66.71 3 -0.20 17.42 1 -0.36 164
8.00 1 -0.24 65.87 4 -1.93 1747 1 0.15 4090 1 0.74 4226 1 -0.60 206 1 -0.03| 165
814 1 061 66.50 3 -0.63 1753 1 077 166
809 1 030 67.18 3 0.76 1734 1 -1.19 2628 1 -0.17 3802 1 -1.77 4351 1 0.00 167
838 1 208 67.15 3 070 1741 1 -0.46 168
169
7.78 2 -1.59 66.69 4 -0.24 1738 1 -0.77 206 1 -0.03| 170
816 1 0.73 66.60 3 -0.43 1730 1 -1.60 171
805 1 0.06 66.81 3 0.00 17.35 1 -1.08 172
7.72 1 -1.96 67.52 3 146 1757 1 119 173
804 1 0.00 17.17 2 -2.95 174
790 1 -0.85 66.18 2 -1.29 1757 1 119 076 2 1.01 2775 1 046 4159 1 134 4716 1 176 192 1 -2.07| 185
748 1 -3.43 6439 4 -4.98 1757 1 119 186
821 1 104 66.87 3 0.12 1752 1 0.67 0.67 1 -1.01 263.0 1 -0.16 39.90 1 -0.13 4371 1 0.09 187
795 2 -0.55 6620 4 -1.25 1732 1 -1.40 188
844 1 245 1742 1 -0.36 261.3 1 -0.23 3922 1 -0.72 4290 2 -0.29 200 1 -091| 189




124 fREHFZEHE Vol 45 (2020)
=5 A BRUDHEH
ARE
Bk Koy M= A A HLIE LA A HLIK 53 Y2 FN Pig MN (5 B2 53 47 1) MN (fil #8453 B 3 74
é% i No. z-score i No. z-score b No. z-score! ST i No. z-score! ST No. z-score! b it No. z-score Syt No. z-score Syt No. z-score srHi it No. z-score
(%) ) ) (%) ) %) (%) (g (i) /1) (e (i) /1)
190 12.87 1 -2.08 18.44 3 -2.60 288 1 0.06 638 2 043 581 1 0.15
191 1345 1 043 19.32 3 0.66 262 2 -1.70 6.05 4 -0.17 6.09 1 238 0.851 1 -0.42 0525 1 -0.58 274 3 0.81
192] 1347 1 0.52 1883 3 -1.15 278 2 -0.61 595 1 1.26
193 13.56 1 091 19.29 3 0.55 290 1 0.20 502 2 -2.07 598 1 150
194 13.10 1 -1.08 19.10 3 -0.14 284 2 -0.20 603 1 1.9 0.823 2 -l1.16 0513 1 -1.66
195 1340 1 0.21 19.15 4 0.03 311 1 163 590 1 0.87
196 1356 1 091 19.09 2 -0.18 344 1 389 573 2 -0.76 581 1 015 0.846 2 -0.55 0.527 1 -0.40
197 1351 1 0.69 19.01 3 -0.48 284 2 -0.20 594 1 1.19
198] 1330 1 -0.21 19.15 4 0.03 305 1 1.22 6.13 1 -0.02 569 1 -0.79 0875 1 0.21 0518 1 -1.21
199 13.59 1 1.04 19.19 3 0.18 320 1 225 532 1 -1.51 585 1 047 0.845 1 -0.58 0516 1 -1.39
200 1336 1 0.04 1878 3 -1.33 291 1 027 642 2 050 582 1 023 0.756 2 -2.95 0515 1 -148
201 13.04 1 -1.34 19.03 2 -0.40 283 1 -0.27
202 1347 1 0.52 19.06 3 -0.29 283 1 -027 542 2 -1.33 58 1 031 0914 1 124 0529 1 -022 256 3 -091
203
204 6.52 1 2972 2039 3 4.65 320 1 225 707 3 170 585 1 047
206 13.10 1 -1.08 19.00 4 -0.52 313 1 177 689 2 137 526 1 -420 0.865 2 -0.05 0528 1 -0.31
208 1359 1 1.04 19.28 3 0.52 273 1 -095 6.12 1 261 0.884 2 045 0532 1 0.04 3.5 2 077
209
210 1322 1 -0.56 1847 3 -2.49 264 1 -1.57 631 2 030 592 1 1.03 0.897 2 0.79 0546 1 130 274 3 0.81
211 13.69 1 147 1955 2 1.52 279 1 -0.54 58 1 0.55
212 1322 1 -0.56 19.00 4 -0.52 2.78 2 -0.61 547 2 -1.24 6.01 1 174 1.057 1 5.05 0524 1 -0.67 255 3 -1.01
213 13.15 1 -0.87 17.87 2 -4.72 291 1 027 594 2 -037 569 1 -0.79 0412 1 -1074
214 1336 1 0.04 1925 4 040 277 2 -0.68 6.00 1 -0.26 593 1 111 0921 2 143 0526 1 -0.49
215 1341 1 0.26 18.94 3 -0.74 285 1 -0.13 630 2 0.28 585 1 047 0920 1 1.40 0532 1 0.04
217 1328 1 -0.30 19.13 3 -0.03 286 2 -0.06 623 2 0.15 595 1 1.26 0896 2 0.77 0525 1 -0.58 257 3 -0.81
218 13.16 1 -0.82 1878 4 -1.33 279 1 -0.54 6.18 1 0.06 567 1 -0.95 0.883 2 042 0516 1 -1.39
219 1335 1 0.00 19.26 3 0.44 3.00 2 0.88 6.00 3 -0.26 595 1 1.26 0962 2 252 0.525 1 -0.58
220 1328 1 -0.30 3.01 1 095 6.15 2 0.00 579 1 0.00 2177 2 34.82 0534 1 022
221 1342 1 0.30 19.14 2 0.00 294 1 047 566 2 -0.89 572 1 -0.55 0.855 1 -0.31 0526 1 -0.49
222 13.29 1 -0.26 18.97 3 -0.63 3.07 1 136 724 3 201 572 1 -0.55 0.870 2 0.07 0529 1 -0.22
245 1337 1 0.08 18.67 3 -1.74 280 2 -047 537 2 -1.42 578 1 -0.07 0.823 2 -l1.16 0535 1 031
246 13.83 1 2.08 19.20 3 0.22 255 2 -2.18 523 1 -1.68 585 1 047 0.830 2 -0.98 0.506 1 -2.29 31.2 1 0.59
247 13.11 1 -1.04 19.18 2 0.14 2.86 1 -0.06 581 1 0.15 0764 2 -2.73 0519 1 -LI12
248 1335 1 0.00 19.14 3 0.00 283 2 -0.27 6.55 3 074 587 1 0.63 0.865 2 -0.05 0544 1 112
249 1366 1 1.34 19.14 3 0.00 312 2 L70 652 2 0.69 567 1 -095 0.860 2 -0.18 0530 1 -0.13
250 1253 1 -3.56 3.00 2 088 785 3 313 638 1 468
251 1326 1 -0.39 19.52 3 141 58 1 071 0945 2 2.07 0540 1 0.76
252 1352 1 073 19.10 3 -0.14 291 1 027 680 2 120 598 1 150 0.831 2 -0.95 0.531 1 -0.04 321 2 112
253 1349 1 0.60 19.49 3 130 294 1 047 568 1 -0.87
254 13.10 1 -1.08 19.95 3 3.01 286 1 -0.06 58 1 039 0.845 2 -0.58 0.530 1 -0.13
255 13.03 1 -1.39 19.09 3 -0.18 329 2 286 6.62 3 0.87 58 1 0.07 0920 2 1.40 0540 1 0.76 29.2 1 -0.60
256 1331 1 -0.17 1936 2 081 301 1 095 692 2 142 59 1 L.19
257 13.08 1 -1.17 1891 2 -0.85 290 1 020 515 1 -1.83 532 1 372 1.001 2 3.56 0526 1 -0.49
258 1354 1 0.82 18.62 4 -1.93 283 2 -0.27 572 1 -0.55
259
260 1323 1 -0.52 19.25 4 040 287 1 0.00 570 2 -0.81 541 1 -3.01
261 1352 1 073 19.16 3 0.07 253 2 -232 525 1 -l.64 578 1 -0.07 0960 2 247 0.530 1 -0.13
262 1321 1 -0.60 19.86 3 2.67 3.01 1 095 570 2 -0.81 559 1 -1.58 0919 2 138 0.537 1 049
263 13.01 1 -1.47 12.13 4 -2608 362 1 512 506 3 -1.99 570 1 -0.71
264 1340 1 0.21 1942 3 1.04 311 1 163 58 1 023 0.853 2 -0.37 0553 1 193
265 1372 1 1.61 19.43 3 1.07 560 1 -1.50
266 1274 1 -2.65 19.03 3 -0.40 266 2 -1.43 565 1 -1.11 0.868 2 0.02 0.568 1 3.28
267 12.88 1 -2.04 18.96 3 -0.66 6.68 1 7.06 346 2 261
268 13.60 1 1.08 19.28 3 0.52 244 2 -293 465 2 -2.75 567 1 -0.95 0.824 2 -1.14 0580 1 436
269 13.24 1 -047 18.61 3 -1.97 270 2 -1.16 567 1 -0.95
270 13.16 1 -0.82 19.19 3 0.18 2.81 2 -040 6.15 1 285 0.850 2 -0.45 0529 1 -0.22 29.6 2 -0.35
271 1295 1 -1.74 19.06 3 -0.29 293 2 040 6.70 3 1.02 58 1 023 0.869 2 0.05 0546 1 130
272 1353 1 0.78 1930 3 0.59 575 1 -031
273 13.60 2 1.08 2030 4 4.31 330 2 293 450 2 -1023
274
275 1240 1 -4.13 19.14 3 0.00 291 1 027 528 1 -4.04
276 1391 1 243 19.19 4 0.18 283 1 -0.27 570 1 -0.71 0.826 2 -1.08 0.531 1 -0.04
277 13.60 1 1.08 19.05 4 -0.33 3.02 3 1.02 7.08 2 172 579 2 0.00 0.819 2 -1.27 0485 2 -4.18
278 1278 1 -2.48 1956 3 1.56 272 2 -1.02 646 4 0.58 573 1 -047 0980 1 3.00 0547 1 139
279 13.17 1 -0.78 18.48 3 -2.45 323 1 245 565 2 -091 581 1 0.15 0.887 2 0.53 0533 1 0.13
280 1329 1 -0.26 19.02 3 -0.44 277 2 -0.68 6.19 2 0.08 580 1 0.07 0.820 2 -1.24 0520 1 -1.03 314 1 071
281 1211 1 -5.39 19.00 2 -0.52 315 1 191 582 2 -0.59 575 1 -031 0937 2 1.86 0549 1 157
282 1254 1 -3.52 578 1 -0.07 263 3 -0.24
283 1332 1 -0.13 29.0 1 -0.71
284 1343 1 034 1824 3 -3.34 284 1 -020 6.62 3 0.87 567 1 -095 1208 2 9.06 0534 1 022
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DHHEAR (3)

Bt kr Dt

Koy Mz aE HLR 5y BRIV L N kil i 72 UEE T T | RE
ﬁm 1ﬁ No. z-score! %m {E No. z-score! %m {E No. z-score %W{ﬁ No. z-score /I?W{ﬁ No. z-score ﬁ”" fﬁ No. z-score ﬁ”" fﬁ No. z-score ﬁm 1ﬁ No. z-score %

(] (%) (%) @h) @h) (g/kg) (g/kg) (g/kg)
772 1 -1.96 67.55 3 152 1740 1 -0.57 190
801 1 -0.18 67.18 4 0.76 1754 1 088 191
824 1 122 67.16 3 0.72 1738 1 -0.77 192
826 1 134 67.20 3 0.80 1750 1 046 193
820 1 098 66.96 3 0.30 1739 1 -0.67 40.73 1 0.59 46.89 1 1.63 218 1 171 194
820 1 098 65.95 4 -1.77 1723 1 233 195
831 1 165 66.20 2 -1.25 1736 1 -0.98 0.78 1 146 3947 1 -0.50 4095 1 -1.24 196
818 1 085 66.94 3 026 1747 1 015 197
798 1 036 66.52 4 -0.59 1747 1 015 198
822 1 110 67.63 3 1.68 17.46 1 0.05 199
817 1 0.79 6823 3 292 1735 1 -1.08 0.67 2 -1.01 1189 1 -6.41 43.09 1 266 46.64 1 1.51 200
7.83 1 -1.28 67.52 2 1.46 201
812 1 049 67.28 3 0.96 1754 1 0.88 0.75 1 078 195 1 -l64| 202
7.92 1 -0.73 1740 1 -0.57 203
204
795 1 055 66.84 4 0.06 1747 1 015 206
8.14 1 0.61 66.63 3 -0.37 1749 1 036 208
072 1 0.11 209
8.11 1 042 66.60 3 -0.43 1743 1 -0.25 3339 1 -5.83 4315 1 -0.17 210
823 1 116 66.57 2 -0.49 17.36 1 -0.98 0.89 2 3.93 211
800 1 -0.24 66.32 4 -1.00 1750 1 046 214 1 L13| 212
795 1 055 6429 2 519 1751 1 057 213
801 1 -0.18 66.45 4 -0.74 1754 1 088 214
8.15 1 0.67 67.11 3 0.61 17.44 1 -0.15 215
797 1 -0.42 66.68 3 -0.26 1736 1 -0.98 40.09 1 0.03 4152 1 -0.96 214 1 113} 217
8.14 1 0.6l 66.59 4 -0.45 1743 1 -0.25 218
8.10 1 036 67.16 3 0.72 17.40 1 -0.57 219
7.92 1 -0.73 1731 1 -1.50 220
221
811 1 042 66.46 3 -0.72 1730 1 -1.60 222
8.10 1 036 66.38 3 -0.88 1749 1 036 2942 1 L19 3931 1 -0.64 4280 1 -0.34 202 1 -0.61| 245
820 1 098 66.64 3 -0.35 17.63 1 1.81 40.66 1 0.53 4452 1 048 203 1 -0.47| 246
791 1 -0.79 6549 2 -2.71 17.60 1 1.50 39.18 1 -0.76 4545 1 093 247
8.00 1 -0.24 67.06 3 0.51 17.63 1 1.81 40.14 1 0.07 4443 1 044 20.0 1 -091| 248
813 1 055 67.06 3 051 1750 1 046 3639 1 -3.20 4348 1 -0.01 249
7.04 1 613 18.63 1 12.19 250
801 1 -0.18 68.02 3 249 1744 1 -0.15 251
817 1 0.79 67.55 3 1.52 17.61 1 1.60 0.69 2 -0.56 2698 1 0.13 418 1 1.57 4220 1 -0.63 210 1 054| 252
8.02 1 -0.12 67.59 3 1.60 1757 1 119 249.0 1 -0.77 253
8.10 1 0.36 66.63 3 -0.37 17.42 1 -0.36 40.18 1 0.11 254
797 1 -0.42 66.94 3 0.26 17.44 1 -0.15 3584 1 -3.68 4834 1 233 252 1 6.67| 255
808 1 024 66.09 2 -1.48 1743 1 -0.25 256
8.00 1 -0.24 6534 2 -3.02 17.37 1 -0.88 257
844 1 245 65.89 4 -1.89 1738 1 -0.77 300.1 1 144 258
2852 1 0.80 259
799 1 -0.30 66.60 4 -0.43 1738 1 -0.77 260
6.03 1 -1232 67.64 3 1.70 17.45 1 -0.05 37.84 1 -1.93 3972 1 -1.83 261
7.88 1 -0.98 70.49 3 7.57 1748 1 025 2241 1 -1.85 208 1 025| 262
7.65 1 239 68.28 4 3.02 1751 1 057 263
810 1 036 66.67 3 -0.28 1758 1 129 207 1 0.10| 264
840 1 220 6742 3 125 1739 1 -0.67 265
730 1 -4.53 66.72 3 -0.18 17.41 1 -0.46 266
785 1 -1.16 66.94 3 0.26 17.65 1 2.02 267
8.38 1 208 67.26 3 0.92 1737 1 -0.88 3834 1 -1.49 4881 1 256 268
8.08 1 024 66.89 3 0.16 1749 1 036 269
7.95 1 055 66.52 3 -0.59 1754 1 0.88 270
7.90 1 -0.85 68.06 3 2.57 17.38 1 -0.77 107 1 798 35.85 1 -3.67 474 1 059 185 1 -3.09| 271
825 1 128 66.72 3 -0.18 1743 1 -0.25 272
7.80 2 -1.47 67.10 4 059 1540 2 2132 273
274
7.67 1 -2.26 67.20 3 0.80 1717 1 -2.95 275
774 1 -1.83 66.60 4 -0.43 17.41 1 -0.46 172.1 1 -4.10 4039 1 029 4635 1 137 276
7.05 1 -6.07 65.88 4 -1.91 1743 2 025 0.76 3 101 37.04 2 -2.63 39.16 2 -2.10 277
7.84 1 -122 66.81 3 0.00 1729 1 -1.71 278
759 1 275 66.52 3 -0.59 1761 1 1.60 40.09 1 0.03 3640 1 344 279
8.00 1 -0.24 66.54 3 -0.55 1744 1 -0.15 40.98 1 081 447 1 046 280
6.89 1 -7.05 65.71 2 -2.26 17.44 1 -0.15 281
726 1 -478 17.46 1 0.05 40.72 1 0.8 39.10 1 -2.13 210 1 0.54| 282
793 1 -0.67 266.5 1 -0.01 3921 1 -0.73 4232 1 -0.57 205 1 -0.18| 283
821 1 104 66.90 3 0.18 1741 1 -0.46 284
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s = )iy
&5 A BRUDEH
ARE
Aok Koy Wiz A NHE HLIE 5 LA HLIK 53 N 7N U MN (& #4347 15) MIN (£ 4 53 7 25 #4E)
| owie SrpTA LRI SR LR SYHTA LR STl LU .
z-score No. z-score 0. z-score No. z-score 0. z-score 0. z-score 0. z-score 0. z-score 0. z-score
(%) (%) (%) (%) (%) (%) %) (g (i) /1) (g 7 filli) /)
285 1345 1 043 18.82 3 -1.19 256 2 -2.11 587 1 -0.50 594 1 1.19 0.897 2 0.79 0453 1 -7.05 268 3 024
286 13.26 1 -0.39 19.12 3 -0.07 282 2 -034 594 2 -0.37 573 1 -047 0.863 2 -0.10 0536 1 040 292 1 -0.59
287 1341 1 026 18.96 4 -0.66 324 1 252 633 2 034 605 1 206
288 13.15 1 -0.87 18.60 3 -2.00 2.87 2 0.00 6.96 3 1.50 570 1 -0.71 0.857 2 -0.26 0529 1 -022
289 1335 1 0.00 1927 3 048 564 1 -1.19 0.873 2 0.15 0.541 0.85
290 13.51 1 0.69 1943 2 1.07 3.03 1 1.09 579 1 0.00
291 1342 1 030 19.33 3 0.70 280 1 -0.47 641 2 048 577 1 -0.15 1.056 1 5.02 0547 1 139 280 3 1.39
292 13.55 1 0.87 19.23 3 033 266 2 -1.43 58 1 079
293 1348 1 0.56 18.99 1 -0.55 290 2 020 6.04 1 198 0516 1 -1.39
294 1299 1 -1.56 514 1 -5.15 0.822 2 -1.19 0533 1 013
295 1349 1 0.60 19.35 3 0.78 286 2 -0.06 6.17 3 0.04 573 1 -047 0.990 2 3.26 0540 1 0.76
1 z-scoreDMIC F#EZ A L7z b 1%, #xHEMSIU LD LD THS.
20 FREONoMMIZ, SITEERT. HIBFLTFTOLEY ThHD.
Koy Ml A RE AR V5 AL AR AE i HNT T A g EFFRrvrUF R 7 A (MN)
No. 434 J7 i No. 4347 J7 ik No. 434 J7 i No. 4347 J7 i No. 434 J7 i No. 4347 J7 i No. 434 J7 i No. 4347 J7 ik
_— T T AR i _— y s S , T a U et § - 2
|BCEER LT i 1 Wik 1 5y BT 1t 1 Wi is 1 5y BT e 1t [yt | GERA R i 1R E ik
T BRI R " - . JE W EE Ta—A Y=
2 Zofh I 2 BBy 2 AifdiE 2 Z0fh 2.EE 2 Z0fh 2 Cavik
3 BRBEIL 3 Zofth 3 B HTHE 3 Zofh 3itkra~ N7 7k
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DHHEAR (4)

BalE Dt
Koy WA nE LR 53 BRI A T hExvFy kil i VY S0 AW
I core] PV Lscorel P N0 ccore] PP o scorel PTG L core] PP o score]l PP o Lscore] PP o L ccore Fi
(%) (%) (%) k) @h¥) (g/kg) (g/kg) (g/kg)

817 1 0.79 67.13 3 0.65 1754 1 0.88 4197 1 168 4371 1 0.09 210 1 054 285
8.14 1 0.61 67.10 3 0.59 1751 1 057 4410 1 3.54 46.70 1 1.54 20.1 1 -0.76 | 286
8.13 1 055 66.11 4 -1.44 1772 1 274 287
797 1 -0.42 67.13 3 0.65 17.44 1 -0.15 041 2 -6.85 267.0 1 0.01 4191 1 1.62 45.17 1 0.80 20.1 1 -0.76| 288
823 1 116 66.85 3 0.08 1744 1 -0.15 289
827 1 141 66.98 2 035 1737 1 -0.88 290
811 1 042 66.98 3 035 1724 1 -2.23 2815 1 0.64 243 1 535| 291

8.15 1 0.67 66.29 3 -1.07 1747 1 0.15 292
816 1 0.73 65.85 1 -1.97 1752 1 0.67 293
7.70 1 -2.08 17.17 1 -2.95 0.70 2 -0.33 4125 1 1.05 46.10 1 1.25 294
824 1 1.22 66.87 3 0.12 1749 1 0.36 295

ARIT A B 0l f I EVEET VTV
No. 4347 15 ¥ No. 4347 J5 i No. 53#1 /7 i No. 53#1 /5 i4 No. 5347 /7 i
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2 Sk
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x6 AFRMOMRITHKER

K gy Koy H7-AAE HLAR I FH A AE HLIR 5y
(%) (%) (%) (%) (%)
T — 52 206 204 174 126 200
| Al 13.35 19.14 2.87 6.15 5.79
TR R 2 12.66 18.33 2.43 4.52 5.41
PR SE 14.04 19.95 3.31 7.77 6.17
STl 13.34 19.13 2.87 6.11 5.80
5 FEEAR 2 0.23 0.28 0.17 0.54 0.13
EERE (%) 1.7 1.5 5.9 8.8 2.2
95% 15 HE X [ 13.31~13.38 19.09~19.18 2.84~2.89 6.02~6.21 5.78~5.82
SEPN AN Y MNCE B AT )5 MN(EDRF 4347 L )
(%) (%) (g(JIiy/ k) (g(Ffiy/ - >)
T— 2 138 144 32 32
. rr o fif 0.867 0.532 30.2 26.6
T RR B R 2 0.754 0.498 25.1 23.4
- BREE A 0.980 0.565 35.3 29.7
i 0.870 0.532 30.2 26.5
5 1 YR 72 0.039 0.010 1.8 0.8
EERE (%) 4.5 2.0 6.1 3.0
95% (5 HE X [H] 0.863~0.876 0.530~0.534 29.5~30.8 26.3~26.8

W1 Kol OBEIT#RE SN EN SR LR THY, Ko 21K 1 THH
L7z z- 2 a7 Ol 3 L EOBRFEEEZRIIL THRBLIZFERTHD.
2 AT ORHEN 3 DEMMETH B
3 MN (FEGHE) 1%, Ty NI v AOREEEELK N7 —A V=
vaiEEER LIERETHD.
4 MN (faBHyHr %) 1%, TR F NI vLADEK s n~ 77 78 L

T iERTHD.
=7 BREHOBIHER
X 4y Koy LISk LK 53 A KITVL = hFTEr
(%) (%) (%) (mg/kg) (g V)

T—2 199 194 192 34 30

. ob A 8.04 66.81 17.46 0.72 266.8
TR 5 f T 7.55 65.35 17.17 0.58 197.6
R AUE 8.53 68.27 17.74 0.85 335.9
25 fE 8.05 66.80 17.45 0.71 266.7

5 FE R 72 0.16 0.53 0.10 0.04 26.0
EERE (%) 2.0 0.8 0.6 5.7 9.8
95%15 HE X [H] 8.03~8.08 66.72~66.87 17.44~17.47 0.70~0.73 257.1~276.3

E 1 XK1 0o8TsEsn=omErbE R LEEETHY, Ko 213X 0 1 TEHL
72 z- A7 OMHEN 3L EORFEEEZBRA L TCHEHBLEERTH 5.
2 AT OHEXHEN 3 DERMETH D .



132 FREHFIEHE Vol. 45 (2020)

x8 DHMOETER

4y &h 7 I UMET TV
(g/kg) (g/kg) (g/kg)
T — 5K 69 67 44
| ob il 40.05 43.51 20.6
TR B Rl 36.63 37.32 18.6
PR 5 43.47 49.70 22.7
S 14l 40.04 43.67 20.6
5 e R 72 1.25 2.24 0.6
EERE (%) 3.1 5.1 3.1
95%17 #8 [X.[#] 39.72~40.35 43.12~44.22 20.4~20.8

HE 1 Ko OFEITRE SN EN DR LR THY, K
201X 1 TR L7z z-2 27 OffaxcHaE s 3 DL ko B4 BRI L
THHELEMEETHS.

2 z-AAT OKERHEN 3 OBEFETHS.

®9 EALERMOETERE

A A i R E e o
5 ¥ %, Mz n%)J &) “*ﬁ ” ] T A e *ﬁ(l:j:)ﬁﬁ
g%‘&l Elji‘(iz /)\iﬁ3 §
EobAHAZL 30 111 4 1 116 0 100
KZ 20 89 13 1 103 13 89
K rd 10 2 42 34 78 38 67
5T F 10 5 55 17 77 39 66
DDGS 10 1 38 20 59 57 51
AW AV TN 10 3 95 14 112 4 97
E— kL 3 1 36 34 71 45 61
am 3 0 4 81 85 31 73
NG SRV N 2 0 0 93 93 23 80
B 2 0 1 112 113 3 97
1 B LZEEBOHE SNDEGFIED 15% U EeRiEShzbo.
2 R L7ZEELOHEE ST DIRAEIE N 5 %Ll E~15 %Rl L ®iE S 0.
3 B LEREIOHEE SNHEEFEIGD 1 %L E~5 %R & @ES b o.
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10 EALEERMUMNCBREERESNI-EL0D
*ﬁﬁﬁiﬂ,g 5}%%1 EF,%H?Z 9\%?‘;3
REH 4 47 12
a— T I =)L 0 24 22
INFE 6
TINT 7T 7 I—)b 11
PRI T v I
ZEEAT
FxI—
~A
Z 8
=B
a— TN Tr T 40— K
YK
G/

LA

R I

R AU

SEES V)

bFEITHT

T xP—3I—

TA K

DT R

Ry 7 W T

A7V ==Xy b

BAT7 A b

IR 5

RI=—74—F 0

H1 BHLZEBOHE SN DRAEIEN 15 % U ELHRESNTZH D,

2 MM LB OHEE S DIREFIA D 5 %L E~15 %A & #iE Shizd .
3 M LB OHEE S DIRAEIE D 1 %Ll E~5 %Kil & #iE S/ b o

s

o

J—
o
—_
W
— N B
A O N W

—
(98]
—_
(98]

(= N =R =R R R e = = = = = S = = VS I e i R
S O = = O = O O O N NW =N PN NW =B OoODN

—_— = = OO = = NN W= = = W= WY = W0 W
—_— e = = = = NN N W W W R A D 0O O OO

8 BRMDOBITHERRUETERIE
LI, SHTIER OB #E R TIX, OWTERNC ST 727 —Z Ta "R MEICESL -2aT7 2k,
Z OREKHEAS 3 LA DT Z B & UCIEAIL, FHME, AR K O IHEERZE %2 R 7=
8.1 ARE (GhEWHAFER - WHAFIEE RS ETEE) DTk R
1 K 4
SIINTELE 206 HEOHRERH Y, BN MEICE D -2 a7 OffakHE? 3 LLEO S DX 11 14
Tholz. TNHEBRWIZEHMEIL1334% T, 20 95 %EEXMIX 13.31~13.38% Th - 7-.
IINTERI ORI FERIL, LFTDO LB THoT-
AR AT EEETIX, 1991F (D b z-A a7 OHEIHEN 3 UL LD b DIL 11 1) OHERH Y,
T ONVEIME, FEAE(RZE K OFEREE YR 2213 2 24 1335 %, 022 %K V1.7 % Th - 7-.
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Z OO FIETIE, ERGEBUSN O E AW THHo®ER s - 7-
2) H7-ABHE

SHTEIE 204 HEOMENRH YV, B ANRA MEICELD 22227 Ot EN 3 L ED b 0% 18 1
Tholz. ZNHEBRWIZEHMEITZ19.13% T, 20 95 %EFE XM 19.09~19.18 % T - 7-.

IINTER DR FER L, UTFTO LBV ThHhoTo

fRRE oy BT L TE « BREEAEVEIR WL TIE, 13 1 (9D -2 a7 OfaHER 3 Lo b i 2
) OHERH Y, ZONLE, FEERZEL O IR ERZILZNEI 19.16 %, 0.26 % &
13%ThH o7,

Ry T ELHE « R U BBERWINE T, 20 7 (9B -2 a7 OffikHE,R 3 LLEDb Dk 3
) OHERH Y, ZONLE, FEERZEL O IR ERZILZNE 19.08 %, 0.21 % &V
1.1%ThH o7z,

FRUBH AT ELYE < RBEVETIE, 1311 (9B z-2 a7 OHEHEN 3 LLED S DI 9 #F) D
D&V, TONEE, FEEREL OHSEEERAZITZ T 19.15%, 028 %K TN 1.4%TH -
7.

HEIATAIC L D HIETIE, 411 (Db -2 7 ORxHEN 3L ED b Ol 4 1) OEMN
bV, ZOYEME, EAERZEK O IEERZILZNEI 1894 %, 033 % &K TN1.8% Th 7.

3) HHNEN

IHTEIZ 174 EOHRERH Y, B RA MEIZE D 222 a7 OMHEN 3 L EO L DIX 4 T
Hoto. TNHERWZEHMEIZ2.87 % T, 2D 95 %I HX ML 2.84~2.890 % THh - 7=.

IINTEBI ORI FERIL, LFTD LB THoTz

AR AT EEETIX, 1031 (9B z- A a7 OfEXHEN 3 LA LD DX 4 1) OHERH Y,
T ONYIfE, R 2= K O R 221X 2 240 2.92 %, 0.14 %KXV 4.7 % Th o 7=,

HEVOATHIC & 5 HiETIE, 714 (Db -2 a7 OfHEN 3 LLED S DI 3 ) &R
bV, TOYEME, EERZER OCHSIEERZILIZNAEN 277 %, 0.15 %KX N 52 % TH o7

4) CHLRHE

AT 126 FORENRH Y, v XA MEIZE D 22237 OMEHEN 3L EDO L DX 3 T
otz TNHERWEZEHEIL 6.11 % T, 20 95 %EHEXMIT 6.02~6.21 % ThH - 7-.

SIMHIEBI DRI RS R, UTFTO LB ThoT

ARy T ILYE - FREETIX, 17 FORENRDHV, T O, FEAER 2 K OV o 12 4 24
IXZENZEHN 591 %, 0.63%MTN10.7 % Th -7z,

BT L HE « AEEETIE, 7T11E (9 b z-2 a7 OMHEN 3L LD b DI 3 1) OGN
SV, TOVEME, FEERZER CHESIEERZIZZNEN 277 %, 0.15 %KX 52 % ThHh o7z

HEVOATHEIC & 5 HiETIE, 371 (Db z-2a 7 OfHEN 3 LLED S DI 0 1) OWmEN
bV, TOYEME, EAERZEKR OGS IEERZILIZNEN 642 %, 0.59 %X N2 % ThH o7

Z OO FIETIE, BEGH TRV HBHERDE IR 2 MW7 FIEEO S Hho®RERH -
7.

5) HLIK5y

SIMTAENE 200 FOME R H Y, BANRA MEICL D 22237 OMXHEN 3 LLEDO L 0% 15 14

Thotz. ZTNDHERWZEHMIZS.80%T, Z 0 95 %KX MIX 5.78~5.82 % Th - 7=.
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SYMHIEBI DR RE R, LFTDO LB ThoTo

BB AT EEYETIX, 1951F (D B z-A a7 OfEkHEN 3 L EDO b DIX 14 1F) ORERH Y,
Z DA, FEUEAR 5 K ORI HEER 2213 F 24 5.80 %, 0.13 %K% 1UN22%ThHh-o7-.

ZOMDOIFETIE, BEOHEEICLZ2MESED SHORENH 7.

6) WU A

SINTEIL 138 OMERH Y, B AR MEIZLD 22227 OfRHEN 3L EDO b D% 8 4T
otz TNHERWVZEHEIL 0.870 % T, Z D 95 %(EHEIX M 0.863~0.876 % T > 7=.

IINTER DR FER L, UTFTO LBV ThHhoTo

fABH ST HAE « a2 OB T VB =T AIETIE, 201 (D Bz A T OMKEN 3 U EO B O
X3 OFERDHY, EOYEE, FEAER L OFE R EEER 21X 2 0240 0.880 %, 0.045 %
MR51%ThoT-.

fBE o T B YE « AW EEETIE, 1150 (D bz- A a 7 O ER 3L EO b 01T 444)
DWEND Y, TOFEE, FEHERZENOHEMEERZZIZNZ 0.870 %, 0.040 %M T 4.5
% THoT-.

ZOMDFETIE, ICPIZXLDHE, FL— MNEEESED I HOREND -7

Vv

SR 144 FOHRERH Y, B AR MEIZED -2 27 OfkHEDR 3 LLED b 01E 16 1
Thotlz. ZNHEBRWIZEHMEIL0.532%T, 20 95%EFE XM 0.530~0.534 % T - 7-.

IINTER DR FER L, UTFTO LB ThHhoTo

BB AT B VETIX, 14018 (D B z-A a7 OFERHEN 3 2L EDO S DIX 14 1F) ORERH Y,
T DN, FEAER 22 K OFE SRR 22132 240 0.532 %, 0.010 %KX TN2.0% Th > 7-.

ZOMDOIFETIE, ICPIZLBME, TV 7TV HERNEEED A FORENRH -7

) ETRVIVUFT MU TA

BEHTETIE, OFEIZER Y Y v ABERMEE CRE) 077 7 Ik D
MERLETH L0, SENIMHIESNRWOIEORE Th 5720, BB U X 2047
EEDORICENELDAREERL -T2 G, ZNOEDBEL CTHEI L.

F ARG T R E DA P ERIE ERIK 7 v~ N7 T TR B CTHER LT
TRk 7 o~ 77 7EIBVWTIEER VY Y A BEER VU T R ULARBLELTWVASR,
AEE ARBICERFSNEETRX VT P TAFDOER VY A DEERCRMEN T &M
TRE SN, MAMFENERECEDIOINEE DENKREN-T2120, b E2SHEL THERL
7.

BEASHNTE GREERER N T o —( V=7 v aik) TIiE, HOWEIE 32 tFoRERH
D, BNRZXNMEIZED 22T OfRHENR 3 LEOLDIL 0 fFThote. TOYHEIT 30.2
g( Sl b > T, 2D 95 %IFHEIX ] A% 29.5~30.8 g(Sifli)/ > TH - 7=

AT EE GRIR 7 v~ b7 7 71k) TiE, oFEIE 32 oW ERH Y, m AR MEIZ
LDz 2aT7OHMENIUEDOLDIZ0HTH-oT. EOFHEIX 26.5 g(Sifli) b T, =
D 95 %fFH X [E1E 26.3~26.8 g(FIffi)/ o~ Td - 7-.

AT BLYE (AR FRYE BIE) TIE, HWEIE 3 oRmERH Y, REBEDDLRWTZD
N A MEICK DTS, 3FEE L ORIEEZRE LERR, 299 ¢Oif)/ v Th -
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7.

IINTEBI ORISR, T LY Tholz

BELASHTYE c MUHERETIE, 224 (9 b z22a 7 OMxsHER 3 L LD DI 01h) oWE
WV, T ONVEE, FEER R O IEER T2 0 29.9 g(uflny/ k>, 1.6 g(Juffn)/ b
VN R54%ThoTz.

BEONE s 7a—A vV v a U ETIE, 104 (OB z-AaT7 OMixHEn 3L Eo
DX O OW|MENH Y, ZOFEE, R K O IHEER 2Z1XE 24 30.8 g(JI1f)/ k
v, 22g(JMl)y KNI % TH o T

FABHI AT RLYE - EIR 7 m~ b7 T 7iETIE, 321F (9 Bz 2 a7 OMEIEN 3L ED B DI
0 1) OHENSH Y, ZOWKIHE, FEAERZE L O IRERZ2 X2 26.5 g(Jifli)y kv,
0.8 g(Jl)/ s L Tr3.0% T - 7.

FAEH AT ELYE « B ERIE TR, 3 oW ERDH Y, MEEN VRN IZH AR M
WL DMBHIEET, 2EMEE L CEAEEZ R LRSS, 29.9¢(fi)/ b Th ot

8.2 B#El (Faky) DfEHTHER
1 K 4

NI 199 RO ENRH D, B/NR MEIZKLD -2 a7 OMIHE? 3 LLEO S 0% 15 1
Thoto. THDHEBROVIZEEIMEIL 8.05% T, Z 0 95 %EHEX M 8.03~8.08% T - 7-.

SYBHIEBI DR RS R, UTFTD LB ThoT

A BT AETIE, 1924F (D B 222 a7 OMHENR 3L EO b DI 14 1) ORERH Y,
Z DA, FEUEAR 75 K OFE HZE ER 721X F 24 8.06 %, 0.16 %% TN 2.0 % ThHh o 7.

ZOMOIFIETIE, EIRGEEUINOEERE A WIS AE0 THHOWRENH > 7=

2) H7=ABE

IOHTEIL 194 OB ENRH D, B/NR MEIZED -2 a7 OMIHE? 3 LLEO b 0% 12 1
Thotz. THDHEBROVIZEEIMEIL 66.80 % T, Z D 95 %EHEIXMIT 66.72~66.87 % T - 7-.

SYMHIEBI DR RE R, UTFTO LB ThoT

FAEL AT FEYE « FRFBAEEIRWRIE TIX, 10 fF (9B -2 2 7 OfkHER 3 LLEDO b DX 2
) OWMENRDH Y, TONVLME, FEAERZE L O ER 21X 2T 66.54 %, 0.68 %K
1.0% TH o 7=.

FAEE AT BEYE - R U BBIEIRWIGE T, 17 4 (95 -2 a7 OftE»? 3 Lo b old 0
) OHRENRH Y, FOFLE, FEERZ&K O IR ERZILIZNE 66.23 %, 0.89 % &
14%TH o7z,

FRUBH AT ELYE - IRBEVETIE, 12418 (9B z-Z2 a7 OHEHEN 3 BLED S DI 3 #F) D@
DV, TONVEE, FEERZEN O EEERZITZ LT 66.97 %, 037 %K T 0.6%TH-o
7.

HEIATARIC L D BT, 24 (Db 227 ORsHER 3L ED S DI 44:) OEMN
BV, TOVEME, EAERZEK S IEERZIZZ TN 66.27 %, 0.55%K%T00.8% Th -7z,

3) MKy

IHTEIZ 12 FOHRERH Y, B _RA MEIZED 222 a7 OMHEN 3 L EO L DIX 3 T

Hoto. TNHERWZEHMEIT 17.45% T, 20 95 %X MIX 17.44~17.47 % TH > 7=
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SYMHIEBI DR RE R, LFTDO LB ThoTo

BT R METIE, 187 1F (DL -2 a7 Ol 3 LA ED b DX 4 1) O®EDRH Y,
Z Ol RS & O SHEER 221X T2 17.46 %, 0.10 %XV 0.5% THh - 7-.

ZOMOIFETIE, BEOIEEICID2MESED SHEORERD - 7.

4 T RITL

IOHTEIE 34 FOMENRH VD, B NNR MNEIZLD -2 a7 OMRHED 3 LLEOHOIE 5 T
Holz. TNHERWIZEHMEIL0.71 g/ b T, 2D 95 %EFEXMIX 0.70~0.73 g/ b > TH -
7.

IINTEBI DR AE R, UTFTD LY Tholz

FRBHI AT B YE - TREBEFRHHIETIE, 101F (D B z-Aa 7 O/EMEN 3 L EO L DX 1) O
HERH Y, T ONE, EERELK CHEMMEERZ T TR T 074 g/ F v, 0.05 g/ F KT
6.1%CTdH o7z,

FRE AT HLYE « 50 15T, 241F (Db -2 a7 ORHEN 3 L ED b DIF 4 ) OHAEMN
bV, TOVEE, EAEREZER OHEMMEERZIXZNZ 070 g/ h>, 003 g/ b RN 4.7 %
Thoi-.

ZOMDIIETIE, ICPIZEDMED 1 hOHRENH > 7=

5 = h¥FoFr

SINTEIE 30 tFO@ERH Y, v NRA MEICE D z-A2A a7 OMRHEN 3 LLEDO L O 2 T
Hol. TNHEBRWIZEHEIL266.7g/ T, ZD 95 %EHEKX ML 257.1~2763¢g/ s Th
-7z,

SIHHEIT T R CHEIRI T I L 2 HETH Y, T OEUER 2L OCFHHEERF 21X ZhEh
260g/ b KTN98% T - 7=,

83 DB (IFHWTHKBERM T LI v 7 X)) Ot R
1) &

SIIHTEIE 69 DO ENRH Y, B /NA MEIZED z-A a7 OMXHEN 3 LLEDO L OX 8 T
Hol=. IS EBRWIESHIMHEIT 40.04 g/kg T, Z D 95 %IFHEXF I 39.72~40.35 g/kg TH -
7.

SYMHIEBIDIRMTRERIL, UTFTDO LB ThoTo

AT EEETIX, 681F (D B z-Aa T OMHEN 3L EDO L 0IX84F) oWENRH Y, %
DO EE, FEAER 72 K& OVFH R HE(R 722 13 2 124 40.09 g/kg, 1.20 glkg KOV 3.0 % CTdh - 7=

ZOMOIFETIE, ICPIZLDMMEZED 1 tFOWENH - 7=

2) # $h

INTEIL 67 HFOHRENRH Y, B NR MEIZKD -2 a7 OffikHES 3 L EDO S DX 3 T
HoT. ZTNHERWIZEHMEIL 43.67 glkg T, Z D 95 %EHEXEIE 43.12~44.22 g/kg TH >
7.

IINTER ORATFER L, UTFTO LB ThHhoTo

BT HETIL, 651F (9 B z-A a7 OfxHEN 3L EO b DIL3 1) OHRENRHV, %
DO F-YfE, FEAER 72 K& OVFE RHZ HER 221X 2 I h 43.75 g/kg, 2.20 ghkg KTV 5.0 % CToh - 7=

ZOMDOFETIE, ICPIZLDMEFED 2 OB ENH > 7=
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3) JZUMBET TV
INTEIL 44 HFOREDRH Y, BN MEIZK D -2 a7 OffixHE?S 3 L EDO DI 4 4T
Hol=. ZNHERWEHIMMIT 20.6 g/kg T, Z D 95%FHE X1 20.4~20.8 g/kg TH o 7-.
ST R CTEEI T EREIC L 2HETH Y, FEMERZ K O AHEERZILEN TN 0.6
glkg X DX3.1 % Th - 7.
8.5 C‘fw (887 FHRURE) D8 Bk
A L7 10 FEOFEI ORI & £ DIRERIEGOHELZIT- 7. FEHESFI G OHEEIL, 15 %
ui%gi, 5%l B 15 %Kiz, 1% ES %Rz EE L THREEZRDE.
16 D @®ERH Y, IRE LIZJFEELIIMIBH & @& 0 & o 72 EHT 26 IE TH - 7.
BELEEREEHZOWT, £58AZ L (REHEIG 30%) 1E, 116 (M= 100 %) O#WMEMN
HY, FEHEAEIGOHEEOWNFIZZLEN 1111, hEN 44, DEBNIIETH-T-.
KZE (REHIEG 20 %) 1%, 1037 (BRIHE 89 %) ORENH Y, TONFITLEDN 89 1, H
EN 13, PEBIHFETHSTZ.
KBilind (REHIE 10 %) 1%, 781 (MHFE 67 %) OWMENH Y, ZONFUILED 2
R, thEDN 21, VENMETHoTZ.
ST E (BAEIA 10%) 1%, 771 BHER66 %) OWENRHY, TONFRIZTLEN 54, |
BN 554, PEN1THETHo .
DDGS (E&EIA 10 %) 1%, 591 (=51 %) OMENHY, TONFITLEN 144, b
EN 381, bEN 208 THo T,
Rl T REFIE 10%) X, 1127 BREEIT%) OWMERDH Y, ZOWNFITLEDN3
, &N IS, DEN 14 TH .
E— b (BREEIE 3 %) 1%, 71 (R 61 %) O®EXRHY, TONRITZLEN 1
ff, HEN 364, VENMETHoT.
ok GREHIA 3 %) 1%, 851 (IR 73 %) OWRENRHY, ZONRITTEN 4 1F, L&
BRI TH Tz,
Uiy (BEEE 2 %) 1%, 931 (BRHEHE R %) oRENHV, TOWRITAL&E
N3 TH-oT-.
B (REHIE 2 %) 1%, 134 (RHEHFEIT %) ORERHY, TONFITTEN 14, L&
N2 ETH -7,
Mo TR SNEEE LT, KEEMTARDEL, 63 thoRENRb 7. kT, =
— U TNT VN 46 1R, NEDY 29 &Rz

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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SRTTAEE RS O LBEEEHT £ 5 i E E i B 5E
1. B ®
fal SR A AR B . AR - BRHRIN BRGS0 HT B S 2 k5T, R o ek
BHC X 20 E TS Z LI X0, O R OECHEM oML 20 . g TodsE 21
L., ol ERfE N O EEHOEmICET 5,

2. BB ONE
AFEE S WA E R - AR E B A ek
Bk Mk
C Bt 88 7 F B EORHE A 5k
DaE - IZAFHEERA 7L I v 7 X

3. iriEEEHA
ARREL - - - Ky MIZZARE, KRN, HMEAE, MK, v o n U ROERS TS
T RU DL
Bakkl -« - Koy, HIEABE, MK, BRI VLAKOT bFF
Calth -« - SBHEE O M & DR B EIE OHEE
DK« -8, HILT = BET TV

4. SN EEE
(1) Bt E HEZ, TR AL (CER 20 44 H 1 BAHT 19 WL 5 14729 5 24k
KEENEE - ZERRFEEM) CEODLHELRN ) /) ~4 T F M)y ATER V>
TR LAEETREEOEETE] (BEF 6345 A 11 HAHT 63 & B 996 5 RMKES S
PEJRRIE) KO TR O BRI DR s E I T 28 O — 82 WET 2ETEHED
FEATIZOWT) (BEFn 60 4= 10 H 156 AT 60 & B 5 2928 75, JRAMKEE SEREK « KET
EEHEABEM) OMNGRIZHLIHY /) ~A T F RV T ANTER VT NI OGRS
FAEL O E G IEICHERL L T 2 &0,
B, BEEITIZINDOoIEOHR: (BT ERES (KK ) 2RI LET,
Flo. HEOMEOREIC, REHRREEO —FLFTLHMLELIZDOT, Z3FLLTFIV,
(2) ERSWCARLEGHEEHAED I B, FRREICB W CEMAGEREE (£2HHE TR TH
A AZOWTHI A OEEZITV., B TAEEOREFERNITT, #ELTIEIN,
(3) BREIOZ M F DI HWDEREL T, AREMLEZbOZMHL T EI N,
CYHEAEYE ST ISR LT &0, )
(4) H@EaBHIMEREICRE L, AT 5BRICiE, BIRICRER L T E3 0,
(5) HEHOHHE BAIX, HIZABREIZBT 57 v — WEROREEE) X > Tobr Les
BlE. TN ENOSHEEZRE LTI ZS 0,
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5. SrirEEEREO®RE

(1) B O ER LI O, BIRO [ FnooH B A B o 3@ aEHT X 2 2 W i E ik
REFE] IZRAL, ELTIEEN,

(2) ZMriEIE. Koy, M7z A8, RN, MHE, MK, I T T LR S22 TE%
T, BRI TR OWTE gUifl) / F T, 8, HERA NI ZUBRET T LIT
SOV TiEg/kg T ThFUFUZONTE g/ b T, BRI T LD T mg/kg DAL T
KL LT &0,

Koy, M7 A BB, HAEN . HLAkHE, MK, 7RI U A SR OHESROSHHEIE. NS
UTHESMENEREALCRE2MNE T, BT ARNY > OSIHEIT/ NS T 4 %
WEELALTRZESMET, EXY T FPIUA T hFIF KRNI UBET VT IVD
MR LN E 22 AL TRISE LA E TRAL TS EIN,

IHTER O W= Mg L. B L FE S ICOM AR L, Z OFEM 2 i Far Al
PEV, FEALTL7Z &0,

Fo, ot EOFRLERENHNIL, TOEBLHRALTIZI N,

KT DWT, E IR 2 D CRIBH AT B ED LRI K 0 E L2 im& ik, L.k
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BHAMIIZTRAL, #HEINIRAGEGIE. 28 (15%LE) | & (5% E1 5 %K)
EOVbE (1 %LLE5 %R OMIZOMZA LTS, 1 %A & HE I D HHYiE,
BRHERHA I TR A LR T EE N, 2B, CREHIIZ 10 BEEHOFEEZREA L THET,

B FEE, YT 2FFICOAIEM LTS EE,  (BEEEZE )
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(1) AREE Hris R e S
Gy HT R O3 4 PARIN:! i %
K5y 1. 3 A o Y
(%) [2. T DD J5ikE (
Hi-ABg L fBH AT HE (v & — vk (BB VERR W) )
2. BRI T EEHE (T v Z—lE (R U BRESIRRIE) )
3. fREH AT AR YE ORBERE)  (Of-0-) (H =)
4. HEWV I HTRE () (H =)
(%) |5. DD J5ikE (
FAE 1. 5} o3 A i Y
2. HEV TR (A-0-) (H=)
(%) |3. EDfthd F ik (
FHARAE L. A RR oy T L E (B iE1E)
2. fAl By AT FEYE (A aiE)
3. HEV TR (A-h-) (H=)
%) [4. EDfthD F ik (
FLIK 53 1. Bk oy BT e
(%) JKACIEE  (
2. Z DD FE (
VIRV L BT EHE (L 2 U7 =T AE)
2. BB AT BE Y (JR OOt EEVE)
(%) |3. EDfthd F ik (
N L. fl Ak 53 BT A e
%) |2. E DMt F ik (
ERL T Lol E &k
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(2) BB oMk [EAViE A
G MT ROy 4 ST i %
K5y 1. 8 3 A s Y
%) 2. Z DD T51E ( )
Hi=A Al L BRI AT HE (T2 — ik (BRERATEMER R ILE) )
2. AR AT FEE (v & —iE OR U BB IR IE) )
3. B AT AR YE ORBERE)  (f=0-) (F=)
4. HEWOHTAERE (f-0-) (B =)
(%) |5. T DD Ti1E ( )
FLIK 53 1. Bh o AT s ¥
(%) RALIERE  ( )
2. Z DD Ik ( )
RIT A L. B BR oy AT e (s iEah HHE)
2. BT FEE (5 15)
(mg/kg) |3. Z DM DITiE ( )
T hFTF 1. Rk o3 A A v
v P S
LC (f=1-%) (F5)
MR O=h-4) CEw
75 (-h-4) CEw
(N mm, & & mm, 7 E um)
(g/t) 2. Z DD TFE ( )
(3) DBl ZrHris R REE S
G HT R O3 4 SIHTE i %
&l 1. falAk o A s e
(g/kg) |2. ZDMDFE ( )
G 1. DBy A s e
(g/kg) |2. T DD FikE ( )
/=g 1. 8 3 A s Y
T UTIL I E A
LC (f=1-4) (H5K)
s O-1-44) CEw
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(g/kg) |2. T DD I L ( )




SROTTAE RS O @ REHT L 2 o HTE E I D>\ T 143
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L8 PR OORE | AR 2:EREE 3:7vhAEE 4% O ( )
Z& TE VR | AR 2:EREE 37V AE 4:Z O ( )
28 e VR | AR 2ERLE 3TV ALE 41 % Ot ( )
L8 TR VR | AR 2:EEAEE 37y LEE 4% O ( )
L8 PR VR | AR 20EREE 3:7vhAEE 4% O ( )
L& hE VR | AR 2R 3TV LE 4:Z Ofh( )
Z& TE VR | AR 2:ERREE 37V AE 4:Z O ( )

%@ 15%0L b, I E5%LLE 15% A, & 1%L b 5% A

) 10 FEOFE 2 RA L TV ET,

R R B DRI
RE R IE TA % INZ INE Ky
EHbLAZL ~An Zok ISP S R AU
ST F FZ AN Kyl E— L g I—Y AT LT 4— R
Ay Y—=r /vy b RI=—T 4 —F A=V AT I DDGS B 75—l
7RIz R LGESS P/ X LHd TEMT REMDT
ARy 7MY RER ZxHPF—I— FFrI-—L by
TATFNT 7 I E— kX RAFy Tt JRE M R
&K A7 4 b oo REEH VT L YRR N
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1T AMPOAEVEFOE=2 ) VIEOHKRIZOVT (FMTEE)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2019)

e f ke iR R E 2 — R
f R 8 AE 5 A

1 B g

BB EDHEHNRE & 7> C, AELEY (XEEOW, 3, TomoBEMICHRENDAFEY T
NOREREEZZZ R oBZNRHDLHD) BEEIN, NEFFEEHFEIHWENRELLZ LITLEED
DEFENHEFEIND Z L ZHIET 5 RN D, SR OZ MO K OV E O W E I3 2 15D
(LLF TEIREZ k) L), ) F3SREIHOHEICK S X, kK OFEHRINY O R oy Bk 5512
328452 (BLF THROBESEES) Lo, ) ITBWT, SR ol FWESE O (UL
T AR Lo, ) DEDLN, £z, MEOAEWEORFERLRER OE LY (LT
R EHEEM] Lo, ) ITBWT, BT OREWES ORYAEE L OVE MM (LT
FEELYEES ) V). ) REDLN TS,

MSTATBOE NBEMOKEEH B Z 2t 2 — (BUF [FAMIC) &5 . ) TIE, SR Hr A uEY
FANHRE SN HEEZHNT, BHRKEAPBEED TWD TRMOZEMEICET 24 F P WE
DY —_A TR« B=H ) U TERGE ) FITHEDE | B ALY OV 8 SV 2 o AR
DE=Z Y 7 ROEBEEM, HEEEHEERRESN TWRNEEMEEOEGH EEAHEET
20D —=_A4F 2 (LT 1=V 7% L. ) 2FmLTWD. 40, SRICHEE
DE=HV U TEDRREZRY L OTOTHRET L.

2 B &
21 F=XVY L rEOwLRE
SRR 31 AE 4 ANSA 243 A TORIC, BEEUD I A B ST N 2 2R 56 L0
ENCHSE, WA ISR LTSI & FE R L7 BN L7k, FAMIC JRAAZ2 2o
', A s =, Bty s = AEREY S =, WY S RO Y =,
GRS 57 SOBEICHES X, WAME T, RIRAME T, MWEYF L o, o5t LT AR
25 % S L 7= BRI L 72 SR NS — S 5 o R 7\ T 72 T i o 3 T 35
THRIR L= i & 514 & L7z,
T=HY L TEOMNGE LIRBROERE R IR LT
22 F=X U LUTEOEKL
UTFOnaE=2) v 7HEORRE Lz, ok, FRBHIHT =4V v 7 EERK Y D
BEICHT - TlE, FEOREER, BEOKRIERSLHETS L L HIT, MBS OSSR
B RSN TV FRSIC L EE L.
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i DOEART S R7 7 A MEAFESR (27 5T
7 OEEEEENREDOLNTHDI LD (3 )
LD B AT LITEIRA fEHI RS R EE T EHEEENEO 6N TNDT 77 M
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2By EtgL L.
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VU, xA VT =F—n, TV UX, 3-TREFATAXFT =L — L,
15- T2 FILFFEFL =L /) —), =L J)—)L, PFTERFL AL —
NV, THEF=AL ) —)L3-F)vav R, 7JE=V2 By, By, By, 77 bF
VVUA BT TT =, BT TT N, BT TT Y, a8 T T —
NERBET TV /) —)L
T RT7 7 A FEAER: 2 LIANY K PrY P AB
i BEeRBR% (4H5)
EHEEENED LN TNDLEA FI UL, KB, SWEPOFEE2HLE L.
i I (122 5i5y)
T OBAREBEEREDLNTNDHD
RO BB A RIEE 1 O 1 OIZEBEE[ENED DN TWDLRERIE 61 D H HoO
3B ARG L LTz,
A TUSDREE
BRI W REIZ HIENE SN TV D RED S H O 89 iy Zxtg & Lz,
2) BSE F4AERGIEITER D ROy
i Bmki-ABHE
R B EE DINERE 1 O 2 ITHE SN FELE R LT 6, Bk A B8 X
k- A BEE R E T AR OB SHEIAREERNRE L
i AR
RRAT B SE B SRR 1 O 5 O(DIZHE S =B X O EshmEE 2 8 & L
7.
3) WHIEMAY (PEXRT)
Bl VR A BBk M OVBLIR R B A2 kb 5 & L 7z
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=1

EZAYITEEFERBLEEMRURE

I H B o # Rk S gk
TRV TROAERER w1 BSERADS LIRS BRI
) k- Ao HE
M iﬁ}g{ PO EER R g ELISA  PCR 1?%;% 2;%
$9 5 R 2 2 2 2 2
3o B AUH 2 1 1 1 1
AR R B 21 17 12 14 10
A7 —EE#H A 4 3 2 3 2
TaA 7 —BE%HNA 7 6 5 5
EFL TR RO 6 4 2 4 3
TIRE R 5 5 2
WK IE & H 15 14 7 11 6
il I £l 6 4 3 5 2
BEH AT —H 2 2 1
ERLM A ERAMRALA 4 2 1 1 4
E LT RO 2 2 1 2 2 2 2 1
?E., A E RO 7 5 1 4 7 6 6 3
B HHAEE M 31 22 8 14 31 29 29 9
UL LR L R T |
WREE A 32 23 4 20 32 32 32 5
SRRV 5 3 2 1 5 5 5 1
(e TR=i] 1 1 1 1 1 1 1
LA - EEEH 2 2 2 2
FEBAT— U 15 5 1 3 15 14 14 5
#hEKFEB M 33 33
JERALIBAIL - TAT7 777 JRRAEE 1 1 1 1 1 1
By 7- A AR A k) 9 9 9 9 4
PERPEYAEYYY.E S E 1 1 1 1 1
il W A R 2 2 2 2 1
LFELLA DR A i ) 55 5 1 4 55 54 54 3
/N 3t 271 128 82 97 168 159 159 67
JER AR FE 2 2 2
B4 1 1
TVLAIIVHAN (A1) 2 2 2
= 2 2 2
g INF Ry 5 3 5
ER) 3 3 3
iSRS 1 1 1
EobAZL 52 52 52
AN 7 68 65 68
Kans 4 4 4
Kl g 6 4 5 1
a— I NT T 40— K 26 26 25
z LXxoMnd 1 1 1
0 Ky 2 2
5 EIRHILYAFI—XI LAY 2T (DDGS) o) o) 2
EEN o 51 49 48 1
AI=—744—F 2 2 2
F¥ans 2 2 2
I Hs 116 110 111 2
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x®1 EZRVUIVEEERLEZAMRUAS (HKE)
T H B O aRE A Sk
TS T ROARER wWH BSEREDS LR RB
k- Ao HE
il b %fg WO HER  E ggmgs ELISA PCR TE% 2;%
W TEMWMT 1 1 1
W A= TNT =) 19 19 19
{r; PNCRT 50 49 46 2
2 RETZAH 1 1 1
T mramng 17 16 17
o /N At 88 86 84 2
FxI— 27 27 27 27 17
b 80 39 56 56 56 46
% FEHRAWER (KR—27F%23I—) 20 1 20 20 13
B AREE 1 1 1
P way (-2 31— 4 PR .
ﬁ T eHF—3I—n 14 14 14 14 9
YT Y 3 3 3 3
I it 149 40 100 125 125 89
TINT 7 VT 7 1 1 1
74— kA 2 2 2
F—=~A 2 1 2
VoL g0 52 1 1 1
g A= T TR 5 5 5
FE T — 2 2 2
TAT T A 1 1 1 1
7 7 14 1 13 14
Vol TR 1 1 1
a—r a7 I —) 1 1 1
R 1 1 1 1
&N T 1 1
z EI50T 1 1 1
O By IE 71 71
M gsse mywmet s 2 2
e 2 2 2
LR 1 1 1
DAY 2— AT 1 1 1
AN G 82 7 7 1 1 1 73 1
& 7 788 397 135 381 269 285 285 73 161

23 YV UTY T HES%
1) BEWE K OIEIEAED O 558 Ak

AEHT, fRPERAREEE)ICED, R, RELE.

DEIROMRMBIAR DN LY, BE L.

AT RUCEHT, BB AT B UESS 2 HMOBUEIC LY
2) B skiz A BSOS HT
FBHE, BB AT EEYES 16 B 1 HiOHEIC LY, BRI,

e

OB AT LAOKEIT, fikd

B 72,

R RO L 7.
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3)  ARYEPEARH D Gy BT R
FLAET AR 3 T s BR AT O BUBHR UG B HEIL L 72k 0 5 IEDIC K 0 SR B L 7=,
PG 2 AT Z v 7 a— U —HO L OS5 EZBRT, N7V 77— (FEN
300mL) ZMAWT Ay FOEE, FEHEAOTNEHO 3 EHFrOEMMERELZRIRL, 26 %k
AL THEE LT

2.4 BRI
1) HFEWE
i hE

FREL AT FEVESR S BICHLE SN FkIC K 0 FEhe L7z
i HEEE%

fABE oy HT EVERS 4 BEE | BRICHE SN2 HIEIC K D E L 7=
i K

AR T EHESS 6 WICHLE SN FIEIC K v Eii L 7=,

2) fAkt~oBWH KT A HES OR AR
UTFD3EEZFMLTERMLEZ. 2B, BAMBRBOMKRT, Fax5 e o6 omMmbRAg
DEF N D FBEEIOHEFIE (F) (LT NEAERHEEFIE &wvw)H. ) ITESE,
WA B HE L.
i BATMEIEE
AR AT FEVESE 19 B 1.1 BRERAIL O 1.2 BEMBIMRAE ZIGH L8 E ik 102k, B
B (AEBHERMAE OFEEZMER L. BEHEOMELX 1 ISR,
ii ELISA iABR
FRBHI AT L YER 17 B 2 6 1.1 OC)ICHE SN FIEIC L v £l L7-.
iii PCR #AB&

K O BLIR A BEHE, BT TS 16 B 281 1.1 ICHE SN HIEIT LD,
EAIH R DNA 2 RIIBAOHEEZ R LT, FF% 0 I — %, WEHNS KO A
BEo—ER81%, SR HTERES 16 mH 2/ 1.2 ICHE SN FIEIC XY, K3 5 Bk DNA
EXRIBRITIRAOFEA R L. ok, LRBENFEERE L CTHEASUIIRADRREED & 5
REHT, SR HTIRUESS 16 T 2 Hi 11 ARRICHE SN B LY, LRI SR AL &
Tolt%, LioalBrsd ML -,

3) ANEEMEAHY)
BB SEESRESE 1 OSSO (1) OTICHESI N FIEIC XY FEhE L7,

4) FILEXRT
FAEF AT HER 18 B 1 IS E SN FIEICK VR L. 2B, DEELEZY LVE RT3,
13 R A1 % FEfite L7z
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R
—— 1 mmiffd 55\ A& i
—— 1 g2 OrH &
b 3 e
— LLESBERTRHZandr A% A NS
— B ANDEIRED
—— #2053 Rl R E
A
—— 7as)V A (R ) S5 BEL T2 Bl Rk U 2 AR (SFREA) TAE
—— AR A LIS
—— A% EOFEEA100 mLOM—/LE—H—I2B T
TV A AL
5 Y%Kk N LAERIK20 mLEhN 2 %
—— 304> fH &b
KB
|—7J<%7JIJ%LT%%?§?&, A ERRE OKEERI/2 5 E THRYIKT)
DEAS BT

ST BEEL (5 2850~1001%)
FARPEREE (55£20~304%)

1 HAHPORENFOBRMREEHE

3 % R
3.1 HEDE
AEMEDOE=F Y TEORFHRICONT, AnEEEECEEEEEFOFECLY TE
WHY £ 7. 2B, SRTESH 6 BIZUHELVEESES OGRS N Mk V&
N, SR24E2H 6 BICHifTSNs, B xEo0E A, SIERToHE LS 106
L7z,
)y DOFEEOT RT7 74 FEAESR
Bl A R 128 5, HUARAEL 268 SR OVZHE 1 IO WTC, FREREESE N ED TV
HT7 778XV By, BT 7LV U RO TAFT=ANL =D 3 B DE=XY TR
=g TR, W EEEEENRED DN TV RWNAOREL R K7 7 A MEARSR
D24y DY —_A T A% FEfi L. FRERAEEENTED G TWD 3 o O R &2« 2-1
2, FREREMEENTED LN TV 24 KOO REHE 2-2 [ZR L. ERDPVEIZONT
DOFERIL, LFTOEBY ThHhoTz
i 777 XU By
BB Ak 93 M 10 S SR S (BRI 11%) , HKIEIE 0.0009 mg/kg, iS4
b OOFYE (LA FREAER) 1X0.0005 mgkg Th v, FEEELHEM (FLAA4H 0.01 mgkg) K
OEBREEYER (BT 2 M, 7aAa4 77—, FLY B K ONFALH 41 0.01 mg/kg,
NN OERAFEHE 0.02 mg/kg. ) A DD oT-.
EOBAT L2 P16 Ao S (BRHE 31 %) , &KEIX 0.005 mg/kg, FHIMHE
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1% 0.001 mg/kg TH VY, FHILHEME (0.02mgkg) ZH2 DL DL T=.
i ProLrsv
FCIR AR 93 mif 92 bR S (=R 99 %) , I KMEIX 032 mg/kg, FHIMEIT
0.038 mg/kg TH YV, BTEHIEMEM (FEMHEE T 1mgke) ZH225bDIT o7,
R O B EE ST ED DTV ARV, &9 652 L 52 850 mbitsh
(B3R 96 %) , R KRMEIE 0.15 mg/kg, FHMEIT 0.034 mgkg ThHh o7z, £ HHAHAZ LD
TRIEMO —HTEEREOENLONH Y, DDGS O FE¥EIX 0.41 mgkg (R AfE 1.1
mg/kg) KONa—r 7T v — /L OFEEMEIL 0.53 mg/kg (B KMHE 1.1 mg/kg) THHo7-.
iii TAF=AL ) —)L
FUIR G EEE 94 5 84 mib Rt S (M= 89 %) , mAMHIT 1.6 mgkg, FHIMHEIT
0.24mgkg Th, EHEIELMEM (%3 »r AL EOFERS FEEME LT | mg/kg, 43
r AU LD REENT 4 mg/kg) ZBAT-HON 14 (1.6 mgkg, FHREMRMEAEE) &
27,
HRARDE O f B YT ED DM TWARWNA, L9652 L 52 md 4 SAhbiiEn
(B 79%) , H&AfEIX 0.69 mg/kg, FHEIL 026 mglkg ThHh-o7=. & HHAZ LOML
BIEEV) DO —ETIXEREOGWLONRH Y, a— 7T 74— ROFEEEIX 1.6 mgkg
(F XME 3.3 mg/kg) , DDGS O FEHIfE T 2.4 mg/kg (B KIE 6.6 mg/kg) KNa—2 7T
I L OFEIEIL 0.23 mg/kg (R RfE 1.9 mg/kg) Th o7z,

M
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22 HEEREBEELATEOLNTOVELAUEFEDY—RLTUADER
. o PRCY; S k-Y R N
posq graoxgy  PHER SR T R Rk i
(%) (mg/kg)  (mg/kg)
777 FERVUB 0.0003 272 3 1 0.0007 0.0005
777 hx UG 0.0003 272 1 0.4 0.0004 0.0004
777 FxT G 0.0003 272 0 0
AFY T N AT 0.0003 264 75 28 0.006 0.0008
HT-2 FF v 0.002 218 54 25 0.14 0.019
T2 & 0.002 352 92 26 0.067 0.009
XFY TG =F— 0.002 352 10 3 0.012 0.004
YL X 0.003 352 4 1 0.044 0.026
3-TEFATAF =L ) — b 0.006 218 23 11 0.22 0.057
15- 72 F AT AF =" ) —)b 0.006 218 140 64 0.76 0.12
=L = 0.002 254 67 26 0.22 0.033
CTERFT AL —)L 0.002 218 12 6 0.021 0.005
TAFX V=N ) =3I a v R 0.002 218 163 75 1.2 0.11
7E=L VB 0.0006 98 96 98 1.7 0.56
TE=ZVUB 0.0006 98 95 97 1.4 0.22
TE=L B 0.0006 98 93 95 0.5 0.09
T T hFVUA 0.002 34 3 9 0.004 0.003
a-B7 77— 0.002 275 0 0
B-ET ZF ) —n 0.002 275 1 0.4 0.002 0.002
¥roo v 0.002 275 30 11 0.020 0.007
a-BT7 7L /) —)L 0.003 275 30 11 0.012 0.006
B-ET TV ) — 0.003 275 46 17 0.024 0.007
T IR 0.01 1 1 100 0.16 0.16
=3 RPN ;! 0.01 1 1 100 0.65 0.65

R ORBRIENR I 2 AT N T, RN ORI FIR A 20 L7

2) BEAERE

Rl & ik CRAUKEBMM 2R <) 49 &, WHES 13 8, 8BS (B ELOCAFE) 40

KL OFRKEE Y ARG &R 33 IOV T, EHABENED DN TWLHSRES 4 il
DE=Z VT ROV —_A T 2xFE i LTz, TOMRERI IR L. wROBEX, L
ToLBY THoT.

i

7RI DA

FHEKPEE A 2 < BURARTE 49 £ 29 oS (R 59 %) , mAEE
0.17 mg/kg, “FHIEIX 0.07 mgkg Th o7, HHESE 6 At 3 @b sh (R 50
%) , A KRMEIX 0.23 mg/kg, FHEIL 0.18 mgkg TH o7, Wb EHAEEME (1 mg/kg)
EEBAZDLDIE o7z

B R VEARELTIE, AT 39 S 38 s SR (BRIEER 97 %) , mORMEIE 2.1
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mg/kg, FHIMEIL0.86 mgkg THho7o. WEM 1A H1X0.07mgkg &7, WIhb,
FHILVEME G mgkeg) ZHEZDHDIERNoT.
P—=_g TR e UTEN Lo BROKEEY B SR TIX 33 AW 32 Aot
(MHFE 97 %) , F KT 1.1 mgkg, FHIEIT 0.56 mg/kg ThH-7-.
i ZKER

FIOKPEE A 2 B < BLIR G 49 A 12 S b s (BHER 24 %) , KKMEIX
0.03 mg/kg, FHEIL 0.02 mg/kg Th o7z, FAES 6 fif 3 b S (BHER 50
%) , BKRAEIL 0.04 mg/kg, FHIEIL 0.03 mglkg THho7o. Wb AR (0.4 mg/kg)
EBZDHLOIE R0z,

B R TIE, AT 39 R 38 A B R E N (BRI 97 %), ACKAETE 0.94
mg/kg, FEIFEIX 0.26 mgkg ThH-o7-. WEW 1 A0 515022 mgkg RSz, wWThb
FHILVEME (1 mgkeg) ZHEZDHDIERNST.

Pr—=_A TR e UTEN L BRWKE Y ARG EETIX 33 Aaah bR, &
KAEIX 0.29 mg/kg, FHIMEIL 0.12 mg/kg Th > 7-.

iii

BROKFETN A 2 B < BLIR G ETRE 49 b 7 S b S (RHE 14%) , RAMEIT2.1
mg/kg, FEIMEIX 0.9mgkg Th o7, HHEFES SrbITRHShRho7z. Wb ER
FEYEME B mgkg) B2 D LD T2.

A EMEEEE T, 39 s 16 S b S (BHER41 %) , KKRMHEIX 1.0 mg/kg,
FEIMEIX 0.4 mghkg Thodz. WEB 1 A DIFRHER2ho72. Wihb, &EEEYEMH

(7mg/kg) #HZ25HDIL7R-oT-.
Y= TR UTHEM LI-BKESY AL AL TIE 33 A 9 b iiah
(B2 27 %) , JwRMEIE 0.6 mg/kg, FXIEIL 0.4 mg/kg Th - 7z.

iv OF%

BROKFETN A 2 B < BLIR G HIRE 49 i 19 S bR S (B 39 %) , RAHEIE
0.70 mg/kg, FHIMEIX 0.21 mg/kg Tho7o. FHESE 5 G 1| s S (B 20
%) , TOEIX0.17mgkg ThHh-o7o. Wb EEHEAMEM (2mgke) ZHZ D DR
7.

T E AR T, BT 39 AAaTHhLME I, RKRMEIX 12 mgke, FHEIT 4.0
mg/kg ThoT=. WEMH 18051 0.07mgkg i Eiviz., W &P EM (X 15
mg/kg, WEMIXTmgke) ZHBAX5LDIEhoT-.

P—=_g TR L U TCHEN Lo EBRHKEEY AR SR TIX 33 AAaANbRE I, &
KAEIX 4.4 mg/kg, “F¥IMHEIL 1.9 mgkg THh o7z,
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K3 ERRFDE=AFVUVIRUS— RS S UADHER

ToxyL o D bR SR b O
2 (mg/kg) (%) (mg/kg) (mg/kg)
| BiR & ek (K EENM) A 2 Bk <) 49 29 59 0.17 0.07
7 PR A 6 3 50 0.23 0.18
BRI A 3 b 39 38 97 2.1 0.86 0.03
WE K 1 1 100 0.07 0.07
— FEHE /K EE T F B A k) 33 32 97 1.1 0.56
i 7t 128 103 80 2.1 0.52
0.4 BiR & ekl (AR EENM) A 2R <) 49 12 24 0.03 0.02
Bz PR A 6 3 50 0.04 0.03
K | =il 39 38 97 0.94 0.26 0.01
HE K 1 1 100 0.22 0.22
— FEHE K EE T F LA k) 33 33 100 0.29 0.12
& 7t 128 87 68 0.94 0.16
3 BliR Ak (ERKEEY A 2 <) 49 7 14 2.1 0.9
W 5 0 0
o ; =¥l 39 16 41 1.0 0.4 02
A 1 0 0
— FeHH /K PE BN L & Bl 33 9 27 0.6 0.4
i &t 127 32 25 2.1 0.5
) BliR Ak (ERUKEE A % <) 49 19 39 0.70 0.21
WS (b b 2 ER<) 5 1 20 0.17 0.17
. 15 o 39 39 100 12 4.0 0.05
7 A 1 1 100 0.07 0.07
— FeHH /K PEEN ) AL & Bl 33 33 100 4.4 1.9
i Gl 127 93 73 12 2.4
DN

fAEHE 381 U OWT, ANEEENED LN TV D EHK 33 ik OESEEBNED S
TR W SR 89 By DFt 122 I OWTE=HX U U T RO —_A T A% E i L=,
BHEEERED DI TND BT OMERER 41, AFEEENED STV 89 ASy
DOfRER SR L. ki, HEEOE 9%6_L75>6@$ﬁm%3753%75>of:. il R DR
TLLTFDO LB ThoT-.

i ZaLre kA

BEEEEREDLNTVDHEI LA L, vA aRUOHE (BF 68 f) Ic>\WTE=H
Vo 7 hFEMmMUTAER, EH2bAZLIE 52 it 2 bt (BHE 4 %, KKME 0344
mg/kg) , VA X 2 K1 ﬁrj@*ﬁﬁj (0.038 mg/kg) i, & 9HHAZ L THDEMEHE
(0.1 mg/kg) X7 H DN 2 /5 (0.167 LT 0.344 mg/kg) o7,

Fo, ATEUERE ﬁ)ﬁﬁ&)%hfb\fotb\ﬁ1ﬂ309 JFUZOWTH =S T o 2% F i LIk R,
2B SN, FONTIL, BURAEIE 97 A 18 (BRE#E1 %, 0.17 mg/kg) , Y
ATV 2—A0T 1 a1 (0.27 mglkg) Tho iz,
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ii BEUIRAAFIL
BEEBEENREDOLNTNDEI LA LEUYYA 1 (B 54 ) IZOWTE=XY T
EEMLUIZAER, £o0bAZ LI S2 AH 1 S bii (B 21 %, &HKIE 0.56 mg/kg) |,
~A L2 51 AL (0.24 mgkg) SN, BAREBEELEZ L OIERNoT.
F7o, AHEEENTD SN TWARWETE 323 SICOWTH —_o T 0 2 &£ L%,
24 oo, ZoWNEIE, BEASEE 97 5 19 f (=R 20 %, & AE 0.19
mg/kg) , I—2TINT T 40— K25 52 A8 (BMHEES %, A KfH0.19 mgkg) , 22—
TNT =019 w3 R (BRHEE 16 %, K 0.052 mg/kg) Tho7-.
iii ~7FA4
EHEEENEDLNTVHEIBAI L, v ukOKE (B 68 /) oW TE=4
Uo7 F N LIRSER, BEN SR SN eholz. EH5HAZ LIL 52 8% 1 bR
M R 2 %, 0.28 mg/kg) , ~ A 2iX2 8AF 1 S5 6M (0,098 mgkg) I, A
TREMEBZ D L0 o7
F7, BEHEEMENED SN TORWEE 309 I OWTH—a T A% Efi L7 E,
omm bR Sz, EONRIE, EURGHEE7 RT3 (BRIHFE3 %, o KME0.13 mgke) |,
S F 48 5 5 4 (R 10 %, A KMH 0.033 mg/kg) , I—2 7T 22—/ 19 S 1
S (R 5%, & KMHE 0.065 mg/kg) T o7z,
iv ZOfoO/ ST R
O BH
TNEARNIUEORRTRr AR (E9BAZLEY~YAR) , BT Ry (&
IHLAZL) W T z=buFAtr (EH9HAZ L)

@ HKE
ThrIVy, mhTzrFuy A, TuI Ry, Tattatry — L ERRUT A
4

@ ZofhoFk
AV TaFET L CRBAD) , Z7arEB U ERAAFI (STF), XA NI UKD
oA Ry (5FF), 720 by (=277 4—FR) FEITAUL A |
Vo (a—v I nrr74—KEkQRa—r 77 I—))

@ FlIRA AR
o R AT VH AR KRN Ta A NY »
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R4 BEDEZARAVUVIRU—ARASUADKER (BASEEBEATEOHOLNTLDIESD)

=YL rED TosY L IED éﬁ - o%*ﬁmﬁjéanf:%@ an
TR KR FEYEAH Joe s i EXE FHE TR
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
y-BHC (U ¥ 7 ) R AEE (8- 575, KA 0.05 47 0 0
Bl & el (45EH) 0.4 46 0 0
LN 0.4 14 0 0 0.005
FLYE A D 73 O B — 274 0 0
it — 381 0 0
BHC B 18 & fid 0.005 93 0 0
L 0.02 14 0 0 0.005
FLHE A 0D 73 B — 274 0 0 ‘
it — 381 0 0
DDT Bl 18 A fi A 0.1 93 0 0
Mg 0.1 14 0 0 0.02
FEYEME D 72 W R — 274 0 0 ‘
7t — 381 0 0
T hTY EHBAHZ L 0.2 52 0 0
~A 1 0.02 2 0 0
HE 15 14 1 7 0.024 0.024  0.02
JEAHENE o 72 BB — 309 0 0
it — 377 1 0.3 0.024 0.024
T m— E9bA5Z L 0.02 52 0 0
~A u 0.05 2 0 0
B 0.05 14 0 0 0.02
FLYE A D 7 O B — 313 0 0
it — 381 0 0
TRY KRN B iR & fid 0.02 923 0 0
F AL RY v M 0.02 14 0 0 0.02
L HE A 0D 73 O B — 274 0 0 ‘
it — 381 0 0
AT xR A EHBAHZL 0.02 52 0 0
FEYEM D 72 W R — 329 0 0 0.02
it — 381 0 0
TFF B 20 14 0 0
FEYEM D 72 W R — 367 0 0 0.02
it — 381 0 0
TR Bl 18 & £ A 0.01 93 0 0
E 0.01 14 0 0 0.01
JLHENE o 72 BB — 274 0 0 :
it — 381 0 0
7L YR A EH9bA5Z L 0.1 52 2 4 0.344 0.26
~A u 0.75 2 1 50 0.038 0.038
B 13 14 0 0 0.01
FLYE A D 72 O B — 309 2 0.6 0.27 0.22
it — 377 5 1 0.344 0.20
s YRAAFL LI HATL 7 52 0 0
~ A" 10 2 0 0 0.02
FEVEE O 22 W R — 323 5 2 0.050 0.037 ’
it — 377 5 1 0.050 0.037
sarrzrbErksx EI9HAZL 0.05 52 0 0
FEYEME D 72 W R — 327 0 0 0.02
7t — 379 0 0
suarrua’y b EHbAHZL 0.05 52 0 0
FEUE(E O 72 W ARE} — 325 0 0 0.02
it — 377 0 0
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£4 BEODEZANVIRUS—ARASURDER (BASEEBEINEHON TS, HF)
sy L rED ToaY L IED éﬁ - omﬁjjéenf:%@ fa

PN KR FEYEAH Joe s i EXE FHE TR
(mg/kg) (%)  (mg/kg) (mgkg) (mgkg)
ARy L—hF LH3H5Z L0 0.02 52 0 0
FLYE A D 73 O B — 329 0 0 0.02
&t — 381 0 0
voa R v EH9bA5Z L 0.04 52 0 0
~A " 0.2 2 0 0
L5 g 0.6 14 0 0 0.02
Y O 72\ R — 309 1 0.3 0.088 0.088
it — 377 1 0.3 0.088 0.088
VA FxT— bk EHBAHZL 1 52 0 0
~ A u 0.2 2 0 0
Mg 2 14 0 0 0.02
FEYEME D 72 W R — 309 0 0
it — 377 0 0
BTV ) v EopvAZL 0.02 52 0 0
~ A 0.1 2 0 0
HE 10 14 0 0 0.02
FEHEE O 22V R — 309 0 0
it — 377 0 0
FTAEA NI RN EH3HAHZ L 1 52 1 2 0.044 0.044  0.03
FFEaARY v ~ A1 1 2 1 50 0.32 0.32 0.03
B 5 14 0 0 0.045
FLUE(E O 72\ fiR B — 309 2 0.6 0.20 0.12 0.03
it — 377 4 1 0.32 0.15
TIVT IR A oA L 0.01 52 0 0
~ A1 0.05 2 0 0
LN 1 14 0 0 0.005
FLHE A 0D 732 O B — 309 0 0
7t — 377 0 0
RTF v EHbAHZL 0.3 52 0 0
=] 0.08 2 0 0
Mg 5 14 0 0 0.02
FEHEE O 72V R — 309 0 0
it — 377 0 0
B IHRAAFIL Eo9bAZ L 1 52 11 21 0.56 0.23
~A 1 2 1 50 0.24 0.24 0.02
FEHEE O 72V R — 323 24 7 0.19 0.069 ‘
i — 377 36 10 0.56 0.12
T4 7 =) BURA R (8 - 535 0) 0.01 25 0 0
B SR (ZR5E, IRA) 0.02 68 0 0
LN 0.2 14 0 0 0.003
FLYE A D 73 O B — 274 0 0
it — 381 0 0
Jrxz=huFtr E9H AL 1 52 2 4 0.19 0.11
~A " 1 2 0 0
LN 10 14 0 0 0.02
FEAEM D 72 W R — 309 0 0
i — 377 2 0.5 0.19 0.11
7z hxz— | EH9bAHZL 0.4 52 0 0
=] 0.4 2 0 0 0.02
FEAEME D 72 W AR — 323 0 0 ‘
it — 377 0 0
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K4 BEOEZSV VIRV ARASVADKRE (BFEEEATHOLATVSHS, &iE)

sy L rED TmsY L IED éﬁ - omﬁmﬁjiﬂf:%@\ fa
PN KR FEYEAH Joe s it EXE FEHE TR
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
Tz NN L— kK BB AEE (B 5T o M) 0.5 25 0 0
BiR AR (BKH) 4 2 0 0
BoiR Akl (R ) 8 46 0 0
0.02
B 13 14 0 0
FLYE A D 7 O B — 274 0 0
7t — 381 0 0
TJxrruaXN)y B 20 14 0 0
FEUEQE D 72 W AR — 367 0 0 0.02
it — 381 0 0
~NTH T v B 18 & fid A 0.02 93 0 0
g 0.02 14 0 0 0.02
FEHEE D 72 B — 274 0 0 ‘
7t — 381 0 0
LA R v EHbAHZL 2 52 0 0
~ A u 2 2 0 0
Mg 55 14 0 0 0.02
FEAEE O 72 VR — 309 2 0.6 0.27 0.17
il — 377 2 0.5 0.27 0.17
RUT 4 AR EopvAZ L 0.2 52 0 0
~A 0.1 2 0 0
HEE 15 14 1 7 0.12 0.12 0.02
LN o 72 BB — 309 0 0
il — 377 1 0.3 0.12 0.12
RAA Y K EovAZL 0.05 52 0 0
~A 1 0.05 2 0 0
B 40 14 0 0 0.02
FLYE A D 73 O B — 309 0 0
it — 377 0 0
AL —F EovAZL 0.05 52 0 0
~A " 0.05 2 0 0
o 1.5 14 0 0 0.02
FEYEE O 22 W R — 309 0 0
it — 377 0 0
~T7FA Eo9H AL 2 52 1 2 0.28 0.28
~A " 2 2 1 50 0.098 0.098
HE 135 14 0 0 0.02
FEAEE O 22 W R — 309 9 3 0.13 0.054
it — 377 11 3 0.28 0.079
AFHTF A EHBAHZL 0.1 52 0 0
~An" 0.2 2 0 0
e 12 14 0 0 0.02
JEAENE o 72 BB — 309 0 0
il — 377 0 0
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3.2 fARt~OEH KT A BES OIR AR
ENTRIE S L7288 56 RAOZE Do Elsk7ZAAE 3 A, WIZFF o I —/1 27 A
KT =% — 3 — b 14 75N, BT, ELISA 35 & O PCR bk % EhE L 7=/ R, 4
HRZAHEDORNIRO DR o7z. 728, PCRAEBRIZEB W THD 2 8205 KT 2 Bk
DNA 2 & 4172723, ELISA SRBRICB W THR B2 b Fmk- A BER R S o7c 2
ED, BRAMRHEFIEICESE FHEZAAEORANIRD b0 ERAERIHE L.
WER (K—27 2—1) 4 8, FRHEARE 20 SR OZEREH 1 AI22\\ T, ELISA B K&
Y PCR B Z Fhi L7- 55, FHEKRZABEDORAIRBD Do, ZhbOfEREE 7
K ONE 8 IZ/RLT-.

R7T HYHRFEL-FABREODE=ZZYVIDOER (ARE)
TR EE I ELISAZBR PCRE 5

BE, BRE ki AV HE B9 5 B kDNA HIE

s m% () A S (%) s S (%) K

ik 56 0 0 56 0 0 56 2 3.6 0
K2 T HH 3 0 0 3 0 0 3 0 0 0
2t 59 0 0 59 0 0 59 2 3.4 0

£8 BWERCABEOE=ZYVIORE (FEUI—L, AENE)
SR A ELISAGBA PCR R wa
NG FHRIZARE [ 5 B okDNA - HIE

B M B BB Rl Bubs KB Rl BibEs il
R RS (%) A R (%) A R (%) AL

FxI— 27 0 0 27 0 0 27 0 0 0
Tz —I— 14 0 0 14 0 0 14 0 0 0
AEH (F—2 I —)) 4 0 0 4 0 0 0
JEBHE A P 20 0 0 20 0 0 0
RELE Ky 1 0 0 1 0 0 0

7t 41 0 0 66 0 0 66 0 0 0

~WT@E§MKi%@%*ﬁﬁ%ﬁ%%ﬁﬁAﬁﬂ4ﬁ,i%%%*ﬁ&%MAﬁﬂzﬁ,
B AR 7 &, LAAMEERE AR 31 &, SSAAFERAEAEE 1 8, A
%¢%ﬁ%méﬁﬂﬁzﬁ,@¢%ﬁ%m%ﬁﬂlﬁ W¢%ﬁ%mAﬁﬂsu,%%¢-$ﬁ
BRBEAER 2 08, FEEA T — U HEAGE 15 8, FH FEIRAETE 1R, PEEW SR 1
5&@%®m®¢mﬁAﬁﬂm£”owf @%%%*,ﬂﬁAﬁ%&Uﬁmﬁﬁmié%%
ML TAER, HskIABEORA b%mﬁmok.EWT%%éhk%®M®%@W
JORAEE (EWEREEET DL O) 10 FICOWT, BAMSIEE, ELISA #BR & Y PCR ABR
TR DR A EE LT R, ¢m%tmag@@A RO LN oTe. ZHHDOEREER I
w LT,
A Sz A AR AR 35 AR OEEHHEERE 1 IS D W T, BEMEEHE, BLISA HBEREK O
PCRARBRIZ X 2 a8 & M L 7= /6, FHFZAAEDORNIRD LNRhoTc. TORMEEER
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10 (2R L7=.

K9 BYHXRFABBENDE=L2 Y JOKE (EREEFAFHE)

SRR

ELISAT B

PCRA B

P

BCE, BB

kA RE

EFLEVY HSEDNA

35 @ i kDNA

HE

W R B
BHCAEC (%)

BB M B
BE MK

(%)

B Ml B
RE R

(%)

B M R

REC R

(%)

Mt
R

A At 5
VEFLI- 1 RO AR LR B G B
TEFLH 2 7 AR B R R
4 BB RN EL A R
FLA Bt 5 B A
S AR E BT LA
P A L L i
T/ i B L DR
P 2 B G B i
LA - R A R R
A T — ¥ A R
R IR R
Z Ot DR ik

/NEE

123

SIS © © O O O O O o o o o o
SIS © © O O O O O o O o o o

114

SO © O O O O O O o o o O

SIS © © O O O O O o o o o
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3.3 ANEPERHAY)
AR & L CHi, {;m_b“(b\é@ﬂ% MEAE (FERB s BV MR AR, [BIE A, 1RGMIES)
71 KR OFEEBWIEIAE 2 SIZOWT, REERMBDOEH &5 WE LR, REERMY
@W%ﬁ%%%zé%@i@#ok.%@%ﬁ%ﬁﬂl_mbt.

X1 TEETHPOE=F) VDR

F=HYTD N ol i KA SV i
iﬂ‘%?ﬁiﬂ E‘Z)U 473/%*% ﬂit*’l'n\\ik (%) (%)
B I 0.15%LL T 71 0.129 0.015
e 2 B 1 W R 0.02 %LL T 2 0.008 0.004

34 YrEXT
E N CHRE S L7z BAREDEE 94 s8R OEIR A R 67 MU HOWTE = Y o 7 % Eln LI2fs R,
HAREE T 1 Ao v I 03 EaNn MHE11%) . 2B, BHEEOREFIL 0%,
A2 FEORERIT 1.4 % Thole., BB TII LVEXR T ISRl 70k, Hi
FEEORHEEIT12%, AixFEEORHFITZ11%THo7-. TNOLOREREZF 12 L UFK 13 127
L.
R ENTZHLVERXRT OMERIIR 14 IZRTEEBYTHY, WE 5 FLUNITEE D oBES
NE=FEFNL -7
BB, WEMAEDRMER DIk s s, AL ZomiERIE, EBNTEELE
PLEXRTEFTHORFRNEE LT Frb b oSN TEBY, T ZHFESBEI L BAL 15 1iE
BZEENDHEDOTH T,

£12 HILERSOEZS)UITDHER (BAEGFEROEER)

e IS/ SE Sav AR L T L =R (%)

e AR

ol 46 0

FX I 17 0

7z =3I — 1 11

KB By 4 0

JFEHE G R E By 13 0
92 O%

Kol nd 1 0

BNCEES 1 0
FEA IR 2> %5

PNIZRI P/ RN 2 0 0
Z DAth

EH T 1 0 0

2 94 1 1.1
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K13 HLEXRSOEZRYVIOKRE (RESHFHOEE)

=K Y T O GERE ARBSEE B BREER (%)
A= HRd A Bk 25 0 0
5 H Bl & sk 20 0 0
Fo A B A5 i Ak 12 0 0
BT A B IR A R 5 0 0
Ot DIRA R 5 0 0
At 67 0 0
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Monitoring Results of Antimicrobial Resistance of Enterococci Isolated
from Feed Ingredients and Formula Feed (in the Fiscal Year 2019)

Miyuki ASAO™!, Noriko OKUYAMA "2 and Yohei YAMAGAMI
("! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Planning and Coordination Department, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have made an antimicrobial susceptibility test on enterococci isolated from soybean meal, fish
meal, poultry by-product meal and formula feed for poultry.

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
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).

Enterococci isolated from feed ingredients and formula feed were 11 Enterococcus faecalis, 6 E.
faecium and 12 other species. The antimicrobial resistance rates were 0.0 % to 9.1 % for E. faecalis,
0.0 % to 50.0 % for E. faecium and 0.0 % to 8.3 % for other species.

The concentration of viable bacteria in soybean meal, fish meal, poultry by-product meal and
formula feed for poultry was 5.8x10%~1.9x10° CFU/g, 3.2x10°~4.4x10°> CFU/g, 0~2.1x10° CFU/g
and 2.5x10%~1.1x10° CFU/g respectively.

Key words: antimicrobial resistance; soybean meal; fish meal; poultry by-product meal; formula
feed for poultry; Enterococcus faecalis;, Enterococcus faecium; minimum inhibitory
concentration (MIC); colony forming units (CFU)

X—U— R EEAImYE ; REMm2T k) 73 I —0; BHEAEEL ; Enterococcus
faecalis ; Enterococcus faecium ; Fx/NEBIIEEE (MIC) ; £E# (CFU)

1 #& B
SERAI M 1253 5 E B ATEI EF i 232015412 WHO THAR &4, AARTIEZ [EEFImME (AMR) 5
BTy a7 T2 2016-2020) DNEE SN, SRESE IR TEEMHOHEES OR b, A
M OB AR - B AR, BREAEEY A ERLOFERICEMENE G T 54 A 28N, T

TUOMSEATBOE N RMOKEETY B 2 A v X — AR SR AT, B R
2 OMSIAT BUE N EEMROK PETH B il v 2 — NREREL 2 A
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DT ISR T HEEEH O] R EICER YA TS, MSTATEOE A EAOKRE Y B2 et
V=X, CEERIVEE S Ei S TS JVARM (B kK AIMEEE =21V > 7)) OFTHE
Y CERIVEE? OYERTEE) X, &8 CER4FEND) CHRM LIcEBESUIEBEN D
SEES A IFERE Z Y LT 508, FEENS DB SN D BERE I Th D, F o, kT
O R R O FEAN it O B A B3 2 Fn LSRR FEEFI S D e N LD, SEAR30EED X0 R ECR
25 o BE S D G ERE O FEANESZME O FIA A EH L TV D,

REFIX, MREEICS EHEREMmNT, AHEAOFXF I — L EfaEdR e L, o H AR
AR A N2 72 4 FREE OB D O B U2 IR O AR Z A FHE Lo clE 5. £z, fil
BEOAEWZ X DTG RRNE TR DT DICAERBOWE T O THbE THET 5.

2 EBRAE
2.1 #®g
V314 A OB FEI12H £ TOr AORMIZ, KREMT, fk, FX%oI—1EOEH
Bic & Rk A B 0H 45 M A S M 2 O B AR B O BB O BRI IEY TERI L 2. BREUS TR K E
MO TIZONWTIREAEE T8, ZoMic oV TS EREEL CThoTn. REZ T ANEND
AREBRBH LG £ ClE, W H4 °C TR L, BERE O BEIXERM % SEB LN T - 72.
F7o, ERORENOAFE 15 A BRI L, 8% 3 JEUNICAEERORE 21T -
7.
22 WO
1) 7KiX RFD240RA (HVFEBUERTHRL) 12 L0 A L7 Z&EK (JISK0211 @ 5213 [IZEFRK I Lz
BMAK) ZHWE. ok, HRICHWZREKE, FE0nd 56 OFksE Ay,
2) AR
Ak MU U AR (0.9 wiv%) % 121 °C T 15 43 ] i A8 A L7z,
3) 1.6wWwN%7 BET LY —LX—=T ) B ) — VIR

TaEy LY —R—T) 08 g BT ) —) 475 mL IZIE L, ZREEK 2.5 mL Z0

X T LT-.
4) AC £

AC 7' A 3 HepfErs . (B KBLERRD) 505 g ROT D b R U oA (FotHisE T8 025 ¢
% ZRE7K 1000 mL (232 L, 500 mL 5538 fH1C 250 mL 437 L C, 121 °C T 15 Jr [ @ = R KU
L.

5) Ty may b LREREM (LLT TECSEH) &vwo. )

ECS £5#h (Becton, Dickinson and Company #) 56 g |3 (M3 T 3£M) 58 g #288K
1000 mL (Z¥ 7L, 121°C T 15 pEl@EEAKIEE L7z, Tz 60°C ETwmAlLLE, 7%
F v 7 BIPBE Y v — VI BRICIAR D K HIC 15mL 3 L, AKEICERE L CRElE S8 7-1%,
BLCSEZEZDT NI H L, 37°C T 1HREE L CHMEmE2 RIS,

6) T AN —hAf T a—Ta EREM (LT IBHIZEXEH# 2o, )

BHI Agar (Becton, Dickinson and Company ) 52 g %7587k 1000 mL |22 L, 121°C T 15

EEEAKEE L. LT, Hicko7.

B
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DA AN SR

7 x2AN=G =y 2 A (AKEEER) ot A (827 NV 77 0—) , BeE (27
Uofg =) —ik) KOGEEEB (M7 7 =)

8) 6.5 W% LT MU T A AN— AT a—Ta U (BLF 16.5 %NaCl il HI 55 &0

9.)

HI Broth (Difco #) 25 g, kT MU T A 60g, 7 RUMlg KTUN1.6%7aEr LY —/L
=T & ) — VIR 1 mL & 787K 1000 mL 122 L7z, 2 ERBREIC 3 mL BIESE
L, 121°C T 15 4y EAR KR E L 7.

9) J=aT7—tbr bhrfFEEM (LI TMH EREEM 2v). )

Muller Hinton Broth (Becton, Dickinson and Company %) 21 g & (" Bacto-Agar (Becton,
Dickinson and Company f) 2.5 g ZZK8/K 1000 mL |[ZiE2 L7z, ZHZ2RBREIZ 3 mL 57
L, 121°C T 15 53 ERKIRE L2k, @i IceEE S8/,

10) Rapid ID32 STREP API (b4 # U = —id)
1) 2N a A7 4 UL 2mL (B4 XY 2 —1l)
12) "—hA v T7a—Ta M (LLF THIEM#] v, )

HI Broth (Becton, Dickinson and Company ) 25 g Z 78 7K 1000 mL (22> L, #REREIC 2
mL FREESPVE L, 121 °C T 15 Sy m EAR K IE L.

13) 20wWw/v% AXLINT (LLF MRO%AFLAINLZ] L), )

A ¥ LI V7 (Becton, Dickinson and Company #) 20 g % 788 7K 1000 mL [Z¥&H L, RERE
([Z2mL FRESFE L, 121 °C T 15 SfEm EASIRE LT,

14) FEHEZHERBH 7o —X 7L — b i (F—F—71v— 1) CRHMEFR)

B HIZ 1T Ca?t e O Mg2™ % ¥l L 7= Muller Hinton Broth % F U 7. BEEREKA & 38508 k2>
WTIE Table 1 ®LBY . REZIT ANKNSHME TIE, 80 °C TRFEL. 22bB, SHE,
JVARM (ZH W THRIESAIA FE S 7z 2 LISy, ARFRA TS MR O JIE R 0> b — A
BaiTo72.

15) N—hA 72—z VEREM (LLF THIZEXREH# v). )

HI Agar (Becton, Dickinson and Company ) 40 g Z7&87K 1000 mL (25> L, 121 °C T 15
SRIEERLDWE L=, LT, Sickotz.

16) =27 —brhr7uoAx (LLF IMHBEH#] Evw)H. )

Mueller Hinton Broth (Becton, Dickinson and Company %) 21 g Z 788 7K 1000 mL (2L,
BRI 4 mL R E L, 121 °C T 15 4y M E AR E L.

17) 0.1 %7 b > INAEE ALK

Peptone (Becton, Dickinson and Company %) 1 g X OME/b7F h U o A 8.5 g #7884 /K 1000 mL

([ZE L, 121 °C T 15 53l EARKBRE L 7.
18) AEHEFE K KS M

~ 7 k> (Becton, Dickinson and Company %) 5 g, EfF:=F X (Becton, Dickinson and
Company #) 2.5 g, 7 NUHE 1 g & O Bacto-Agar (Becton, Dickinson and Company ) 15 g %
AREAK 1000 mL \Z¥E L, KEg{kF b Y w7 A 1 mol/L X IZHERE 1 mol/L % VT pH7.0~7.2 {Z
AR L7, 121°C T 15 MM EZARSIRE L7z, JEKIT 50 °C THRIE L 7.
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2.3
1)
2)
3)
4)
5)
6)

2.4
1)

Table 1  Kind, concentration range and break point of antimicrobial agents

Group Antibiotics Abbreviation Range Break Point
(ng/mL) (BP)
Aminoglycosides ~ Gentamicin GM 0.12 — 256 32
Aminoglycosides Kanamycin KM 025 — 512 128
Aminoglycosides  Streptomycin SM 025 — 512 —
Fluoroquinolones  Ciprofloxacin CPFX 0.12 — 128 49
Glycopeptide Vancomycin VCM 012 — 128 329
Lincomycins Lincomycin LCM 025 — 512 128
Macrolides Azithromycin AZM 025 — 64 —
Macrolides Erythromycin EM 0.12 — 128 8
Macrolides Tylosin TS 0.12 — 256 64
Penicillins Ampicillin ABPC 0.12 — 128 16 @
Phenicol Chloramphenicol CP 025 — 512 329
Polyether Salinomycin Sodium ~ SNM 0.12 — 32 —
Polypeptide Zinc Bacitracin BC 025 — 512 —
Quinolone Nalidixic acid NA 0.12 — 256 —
Tetracyclines Tetracycline TC 012 — o4 169

a) Performance Standards for Antimicrobial Susceptibility Testing of CLSI

il Kk O B

A Fa—5— WNIREL 35~45°C (FHKEE : £1°C) IKHETEHHO

TIAFy IHPEE Ty —LV (UUF [y —1L]) o5, )  AE9IOmm, & 15 mm
A&eH R FavLof Ho<IREES, 1yl 74 ARL—7

N7 77—ty :STEME, XU T Lo o< JREE»

A k=~ 71— : EXNIZER400 A /v 77 /7 %l

ZOML : BRICHWEZRED O 5, MR OEIKICHEAT 2 b 0lk, ERE TS ERK
IR 5 I+ D b D % Nz

53 1fE B ONR) E 7 1

GaN.

iR A
SIINTREE 25 g 255 T AC HFHUIC AdL, IRV IRE 72, 37 °C T 24~48 IFfiE5# L 72,
i BIREEES
RYPUHE RS RIK O 1 A4 H % ECS HEHLICHEFRE L L, & L T 37°C T 24~48 FFfjKF#E L
7.
i R R
ECS iR i O IFERE & Bt 2% (AN BB A ITREH T, FLiEERHoan
=—) 2 MAHEL, TNEN/AEMEAER 15 uL BEICER L. F#BBKD 1| A&HE%
BHI 2& KEFHIIC AR B EE L, I L T 37°C T 18~24 FEfif#s#& L7z,
B, BHI RRESHIREOERZ 1 HEE L, LidL RRICEREL .
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2) [AE
i ARG
LUTFD7 ~7i2 XV Table 2 DAL MR 2 HEZR LTz,
T MERREE
BHI ZE KEF MR O£V % 1 (S5 L, MH REEE I 220 L 7=, 6.5 % NaCl Jill HI
BEHICBERE L 7=, MH i EhEE i 37 °C T 18~24 FERE, 6.5 % NaCl il HI 55 HiiX 45 °C T
18~24 [ EE & L 7-.
A T LY
ATGA RT TRzl ) — VB ERIEL, N—F—TRBEX, BEL. 20
Fiz, 2 [AIH OME B BB A OB 10 uL 27 L, MRS, @k, KR
E LT B EIK A #H0mL, 1 oMERE Lc. Rz KE®, DAk Qe
A DOHFEOHNETHERL 2 EThHAELL., Bz KLg, BERmclan B 2+
STWINL, 1 oRERE L. RBREZKER, SRTKRESETIY, JCFBEME THl%E
L7,
v BFREANE
BHI 2 K5l FOEFE A MIETREMY, OREEOFEZMHR L.

Table 2 Biochemical confirmation test of Enterococcus

i i i . Character of
Biochemical confirmation Culture Culture medium aracter o

Enterococcus
High NaCl concentration 18~24hat45+1°C HI” broth with 6.5 w/v%NaCl +
High temperature 18~24hat45+1°C HI” broth with 6.5 w/v%NaCl +
Motility 18~24 hat37+1°C Mueller-Hinton semisorid agar oy

. . . Character of
Biochemical confirmation =~ Reagent

Enterococcus
Gram stain Faber G " Nissui " Gram positive
Pigmentation — 49/

a) Heart Infusion
b) E. gallinarum and E. casseliflavus

c) E. casseliflavus

EROALFMEIRRBR CIBERE MR Z R LIEED S B, 1 BEHZ 2 E 1 % Rapid
ID32 STREP API CEfE % [AlE L 7=.

ii Rapid ID32 STREPAPI (LLF TAPI] W9, )

P 2R g AT 4752 mLIZ McFarland WJE 4 IC72 2 L9 ICHEZBE L. SARIL
FHERE T L — NOFKT y FIT55uL T o007 E L, 57% LT37°C T4~4.5 FEREEE LT,
Xy FOWMNLFEOLBVIZHEL, HIERMMEKEZ APIWEB RIEY 7 b7 =TICANL, H
fEZFRE LT,

i FEEORE

F9, API OfERIZFEEMERD 80 %id L EDOb DT L L L. ZD5H, API

THE SN E MR OB RN B LIZFRIE, API OFREZRIEHRE LN, FE
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FEEIZxE$ % 2 A > b 2% [dentification to the genus| & 7¢>724ki% TE.sp.) & L7z, F7z,
APl THIE ST m M & MR ORE R — B L R o TokRiT [HEEE T & L. Zoft,
FHEREE LA O FE & [RE S L7222 A > B A% Tunacceptable] <° [doubtful] T - 7=FkIE

SR L) & Lo, WREDNRE LRI MR AR & LT, HI 5 20 %A F L3

W B BB OREG LI RAF B H1IZ-80 °C THRAF L 7Z.
v EoHE - [FE

BT TE sp.) XiT THeEE3) &2 7-8i%, 2 | H OBt 2= O BHI B o
$IH L7 W & ECS BT @BER L, W, OB - RERBRZ M L, A OEEORE T IE
THEMEZRE L.

B, APl ZFEMT DRIO 7T LA GETa L IR —2 a VR S LICRIE, O
THDBEZER L7720, TE sp.) XX HEERET) Lo ATHHAY %i%%b
ol

2.5 HEANRSZ MR (BRI RIE)
1) LA ERR
Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853 % ff B kK & U CRES MERBR A BK & [FIRF I 3R
L, MBEEHEKED MIC (G/NEELIEJRRE © Minimum Inhibitory Concentration) 7% Table 3 D%
FEEPRFEICAD Z & R LT,
2) HikOFER
S PERRBR K A2 HI 8 K5 HUC BB R L, MBI L T 37 °C T 18~24 WFfiki#& L7, HI %
KEG I H OEHE & 4~5 [H$IE L, MHB BT EEFE L, 37°C T 18~24 RfHjEs & L 7o, i f
¢ MHB #5144 BLAHIK T 10 54 L, McFarland W 0.5 IC G bW, ZOHEIKE & HI24E
HEHERTI0/BARLT, 7a—Xvr 7L — MNMEEAOHERE L.
3) 7r—RXU T b— b ~OEERE L O
DTHBLEEROEEEZ N T VAT 77—y FD L AIZAR, 967 L —FERL
9 BT L= ET7un =AU T L — FOFHGICEE L., 7Jr—X 7L —MIEEZLT,
35°C T 16~20 FEfEEE 2% L 7.
4) HIE
V=747 I7—DLZ7n =7 L—zEE, RIRTEEUILENRD 5y
AR OEED RS> TH 1 mm KT 1 EOGEITREMRIEE A2 L. BREEOREE I
1 SN A O RARIRE 2 MIC & L=,
7ok, STBERIED bR R E TOME % Scheme 112, EMEOWRE L% Scheme 2 TR
L.
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Table 3  Quality control limit of quality control strains (ug/mL)

Quality Control Strains

Antimicrobial S. aureus E. faecalis E. coli P. aeruginosa
agent ATCC 29213 ATCC 29212 ATCC 25922 ATCC 27853
GM” 0.12 — 1 4—16 025 —1 0.5 —2
KM® 1—4 16 — 64 1—4 *
SM k k k *
CPFXY 0.12— 0.5 0.25 — 2 <0.125" 0.25 — 1
VCM? 0.5—2 1—4 * *
LCM 025 —2 8 — 32 = 256 = 256
AZM? 0.5 —2 * * *
EM® 025 —1 1— 4 % %
TS 05— 4 05— 4 >32 >32
ABPC? 0.5—2 05— 2 2—38 %
cp? 2—16 4—16 2—38 *
SNM 05—2 025 — 2 * *
BC 32 — 128 32 — 128 = 256 = 256
NAY % % 1—4 *
TCY 012 —1 8 —32 05 —2 8 — 32

% : No quality control limit
a) Performance Standards for Antimicrobial Susceptibility Testing (CLSI)
b) According to the CLSI regulations, it is 0.004 ug/mL to 0.015 pg/mL, but this time only 0.125 pg/mL is

measured, so "<0.125 pg/mL" was set as the quality control limit value.
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Selective enrichment

weighed 25 g sample
added to 250 mL AC Broth
incubated for 24~48 h at 37 °C

Selective isolati
clective Boition Extracting the colony from BHI

plated out the culture obtained in < agar of second pure isolation

selective-enrichment broth to Enterococcosel agar
incubated for 24~48 h at 37 °C
Pure isolation (first)

inoculated typical or suspicious colonies of Enterococci to Brain Heart Infusion (BHI) agar
incubated for 18~24 h at 37 °C
Pure isolation (second)

plated out the colonies to BHI agar
incubated for 18~24 h at 37 °C
Confirmation culture

mnoculated the colonies with wire
—|:Mueller—Hinton semisorid agar
incubated for 18~24 h at 37 °C

—|:HI broth with 6.5 % NaCl
incubated for 18~24 h at 45 °C

Biochemical confirmation
Gram stain —— Strains confirmed contamination
Rapid ID32 STREP API — Strains with mismatched properties

Identification of Enterococcus
|
Store
I
Antimicrobial susceptibility testing

plated out the stock strains to HI agar

incubated for 18~24 h at 37 °C

inculated several colonies to Mueller-Hinton Broth

incubated for 18~24 h at 37 °C

diluted the culture solution into 100 times with autoclaved physiological saline

moculated to Frozen Plate
incubated for 16~20 h at 35 °C

Determining MIC

Scheme 1 Antimicrobial susceptibility testing of Enterococcus spp. isolated
from feed ingredients and formula feed
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| Gram stain |

Contaminated .
Not contaminated
Re-isolated

| %ID (API) |

140
Mnot isoalted

80 id% =
Biochemical confirmation

notagreed e ntified

matched
Identification comment |

doubtful, unacceptable

not isolated
to the genus

E. sp.

Identified as APIs result

| %ID (AP) |

<80 id%

not isoalted
80 id% =
Biochemical confirmation

not agreed ) )
unidentified

matched

Identification comment |

doubtful, unacceptable )
not isolated

to the genus

E. sp.

Identified as APIs result
Scheme 2  Flow of the identification

2.6 R DORIETTIE
1) BB
SHTEEL 25 g o TWE A b~ v I —RIZAL, 0.1 %<7~ INAEAREK 225 mL & 0
Z, APF¥y =XV 200 rpm T 1 pHHEHELNES Lo BHE 2 A ZHER T 107 226
10° £ THRL -,
2) 5k
=M REBEZONWT 2 T2y —LVZHE L. ¥ v — WIZRBHE USRI 1 mL
EOTEL, FEWEFEREEH 15~20 mL 2FEWT, BEHICHMCEML, E{bT 25 % CHE L.
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B, 5727 H L THIEL, 35°C OFBEHROP CHMEm 2w S 7. ik, HE
LT 35 °C T 22~26 fffiEae L7c. &%, BEOHICERBEZHETCERWEAIE, 7774
IV BT AT EE 4 °C IZERAE L, 24 R DANIC E £ 2 | E L 7-.
3) HIE KR OHEH
&%, Yy — L 1 B0 30~300 HOEEPBD LT REBED > v — L OFHEE
ZEHAIIL, 2 D> v — L OEFEBOFHMEICHREH AT CCRE 1 g Y700 O R E2HE
HL7=.

3 HBRRUEE
3.1 o

WEAEFE 7> O B R O [A] 7€ 12 1% Rapid ID32 STREPAPI Z 4 ] L T\ % 2%, APLIZ X W EBMWENRH D
EAED E. gallinarum XX E. casseliflavus &) E SN HEE (REMEFEDS 80 %id LL ) oIz, MEIR
B CITEBMEL RN 2DV, IR ORE R & APIOHIER RN A —ETH - 7ok

[yHE7R L) & LTWie, HEMERA K ThotfmREZ 2 ¥ Ix—var Bz, 5HE
1L, HIEMEN R ThHo L= A F2Y [1dentification to the genus| & 72> 72 FRIZTHE,
ECS BBk L, Holf, MEZITo7. TORRITI Tabled D &L THS.

FRoolElx 33 BREM (77 2R Ta ¥ Ix—a UPHER IV SREL Flie L 72k 2R <)
L7, H0BERNCHER RN AR =B ThH o HRIZ 29T, 2D 5 HD 27 KA API OHERR T
X E. gallinarum ThHo7=. FT=, FOBEORR, 33D 95 4 BRI E. faecium, 3 BRIX E. sp. & [A]
EINTZ. RO D 26 #R1% API THEEVMENH HEFEO E. gallinarum XX E. casseliflavus & Y] E
AT, PR CIGEBMES R Th o Tolcd, B2 S L CORBE L HEE TERNo Tz,

Table 4 APl identification before / after isolation
Strains that changed the API identification after reisolation

Before reisolation After reisolation species No. of strains
Ldentified E. gallinarum E. faecium E. faecium 4
E. gallinarum E. faecium (to the genus) E. sp. 1
E. gallinarum E. casseliflavus - 2
Unidentified  E. casseliflavus E. gallinarum - 2
E. faecium (to the genus)  E. gallinarum - 2

Strains that not changed the API identification after reisolation

Before/After reisolation species No. of strains
Ldentified E. faecium (to the genus)  E. sp. 1
E. hirae (to the genus) E. sp. 1
Unidentified  E. gallinarum - 20

3.2 WERE S BER DL
Rk 31 4 4 A AFILE 12 A £ TICIEE L7230 0 SO OV B S 4L 72 B ER B OB 250X
Table 5 DL BY ThDH. b < HHESNTZEHEIL E. faecalis T 11 ¥k, T E. faecium & E.
hirae 7> 6 Bk D> Td o7z, E. faecalis 1L E\ZENVWEMEITE D oHES 4L, E. faecium KO E. hirae



174 fREHRF LS Vol. 45 (2020)

(TR A L BV E M DT DR S B S LTz,

Table 5 Number of Enterococcus spp. isolated from feeds

No.of — f faecalis E. faecium E. durans E. hirae E. gallinarum E. sp,a) Unidentified ”
samples
Soybean meal 30 0 1 0 2 1 0 14
Fish meal 43 5 3 1 1 0 2 12
Poultry by-product meal 26 4 0 0 2 1 1 1
Formula feed for poultry 27 2 2 0 1 0 0 14
Total 126 11 6 1 6 2 3 41

a) Judged "lIdentification to the genus" by Rapid ID32 STREP API

b) API result and biochemical confirmation did not agreed

3.3 HRAIEAZ PERARR

FREE 126 0 B AT HE S LT BBERE 29 % (130K D 1 R0 BE) O FRFIERZHERBRO R L2, &
B R ONZ T PE O MEAR N 72 5 E. faecalis & Y E. faecium O EFER]IZ Table 6 127~ L7,

MIC [ZHIE DF B DRGRD LA > T2 IRE DR /METH H. MICso X Y MICoolEZ 4LZ 4150 %
K90 %D EROIEE Z I L7 MIC Th Y, HEHIMIEEOFEERE KENICTHETE S,
MICoo MR WA 121, KB OB EZE (—HMEE A HBE L TW 566 5) T,
MICsoS WA 2, KRED ML L T D Sl cx 5. E72, MICop& MICsoDIE 23 AW
PO, WERRSEII, B DV, M EEmch D EEZHENDY.

HREH DI BT LA 7 BRA 2 FRRE STV DB OM MR, WIERN R EN- T2
DX KM D 13.8 % (REMTHR 1, fkmsk 28k, HBHRAGE BB 1K) , kT TC
D 3.4 % (FHHKR 1K) T, ZOMOERITK L UIETORPEZMEL R L. 2L,
EM [Z MICso & MICoo DRIZ 3 EDZENH Y, M LENICH D LB 2 b,

TUA T RA Y FRRESNTWRWEOIMERPREH SN2 VER O I H, NA ITIFETO
FED MIC 23 >256 pg/mL L 72 o724, T, NA BT T ABREBREICAEDRER OO L& X
b, F7o, BCIEY 7 ABIMEREICK L CHOWBEIEM 289 24, MICso ' 256 pg/mL & 72 -
7.

WIZHFERNC D &, E. faecalis 1% TC |2, E. faecium I3 KM IZTiHEN -T2, F72, MIC D4y
iz g9 % &, Fig. 1 KOV Fig. 2D L8V, AZM & EM THOAADE VN R L, E. faecium O
J7 53 MICsg & MICog DHEZNEA L, AL ENICH D Z LN hnodz. EDOMOIENZ >V T,
FIERUC LS oo,
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Table 6  Antimicrobial susceptibility of enterococci 29 isolates
from each feed ingredient and formula feed
E. spp. (n =29)

Range MICsp  MICqp Resistance

(ng/mL) (ng/mL) (pg/mlL) Number (%)
GM 025~ 16 8 16 0 0.0
KM 2~ 128 64 128 4 138
SM 4 ~ 128 64 128
CPFX =012~ 2 1 2 0 00
VCM =012~ 8 1 2 0 0.0
LCM 025~ 32 16 32 0 0.0
AZM 0.25 ~ 8 2 8
EM =012~ 4 0.5 4 0 00
TS 0.25 ~ 8 2 8 0 0.0
ABPC =012~ 2 1 2 0 00
CP 2~ 8 8 8 0 00
SNM 0.25 ~ 8 2 4
BC 1 ~>512 256 >512
NA >256 ~>256  >256 > 256
TC =012~ 64 0.5 05 1 34

E. faecalis (n =11) E. faecium (n = 6)

Range MICsy MICy Resistance Range MICsp MICy Resistance

(ng/mL) (ug/mL) (pg/mL) Number (%) (ng/mL) (ng/ml) (ug/ml) Number (%)
GM 8 ~ 16 16 16 0 00 4 ~ 8 8 8 0 00
KM 32 ~ o4 64 64 0 0.0 64 ~ 128 64 128 3 500
SM 64 ~ 128 64 128 32 ~ 64 32 64
CPFX 1 ~ 2 1 2 0 0.0 0.5 ~ 1 0.5 1 0 0.0
VCM 1~ 2 1 2 0 00 0.5 ~ 1 0.5 1 0 00
LCM 05~ 32 16 32 0 0.0 0.5 ~ 16 16 16 0 0.0
AZM 2 ~ 8 4 8 0.25 ~ 4 0.5 4
EM 05~ 2 2 2 0 00 =012~ 4 0.25 4 0 00
TS 2 ~ 2 2 2 0 0.0 4 ~ 8 4 8 0 0.0
ABPC 1~ 1 1 1 0 00 1~ 2 2 2 0 00
CP 4 ~ 8 8 8 0 0.0 4 ~ 8 8 8 0 0.0
SNM 1~ 2 2 2 2~ 8 2 8
BC 128 ~ 512 256 512 128 ~ >512 512 > 512
NA >256 ~>256 >256 @ >256 >256 ~ >256  >256  >256
TC 0.5~ 64 0.5 05 1 91 0.25 ~ 0.5 0.25 05 0 00
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WEAEE OFHA I WO TI2950B 413808 © ECS B LIS BN RO N o722 LG, AEY
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AEDICIERINTND ZERHRTE. 70, FROBEIIOHEDS ORED O L FEEICE S
BBt O T BRFEE LD HF LWERI TH - 72,

LHERE, EREEZIE LT260END 9 HeilklAY ECS IR ENR R O N2, T b0
AWEIE 0~1.3x10°CFU/g TH Y, 12 A EOREHIMAEWITIHEY SN TR Y, ECSHHIZRE
DR ONTZDoToDIX, BERWEICE 25D e oTclcb B bz,
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Fig. 3  Concentration of viable bacteria in feed samples
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1TV, EBHZ 3T 2 NGBk O A o 2R A &, B o A FERE 21T 72,

1)k (KE»T, &8, 7% I — A KROHBHBAERD) 126 80508 S - HBERE L,
E. faecalis 75 11 £§, E. faecium 7% 6 #£, TOMOEM (E. sp. & &) 2 12 BT, £ DI API
DHERE R L MEIRARBROME RN — B, HEPHEE TR 41 b o 7.

2) WHEAFRIE S A7z 29 Bk (E. sp. &2 Gde) DOFAZZMEHEBROKERD SO L, T LA ZRA L R
HE SN TWVDHIEHFTIE, KM OMPEREN 13.8 % THHE, RKWTTC B34 %Tho7lz. £
DO FEANZ K U CTIERTREZMEZ R LEAIMER X /0o 7. T LA 784V ERFEEINT
W72 WEEHFITIE, NA & BC @ MICso DfENY, ZALZE 4 >256 pg/mL & 256 pg/mL Toh - 7-.

3) E. faecalis & E. faecium ZHFBNZLLIT 5 &, AZM & EM (Zxf LT E. faecium @ J5 M PEAL
fEMENZ 3o 7z

4) AREEIE, KEH»TIE 5.8x102~1.9x10° CFU/g, fkyi% 3.2x102~4.4x10° CFU/g, &% > I —/L
1% 0~2.1x10° CFU/g L O\FE AL A B EHE 2.5%10%~1.1x10° CFU/g TH v, BELAEENO 572 JFEEN L D

LWRAEWIZ X DTHENRF Loz,
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Results of Official Testing of Specified Feed Additives (in the Fiscal Year 2019)
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