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Development and Validation of Simultaneous Determination Method
of Benfuresate and Cyhalofop-butyl in Whole-crop Rice Silage by LC-MS/MS

Kozue SATOU™', Eiko ARAI"' and Reiko KAZAMA™
("' Sendai Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
"2 Fertilizer and Feed Inspection Department, FAMIC)

An analytical method was developed to simultaneously determine the levels of benfuresate and
cyhalofop-butyl in whole-crop rice silage (WCRS) using a liquid chromatograph-atmospheric
pressure chemical ionization-tandem mass spectrometer (LC-APCI-MS/MS).

After adding water to the sample, benfuresate and cyhalofop-butyl were extracted with acetone
and the extracted solutions were filtered. The filtrate was purified with two types of SPE
columns (InertSep K-solute, GL Sciences Inc.; Tokyo, Japan and ENVI-Carb/LC-NH,, Sigma-
Aldrich Co. LLC.; St. Louis, MO, USA), and injected into the LC-APCI-MS/MS to determine the
levels of benfuresate and cyhalofop-butyl. LC separation was carried out on an ODS column
(Inertsil ODS-3, 2.1 mm i.d. x 150 mm, 3 pm from GL Sciences Inc.) using a gradient with 0.1
v/v% formic acid aqueous solution and 0.1 v/v% formic acid methanol solution as a mobile phase.
In the MS/MS analysis, positive mode atmospheric pressure chemical ionization (APCI+) was
used.

Recovery tests were conducted on WCRS spiked with benfuresate at the levels of 0.009 or 0.2
mg/kg original matter and cyhalofop-butyl at the levels of 0.009 or 0.1 mg/kg original matter.
The resulting mean recoveries ranged from 86.0 % to 101 % for benfuresate and 85.3 % to 93.2 %
for cyhalofop-butyl. The repeatability in terms of the relative standard deviations (RSD,) were
not more than 12 % for benfuresate and 14 % for cyhalofop-butyl.

A collaborative study was conducted in eleven laboratories using two kinds of WCRS. One
WCRS was spiked with 0.2 mg/kg air-dry matter of benfuresate and 0.1 mg/kg air-dry matter of
cyhalofop-butyl. The other of WCRS was spiked with 0.02 mg/kg air-dry matter of benfuresate
and cyhalofop-butyl. The resulting mean recoveries, RSD;, reproducibility in terms of the
relative standard deviations (RSDg), and HorRat, respectively for two kinds of spiked WCRS,
were 96.1 % and 94.7 %, 2.6 % and 3.7 %, 8.1 % and 10 %, and not more than 0.45 for
benfuresate, and 92.7 % and 97.0 %, 2.7 % and 4.8 %, 22 % and 32 %, and not more than 1.5 for
cyhalofop-butyl.

This method was validated and established for use in the inspection of benfuresate and cyhalofop-
butyl in whole-crop rice silage.

Key words: benfuresate; cyhalofop-butyl; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); atmospheric pressure chemical ionization (APCI); whole-crop rice silage;
collaborative study
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1 # E

N7 Lt — ME, Schering Agrochemicals (¥[E) ([ZX VP INIZR Y 7T =0T )LF LA
AR VEBEZRRERTH Y, (FHBEOFEMIIMH I TR0V, [RFEK 18 L EORSEOIENEE
DAEREME L EZEZ LN TEHY, HARLE L O HEARIC L B EmrtE 2R+ D wAETIE, 1994
FEL KRR, EENGIEBEBREINTRY, METOEEEERE YL LT, b5 T 0.3 mgke,
Fn s Ea R (LN TWCRS) &5 . ) TO0.2mgkg N EINTND,

vona Ry 77 F UL, The Dow Chemical Company CKE) [CL VB EINZT VL AFT 7 =
R UIBIEE AT OREAITH Y, TOMEMEMEIL, TEF L CoA IVARFT T —EBE2HETD
LK BIENBOAESEOMETH D V. BB ETIT 1996 HFITKREEZ M RICEIETHEINTE
D, fAEtROEEIEAER VL LT, fiib O KUK T 2 mgkg, WCRS T 0.1 mgkg 23a8E ST
W5,

Rk 24 LT, EHROIX, MEEANRB AR GTE 2 — 03k 22 4R O EYE S 5y
Wb EFLFEICBWTHE LT A7 e~ N7 7 7E&5HE (BLF TGC-MS) &\ 9. )
CE BT DY Ry T TF RN T LE— hOSHEY (LLF JFRL ] L0109, )
BRI, FEHA 3 b b, TMIEEHEE R ORIK) Zxtg & U TERE T E1E D~ o w
BEBFL, Wb ROWEKICEA TR EREE (BT IGC-MS ) Lo, ) Zfesr Lz 9.
ZOE, WCRS IZOWTHME L7=2Y, BEIENEWEMICH Y, FRL5BHAPMHETH -7 0.

ZZ T, AEl, GC-MS #EA#HIZ, WCRS H1OXRy 7Lt — KRRk y 7T FILOHE
n~ 777 H T ARUGRGNE (LLF TLC-MS/MS] & ). ) Ik DRI EREZFREL,
BT B E~OBE P OB EZBEF LD T, ZoMEZRETD.

ZEIINT L= MRV m Ry 7T FLOEXEL Fig. 1 ITR LT
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Benfuresate

2,3-dihydro-3,3-dimethylbenzofuran-5-yl ethanesulfonate
C12H1604S  MW:256.3 CAS No.: 68505-69-1

Cyhalofop-butyl
butyl (R)-2-[4-(4-cyano-2-fluorophenoxy)phenoxy]propionate
C20H20FNOs  MW:357.1 CAS No.: 122008-85-9

Fig. 1 Chemical structures of benfuresate and cyhalofop-butyl

2 EERAE
2.1 B
2 FEFHD WCRS % 60 °C LLFC 20 WFfERZ#E L, BIZENICERE L CREZ L72%, 1 mm DR 7
U — U mHERE LT RS TR L7,
22 O
) 7Ebhy, HEBRTZFIRONFTY AIRERIE - PCB R RBHE2 HWe. A X ) — V3ikik s
n~ N7 7HAMOKBITEEZ o~ 7T 7H (K 99 %, FtHsR TR 2Huvi=. K
1% Milli-Q Advantage (Merck Millipore ) (2 & VR L 7= flik (JIS KO211 0 5218 |[ZE %
InTcMiAK) W,
2) Ny 7 Lt— MMEUERK
N7 be— MEAES (HEE 99.8 %, FIHMBK T M) 25 mg # EMEICE > T S50mL O &E
7 IAIZAN, TN EMATENL, BICEMRE CRVEEAZMZ TRy 7 Lt — MEHE
AR L7 (ZOW ImLiE, N7 —hELTO05SmgZaBaTS. ) .
3) voaky 7T FOVERERK
oaRy T FOURERES (MEE 99.7 %, FOGMBET3EE) 25 mg # IEMEIZE > T 50 mL @
RETTAIICAN, TEMNAZMZATENL, LIERE CREEEZMA Ty vk y 7T
FOMERER R 2 L7z (Z0 1 mLi%, ¥ aky77F e LTCo05mgaahl+5. ) .
4)  RIIR AR AR
N7 bt — MERFRE N aky 77 FOUEBRES S mL % 50 mL D& 7 7 A 2
ICIEREIC AN, FICHERETTE b 2MA T, 1 mL Flt_r 7= Ry mky 7
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TFNLELTENEN S0 pg 25 A T 2 REIRGEERK 2T L.
5) MEARER T R IR AR ER

EHICEE LT, BRIEAEEFIRO —TEEE, K—2%/—/ (1+1) TEMIZHRL, 1
mL FIZR 7 L= RO aRy F7TFLE L TERER 1.0, 2.5, 50, 10, 25, 50,
75, 100, 125, 150, 175, 200ng # &5 HA T H KR GIEER Z R L7z,

23 HEROZHE
1) Byiet : SM-100 Retsch ! (1 mm 227 U —>, [Al#5 (fE6E) 1430 rpm)
2) WEO: LT v =2 —H—SR2W XA T v 78 (EHRE S S %300 rpm)
3 M A Y 74 H T L InertSep K-solute (5 mL, 10 mL &2 T8 20 mL fREFH) v—= 1
B A
4 7777 A M=K/ TI 7T U U S EREI =T A (LU THEE
=717 5] L\WH. ) :ENVI-Carb/LC-NH, (500 mg/500 mg)  Sigma-Aldrich %
5) LC-MS/MS :
LC #F : Nexera X2 [SiEH/ERT L
MS/MS #5 : LCMS-8040 & e/ py
24 EEIFE
1 #h

IINTEE 10.0 g 28> T 200 mL O3de =/ 7 T 2|2 AL, /K20 mL Z01%, 30 5
Bis, LIZT7E 100 mL #00Z, 30 RV B TR L72. 200 mL O2&E7 7 A 2%
T7F—RIOTFICES, fHEE A (5 B) TRSIABLER, KO=AT7 T Aa L)
RIS ZNERT & F > 50 mL THEF L, FRRICRGI AL, FIZEEY 7 A aDiERETT
EhoZMMATZ. ZOWS mL% 50 mL D72 T BT 7 A2 TIERMEIZ AL, 40 °C LL T OKET
$05mL E CIERMEL, H T L0 I R EHATRE Lz,

2) N7 LB

RENR R E LI A Y o7 5 (5 mL fRFEH) ICAR, REHERDO A>T\l T8
77 A%k K4mL THEL, WKE S T HTMx 2%, 10 HEHE L.

200 mL ORTIET7 T A2z A7 LD FIZES, BREHRROAS>TWERTIET 7 A a iz~
FY 25 mL I OT2EIBESL, FTIRAIERD T MM, WHPFTTARO EMICET 2 F
TMFLT, X7l —h EQRnmRy 77T FAEENRSEE. TIZ, ~FH > 90 mL
ZH T LIINA, FRRICEE ST,

WK % 40 °C LT OKIBTIE & A EHE T 2 £ TRERME Lk, R T AZ k- Tzl
L7c. Bife—F v 2mL 22 CHREW AR L, 17 208 I3 2 30BHAR & LTz,

3) AT LRI

FEE I =77 L&EFHETT L 10 mL THF L. 50 mL ORTH I T A2 I =0T LD
TlcE, REHEREZ I =77 DA, WEHBFETARO EICET 2 E TR T (AR T
4, HLENZIG UTHGED 1 mL/min F2EEIZR2 2 X9 WEI Lz, LAFREE. ) LTV 7Lk
—FROvw Ry T FAERESEE. BHARDO A > TWe kT T 7 X az g F
A2 mLFOT2EESL, WRENEKRI =87 AN, RERCHEHSEZ. FHiC, Ekx
Fh4mL & I=H7 KM, FERRICHE S 7.
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Ttk 2 40 °C DL FOKIBTIE & A ER[E T 5 £ CRUERME L1k, EFRT A& ko Tzl
L7z, K—=A% 77— (1+1) | mL % EFECINZ THEREDEZR,M L, 5000xg T 5 5ty
BEL, RBZEZ LC-MS/MS 2 & 2 HIEICHT 23 0Ek & Lz,

4) LC-MS/MS 2 X B HlE

FBHR IR S OV 1 AR VE RO B SRR S A B & 10 uL & LC-MS/MS (ZVEA L, BIRBUGHR

H (BLF ISRMJ EWo . ) Zu~ 7T L&, BESM% Table 1 X2 1ZR LTz,

Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-3 (2.1 mm id. X 150 mm, 3 pm), GL Sciences
Mobile phase 0.1 v/v% formic acid aqueous solution — 0.1 v/v% formic acid methanol solution (2:3)
(hold for 1 min) — 12 min — (1:99) (hold for 20 min)

Flow rate 0.1 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)
Mode Positive

Nebulizer gas Air (4.4 L/min)

Drying gas N2 (20 L/min)

Interface temperature 350 °C

Heat block temperature 300 °C

Desolvation line temperature 300 °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) (eV)
163 — 11
Benfuresate 257
— 121 22
Cyhalofop-butyl 358 256 — 1l
alofop-bu
Y p-outy — 120 28

5 Bt &

BoNiz SRM Z7u~ h 7 7406 =7 HBLAONEG I ZRO THREREZEKRL, HEHF O
RyT7Lv— b EERRY  "OFRy FTFLELZEH L

kB, EEHEOME % Scheme 1 127 L7-.
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Sample 10.0 g (200 mL Erlenmeyer flask)

add 20 mL of water and allow to stand for 30 min

add 100 mL of acetone and shake for 30 min

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

(receiver: 200 mL volumetric flask )

wash with 50 mL of acetone

—fill up to 200 mL with acetone

5 mL of sample solution (50 mL eggplant flask)
l—evaporate to about 0.5 mL under 40 °C

InertSep K-solute (5 mL)

apply sample solution

wash with 4 mL of water and allow to stand for 10 min

place a receiver

wash with 5 mL of hexane (twice)

elute with 90 mL of hexane

evaporate to dryness under 40 °C
——dissolve in 2 mL of ethyl acetate
ENVI-Carb/LC-NH:z (500 mg/500 mg)

(prewash with 10 mL of ethyl acetate)

place a receiver and apply sample solution

wash with 2 mL of ethyl acetate (twice)

elute with 4 mL of ethyl acetate

evaporate to dryness under 40 °C

——dissolve in 1 mL of water—methanol (1:1)

centrifuge for 5 min at 5000xg
LC-APCI-MS/MS

Scheme 1 Analytical procedure for benfuresate and cyhalofop-butyl
in whole-crop rice silage (WCRS)

2.5 FHERWR O 53 B & Ot 7 1%

WCRS 10.0 g % 2.4 ® DIZHE-> THIH, ABEOER LZHK S, 10 XX 20mL % 50 mL O 723
B7 27 23T, 40 mL Z 100 mL D727 7 XA allmpRLz. Zhilththxr7Lt—Fh
ELTO04mgkgtHEE, > afly 7 7F/0ELTO02 mgkg HHYEZWRNM L=, 40 °C LLF
DK TENENL 0.5, 1, 2 X4 mL £ CTRIERMEL, SBUKE S mL IZOWTIHRFFA &
285 mL, ZHUEE 10 mL (IZ DWW TIIRFFAED 10 mL, 0 BUE & 20 XV 40 mL (22D TR
BEREN 20 mL Oy A4 Vv th T 202, REHRE K OBEHAIR D A > T\t IE 7 Z
AaZzPWE LizK 4 mL 286 L7z, 2B0RE 5 mL 220\ TiE~F4 2 100 mL T, Bk &
10, 20 ZTN40 mLiIZoWTIEZENETRAF T 80 mL THEREZEHN ST, ~FHh gk
WL 2.4 ITIEWER L, FUELZ RO, 728, 24 O )TEHELNTZ EEARRO —H %2 K—
AL = (1+41) T, EEE 10 mL 225\ TIE 2 6%, 2 BURE 20 mL ([2oW i 4 f%, 4 E
HRE 40 mL 22V TIL 8 fFICA N L T LC-MS/MS IZ L AHIEZEIT - 72,
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3 WBRERUBE
3.1 PlffES

GC-MS {£TiX, GC-MS ICXHME I W THRMED O BELZT, X7 L= MRy nm
By T TFL HITEERN 120 %% LRl 72, HKHEMIC X DB ORI AR AT, GC-MS
TIERBH RN E SN -T2

Ry 7= RO BRy 7 TF O LC-MS/MS (XD 08H & LT, AN L
7=, LC-MS/MS (L7 hr AT L—AF1kik (LT TESI) EWwWo. ) ) XD 7Dk
I —F 05 "RD 5. ZOHEEBEBICHEGEZ RGN LR, R EAED 3k —
FOMETHHEA SN TV LHEE I =0 7 A L DS BN B A 2 [BIR NS =0, &
NaRy T FNAOEIERIIA 5 ThoTz. ZOERE LT, A4 ULREORERE X L
lie, A A Ak T A A AL E OB A D 0 L S D RAERZEA A 1Lk (BLF
FAPCI] W95 . ) ICZEHE L THIE LR, M & &I RAF R BINERLZG 7.
TIRETOBRNS, GC-MS EE —HAEF L, BRICIEEEI =7 5% H\, LC-MS/MS
(APCI) THIET 2 HIEIZO W TLLFREMICHRET 2T o2& & LT,

3.2 LC-MS/MS (APCI) DI7E S

Bk v~ N7 7 78 BEICOWTIE, MALOHFIEICHEL, 727U nies Va7 n
7 (R 2.1 mm, £ 150 mm, KifE3 pm) &V, 0.1 v/v%XEEIEIK —0.1 viv% Xk A #
J VR D 7TV = SORBHE CHIE L2 E 25, WERF O Ry 77T FILNFHEKIC
BHEL, ROWERDZ o~ 77 MIRHSNDZERH -T2, 20728, Fel) OUBER AL
0.1 VV%XBR A X ) — VIR 55 %7025 60 %ICZEE L, 100 % TOREEREZ 10 207005 15 4y
WZL7eE 25, BEIERL R, Wln & bRIEFRE—7BEONT. £, MEEE R THEYLE
WAEBE LIREE, 0.1l mL/min & L72GE8ICE RS Bho7-.

BEOITEMEIZONTIE, RN 7 be— MEEFIRL O a Ry 77 FOAERER RO —E &
EENTIK—AX ) —) (1+1) TIERICHR L EEER> DA BN~ A A7 hL (Fig.
2) kO©&a 7 A A A7 ~v (Fig. 3) "HE=F —A 4 %% Table 2 DL BV EDT-.

WIZA v B —T oA AREOFMERF LTz, ¥R EZEV K UAE LR, ek y 7
TIFNDOE—=IBEDIXLOENRKEL, ZOREBA U F—T =4 AREITHDLEBEZ BN,
IO, £ F—T A RAREEE Z CTHEMERZNE LR, 350 °C The bk LR
BiFChotzlzd, £ v Z—7 x4 AREEIX350°C &£ L7,

A B
7 5lnten. (x10, 000) 1 5Lnten. (x10, 000)
] 257.1 ] 358. 2
5. 0] 1 041 256. 1 297.2
: : 279.3
2. 5207,1 274.9 0.5 21? 3 3 T1 s 1
] 219. 2 : ] ‘ .
ool ? ___ 2%9"1‘ ‘ \‘ “ ‘ “ ‘ 00"“! ‘M“ ‘\MM‘\\ ‘\‘\\\‘?‘6‘%\2\“\\‘\ i BT \\‘3‘4]"3““ ‘ ‘\‘ ‘H\?\‘H\‘
"200.0 225.0 250.0 275.0 w2 2000 225.0 250.0 275.0 300.0 3250 350.0 375.0 mz

Fig. 2 Mass spectra of benfuresate (A) and cyhalofop-butyl (B)
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A-1 A-2
Inten. (x1,000) Inten. (x1,000)
i 1.5
3.0—: 163. 1 1 163. 1
201 1.0
] ] 121.2
1.0 0.5 123.2135.2
ooE — ‘12}.‘3 A ‘]59'(‘5 — — 00510\?.‘9 “‘ ﬁ : T‘ : ‘ L ‘1f‘3?.‘9 — 1‘9%‘9
1000 125.0 150.0 175.0 n/z "100.0 125.0 150.0 175.0 2
B-1 B-2
Inten. (x10, 000) Inten. (x1,000)
- 256.0 1 120.2
o.75—f ' 3‘02 ’
0.50—2 2.0
0.25—2 109 107.0 15?.8 1840 22?_3 ZST.B
0-00:\‘H‘\‘H‘\‘H‘\‘H‘\HH\HH\HH\HH 0-0:\“/“\‘H‘\“H‘\“H‘\HH\‘HH\HH\HH
100.0 1250 150.0 175.0 200.0 225.0 250.0 275.0 m/z 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 m/z

Fig. 3  Product ion spectra of benfuresate and cyhalofop-butyl
A-1: Benfuresate (precursor ion: m/z 257, collision energy: 11 eV)
A-2: Benfuresate (precursor ion: m/z 257, collision energy: 22 eV)
B-1: Cyhalofop-butyl (precursor ion: m/z 358, collision energy: 11 eV)
B-2: Cyhalofop-butyl (precursor ion: m/z 358, collision energy: 28 eV)

3.3 MREMR
22 @ 5T L0 PR L 7 AR EROH R IIRAEER S 10 uL & LC-MS/MS IZHEAL, 556
Nz SRM 7 v~ R I AL E—7HELOE S E AW TRERZER L. S5 mEk
O —HlE, Fig. 4-1 XKW Fig. 42 DELBY THY, % 1~200 ng/mL (FEAEE LT 0.01~2 ng fHY
&) O#PECHEMAEEL R L.
B, YUHMREROBERGHT, X7 e— ROy uky 7 7FILE 0.004~0.8 mgkg
BT DT AR 2 AR ITIE VT U 7 e e RUEHA I T O A R IR EE G IS S 975 .

500000 - 50000 -
y:2005.38x— 291.40 y:212.47x-70.51
R2 =0.9994 R? =0.9993

400000 - 40000
2 2
= =
: 2
£ 300000 - £ 30000 -
© ®
~ b
© ey
o =
© 200000 - 2 20000 -
3 %
o o)
o o

100000 - 10000 -

0 ; ; ; . 0 ; ; ; .
0 50 100 150 200 0 50 100 150 200
Concentration of benfuresate / [ng/mL] Concentration of benfuresate / [ng/mL]

Fig. 4-1  Calibration curves of benfuresate by peak area (left) and peak height (right)
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600000 A 80000 A
y=2671.95x- 3,576.67 4 70000 - y=335.26x-438.58
500000 - R? =0.9992 R? =0.9991 b4
@ % 60000 -
g 400000 - =]
P ©o 50000 -
= ®
© =
® 300000 - = 40000 -
g .%
©
~ < 30000 -
T 200000 - S
o}
o Q. 20000 -
100000 -
10000 -
0 T T T | 0 T T T !
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Concentration of cyhalofop-butyl / [ng/mL] Concentration of cyhalofop-butyl / [ng/mL]

Fig. 4-2  Calibration curves of cyhalofop-butyl by peak area (left) and peak height (right)

3.4 HlHE AR 0 53 B B O B
GC-MS {ETIEoHrakEl 10.0 g #2495 2.4 O DIZHE-> THi, A& OVER L72#K 40 mL % 4y
L, REFEN 20 mL OZAMETr A Y 0T AL T D2, RHEDIKE 2 W#F LT,
LHNMA AV T+ h T AT A ERIE DS BIEEICOWT, 2.5 I2it-> TRt a1T- 7.
ZORER, 5N MEILERT Table 3 DEBY Thotz., T2 T, HEMEILEO B I 725 BUk
#S5mL K10 mL O5EICHONWT, RERBHARICK T 2K EEDO~ M) v 7 A REmiR L
Tl 2 A, SrEUEE 10 mL 2 HOWTIEA A AuRER R o7, i ERR O 5 Bk &% 5
mL & L7z

Table 3  Effects of volume of sample solution for purification on recoveries
Recovery (%)

.. Spiked level
Pest \ - .-
esticides (me/kg air-dry matter) Volume of sample solution for purification
5mL 10 mL 20 mL 40 mL
Benfuresate 0.4 95.8 116 120 116
Cyhalofop-butyl 0.2 98.3 106 86.3 44.6

n=1

3.5 ST A Y T EH T AND OEHE Sy ORERR
WCRS 10.0 g ZAR{E 2.4 O D)IZHE-> THIH, AEOTERL, SFoNTHEHAERK S mL 1T~
TZLE— MR B Ry I TTFELTENEN 0.4 LY 0.2 mgkg FAY & (RAEaURHATR H
TS50 KON25 ng/mL MY &) 2L, ZMETrA Y oL h 7 LD OEHE Y ZHER L. <
DFERIT Table 4 DEBH THY, X7 Lt — KR mRy 7 7TFIE, 0~60 mL OFE 5y
WCRKES Bt L, vonaky 77 F 2O TIE 60~100 mL OEFIZEBWT HIRHEHNRD
nizi=, ZHMTr A Y T E 0T EANEDO~XH U TORHEEIX 100 mL & L7z,
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Table 4  Elution pattern of benfuresate and cyhalofop-butyl from InertSep K-solute
Recovery (%)

Pesticides Hexane
Total
0~60 mL 60~80 mL  80~100 mL 100~120 mL
Benfuresate 90 0 0 0 90
Cyhalofop-butyl 90 2 1 0 93

n=1

3.6 flE I =57 LD Oy 4 O R
WCRS 10.0 g & 2.4 O DR 2> THE L, GoNEHRICRC 7 LE— MRy e
Yy T TFNLELTENEN 04 K02 mgkg FHY & (RMEHEHAH T 100 & T 50 ng/mL
M) AL, BMEI =720 00MHES 2R L. £ORRIL Table 5 DB ThH
D, WTROEEDS 0~10 mL OESICHIHL, ZOMOEFIIEFHEIERD bhienol. =
D E,nn, FEET=F L 10mL TRHESESZ L& L.

Table 5 Elution pattern of benfuresate and cyhalofop-butyl from ENVI-Carb/LC-NH;
Recovery (%)

Pesticides Ethyl acetate
Total
0~10 mL 10~12 mL 12~14 mL
Benfuresate 99 0 0 99
Cyhalofop-butyl 100 0 0 100

n=1

3.7 WiEWE OB
WCRS 2 % Hvy, RIEICE R L7 3EHAKR Z LC-MS/MS IZIEA L, 557 SRM 7
v NI AEHERLIEEZA, WTHOREHZBWTHEX 7 L= N aRy 77T
NDERZEG T HE—27ITFBD 6o,
7B, 5N/ SRM 7 n~ b7 T A% Fig. 5 (TR L7z,
38 v MU w7 AFOMR
24 O DS NTE VAR L WCRS O 7 7 v 7 EHAIKIC N 7 L®— & LT 0.02 KO
0.4 mg/kg MY E ORKREHAKT T 5 KO 100 ng/mL FHY4E) , 1 oky 77F L e LT
0.02 LT 0.2 mg/kg FH% B (B&alEHART C© 5 LT 50 ng/mL A4 &) 22N NRNL-%&
7 MU w7 ARG ONT, 2.2 O SHITHE S THRE L 72 R EE OS5 B3 ER IS T 56—
HFEL 2R L& 2 A, Table 6 OBV THY, FEEIHE~ MY v 7 AL DKRERE
BhEZ DL WEAETH T,
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Fig. 5 Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solution
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times
of 1: benfuresate and 2: cyhalofop-butyl. The baselines are shifted for display.)

A: Standard solution (5 ng/mL: 50 pg as each pesticide)
B: Sample solution of WCRS (blank)

Table 6  Results of matrix effect study

Concentration of pesticides

. b
Matrix effect )

Pesticides in matrix standard in samplea) %)
0
solution (ng/mL) (mg/kg air-dry matter)

5 0.02 100
Benfuresate

100 0.4 100

Cvhalofon-butvl 5 0.02 112
alofop-bu

Y p-ouy 50 0.2 107

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

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

3.9 EnENN ERER
22D 2D T L — MEHEFREE R vk y 77T FURREERRKZ 7 & b CEMICA
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RLUBIZ W,

WCRS IZ2WT, Ry 7 LbtE—Re LT, FHPHEFE L T 0.009 K02 mgke Y& (FEHR
BHAWH T 5 KOV 100 ng/mL) , ¥ »aky 77 Fe LT, JFWHRE L T0.009 XT0.1 mgkg
Y B (R f&RUBASIE P © 5 O 50 ng/mL) IZ72 2 Ko IcEnEnmmL CL<EAL, —&
FiE L7722 ICAREICHE > TERE L, FHEIGE & OMGR LIS 2R 7.

B, IR L TR 7 — e L T0.02 KT 0.4 mgkg FHY &, T miR
v 7T FELT0.02 HN0.2 mgkg FRS B D X O1TV, FEWHRE~OHE L, Fhh Kk
OREZ R DK EHEEZ 60 %X N0 % EBE LT, JFY OKDEH R 60 %) HiRE =Ry

R EHE10%) FIRE 225 ORI V1T 7.

ZORERIL Table 7 D B0, X7 LE— FOFELENLHET 86.0~101 %, RSD, X, 12 %L
T, vk ey 7T FIOVO AR 85.3~93.2 %, T OMUK LKL RSD, & LT 14 %LL T
DREEAEDE DAL, SR EED L EMERIET A RT 4 Y (LLT T4 ERET A R T4
Y EWH L) ICEDONTEEEKROHITHEO BEE A2 L Tz,

ek, O SRM 7 a~ K77 AO—1fl% Fig. 6 [Z/R LT,

Table 7 Recoveries for benfuresate and cyhalofop-butyl

Sample
o Spiked level WCRS 1 WCRS 2
Pesticides . a) b) 5) b) P)
(mg/kg original matter) *  Recovery RSD: Recovery RSD:
(%0) (%0) (%0) (%0)
0.009 86.0 6.4 91.1 12
Benfuresate
0.2 89.2 11 101 2.7
0.009 93.2 7.7 85.3 14
Cyhalofop-butyl
0.1 87.0 11 91.0 5.4

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) The pesticides were spiked to air-dried WCRS samples one night prior to extraction. The
spiked levels were 0.02 and 0.4 mg/kg air-dry matter for benfuresate and 0.02 and 0.2
mg/kg air-dry matter for cyhalofop-butyl, respectively. The levels of pesticides in
original matter were calculated with following equation on the assumption that the
moisture content of WCRS samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of pesticides in original matter (moisture 60 %)

= the levels of pesticides in air-dry matter (moisture 10 %) / 2.25
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Fig. 6 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of 1: benfuresate
and 2: cyhalofop-butyl. The baselines are shifted for display.)
A: Standard solution (100 ng/mL: 1 ng as benfuresate and 50 ng/mL: 0.5 ng as cyhalofop-butyl)
B: Sample solution of WCRS (spiked at 0.2 mg/kg original matter of benfuresate (as 100 ng/mL in
sample solution), and 0.1 mg/kg original matter of cyhalofop-butyl (as 50 ng/mL in sample

solution))

3.10 E&E FRAE OB TR

R T L= MR mRy T T TR ER DN ERRE A R L7 EiPE, 4 1~200 ng/mL O T
T &7 B (WCRS BEZY T 0.02 mg/kg HYE (RKHEHAE T T 5 ng/mL fH4 &) )
OUMENREBROFER, Hon/-e—270 SN 2 10 LETho7z/d, X7 Lbt— KW
oy T FOOERTFROBEEIL WCRS OREY T T 0.02 mgkg & Lz, ZOREE,
Ny 7Lt — ROV Ry 77 F LD WCRS FOEHELEREO By AL (thFh
0.45 T 0.225 mg/kg) XL TENEN 1722 KO V11 TH Y, ZUMEHRIETA R7 A4 VIZE
Do BEEZ I LTV,

RIEOKBRH TRZMERT D720, BRMEIGRBRICEVGONT-E—27 O SN S 3 L biRNE
BRI, FORE, B TFRIZEEZY TR 7 LE— I 0.006 mgkg, vk ST F
VX 0.0005 mgkg TH Y, FFICZYMERRIETA RTA4 VIZED B BEE7- LTz,

723, Table 7 IZ/RL7z&BY, MiZE & NRIEEIZH T 2 MEINGURE RIZRAFTH - 72,

3.1 Sh[EEER
RIEO BB B E 2R T 5720, REIEEM, N OIEPIRO 2 sUKHE CHIERENT L 53
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[ B A FE e L7z

Hmalel & LCiE, WCRS | (AEZ9) X7 L&—hE L T045 mgkg tHYEX T 1
Ry T TFNELT0225 mgkg FHY & (DHTHRE 10g 2k LT ImL iz 7 LkE— K45
ug KXvoaly 7T F 225 ng EEAT HIRAGIEMER | mL) %, WCRS 2 (JA#&ZY) (2~
ZLt— RO mRy T TFL L TEALN 0.045 mg/kg Y& (ST HEUEE 10 g l2kF L
TImLHICR 7= MO Bl y T FN% 045 png 2o H T 2RAERER 1 mL) %,
ITNENERBREIZTONBE O BIZUIN L TR L7230 2 v 7z

BANERBR L, — MM EHEANBARESSW | o & — B8R, — i AMb S0 S AT A
JUMEME RO ST, — M EE AU R L RO Y & —, 74— F - U UK
FERFZERT, BRAS M EEERERT OIS EE S a— ST T = a VR X —, BT
ITBOE NEMOKPETH B 22 it o 2 — Rkt 2 Ass, FALRt 27—, Fiiat s 2 —,
A4 fREE % —, FAfFEr 2 —kOFEEME % — GF 11 RBRE) Thotz. MROMIT
IZOWTIE, EBRMIC A —FF A a7 EFERBRICET 2 FIE ¥ Y% 2512, Cochran HiiE,
SR FUVIE 1 18 > Grubbs #iE K& O FUIE 2 f# @ Grubbs 1 E 21TV, AIUEOAHEZ R L= L TF
HEl =R, #ak URSEE (RSD,) KR OV=EMIFBUREE (RSDr) Z#H ML, o7 RSDr 206, &
1E Horwitz & '"% T HorRat % R & 7=

N7 — hOfERIT Table 8 D& F Y THY, WCRS 1 LT WCRS 2125\ T, AN
X 96.1 KN 94.7 %, RSD % 2.6 2 *3.7 %, RSDpiZ 8.1 XX 10 %, HorRat |% 0.45 & T* 0.45
THY, ZYUMHERBIETA RT A4 ICED SN EEHIUEE O BAZ{E %72 L TV /=, HorRat
205 DTN TESTED, SIBENEBNEECH LD EEZ X b,

voaR ey T T FOOFEFRIL Table 9 D LBV THY, WCRS 1 LT WCRS 2122\ T, ¥
B =R 1E 92.7 TN 97.0 %, RSD, (2.7 & 1¥ 4.8 %, RSDg (% 22 TN 32 %, HorRat (% 1.1 X TV 1.5
ThHY, RRIEOZYUERRIETA RT A VICED LN BEHEREEO BEME AR LTz
Ry T T FO RSDy L, X2 7 Lt— MR RKEIWEADBFED S en, —HoiRER
ENOLINARR Yy T TFNVDEENZELRNEORENRH 72 L226, LC-MS/MS #ED =
VT4 a il ARBEZIT T LILDEE L.

SEDD, FBRE THEH L7- LC-MS/MS O#%fE% % Table 10 (27~ L7z,
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Table 8 Collaborative study for benfuresate

Sample
Lab. No. WCRS 1 WCRS 2

(mg/kg air-dry matter) (mg/kg air-dry matter)
1 0.426 0.420 0.0435 0.0407
2 0.398 0.397 0.0386 0.0394
3 0.459 0.437 0.0466 0.0512
4 0.444 0.408 0.0470 0.0456
5 0.403 0.390 0.0394 0.0375
6 0.480 0.483 0.0370 0.0379
7 0.442 0.445 0.0413 0.0409
8 0.485 0.509 0.0475 0.0482
9 0.383 0.394 0.0402 0.0375
10 0.444 0.435 0.0468 0.0458
11 0.420 0.415 0.0440 0.0409

Spiked level (mg/kg air-dry matter) 0.45 0.045
Mean value” (mg/kg air-dry matter) 0.433 0.0426
Mean recovery” (%) 96.1 94.7
RSD:” (%) 2.6 3.7
RSDx” (%) 8.1 10
PRSDr” (%) 18 22
HorRat 0.45 0.45

ayn=22

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 9  Collaborative study for cyhalofop-butyl

Sample
Lab. No. WCRS 1 WCRS 2
(mg/kg air-dry matter) (mg/kg air-dry matter)
1 0.213 0.212 0.0444 0.0383
2 0.179 0.175 0.0337 0.0332
3 0.193 0.181 0.0324 0.0327
4 0.324 0.314 0.0708 0.0688
5 0.211 0.212 0.0561 0.0586
6 0.184 0.180 0.0368 0.0386
7 0.251 0.246 0.0643 0.0644
8 0.217 0.210 0.0399 0.0388
9 0.128 0.143 0.0260 0.0261
10 0.199 0.210 0.0399 0.0333
11 0.206 0.201 0.0419 0.0409
Spiked level (mg/kg air-dry matter) 0.045
Mean value” (mg/kg air-dry matter) 0.0436
Mean recovery” (%) 97.0
RSD."” (%) 4.8
RSD:” (%) 32
PRSDR" (%) 22
HorRat 1.5

ayn=22

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 10  Instruments used in the collaborative study
Lab.No LC-MS/MS L€ column
(i.d.xlength, particle size)
LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
! MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
2 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
3 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
4 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18
5 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(4.6 mmx150 mm, 3.5 um)
LC: ACQUITY UPLC, Waters Mightysil RP-18GP
6 MS/MS: ACQUITY TQD, Waters Kanto Chemical
(2.0 mmx150 mm, 3 pm)
LC: Nexera XR, Shimadzu Inertsil ODS-3, GL Sciences
/ MS/MS: QTRAP 5500 AB SCIEX (2.1 mmx150 mm, 3 pm)
LC: Alliance 2695, Waters Inertsil ODS-3, GL Sciences
8 MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 pm)
LC: Prominence Shimadzu Inertsil ODS-3, GL Sciences
’ MS/MS: QTRAP 5500 AB SCIEX (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3 HP, GL Sciences
10 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: 1200 Series Agilent Technologies Inertsil ODS-3, GL Sciences
11 MS/MS: 6410 Triple Quadrupole LC/MS (2.1 mmx150 mm, 3 pm)

Agilent Technologies

4 F&EOH

WCRS [ZEET L7 L= ROy vRy 7 TF IO T, GC-MS % KiZ, LC-
MS/MS % V7= R E BB O BT FEEA~ O H O A IOV TR L2 & 2 A, Il ERIK
DHBIREDOEL, ZAMETA Y T Lh T AORFEREOEL, FAVREI/ v~ NI T 7 Kk RTF
LYy UT IVN-7Ta Ay Uk VA F VI =T ML DR EBBEI =0 7 A X DR
IZEFAF N GC-MS IZ X B HIEDH LC-MS/MS (APCD) IZ X HWEICEFICTHZ ET, LAFD
FERDEOI, EHNAETHDL EEZX L.
1) BEHITZZNZN 1~200ng/mL (GEARE LTO0.01~2ng fY4E) O CERMELZ R L.

B, YUHMREROBERGHIL, 71— kR y uky 77 FILE 0.004~0.8 mgkg

BHT DB FHEE 2 RIEIHE VR U 72 S UBHA IR P 0 & R SKIR EHPRICH Y 3 5.
2) WCRS IZ9OWT, REZH-THLNEZZ e~ M7 T L1001, EBEZHTHE—2713RD LN

Rino .
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3) AREBEIZHENELNIZHEHARICOW T MY v 7 AR EHER LR, <7t — KD
oaRy T TFMTREIY M) v 7 AR DRERPELZITHZ LR EFRETH T,

4) FHPICHRE L TR 7 LE— R & LT 0009 KON 0.2 mgkg Y&, v raky 7 7F e
LT 0.009 X 0.1 mgkg FHY EZRIML, RIEICHES TS SOMTONT 2 %M L, B K O
WU A RO & A, BEMWMRIETA FT A4 ED DIV EE K OPHTREE O B IEE %
7= BAF 2 s s bz,

5) RKEOX 7 Lt — FOFERE FRIZEFEYH T 0.02 mgkg, B TFRIE0.006 mg/kg, >/ vk
v 7 FOVOE R T RIZEFZY H T 0.02 mg/kg, B TFIRIE 0.0005 mgkg THh o7z, BiE LIZE
B FREOBE TR, ZUERGRIETA RT A4 ICED LR BEZHE LT

6) WCRS 1 (JR#z#) [2_X> 7 1bt—h&LT045 mgkg HHYER N vk y F7FLELT
0.225 mg/kg fHY B %, WCRS 2 (JAF:H) ([c_X 7Lk — ROy vRy 7T7F L LTER
ZH 0.045 mg/kg Y EAZ RN L7REE AW T 11 RBREICE W TAIEICE W 3L [RFRBR 2 F i
L7c& 2 A, ZUMEMRIETA BT 4 VICED b= B BURSE O B A % 7= 3 B i 7o ik 5
NE LT,

Bl i
EFEREBIZS I L T2 2D e— M FE N B AR B ST o 2 —Z8 e, — kAL
LV RN SO RO AT, RV EIE AR R BEMEIE R CBREOR R X —, T4 — R -
U RS AR ST AT R Ok Nt B R BT o T st S 2 7 a — S 7 7Y —v g SR
2 —IZBIT D BEBRESMICEH OB AR L ET.

X oy

1) REATREEFEES DEREENSEENERES (B 23 ) KEIGEBITR D RIESERRE
BEEOREICHET 28R, PRk 22411 A 19 H (2010).

2) RAKPEE KPERR @A  FE O EWE OFEEER OF IOV T, B 63 4 10 A
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Development of Simultaneous Determination Method
of Carbaryl, Carbofuran and Fenobucarb in Feed by LC-MS/MS

Satomi TANAKA " and Masayoshi KUWABARA®

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

An analytical method was developed to determine the levels of carbaryl, carbofuran and
fenobucarb in feed using a liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After adding water to the sample, carbaryl, carbofuran and fenobucarb were extracted with acetone
and the extracted solutions were filtered. The filtrate was then diluted with acetone to a volume
of 200 mL. The sample solution was purified with a SPE column (InertSep Slim-J C18-B, GL
sciences Inc.; Tokyo, Japan) and injected into the LC-MS/MS to determine the levels of carbaryl,
carbofuran and fenobucarb. LC separation was carried out on an ODS column (ZORBAX
Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5 pum from Agilent Technologies Inc.; Santa Clara, CA,
USA) using a gradient with 2 mmol/L ammonium acetate solution and acetonitrile as a mobile
phase. In the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on formula feed for finishing beef cattle, wheat, corn, milo and
oaten hay. Formula feed for finishing beef cattle and corn were spiked with 0.01 or 0.1 mg/kg of
carbaryl, 0.01 or 0.05 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of fenobucarb. Wheat was
spiked with 0.01 or 2 mg/kg of carbaryl, 0.01 or 0.2 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of
fenobucarb. Milo was spiked with 0.01 or 10 mg/kg of carbaryl, 0.01 or 0.1 mg/kg of carbofuran
and 0.01 or 0.3 mg/kg of fenobucarb. Oaten hay was spiked with 0.1 or 250 mg/kg of carbaryl,
0.1 or 13 mg/kg of carbofuran and 0.1 or 10 mg/kg of fenobucarb. The mean recoveries ranged
from 86.6 to 103 % for carbaryl, 91.3 to 105 % for carbofuran and 85.5 to 99.1 % for fenobucarb.
The relative standard deviations of repeatability (RSD,) were not more than 10 % for carbaryl,
7.4 % for carbofuran and 11 % for fenobucarb.

Key words: carbaryl; carbofuran; fenobucarb; liquid chromatograph-tandem mass spectrometer
(LC-MS/MNS); electrospray ionization (ESI); feed
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ThY, ENERIISATEOT, KETHLHEANFIEENTWD P 7=/ T HIATIR7 74
EENBRE LTl — " A — R ROZBRAITH Y, 1968 FFICEHNBERES LTS Y,

INOOREOBMBEICKIT DAL O EREL U ClE, HEER OGRS O Bk oy R %12
BT 285 N2B 0T, IARNY LT ZARRD~A 1T 10 mgkg, KENNRT A XTS5 mgkg,
/INZET2mgkg, &9 HAZLTO.1 mgkg MOHE T 250 mg/kg, HIVRT T 0%, HIVRT T~
BOX3-0H HVRT T2 HVRT7 T oaRICER LEZbOOTERESN Y, 2%, ~1ak
T A4 %&T0.1 mglkg, KEMOVNETO0.2mgkeg, &9 HAHZLTO0.05 mgkg & OHE T 13 mg/kg,
T ) THNTIEZAE, KE, INE, E9HAZL, v~/ a kDT 4ELBHIZ 0.3 mgkg DR
EARESNTWD. F£h2, 7=/ THATIE, FEOAEYE OB R OEREE Q2B
THEEHA R (b o, TISEEAE R ORK) OFBIREMENHRE SN TWND.

fakl (FEHA R Z2R<. ) TOHZI KD E BN — A — FREIFEOFRFFEEELE LT,
SR IEHE ISR A N T AEEFEREAR 2 v~ ST 7 TERT A OMESRE S LT
. oL, ZOHEITEREEEL SFICE WY MHHERNER I TRV, Ee, HIERE
IOV TSH, KOVPHAMEDOHDLHDREE L.

il X, EEN B ARSI ' o 2 — 03k 21 FEERE OB EYE T IER R R LR E
ICBWTH% L LC-MSMS Z W= E&iE Y (BLF TJFRL k) 2w 9. ) Z&iC, fEHHA %
R DME% 3 oy & Ede 8 il DRI EBEICOW TR S RE~OE A ORI B2 HET L, b b,
TR B AR R ORI AT 2 E &k P (LUF T %k WD, ) 2N L. 4El, fik

(FARLHA X Z<. ) FOBIARY L, IANRT TR ONT = ) 7T HNTIZHONT, JFRL EK
A 155 FLITETEH T EA~ DN E Z Bk & LIZRIRE &RIEORBEIC OV TR LZD T, &
OMEARET D.

BBEIZHNANY I, INVRT T RONT = ) T HNVT OREERE%E Fig. 1 IR LTz,

\|N \|N \|N
HO)\O Ho)\o Ho)\o
o]
Carbaryl Carbofuran Fenobucarb
2,3-dihydro-2,2-dimethylbenzofuran- (RS)-2-sec-butylphenyl
1-naphthyl methylcarbamate
7-yl methylcarbamate methylcarbamate
C12H44NO, MW: 201.2 C12H15NOs MW: 221.3 Ci2H17NO>, MW: 207.3
CAS No.: 63-25-2 CAS No.: 1563-66-2 CAS No.: 3766-81-2

Fig. 1 Chemical structures of carbaryl, carbofuran and fenobucarb
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Table 1  Compositions of the formula feed
Formula feed Ingredient types Proportion Ingredients
types (%)
For breeding  Grains 55 Corn, brown rice, milo
Ic)f)rici:(;in Oil seed meal 26 Soybean meal, rapeseed meal, corn gluten meal, sesame meal,
corn germ meal
Animal by-products 1 Meat-and-bone meal
Brans 2 Rice bran, corn gluten feed
Others 16 Calcium carbonate, animal fat, dried leftover, corn steep liquor,
calcium phosphate, salt, enzyme-treated copra meal, feed additives
For breeding Grains 65 Corn, milo, oat
period pigs Oil seed meal 13 Soybean meal
Animal by-products 3 Fish meal
Brans 8 Wheat bran, rice powder
Others 11 Alfalfa meal, bakery waste, calcium carbonate, calcium phosphate,
salt, feed additives
For finishing  Grains 56 Barley, corn, corn starch, potato starch
beef cattle Oil seed meal 5 Soybean meal
Brans 38 Wheat bran, hominy feed, soybean hulls, corn gluten feed, rice bran,
brewers grains
Others 1 Molasses, calcium carbonate, salt, lactic acid bacteria, brewers yeast,
butyric acid bacteria, saccharification bacteria, natural aluminum silicate,
light silicic acid, galacto-oligosaccharide, glucose, zeolite, calcium propionate
22 K
1) 7 M ATEREER-PCB BAHZHWEZ., 7 h= 1MV W h T DALEI TR 3K
PCB B Z H\Vy, IRIER & T LC-MS/MS ¥ EERIC i&%7D7F777%%%wt.%%
TR U LIEERE o~ 877 7 (1 mol/L WK, FOGHMBE T HER) & M. Kix

Millipore, DIRECT-Q UV 3 (Merck Millipore )

EFREINTEHMA) 2RV,
2) TR L AEUE R

I X DR 72k (JIS K0211 @ 5218 (2

TS VEEAE S, GRLEE 99.8 %, BIAILFHL) 25 mg Z EfEIZE>TS0mL ODRET 7 A2
AR, TR EZMATENL, TITERETTE 2L TH N UAEAE R % 57 5
L7z (ZOW 1mLiE, ZANYLELTO0SmgEzalHTDH. ) .

TR T T EAE R

TINVIR T T RERERL (M 99.8 %, BIH(LFHR) 25 mg # EfEICE > TS50mL D&Y T A
AN, TEMAZMZTENL, FIERETTE N Z2MATHVRT T U NEREFR 2
FEL7- (oW ImLiE, IVRZ750LLTO05mgaa AT 5. )

3)
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4 Tz )T HNTERERR

Tz )T HANTRERER (M 98.4 %, BAR L) 25mg Z EFEICE S TS0mL D&Y 7
A AN, TERAZMATENL, BITERETTE N ZIMZTT =) 7 VT EHER
WMLz (Zol ImLix, 7=/ 7V 7ELT05mgaaad 5. ) .

5) IRAIEHER

FIEEF A 2 mL % 100 mL D275 22l ALTRAL, BICERETTE Fr2m
ZCIRAOEEFTIEZFAM L7 (Z0W 1 mLIiX, IARNUL, HIVRT TR T =) T )
TELTK IOug a8 HTDH. ) .

RICEE LT, BRAEERED ~E&4%, 7 b=tV L—/Kk (3+2) TIEMICHFRL, 1
mL FICHANRY L, INVRT T RO T =) T HATELTH 0.04, 0.06, 0.08, 0.1, 0.2,
0.4, 0.6, 0.8, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200, 400 KX T* 600 ng Z &A%
IREGAEER 2R L 7.

23 HEEROZHE
1) ek
Fmet 1 (B LIS ) @ ZM 200 Retsch 8 (1 mm A 7 U — 2, fEHRFEIEREL 14000 rpm)
otk 2 (REACRH)  : SM 2000 Retsch 8 (1mm 227 U —2, [Al#E8 (f£R) 835 rpm)
2) #RE O : MW-DRV AT TR (I HRFHR & 5 %X 300 rpm)
3y AU EFTINT VALY U AN =T A InertSep Slim-J C18-B (£ T A& 500 mg)
VI AY A AR Y PN =R E L2 O
4) LC-MS/MS :
LC & : ACQUITY UPLC System Waters %
MS/MS #B : ACQUITY TQ Detector Waters
24 TERFIE
D #h

TR 10.0 g 28> T 300 mL O3k =/~ F 222 A, 7K 20 mL (F2¥CH1E 30 mL)
Nz, 30 pREEE%, BFI27 ' b2 100 mL (24081 120 mL) 0%, 30 />R RE
THIH L7z, 200 mL O2RE7 I 22427 7 —RIOFIcES, MtiEz 58 5 # B) T
Wl A L7z, EDO=A7 7 2AaRUHESLIART &~ 50 mL THEEL, RERICEKSA
WL/, BIZRBET7TAIDERETTE RN ZMAT. ZOWK 2 mL (FEBEEIZ DWW T,
ZOWRD—ERET & M TIEMIZ 10 fEHRLZHK 2 mL) % 50 mL O3 7 7 A 2TIE
el AFL, K20mL ZMx T, » 7 LI 23HAKR E LT

2) T LHLER

FI ATV I N Y BTNV I=H T L ETER=FY LS mL UK 5 mL CIAKYE
WL, WENAKZ R =8 7 A2 AR, FiiE 1| mL/min FEE CTW 5| L Tk 27 TAAIO bk
WCETHE T SE. BICRBARDO A>T\ RTIE 7 I Aazk—Tk =K UL

(9+1) SmL > T2 [EFEHL, WRAEINEXRI =1 T ANz, FERCHEESEZ. 10 mL O
PETITIAAEZI=ANTLAOTICESE, 7EF=M) =K (B+2) 9mLZI =07 AIIMNx,
FARICR S L CREER D 2R S, 287 7 A a0EfRE CREEZMZ, ZOHO—
E R % 5000xg T 5 pMiELHEEL, EEAEEZ LC-MS/MS IZ X A HIEICHT 23 AR & L
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3) LC-MS/MS (2 Xk B HlE
FBHATE M OB IR A SRR % 5 uL & LC-MS/MS IZVEA L, @IREUSHH (BLF TSRM] &
W9, ) va~v N7 AESE. WESME% Table 2 XT3 TR L7z,

Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

ZORBAX Eclipse XDB-C18 (2.1mm i.d. X 150 mm, 5 pm), Agilent Technologies

2 mmol/L ammonium acetate solution—acetonitrile (4:1)
— 15 min — (1:9) (hold for 5 min)

0.2 mL/min

40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (650 L/h, 350 °C)
Capillary voltage 1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.20 mL/h)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) Q%) (eV)
145 — 22 12
Carbaryl 202
— 127 22 28
165 — 24 12
Carbofuran 222
— 123 24 23
95 — 24 16
Fenobucarb 208
— 77 24 36
4 F R

Bo7 SRM 7 a~ N7 7 AL E—7 HELRE S 2RO TREBMREZIERL, HEHHFO
HNNY I, INVKRT TRV T =) T ANVTwmEE L.
e, EEIEOBE %A Scheme 1 (TR L7z,
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Sample 10.0 g (300 mL Erlenmeyer flask)

add 20 mL of water (grass hay: 30 mL) and allow to stand for 30 min

add 100mL of acetone (grass hay: 120 mL) and shake for 30 min
— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

(receiver: 200 mL volumetric flask)

wash with 50 mL of acetone

—fill up to 200 mL with acetone

dilute sample solution of grass hay 10-fold with acetone

2 mL of sample solution (50 mL eggplant flask)

|—add 20 mL of water

InertSep Slim-J C18-B (500 mg)

(prewash with 5 mL of acetonitrile and 5 mL of water)

apply sample solution

wash with 5 mL of water—acetonitrile (9:1) (twice)

—place a receiver (10 mL volumetric flask)

elute with 9 mL of acetonitrile-water (3:2)

—fill up to 10 mL with acetonitrile—water (3:2)

centrifuge for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for carbaryl, carbofuran and fenobucarb in feed

3 BWRRUBE
3.1 s
22 D HITHE- TR L 7= BB AEERS 5 uL 2 LC-MS/MS IZIEA L, 57~ SRM 7 o<
N7 T APLE—7HBELROE S ZHWNTHREREIER L. GonTmERO—FIIX, Fig. 2-
17152308 THY, IANY L, INVKRTTURONT = /)7 V7134 0.04~600 ng/mL
(A& E LT 0.0002~3 ng) DO#iH CHEMMEL R LT,
kB, BEBEROEEGIL, IANUL, BLRTZITROT =/ T HNT % 0.004~60
mg/kg AT D N BB 2 RIEICE WAL U 72 e fKRENEIR R O I AR Y v, BIVIRT T v R
W7 = /) 7NV TIREREICHEY T 5.
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Fig. 2-1  Calibration curves of carbaryl by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of carbofuran by peak area (left) and peak height (right)
300000 -
_ 1400000 -
250000 - y—4:z7.=83>;;;3;34.54 y = 2352.4x +4318.0
’ 1200000 - R?=0.9996
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Fig. 2-3  Calibration curves of fenobucarb by peak area (left) and peak height (right)
3.2 fhHE& oA RBIEICONT

LEDLNTWD., A XEE, 7Tk % 200 mL ICER

AR D A LS VEFEIZON Tl IRV, IART7 70D E 5 55T LT O0.05 mgkg

L, WIZ 10 fEA R (R %6 P AL A

BHE 100 (5758 2179525, EEFIRMN 0.1 mgkg THHZ Enb, FEHIEMAT 57201213 &
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DIRWREE CTERNRE FFA2RERDH L. T, FEEMENEWEZHRELIMNI SN T,
% O 10 AR 2TV & & LTUBRORMEIT- 7.
33 AUV ETFTINTIIMMET Y BTN =T B O HE S OWHeRR
NEEZHW, 24 © DICX VR L72H T LI 23EHEIKRIZ, TN L, TR T
FURRT7 2 ) THNTELT 1 mgkg Y & (REFEHERH T 10 ng/mL FHY4 &) ZIRNL,
F I BTN DN Y BTNV =H T A0S OIS R LT, £ OREHIL Table 4 @
LB THY, AT, ﬁw?7?y&w7l/fww717tb:%Uw—m(Hﬂ
0~9 mL OFE /M L, 9~18 mL O E/MTITIEH A R b 2o 7=, JFRL i YTl 10 mL TI&
HEETWVD A, %mﬂ%xﬁé*“#10mLéi77x:T%Dﬁﬁ%ﬁzék%n#%é
ZEMnD, RIETIE, 9 mL THEMIE%, RET 7 A2 OERE CRIELELEZ N Z LC-MS/MS
IZ R DHEICHT 2 EHRIK & LT,

Table 4  Elution pattern of pesticides from InertSep Slim-J C18-B

Mean recovery (%)

Water-acetonitrile Acetonitrile-water Acetonitrile-water

Pesticides
(9:1) (3:2) (3:2) Total
10 mL 0~9 mL 9~18 mL
Carbaryl 0 97.0 0 97.0
Carbofuran 0 96.6 0 96.6
Fenobucarb 0 97.8 0 97.8
n=73

3.4 BiEWE OB
RCE A B G RE, A HELA SR, WASIEEHE AR, 2AZE, KE, IE, &
IBAIL, v B, FTAE, TNT7NANT 7 HEROF—YHES 1| B2 e LT, 24
D DEO 2T X %@Ltﬁﬂ%ﬁ%[ﬁM&Ms*&AL,%%MKSMA&vaﬁ?A%
MR L2 A, WTFRORBHICBWTHEIANRNI L, IARTITURNRT = ) T HILTDIE
BT L= IO oo,
72¥5, MEHEIO SRM 7 o~ k75 L% Fig. 3 10/ L=,
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Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard solution and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of 1:
carbaryl, 2: carbofuran and 3: fenobucarb. The scale of vertical axis is normalized to
chromatogram A, in which the peak height of the 0.1 ng/mL standard solution is to be shown as
100 % in each segment. The baselines are shifted for display.)

A: Standard solution (The concentration is each 0.1 ng/mL as carbaryl, carbofuran and fenobucarb.)
B~L: Blank sample solution (B: formula feed for breeding period chicken, C: formula feed for breeding
period pigs, D: formula feed for finishing beef cattle, E: oat, F: barley, G: wheat, H: corn, I: milo, J:

rye, K: alfalfa hay, L: oaten hay)
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3.5 ¥ MU v ZEROMR

24 O DEO )T LV IRK L2k E AR A Gk, FKEE SR, WA EHR S
R R ONE DB A LDT T 7 HREHEIRIC A AN L E LT 1 mgkg Y& (BEBHAR S
T10ng/mL AHYE) , IAVRTZ TR0 T =/ 7TH7E L TO0.5mgkg Y E (REREHAK
HCSngmL Y E) %, 2AE, KE, NhE A KkOTAEDOT T 7 B EHRIRIC LN
UL & LT 2 mgkg Y& (REREHAKF T 20 ngmL M4 &) , WLVRT7IUERNT =) T
ANT L LT 1 mgkg fAY & (RiEEHRIE T T 10 ng/mL fHY &) %, 77 7V 7 78K
WA —VWEDT T o 7 BBEIRIZ A NRY L, IART TR NT =) THALT & LT 20
mg/kg MY & (RAREHRIRT T 20 ng/mL MY &) ZZNTIIRMLIZE~ MY v 7 AEHER
IZDWT, 2.2 O SITHE S TR L7 RRE ORSGEERICRIT 2 ¥ — 7 bz iR Lz & 2
%, E— 7 HfEkIEL Table 5O LBV, HANYILTI3~108 %, HNVRT T2 T9I7~109 %, 7
= /) T HNVT T 93~104 %THY, WAV, DNVRTTZURORT = ) T HANVT L~ R Y
I RAZEDREREELZTHZLRPEARTHo -

Table 5 Results of matrix effect study
Carbaryl Carbofuran Fenobucarb
Concentration Concentration Concentration
Feed types of matrix in matrix Matr i"b‘) in matrix Matri);) in matrix Matr i"b‘)
standard in samplea) effect standard  ing amplea) effect standard in samplea) effect
solution (mg/kg) (%) solution (mg/kg) (%) solution (mg/kg) (%)
(ng/mL) (ug/mL) (ng/mL)
Formula feed for
breeding period chicken 10 1 96 5 0.5 98 5 0.5 93
breeding period pigs 10 1 96 5 0.5 99 5 0.5 96
finishing beef cattle 10 1 108 5 0.5 103 5 0.5 104
Oat 20 2 93 10 1 97 10 1 99
Barley 20 2 104 10 1 106 10 1 97
Wheat 20 2 106 10 1 109 10 1 104
Corn 10 1 97 5 0.5 101 5 0.5 94
Milo 20 2 98 10 1 101 10 1 93
Rye 20 2 104 10 1 103 10 1 100
Alfalfa hay 20 20 108 20 20 101 20 20 97
Oaten hay 20 20 102 20 20 101 20 20 101
n=1

a) Converted from the concentration in the matrix standard solution

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

3.6 IRANEN AR

22 D 2)~AYD I NN NAEREE R, VR T T AERFE RO = ) TNV TERER G T
F= KU —ok (3+2) TIEMIZARLEIMZH W,

WAAEEREARE R RNE S HAHZ LICDNT, AU e LT0.01 &ON0.1 mgkg FH4
B (EERBHAK T T 0.1 2O ng/mL) , BART7 T L LT0.01 HTR0.05 mg/kg FY4 & (K
R EHAR T 0.1 XV 0.5 ng/mL) , 7=/ 7 HAT7ELTO0.01 K03 mgkg FHY & (&
BN T 0.1 LY 3 ng/mL) , /NEIZHOWT, AU LE LT 001 O 2 mgkg FHXY &
(R BHRIR T T 0.1 X820 ng/mL) , HART T & LT0.01 HT0.2 mgkg A& (i
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BRI T 0.1 Y2 ng/mL) , 7=/ 7 HATELTO0.01 K03 mgkg fHYE (RKakk
W T 0.1 O 3 ng/mL) , ~A 2ZOWT, AUl LT 0.00 LU 10 mgkg 14 &

(B SRR IR T T 0.1 2TV 100 ng/mL) , HARTF & LT0.01 &OY0.1 mgkg FYE (&
HERBHAE T 01 OV 1 ng/mL) , 7=/ 7 HN7 & LT0.01 K03 mgkg MY E (R
BHATK T T 0.1 XT3 ng/mL) , A—YVEEIZHOWT, BT L LT 0.1 K250 mgkg
HE (AR T 0.1 &Y 250 ng/mL) , AAART T & LT 0.1 KON 13 mgkg tHY &

(BRI T 0.1 OV 13 ng/mL) , 7=/ 7 A7 &L LTO0.1 KO 10 mgkg FHY&E (&
FEFBHAR T 0.1 XV 10 ng/mL) 12725 L2 ICZNZENEMNE LEAG L, —KEFE L2
ARIEHE > TER L, FHEIUE K QR LR E %2 R 7.

ZDOFEFIL Table 6 D LBV, AU LOEEEUTEIT 86.6~103 %, F Ot LK X
RSD, & LT 10 %A, HART T OFHEUET 91.3~105 %, % O LKSEEIL RSD, & L
TT4%LT, 7=/ 707 OFHEIEIT 85.5~99.1 %, % OE UKEIZRSD, & LT 11 %
LLF OFAENF DAL, R MDY ERGRIE T A RT A4 v D (ULF TS PEeRE T A R
FAL] EVnH ) ITEDONTZEEROPHTRE O BAEE 272 L T\,

ek, HoNSRM 7 u~ 7T ADO—f% Fig. 4 IR LT,

Table 6  Recoveries for carbaryl, carbofran and fenobucarb

Feed types
Spiked  Formula feed for cattle Wheat Corn Milo Qaten hay
Pesticides level > =y > 5 > =y > ) > )
(mg/kg) Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD:
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0.01 89.6 7.2 92.6 8.8 96.0 10 90.6 7.2 — —

0.1 96.9 2.5 - - 96.2 4.5 - - 86.6 6.6
Carbaryl 2 — 92.9 4.0 — — — — — —
10 — - - - - 96.4 1.1 — —

250 — - - - - - - 103 1.1
0.01 93.2 6.6 95.1 6.5 105 7.4 97.8 4.3 — —
0.05 95.8 3.7 - - 94.0 1.2 - - — —

Carbofuran 0.1 — — — — — 93.4 6.9 92.8 5.0
0.2 — — 91.3 1.9 - - - - — —

13 — — - - - - - - 95.7 2.1
0.01 89.4 6.8 85.5 11 92.9 7.3 86.8 7.3 — —

Fenobucarb 01 B B B R B R B R 9.3 >3
0.3 95.0 1.3 91.8 2.7 94.3 3.1 95.6 2.2 — —

10 — — — — — — — 99.1 2.6

—: Not tested

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 4  Selected reaction monitoring chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of 1: carbaryl,

2: carbofuran and 3: fenobucarb. Each peak is shown as 100 % in each segment. The

baselines are shifted for display.)

A: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 1 ng/mL,
0.5 ng/mL and 0.3 ng/mL, respectively.)

B: Sample solution of formula feed for cattle spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of
carbofran and 0.3 mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL
as carbofuran and 0.3 ng/mL as fenobucarb)

C: Sample solution of corn spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of carbofran and 0.3
mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL as carbofuran and
0.3 ng/mL as fenobucarb)

D: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 250
ng/mL,13 ng/mL and 10 ng/mL, respectively.)

E: Sample solution of oaten hay spiked at 250 mg/kg of carbaryl, 13 mg/kg of carbofran and
10 mg/kg of fenobucarb (corresponding to 250 ng/mL as carbaryl, 13 ng/mL as carbofuran
and 10 ng/mL as fenobucarb)

3.7 EETREOWH TR
KREOERETREOHRH TREZ#HRT 5720, ARAFREBEAME, &, 252 L,
AV RONA—=VHEIZANNY IV, VR T TR T = ) T ANT RN, BMEGUER
IZE0BELNDIE =7 D SN 10 K3 L biREERDT-.
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ZORER, SNHN 10 L3 LB L, DAV, WIVRT TR RN T =) THNVT L
Hiz, A—VEEUANAOFEHI DUV T 0.01 mg/kg & T8 0.003 mg/kg, A — Y #EIZ DWW TIL 0.1
mg/kg KT* 0.03 mgkg Tho7/2Z &b, BEHHP TER FRIL 0.01 mgkg (FAXEIZ OV T
0.1 mg/kg) , MH FBRIX 0.003 mgkg (FAXEIZOWTIL 0.03 mgkg) Thotz. RELEZECE
TIRIE, A6 NCEDLNIFEEFOU LR T T o OEMEHEOK/NEE 0.05 mg/kg 2% LT 1/5
DRETH Y, ZUMWHERIETA T4 ICHE SN BELZTZ LT\ e, B TRIZOWT
HIRERICBEE 2072 LTz,

72¥%, Table 6 [Z/RL7c& B0, MELE&E FIRIEEICK T 20MEINGRERF RIZRIFTH > 7-.

4 F&EOH
BN T DN NNU L, VR T TN T = ) T HLTIZONT, JERL IEROA k%

I, LC-MS/MS % W T2 & EIE D T B E~OEH O A HIC O THRE L& 25, flil#&

OREHA Z 10 fEAR L7222 & (MEEEZRS) KON 7 DRI E T D HEEEE 4 10 mL

MNHImMLICAEET S LT, UTFOMENELNT.

1) FMEHIT, 0.04~600 ng/mL (FEAEE LT 0.0002~3 ng) DOHiPH CHEMRMEE R LT,

E, UHRBROBERGEIZX, ANV, BVRTTURRT =) T AT % 0.004~60
mg/kg AT D oMHREE . RBIZHEWVIRE L 72 &SRR O VY v, INRT T
MO T7 = ) TN T REGHEICHEY T 5.

2) AEREE RS EE, FEREGE ARG, WHPEERESER, 2AE, KE, IE, &
PHLAHZL, vAn, TAE, TAT7NT 7L NA—VEHEIZONT, KEICHE->THD
Ni-rzna~ N7 7 A82%, EEEZITHE—7FBONRhoT.

3) ARBIZHENEFSNIZBHEHARIZOW T~ MY v 7 2R EMHER UIRER, BN, BAR
TR NT 2 ) THNTITRE~ Y v 7 AL DREREELZ L2 LR HENETH
> 7.

4 WHFEEHEAEE, £, LH2HAZL, ~ Ak OA—=YEEIZOANI IV, TILRT
TRV T =) TN T E LT 0.01~250 mg/kg Y EZIRML, KiEIZE-T 5 ST %
FhE L, ECER O LR E 2 RO 25, ZUMHERIETA RI7A4 VICED LN EE R
OMMTRE O BREE &2 7= 3 BAF i s b iz,

5) ARIEOANANRVN, HIVRTTURONT =) T AT OERE FRIZEEH T 0.01 mgkg (R4
ELZOWTIL 0.1 mg/kg) , MHTFBRIX 0.003 mg/kg (FEAXELIZ DV TiX 0.03 mg/kg) Thoi-.
RE LT E R TIRE ORI TIRIE, Z4PEMRIETA R4 VICED NI BEEZN 2L T
7.

X B
1) —MAEEEAN A AREDBE S - BN KT v 7 2016 4R (SGRTHTR) , 420-421, HAHE
WbhEE 2, B, (2016) (ISBN: 978-4-88926-146-2).
2) NEIMEMLERZES  BRMEEREERV AT 4,
http://www.fsc.go.jp/fsciis/foodSafetyMaterial/show/syu02850270108, cited 21 Dec. 2016.
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Bl L AR—

2 fAHGED 3-OH AILAKRI7ZSoDFRAFAIOR NI ST T LEEE D
etk A EEEDRAFE

fRE gHiE, BAR &
Development of Determination Method of 3-Hydroxycarbofuran in Feed by LC-MS/MS

Iyo YASUDA *and Shinpei NAGAKUBO®

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

An analytical method was developed to determine the level of 3-hydroxycarbofuran in feed using
liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

3-Hydroxycarbofuran was extracted by boiling hydrochloric acid (1:29) and the extracted solution
was filtered. The filtrate was diluted with hydrochloric acid (1:29) to a volume of 200 mL. The
sample solution was purified with two other types of SPE columns (InertSep K-solute, GL
Sciences Inc.; Tokyo, Japan and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA),
and injected into the LC-MS/MS to determine the level of 3-hydroxycarbofuran. LC separation
was carried out on an ODS column (Mightysil RP-18 GP, 2.0 mm i.d. x 150 mm, 5 pm from Kanto
Chemical Co., Inc.; Tokyo, Japan) using a gradient with 2 mmol/L ammonium acetate solution and
acetonitrile as a mobile phase. In the MS/MS analysis, positive mode electrospray ionization
(ESI+) was used.

Spike tests were conducted on formula feeds (for growing pigs and for dairy cattle), wheat, corn,
alfalfa hay, rice straw and whole-crop rice silage. 3-Hydroxycarbofuran was spiked at the levels
of 0.01 or 0.05 mg/kg for formula feeds and corn, 0.01 or 0.1 mg/kg for wheat, 0.01 or 13 mg/kg
for alfalfa hay, 0.01 or 0.4 mg/kg for rice straw, and 0.004 or 0.6 mg/kg air-dry matter for whole-
crop rice silage, respectively. The mean recoveries of 3-hydroxycarbofuran ranged from 82.2 to
91.3 %. The relative standard deviations of repeatability (RSD,) were not more than 6.1 %.

Key words: 3-hydroxycarbofuran; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed

X—U—R:3.0H HVRT7Ty  Wilkra~ NI 7% 0 F A REESITE . =L 27 b
0 A7 L—A Akl fEE

1 % E
3-O0H HVRT7 T B-t RuXxs IARTT) 1%, I—"A—FZZEBHTHDLHILRT T
VBEBEDOINRANT 7, TITFFINTROR T T HLTOREETHD VP AR
V7 7 I KE FMC t, 7 7 F 4 V7 1% Ciba-Geigy £t (8L : Syngenta ££) , N> 7 Z h 7%
KGR (Bl OAT 77U Ak ath) ko Tl sz P ZART7 T b FMC #
Lo THEINTERETH LD, BRTOREKILR. £, 77 FAHAT1E 2006 £ 1 HIZ
ENTOBENKDLTND .

T OMRNEATECE N BERROK BE I R 2 A A v & — IR AR A
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B EICEB T DERH OB BREICE A REM VL, ERA4DDI L, IAVRT T
WTHESNTWD., ANART T ORHEEEERIL, ILVART7T7 KO 3-0H ILVRT7 T 0%
ANRT T ERICHBA L OOMEBESH Y, KET 13 mgkg, KEKOUNET 0.2 mgkg,
AN, vABKRTAETO1 mgkg, £2HAZLTO0.05 mgkg £72>TW5., Fiz, fkH
OEFHLUER 01, FREEABSDOI L, WAVRALT 7 VZOWTREINTEY, boT
0.7 mg/kg, FRFEEHLETEE (LT TWCRS) &5, ) Tl mgkg Lo TW5h. HIZ, WAKRANL
77/&UﬁwT77/ R DR AT BE O MRS RIS I U B R R IR ik, LR AL
T BB ENTESBAICRY, IARAAL Ty (AR TFTUKRN3-0H WILRT T %L
$2W77/EEL@§LR%@%EU.)&LT,K*TOQm@@&@OTPé.ik,ﬁw
f7?yR@30Hﬁwf7?yﬁ@mén MZTHONRKRANT 7, TTFAHNT IR
TITANT BRI SN0 T2 H AR, INAVRT7 TR 3-0H BNVKRT T INVKRT T

g_@%bk%@@ﬁkbf,z*fomm@&@ofwé

3-OH HVR 75 3Rt —EhE k& U CHAE L, IS CImaicht+s 2 &n
T&ERW. 2071, WEEZRML TNET 5 2 & TRBEEREZ KSR L, #HT 2 5ENEH S
nTERY VD ER T EREEICIIBEIC, RA MU T AEEHERRA s n~ VT T TER
DHENRE SN TS P UL, Ao RIS ST 5 HiEE, BIR 4K, Sk
AR ERFIGRE L TCWehole, Fo, MEERICOWVWTE, KVHAHMEOS 2 L ONEE LU,

Alal, MHFENBARBSHONE Z =N 21 FEER R O EWE SR EFEICB D
TR L, k7~ 7774207 DRV &EGHE (LT TLC-MS/MS] EWH . ) ZHWZ
s Y (BLF NIFRL ) W9, ) 241, RO R E~OI#E %2 Bk L Lok %

BIZOWTHRHF LD T, ToMEL2HETD.

BEIZ3-0H HIVR 7 T v OGRS % Fig. 1 IR LT,

[t T

\N

N

HO (@)

OH

2,3-dihydro-3-hydroxy-2,2-dimethylbenzofuran-7-yl
methylcarbamate
C12H1sNO4 MW: 237.3 CAS No.: 16655-82-6

Fig. 1  Chemical structure of 3-hydroxycarbofuran

2 ZEEBRAZE
2.1 & B
BA R (WRIEEREOILHFFREER) , NE, £H5bA2 L, BHE (TA77 V7 7#
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B, A=K 7T AGERNFEY—HE) ROROLLIEZNZN 1l mm DAY U — &35 L
To B TR L 7=, WCRS 1X 60 °C T 10 FFf iz, TITENICHRE LR L2k, R
Wt L7z,

7E, MEHI AW TZBLA B O F] A Table 1 127 L7z,

Table 1  Compositions of the formula feeds

Formula feed . Proportion .
Ingredient types Ingredients
types (%0)
For growing pigs Grains 77 Corn, milo, wheat flour, wheat, barley
Oil seed meal 21 Soybean meal, rapeseed meal
Animal by-products 1 Fish meal
Others 1 Animal fat, calcium carbonate, salt, calcium phosphate,

feed additives

For dairy cattle Grains 48 Heat-treated corn, wheat flour, corn, milo
Brans 24 Wheat bran, corn gluten feed, rice bran
Oil seed meal 23 Soybean meal, rapeseed meal
Others 5 Molasses, calcium carbonate, salt, feed additives
22 O3

) 7TEF=RIUAKEORAZ ) —iT LC-MS HEHWE. 7& by, BEE=TF LR OANF P
IR AR - PCB BB AW, BT B v AdEmdikAE s v~ 875 7 H (1 mol/L
KA, BARALRR N OFOEMEBE TR 2 v, HEERIR SRRk z A, 9 a iy
A et T38) 2w/, U ik SRX310 (BRL « Fya—=r78) ZHuvi-.
7K1 Milli-Q Integral 5 (Millipore ) (2 X 0 FEH L 72 #HiK (JIS KO211 @ 5218 [ZERK S L7
HRiAK) & .

2) 3-OH H VR 7 T o FEHEg

3-OH HVAR 7 T U FEHES (W 99.0 %, FiYehisk T3¥%) 10 mg Z IEMEICE > T 100 mL
DEET T AN, AX 7 —VEMXTENL, FITERE CREEE %% T 3-OH #/L
R7 T U EREFIR A2 L7 (Zo# 1 mL 1%, 3-OH #LR7Z7 L LT 01 mg 2547
5.) .

FEAIZEE L C, 3-OH VA7 7 URERERKK 4 mL % 20 mL ORET 7 A 2 TIEMIZ AR,
MR ECTAZ )=V EMAT, ImLHIZ3-O0HB VAT T LTC20ug 2 aH T D%
PR L, ZoRO—EREE, T2 h=FU AL TEMIZHRL, 1| mL FIZ 3-OH ALK TZ
»ELTO01, 02, 04, 06, 0.8, 1, 2, 4, 6, 8, 10, 15 KT 20 ng Z&A T D FKAEUEHL &
TR 7.

23 HEROEGE

1) ek
Btk 1 (Bl Ak, NEEOE S BAZLH) : ZM-200 Retsch # (1 mm A2 U —1, fi
FHIRF[EIER2 14000 rpm)

Fyrek% 2 (RoAEE, FRd S KO WCRS fl)  : SM-100 Retsch & (1 mm 22 U —, [H#izkk

(f:£K) 1500 rpm)
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2)
3)
4)

5)

2.4

1))

2)

3)

4)

T T AMEHE S HE © GFP-95  Hil 111 5/ i A

Z AL A Y v 1 F I InertSep K-solute (5 mL fRFFH) v—x 1 = il

U BN =H T A Sep-Pak Plus Silica (78 CAAI&E 690 mg) Waters |2 U ' — —%
HELEZL D

LC-MS/MS :

LC #F : ACQUITY UPLC System Waters
MS/MS # : Xevo TQD Waters

5

oo

IINTEREL S g ZIEREIZE ST 500 mL O3 7 7 2 22 A, HiE (1+29) 130 mL, #hiE
£ 3~4 KL O ) 3 K 1 mL 2R, EBiRm AR L, 1 RFEINEGEIE L2, 200 mL
DERETTAa%T 7F—K}O FICES, MHKE T 7 ABHEARK TR A L2%, ko
T T A RO ZIERERE (1+29) —7 & F> (5+2) 50 mL THEH L, [RERICWS]
A LTz, WIZERT 7 AT OB E CHEEE (1+29) MMz 7. 2O 2 mL % 10 mL ORER
BICIEREC AN, e (1429) 2mL 2N C, BT LHE It 2 EhARK & L .

717 LALER T

REAT 2 2 A YV 7+ H T DA, 10 SREE L2, 100 mL ORTH T T 2%
AT LDOTFICEE, MEHAKDO N> TWIZRBRE 2 ~F ¥ —Fg—F /L (1+41) SmL 32T
4 [BIEE L, WREZNERAT 7 XNz, WA F CAHIO EiGc#ET 2 £ THR T LT 3-O0H &
NRT7 TR S, BIZEEE 20 mL 20 7 222 TRBICEE S8, BHiEZ
40 °C LA F ORI THI 1 mL £ TIRERME L%, ER T ALK Tzl L7z,

et —F /L 1 mL # N2 CEEMZENLT2HE, ~F 49 mL 22T, 77 L0 I
T D FBHRIR & L7z,

77 NALER 11

SUBTNI =T L EFBTF VS mL KON FH 5 mL TIERGES L7 (MEIZSC,
P2 1 mL/min FREEIC 72 D K95l L7z, BAFREER. ) .

REHARZ I =0 7 HMZAN, EPA R TAFO EiwlliZET 5 E TRl S 72, 50 mL D7
TIT7 TR %EI=ATLAOTICESE, RSO A> TWERTIET T XA az T —FE
fgrF /L (3+2) SmL O T3MEWEHE L, WKRZIERI =07 H2IZ, Km»A R TAFO Lk
UlZETHDE T F LT 3-OH IART T U2 EH S, BIZFEEE S mL 2 I =757 Al
M2 CRBBICEE S, B ZE 40 °C UL TOAKBR TR | mL £ CTHRIEEM L%, BHFH X
ko TCHIE L, 7 RF=1FU L2 mL & EMICNZ TEEDEZENL, LC-MS/MS IZ X%
BB 23 0BHAEK & LTz,

LC-MS/MS 2 X 5| &E

ABHAIE K OV 3-OH B VAR 7 T U FERERRAS 2 uL % LC-MS/MS [ZiEA L, IR
(LLF ISRMJ &Wo. ) 7r~ 7T L5%21G. WESMHEA Table2 L3 12 L7z,

nE, BT A Y LT L O O EZIT > 7256 kY WCRS (IZE ) # R
LT 0.6 mgkg FHY & D 3-OH WK 7 7 U E2RMUZEAIE, B 3) THRHRICER T A %
Eo THEE L7k, 7 h=1FU /L 20 mL Z# EfECNZ CTEEMZRNL, LC-MS/MS 12 X
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DHEICHT 2K & Lie (BLF 110 fEABEEHEK, Evwo. ) . £, 777 n
7 7 HLEIZ 13 mg/kg FHYED 3-OH HAVART7 T UM LEESEAE, Eid 3)TH Lz E
W O—fZ2TIZT ' = F UL TIEMIZ 100 574 R L, LC-MS/MS IZ X 2 & (24 2 a0k}
WikE Lz (BUF 1100 5 BGEREHER ) &vvo . ) .

Table 2  Operating conditions of LC-MS/MS
Column Mightysil RP-18 GP (2.0 mm i.d. x 150 mm, 5 pm), Kanto Chemical
Mobile phase 2 mmol/L ammonium acetate solution — acetonitrile (95:5)
— 10 min — (10:90) (hold for 5 min)
Flow rate 0.2 mL/min
Column temperature 40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 150 °C
Desolvation gas Nz (1000 L/h, 500 °C)
Capillary voltage 3.1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.4 Pa)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifer Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
3-Hydroxycarbofuran 238 163 — 28 14
— 181 28 10

5 Bt &
BoN SRM Z7u~ h 7 7 A6 =7 HBLEAONEG I ZRO THREREZEKL, HEHF O
3-OH VAR 7T o BHBEH L.
B, TEEOME% Scheme 1 IZ/R L7,
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Sample 5.0 g (500 mL eggplant flask)
add 130 mL of hydrochloric acid (1:29), boiling tips and 1 mL of silicone oil

heat under reflux for 60 min

— filter under pressure (glass fiber filter: GFP, receiver: 200 mL volumetric flask)
wash with 50 mL of hydrochloric acid (1:29)-acetone (5:2)
—fill up with hydrochloric acid (1:29)
2 mL of sample solution (10 mL test tube)
b—add 2 mL of hydrochloric acid (1:29)
InertSep K-solute (hold volume: 5 mL)

apply sample solution and allow to stand for 10 min

——place a receiver (100 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (1:1) (four times)

elute with 20 mL of hexane-ethyl acetate (1:1)

evaporate to dryness under 40 °C

after dissolved in 1 mL of ethyl acetate, add 9 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(prewash with 5 mL of ethyl acetate and 5 mL of hexane)

apply sample solution and drain

——place a receiver (50 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (3:2) (three times)

elute with 5 mL of hexane-ethyl acetate (3:2)

evaporate to dryness under 40 °C
——dissolve in 2 mL of acetonitrile
LC-MS/MS

Scheme 1 Analytical procedure for 3-hydroxycarbofuran in feed

3 WBRRUEER
3.1 AR

22 D DTHES THRBL L7245 3-OH WV R 7 T %L 2 ul & LC-MS/MS I[ZIEA L, H6h
72 SRM 7 u~ NI AMLE—JHBELOESZHWTHRERZER L. SONTRERD
—HiX, Fig. 2D LBV THY, 3-O0H HIVART T 3% 0.1~20 ng/mL (FEAE E LT 0.2~40 pg
Y &) o CHEBRMEEZ R L.

B, UHREROEEHKIFIL, 3-OH Z/LAR 7T % 0.004~0.8 mg/kg & AT 5 o k2
ARIENCHE VTR U 7 S BRI T oD 3-OH /LR 7 T B EHIPHICA S+ 5.
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Fig. 2  Calibration curves of 3-hydroxycarbofuran by peak area (left) and peak height (right)

3.2 WiEWEORGE
Akl (WHRIEER L OHLAFEEH) , ML, £H5bAZ L, TIAT7 77 7 HE, fib
5% TN WCRS 4 1 MifAZ#EHE LT, 24 12X 0 AR L2 EHAR Z LC-MS/MS IZFEAL, 5
SN2 SRM 70~ b T LEHRLIZEZAS, WTROREHZBWTYH 3-O0H IALRT T 2D
EEAHT HE—7 1 3BO N7,
7B, HOHNTZSRM 7 a~ b7 7 LD —Hl% Fig. 312~ LTz,
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Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
3-hydroxycarbofuran.)
A: Standard solution (0.25 ng/mL: 0.5 pg as 3-hydroxycarbofuran)
B~H: Sample solution (blank) (B: formula feed for growing pigs, C: formula feed for dairy
cattle, D: wheat, E: corn, F: alfalfa hay, G: rice straw, H: whole-crop rice silage (WCRS))
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33 ~bhVU w7 AR OMER

24 O 1), D)KL VH L ZEEEE, INE, EOobvAZL, TAT 7T HIE,
DHKETWCRS O 7 7 7 REHAIKRS 1| mL 22414 50 mL O T 7 7 X2l A, =
KA L FEo THEE L7z, 22 D22 > T L7 1 mLHIZ3-OH VA7 Z L LTI ng
EEATHEMER | mL CHEEMZENL, v Y v 7 AEAER (FFEHI3 LT 0.04 mg/kg IR
AN E) 2R L. K~ bV v 7 AEHEFRIZOWT, 22 O DITHE-> THELL - FEERED 3-
OH MWWV 7 7 MEERIZXT A2 — 7 2R L& 25, B — 7 gl Table 4 O &
BY, 100~108 % THY, 3-O0H INRT7 TRk~ ) v 7 AL D REREELZITDH 2
L JIERTRETH o 72

Table 4  Matrix effect of feeds
Concentration of 3-hydroxycarbofuran

Matrix effec £

Feed types of matrix in matrix standard in sample” (%)
solution (ng/mL) (mg/kg)

Formula feed for growing pigs 1 0.04 100
Formula feed for dairy cattle 1 0.04 104
Wheat 1 0.04 108
Corn 1 0.04 100
Alfalfa hay 1 0.04 103
Rice straw 1 0.04 103
WCRS 1 0.04" 102
n=3

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak area of 3-hydroxycarbofuran in the presence of matrix to that in the
absence of matrix

c) mg/kg air-dry matter

3.4 WhnENGRER

22 @ 2)D 3-OH HNAKRT7 T U NERFE A AKX ) — NV EORT & b=k U /L TIEMIZAR LI
AW,

3-OH VA7 T L LT, AR 2 B (WKIEEHKOHLHFEERH) KOES5 AT
LT 0.01 J2TF0.05 mg/kg A4 & (RME&FHEHAK T 0.25 LT 1.25 ng/mL) , /hEIZ 0.01 LT
0.1 mg/kg MY & (RAEEEHAR T T 0.25 LTV 2.5 ng/mL) , 7V 7 7 /L7 7 #EIZ 0.01 13
mg/kg FIY B (R i&RUEHAIR T 0.25 O 3.25 ng/mL) , Fid 5IZ 0.01 &Y 0.4 mg/kg fHY4 &

(B FBHAIE T T 0.25 KX TY 10 ng/mL) , WCRS [ZEW# 5 T 0.004 K T8 0.6 mg/kg fHY & (&
FEFUBHATR T 0.25 LTV 3.5 ng/mL) 12725 X9 ICENENIRMLTELSREL, —K#HE L
BICARIEIHE > TER L, FHEICEE K OROR LR E & R 7=,

72¥%, WCRS (ZxF 3 2 ¥Rz EHoxt LC 3-OH #AR7Z & LT 0.02 KO 0.4
mg/kg HHEIZRD X 24TV, R HFIRE~OWE X, FEYh R ORED T OKGEREE
60 %M TN10 %EMEL T, FY OKOGERRE 60 %) HRE=REZY OKDEA&E 10 %) i
225 ORUT X VITo T2,
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ZOFERIT Table 5 DL B0, FHEULRIL 82.2~91.3 %, T OMhiK UAE B 13k oA U 72
(RSD,) & LT 6.1 %A FTOMMENE S, SR O Y MRERIETA T4 (LT
[ZUBHRERIET A RTA ) En . ) ITHE SN BEE R OO TREE O BAEEE 272 LT
7.

ek, o SRM 7 u~ 7T ADO—Hf% Fig. 4 IR LT,

Table 5 Recoveries for 3-hydroxycarbofuran

Feed types
i Formula feed for Formula feed for
(nfg/ﬂ]:;doi;ial growing pigs dairy cattle Wheat Comn
matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.01 87.4 4.8 83.0 4.0 85.8 2.8 88.6 1.3
0.05 84.8 2.3 82.2 2.3 — — 88.1 2.3
0.1 — — — 91.3 4.2 —
Feed types
Spiked level Alfalfa hay Rice straw WCRS®
(mg/kg original > 5 ) b) 2) b)
matter) Recovery RSDx Recovery RSDx Recovery RSDx
(%) (%) (%) (%) (%) (%)
0.004" - - - 83.7 6.1
0.01 86.2 4.3 88.2 6.1 — —
0.4 — — 84.7 1.4 — —
0.6 — — — 83.4 1.3
13 83.3 1.1 — — —
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) 3-Hydroxycarbofuran was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.01 and 1.4 mg/kg air-dry matter. The levels of pesticides in original matter

were calculated with following equation on the assumption that the moisture content of WCRS samples
was 60 % for original matter and 10 % for air-dry matter.

The levels of 3-hydroxycarbofuran in original matter (moisture 60 %)

= the levels of 3-hydroxycarbofuran in air-dry matter (moisture 10 %) / 2.25
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Fig. 4 SRM chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3.
Arrows indicate the peak of 3-hydroxycarbofuran.)
A: Standard solution (The concentration is 1.25 ng/mL for 3-hydroxycarbofuran.)
B: Sample solution of formula feed for growing pigs spiked at 0.05 mg/kg of 3-hydroxycarbofuran
(corresponding to 1.25 ng/mL as 3-hydroxycarbofuran)
C: Sample solution of corn spiked at 0.05 mg/kg of 3-hydroxycarbofuran (corresponding to 1.25 ng/mL
as 3-hydroxycarbofuran)
D: Standard solution (corresponding to is 3.25 ng/mL as 3-hydroxycarbofuran)
E: Sample solution of alfalfa hay spiked at 13 mg/kg of 3-hydroxycarbofuran (corresponding to 3.25
ng/mL as 3-hydroxycarbofuran)
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3.5 EEFREOHH TR
ELRRIE 2 7R 9 2 & 2R L 7o B AR O I L AP 0.1~20 ng/mL @ Fhmff T &£ (0.25 ng/mL (R
BFHT 0.01 mg/kg tHY &) ) TORMEGRBROMSEE, Hon-e—27 O SN A 10 22 T
Wiz, REOTEETFRIZ 0.01 mgkg & L7-. & LIZER FREE X, SEFohLRT
7 OREWEOE TR T 5 R O /MR 0.05 mg/kg & 3-OH VAR 7 T v
Al U726 LT 15 OB IVIR AL 7 7 v O fl ek o0 8 #LIEYEIE O fe /N FE 0.7 mg/kg & 3-
OH WA 7 7 U E LTEIZK LT 1/44 THY, ZEMMZBIETA RT7 A4 VTHE S BEE
2T LTz,
Eo, RMEGRBR L 0 SO R-E— 27006 SN b 3 LB mELEZRH LR, We
(WCRS (XJEFH)) ot FERIZ 0.002 mgkg TH Y, FERICZYMHRIETA FT7 A4
ESNT-BEZNZ LT,
723, Table 5 [T/ L7z& BV, MiZERE NRIEEIZH T 2MEINGURE RIZRLFTH - 72,

4 F&EOH
AR T D 3-OH BV R T T 12O\, JFRL % HIZ, LC-MS/MS % W= EEED
BRI DWW TR Lic & 2 A, JFRLIE L FAEROFIETLUL T ORER S DL,
1) BEHIT, 0.1~20ng/mL (FEAEE L T0.2~40 pg) O#iFH CEMBRIMELZ R L.
2B, UHMEROEERPIL, 3-OH Z/LR 7T % 0.004~0.8 mg/keg & A9 5 0H Rl E %,
AIECRE VTR U 72 e iR BN O 3-OH B VR 7 7 iR EHRIHICAH S 5.

2) EeAfE 2 B (WKRIEE AKX OCAHFEER) , IR, &98AZ L, TAT77 AT 7
B, fib B KLY WCRS I20WT, KB TR re M/ 7 AL, EREBITFLYE
— 7RO LR T,

3) REZENELNTREHARKIZOWT~ MY v 7 AR E2HR LIZRER, 3-0H ILVR7 T
FRE~ MY v 7 AR D REREELZ T L L METRETH T2,

4) AR 3-OH AR T7 7L LT, AR (WKIEEHKOCAHFHEEH) KOES>H A
Z L2 0.01 &ZTN0.05 mg/kg fHY &, /NEIZ 0.01 X TN 0.1 mg/kg Y&, TV 7 7 /L7 7 HEI|C
0.01 O 13 mg/kg FHY4 &, fidb 512 0.01 LT 0.4 mg/kg fHY4 &, WCRS I[ZHMHT L T 0.004 K
0.6 mg/kg HHY EZIM L, RIEICHES T 5 AOHMTONT 2 K L, [BII0EE K OWRK URSEE % 5k
W& Z A, ZUMMRIETA RT A THUE SV BIEME 2672 BAF RS RPGFo T,

5) ARIED 3-OH AR 7 7 O i FIRIZAEEF (WCRS IZJEFZY) T 0.01 mgkg, i TFERIE
0.002 mg/kg Th-o7-. RE LIERE FREORH TRIEL, Z49MEMZEIETA R7 A4 JHES
iz BEE A7 LTz,
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Method Validations of the Determination Method of Imidacloprid by LC-MS
for Wheat, Rice Straw and Whole-crop Rice Silage

Satoru NAKAMURA ™' and Tomoe INOUE
("' Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
(Now Food Labeling Monitoring Department, FAMIC)
"2 Kobe Regional Center, FAMIC)

A method wvalidation of determination method of imidacloprid by liquid chromatograph-
electrospray ionization-mass spectrometer (LC-ESI-MS), which had been listed in analytical
standards of feeds, was conducted for application to wheat, rice straw and whole-crop rice silage
(WCRYS).

Imidacloprid was extracted with acetonitrile-water (13:7) and the extracted solution was filtered.
The filtrate was diluted with acetonitrile to a volume of 200 mL (100 mL for wheat). The sample
solutions of rice straw and WCRS were diluted 10-fold with acetonitrile. The sample solution
was purified with liquid-liquid extraction and two types of SPE columns (Supelclean LC-18,
Agilent Technologies Inc.; Santa Clara, CA, USA and ENVI-Carb/LC-NH,, Sigma-Aldrich Co.
LLC.; St. Louis, MO, USA), and injected into the LC-MS to determine the level of imidacloprid.
LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18, 3.0 mm i.d.
250 mm, 5 pm from Agilent Technologies Inc.) using a gradient with 5 mmol/L ammonium acetate
aqueous solution and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In the
MS analysis, positive mode electrospray ionization (ESI+) was used.

Spike tests were conducted on wheat, rice straw and WCRS. Imidacloprid was spiked at the
levels of 0.005 or 0.2 mg/kg for wheat, 0.01 or 10 mg/kg for rice straw, and 0.009 or 3 mg/kg
original matter for WCRS, respectively. The mean recoveries of imidacloprid ranged from 69.1
to 87.9 %. The relative standard deviations of repeatability (RSD,) were not more than 3.8 %.

As a result of recoveries and RSD,, the method was validated for wheat and WCRS. However,
recoveries for imidacloprid in rice straw were under 70 %. Furthermore, the dilution of sample
solution was necessary to apply the method to rice straw and WCRS, regardless of imidacloprid
concentration.

Key words: imidacloprid; liquid chromatograph-mass spectrometer (LC-MS); electrospray
ionization (ESI); wheat; rice straw; whole-crop rice silage
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1 # E

ARt OA I X7 a7 ROEREIZOWTE, KKk e~ 77 78 &8585 (LLF TLC-
MS| EW9H. ) ICEBFENBEESN D, TRk 18 FICERITELE S L TR Sz P, 2o
%, FEL 25 FIZED LA LEAUOHBETA IFX 7 n 7Y ROEREEEHEOSIENThiL, FiZ
INBIZOWT LR EEEA RETEIE NS D, 72, bbb K OREEHE R (LT TWCRS)
EWH. ) oA I X7 r Y RIZHONTE, MBORFEMEOEREREL LT, ThZh 10
mg/kg KT 3 mgkg LEDOLNTWS Y. —F, ERIEOBEIEFOME " PR OMHEEA B AR
STk Z—0 TR 18 FERE P OF EME EREEELRET D720 DTk L UFHS
SEAOBITREZLFE] BT R YT, 4342707 Y RE@ERETHRMNLZ/AEOTM
FINERER 21T > CTEB 57, i b MO WCRS IZOWTIIMFINITHh TWino Tz,
UbzZEEL, 4B, fthoA4I427870 KO LC-MS IZX D ERIEIZONT, /INE, fib
5 MY WCRS @ 3 FEDfBHEEI~DOEH Z it L7 DT, TOMEZHET D.

ZEIAIX 7T ) ROHEAESL Fig. 1 (IR LTz

N \ N
\

+

/ \O'

(E)-1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine
CoH10CINsO2 MW: 255.7 CAS No.: 138261-41-3

Fig. 1 Chemical structure of imidacloprid

2 EERAE
2.1 B
INER OO LIZZNZEN 1 mm O A7 ) — 2 23535 Ui Tk L7z, WCRS % 60 °C
T 10~21 R L, SEICEMICHE L CRE L2, RRICHEL 7.
22 &I
) 7Er=RFU WK ML= 35 ESE - PCBRBHZ AW, BT R U A, U Rk
FoAVUA, VUBRTIKFEDV T L, BT RY UL (K ROEEET V€= AT
Ktz HW o, A& ) — W dkikr v~ 77 7 HZ& Az, Kix Millipore, DIRECT-Q UV 3
(Merck Millipore ) (2 & 0 R L7284k (JIS KO211 @ 5218 I[Z/EFE S L= @tiAK) % H
Wz
2) AIX 7Y FEAEE
AIF a7 ) FEAES (M 99.6 %, BER{EFH) 10 mg Z EfEICHE>T 100 mL DR &
T7IAIIARN, A —NVEMZTENL, LIERE CRBEAMZ A IX¥ a7 R
EHFREZFRAL L (O ImL X, A4 FELTO0Ilmgaahlmd5. ) .
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B L C, BEH¥ERIEO —E/a A% /) — /L TIEMIZFHFRL, | mL FicA 3% 2707
RELTENEI 0.002~0.2 ng = &5A T DA IENER 2 5 L 7=,
23 HEROHE
1) ¥k

Wi 1 ONEM) : ZM 200 Retsch 8 (1 mm 227 U —>, {# fK[EHE5L 14000 rpm)

iRk 2 (g & KX WCRS ) : SM 2000 Retsch 2 (1 mm 227 U —>, E#EEH (HHER)

1690 rpm)

2) L O By = — 7 —MW-DRV B OARHEIAF TR (fF R & 9 %300 rpm)
3 A 2T UL Y SV =T A Supelelean LC-18 (FE CAAKIE 500 mg)

Sigma-Aldrich f4
4 7775, M=K/ T 7 Vb U B A VEEE S = 7 A ENVI-

Carb/LC-NH, (F T A& 500 mg, 500 mg)  Sigma-Aldrich #

5) LC-MS :
LC #B : LC-20AB  J& /eI
MS ¥ : LCMS-2010EV & i f iy i
24 EEIFE

BT FEESS 6 FEAES 1 £ 28.1 O HFIKIC LV E&E L. LC-MS OHES KM% Table 1 1277 L
7o 728, fEb B KLY WCRS X, #HEOFIEICHE T CHEM L. £, WIRSBLICHET 53
FHATR OB SN T, LTFoE B0 EhL7-.

AIXZ 707 Y N%& 10 mgkg OERETHEM LR S R OFEYHE LT 3 mgkg OEE TR
MU7= WCRS IZH->TiE, 7T h=F UL T200 L IZERX LIZBZORKDO—HZ2T7E h=hKV
JVTCIEREIZ 20 FEATIR U 72 VIR 20 IR Ay BE A 9~ 2 3UBHR IR & L7z

AIF 7 a7 Y R 02 mgkg OIEETHIM L 6 & OEHHE L T 0.09 mgkg OIEE T
WML7- WCRS IZH - TiE, 78 h= kU LT200 mL IZER L7=#% OREKE K SEICHT 5
HENAR E L=y, & idhlic, 7 =KV /L T200 mL IZERLT-EZEOERO—H%T &
b= b UL TIEMEIZ 10 fE/AR L7220 T H IR o Bl o fik Lz,

AIF a7 Y RERMLTH2WED L KON WCRS IZH-TiX, 7& b=k VU /LT 200 mL
WCER LB OWIKEDO—%2 7% h= kUL TEMIZ 10 7R L 78K 2 IRk it Lz,

E ek OB E % Scheme 1 (278 L 7.
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Table 1  Operating conditions of LC-MS

Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. X 250 mm, 5 pm), Agilent Technologies

Mobile phase 5 mmol/L ammonium acetate aqueous solution—5 mmol/L ammonium acetate methanol solution
(17:3) — 1 min — (3:2) (hold for 2.5 min) — 2.5 min — (1:1) — 2 min — (9:11)
— 9.5 min — (1:19) (hold for 12.5 min) — (17:3) (hold for 17 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizing gas

N2 (2.5 L/min)

Drying gas N2 (10 L/min)
Heat block temperature 200 °C
Curved desolvation line temperature 250 °C

Monitor ion

m/z 256

Sample 10.0 g (200 mL Erlenmeyer flask)

add 50 mL (rice straw and WCRS: 100 mL) of acetonitrile-water (13:7)
shake for 30 min

— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure
wash with 25 mL (rice straw and WCRS: 50 mL) of acetonitrile

——fill up to 100 mL (rice straw and WCRS: 200 mL) with acetonitorile

——dilute sample solution with acetonitrile

(rice straw, WCRS, and if concentration of imidacloprid in wheat is over 0.2 mg/kg)
Liquid-liquid extraction (100 mL separatory funnel)

——20 mL (rice straw and WCRS: 10 mL) of sample solution

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

shake for 10 min

Upper layer (acetonitrile layer)

I
Supelclean LC-18 (500 mg)

(prewash with 10 mL of acetonitrile)

place a receiver (100 mL Erlenmeyer flask)

apply sample solution

elute with 2 mL of acetonitrile

dehydrate with sodium sulfate anhydrous
—filtrate through filter paper (No. 5B of JIS P3801)
wash with acetonitrile

evaporate to dryness under 40 °C

dissolve in 2 mL of acetonitrile-toluene (3:1)
ENVI-Carb/LC-NH: (500 mg/500 mg)
(prewash with 10 mL of acetonitrile—toluene (3:1))

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of acetonitrile—toluene (3:1) (twice)

elute with 16 mL of acetonitrile—toluene (3:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of methanol

centrifuge for 5 min at 5000xg
LC-MS

Scheme 1 Analytical procedure for imidacloprid in feed
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3 HBRRUEE
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LC-MS I[ZIEAL, o 7BERA A M (LK ISIM] W), ) Z7e~ 77 LRl
& A, /INETBIKIZEWT 0.001 mgkg FH2Y, faio b 1 BIKIZIBUVT 0.006 meg/kg FH24 DF
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Fig. 2  Selected ion monitoring (SIM) chromatograms
of standard solution and blank sample solutions

(LC-MS conditions are shown in Table 1. Arrows indicate the retention time of imidacloprid.)

A: Standard solution (0.004 pg/mL: 0.02 ng as imidacloprid)
B: Wheat

C: Rice straw

D: WCRS
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32 ~ bV v AR OMER

24 IC XV LT/ E 2 IR, DD 2 KK N WCRS 2 KD 7 7 o 7 3 BHEIRIZA I ¥
s 7Y FELT, /MEIC02 mgkg HY & (RME&REHEKR T T 0.2 pg/mL) , fidd HIZ 8 mgkg
Y B (R EHA T T 0.2 pg/mL) , WCRS (2 7 mg/kg Y8 (R&KRBHAKE S T 0.175
pug/mL) ZZNZENRMULIEE~ Y v 7 ZAEHERRIZOWT, 2.2 O )IIHE- TR L 7= [FR
DAIF 7T FEERICHTHE— 7 mEL 2R L. ZORE%E, ©— 7 mfEkiT Table
20EED, 91~104 % THY, ABt~ M) v 7 AKX DREREELZITHZ LR YPERRRET
ol

Table 2 Matrix effect of samples

Concentration of imidacloprid

Feed types - ) ] ) Matrix effect’
of matrix in mat.rlx standard in sample (%)
solution (pg/mL) (ng/mL)
Wheat 1 0.2 0.2 91
Wheat 2 0.2 0.2 92
Rice straw 1 0.2 8 104
Rice straw 2 0.2 8 100
WCRS 1 0.175 7¢ 104
WCRS 2 0.175 7¢ 98
n=73

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak area of imidacloprid in the presence of matrix to that in the
absence of matrix

c) mg/kg air-dry matter

3.3 WhnENGRER

INE, T B KRR WCRS IZDOWT, A XX 7ar) FELT, /MEIZ0.005 &TO0.2 mg/kg #H
W (& RUEHAR T 0.005 X TN 0.2 pg/mL) , fEH 512 0.2 OV 10 mg/kg fH4 & (BIH D 9
B, KRR 2 RIS L2 b oz d » T, &R T 0.05 pg/mL. 10 %24
R U728 2 R B L7 b D2 - T, Hofks BRI T 0.005 pg/mL. %35 1 kit
BHAW T 0.125 pg/mL. ) , WCRS IZJEW#LHE L T 0.09 XT3 mgkg tHY & (RiHED I H, K
AR UR % IR A BRI Bt L7z b DI o T, BB T 0.05 pg/mL. 10 fFICAR L7
TR 2 W TR L7 b DI o T, FefEslEHAI P T 0.005 pg/mL. %74 13 f i BHA K
HC 0.0875 pg/mL. ) X225 X9 ICENENHRME LSIRE L, —HiFE L7RICRIEICHE-
TUHMEINGRER 2 F2 0 U, P2 a0 K O U RS B & SR b 7z

72%, WCRS IZHT 2WWINTBEALFEHZ A I X7 a 7 ) RELT02 K7 mgkg FHY RIS
25 X7, R IRE~OBEL, R R ONRFZY R DK ER EE 60 %L TN10 %E K
ELT, B OKDEARRE60 %) HiRE=EGZY OKoEAaE10 %) HiRE, 22502k
1To7-.

ZORER (Fib B KON WCRS IZ2W T 10 fFICAIR L 72K &2 Wi o Bl i L7 k6 5. ) 1X
Table 3 D LBV, FHENLHEIL 69.1~87.9 %, & O UK IXHIZ#ER 2= (RSD,) & LT
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3.8 %L FORGEN S DL, /IEK DY WCRS (F UK 2 K sy Bl iz i L 72356) 1220 T,
ZUMEMETRIE T A BT A4 CHLE SN HE R OPHMTREIEO BEMEZH7- L TW\We., b b kO,
WCRS @ 5 b, RARIEIEZIWIERSEICHE LZEA1E, W LIRREIIL E /e o7, ARl HR
"o, b b KN WCRS IZ2WCIEA I X7 a7 RERIZIr DL THREERLEATH S
e ENT. 7, 10 mgkg HYEBEDOA I X7 a Y RERMLUEMRD O T, ARE
EZAT > T HFHEIERD 70 %% FlEY, AREURO/HF SR 57720, SHiEOWw B3 %E
Thide&EZbILE.
nE, FoinlSIM 7 v 7T AO—Hl% Fig. 31ZxR LT,

Table 3  Recoveries for imidacloprid
Feed types

Spiked level Wheat Rice straw WCRS?

(mg/kg original matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”

(%) (%) (%) (%) (%) (%)
0.01 87.9 3.3 - - - -
0.09” — - — — 68.3 2.4
0.09"9 — — — — 70.8 2.1
0.2 71.1 2.5 53.1 1.0 - -
0.2° — - 74.9 3.8 — —
39 — - — — 73.3 1.9
10 — - 69.1 1.7 — —

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) Imidacloprid was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.2 and 7 mg/kg air-dry matter. The levels of imidacloprid in
original matter were calculated with following equation on the assumption that the
moisture content of WCRS samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of imidacloprid in original matter (moisture 60 %)
= the levels of imidacloprid in air-dry matter (moisture 10 %)/ 2.25

e) Sample solution was diluted 10-fold with acetonitrile before liquid-liquid extraction.



54

fREHFIE S Vol. 42 (2017)

A

2500000 - l B 2500000 -
2000000 - 2000000 - l
4] L
£ £
3 1500000 - 3 1500000 -
L2 £
© ]
~ ~
Z 2
£ 1000000 - £ 1000000 -
2 3
£ £
500000 - 500000 -
0 T T T T T ] 0 T T T T T )
12 13 14 15 16 17 18 12 13 14 15 16 17 18
Retention time / min Retention time / min
1450000 1‘ D 1450000 -
1250000 1250000 - l
1050000 - 1050000 -
£ L
£ £
=] 3
o 850000 - o 850000 -
H ®
S~ ~
E 650000 - ‘? 650000 -
] v
c c
2 3
£ £
450000 - 450000 -
250000 - 250000 - J
50000 T T T T T ) 50000 T ; T T T )
12 13 14 15 16 17 18 12 13 14 15 16 17 18
Retention time / min Retention time / min
1050000 -+ l F 1050000 -+
950000 - 950000 - l
850000 - 850000 -
@ 750000 - @ 750000 -
£ £
3 650000 - 3 650000 -
2 2
2 550000 | 2 550000 |
Z Z
€ 450000 - € 450000 -
2 2
£ 350000 - £ 350000 -
250000 - 250000 -
150000 - L/\ 150000 -
50000 '\“""—-——-'“—J : ’ . 50000 . ‘ . . ‘ .
12 13 14 15 16 17 18 12 13 14 15 16 17 18
Retention time / min Retention time / min

Fig. 3  SIM chromatograms of standard solutions and spiked samples

(LC-MS conditions are shown in Table 1. Arrows indicate peaks of imidacloprid.)

A, C and E: Standard solutions (Each concentration of imidacloprid is A: 0.2 pg/mL, C: 0.12
pg/mL and E: 0.08 pg/mL.)

B, D and F: Sample solutions (B: wheat spiked at 0.2 mg/kg of imidacloprid (corresponding
to 0.2 pg/mL), D: rice straw spiked at 10 mg/kg of imidacloprid (corresponding to 0.125
pg/mL) and F: WCRS spiked at 3 mg/kg original matter of imidacloprid (corresponding to
0.0875 pg/mL))
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3.4 EETREOHH TR

REOEETRECHRH TREZ#ERT H720, IE1RIE, bbb 1 BRIEK WCRS 1 i
WZAIF 77 RERINL, RINEGBRICEZVEORAE—27 0 SN RS 10 KV 3 72D
BEZRDZ. 2B, /A XOFEFIET IS K 0136:2015 (26t~ 7=. £7=, fgbd KL WCRS
(ZOWTHE 10 fEA IR HE 2 IR Bl St L7 b o2 LT L7z,

ZORER, INFE, fb b KL OWCRS (EFY) 2B WT SN 10 & 72 5 E X, 0.14 mg/kg,
0.42 mg/kg 2 T* 029 mg/kg ThH-o7-. F£7=, SNLMN 3 &72HREIE, 0.04 mg/kg, 0.13 mg/kg &
O 0.09 mgkg ThH o7, /NEIZHOWTIE, SR EEIZED Sz E®= TR (0.005 mg/kg)
KO TR (0.002 mgkg) Zi7-S720WbDTH-T=. £z, fib b LN WCRS IZ2W\W T,
HHEOEE TR (0.2 mgkg) KMOKH TR (0.05 mgkg) LHELTREWETH-Z. 21
%, Fig. 2 IZRLTWAEEY, A IX47u7 ) ROE—7RiIKICEW TO EWE N 2507
ETHZEMD, JAXDOHBEIZBOWTINSD Y~ ORBEZBIT DL LR TERN-T2C2
CICERNT DI EEZONTZ. 20D, A IX47ua7) RUNOE =7 (ZEASNRWEEE L
T, EEMEOEHERAD 105K 0N4.26 5 (BHE 4Ot 540 0.95 50imD 2 £5) ZE& FR
FOBMHETRELTHEATIZEE L. Z0E, TETROEMMEIL, NE, bbb kD]
WCRS (oW TZENZEH, 0.002 mgkg, 0.08 mgkg KO 0.04 mgkg, i RO ERMI
0.0007 mg/kg, 0.03 mg/kg %X T*0.02 mgkg TH Y, TR I IR SN EE TR -
Tele, UESIEOERE FIRE OB FRICOWTIIERE LenwZ &L L

72, Table 3 TR L72& B0, BT EEICED Lo ER FRIRE (o &Y WCRS
o T, ZHREOEETREE) ICBITDRMEIGREBRERIIRF TH - 7.

4 F&&H
INEE, RRD BTN WCRS IZEE T DA 14707 RIZHOWT, fEI I R ICINE ST
HOMEOZLB M EMHR LI 25, IEKRD WCRS ([ZOWTIEZYMERIETA KT 4 DR
AT L, OVEOZLYUERHERINTD, Wb oIZB W TEIEN 70 %% FED, SHEO
WEPMLETH-7o. Tz, RO EETIE, AT IX a7 ) FEEBRLZVERIZOR
B REZHRINTHZEELTWDER, bbb &N WCRS IZ2oWTiEA I X7 a7l RE&EIZH)H
PHOLTHRBIENRMEATHD Z ENRBRINT.
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Validation Study on Analyte Expansion to the Simultaneous Determination Method
of Pesticides in Feed by GC-MS for Debromo Metabolite of Bromobutide

Yoshinari SAKAKIBARA " and Youichi WAKAMIYA "

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

An analyte expansion to the simultaneous analysis method of pesticides in feed using a gas
chromatograph-mass spectrometer (GC-MS), which had been listed in analytical standards of
feeds, was studied for debromo metabolite of bromobutide (deBr-bromobutide).

After adding water to the sample, deBr-bromobutide was extracted with acetonitrile and the
extracted solution was filtered. The filtrate was purified with a SPE column (Chem Elut, 20 mL,
Agilent Technologies Inc.; Santa Clara, CA, USA), gel permeation chromatography (GPC) and
two other types of SPE columns (ENVI-Carb/LC-NH, Sigma-Aldrich Co. LLC.; St. Louis, MO,
USA and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA), and injected into the GC-
MS to determine the level of deBr-bromobutide. The GC separation was carried out on a fused
silica capillary column (DB-5MS, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.). The mass spectrometer was operated in electron ionization (EI) mode.

Spike tests were conducted on formula feed for layer, corn, Sudan grass hay, rice straw and whole-
crop rice silage (WCRS). DeBr-bromobutide was spiked at the levels of 0.05 and 0.5 mg/kg for
formula feed for layer, corn and Sudan grass hay, 0.05 and 1.5 mg/kg for rice straw, 0.02 and 0.4
mg/kg air-dry matter for WCRS, respectively. The mean recoveries of deBr-bromobutide
ranged from 87.6 % to 154 %, and the relative standard deviations (RSD,) were not more than
11 %.

A collaborative study was conducted in six laboratories using formula feed for layer and corn
spiked with 1.0 mg/kg, rice straw spiked with 1.5 mg/kg of deBr-bromobutide, respectively. The
mean recovery, RSD, the reproducibility in terms of relative standard deviations RSDy and HorRat,
respectively, were 107 %, 8.7 %, 12 % and 0.77 for formula feed for layer, 113 %, 7.5 %, 13 %
and 0.84 for corn, and 129 %, 7.9 %, 10 % and 0.66 for rice straw.

The simultaneous analysis method of pesticides in feed was validated for analysis of deBr-
bromobutide in feed.

Key words: feed; bromobutide; debromo metabolite of bromobutide; gas chromatograph-mass
spectrometer (GC-MS); electron ionization (EI); collaborative study

F—U—F ik, 7ue7F RN, Tue7F MEY RRFEK) A7~ 7T
THEEONE B A A oAbk RRER

T OMSTATEE N EMOKPEN I 2 A v ¥ —fa vy —



IO A7 v~ 7T THBHFHS X D —FoWEDZLAMEMER ~7 7 F PR ~DEM~ 57

1 #

TaE7F NE, T FERBREAITHY, DO AEDOHEFIZ L > TR H 5 WIZEFERO
MEZHEL, HMEAZMESELLOLEEZLATVS V. AARERNTIIARICHE L THEAR DY,
KEOF IOV TRMEABICES R ERENRE SN TS, ZOERMERIL, BEY
Ck) 2o Ti, 7aE7F FEWQ N(a,0-F A F AR PN)33-DAFLTF AT IR (LT
[deBr-7 B E7F K| \WH. ) 27 aE7FRERICBAELIZME SN TND

—J, et o7 ae7F FiZonTiE, fEtofEYE @%%ﬁﬁﬁoﬁﬁﬁﬁ” BT,
fad & 9T 2 mg/kg, FRIEBEMEATE (LLF TWCRS) & 5. ) HT 0.5 mg/kg O &I UEE S B E
SHTn5.

gt DT a7 F ROEREE LT, kot YicEEo 27 a~ b 77 7 ERESHE
(LLF TGC-MS] &woH. ) ok —Fnfis (LT IKE Lwo. ) BElESA TS, L
MNLARRD, GbETCERETANEDH D deBr-7 1 E 7 F FOLHIEN G R T B I S
TR EDD, OWTEOHESI NG E 7> TN 5.

A, RIEOGHRHZIEEMIT deBr-7 07 F REZBIMNT D720 D% EMREIT 72D TE
DOMELWMET D,

BEICT a7 F RN deBr-7 1 E 7 F RO FHEE A% % Fig. 1 IR L7z,

m

Bromobutide Debromo metabolite of bromobutide
(deBr-bromobutide)
(RS)-2-bromo-3,3-dimethyl-N-(1-methyl-1- (RS)-3,3-dimethyl-N-(1-methyl-1-
phenylethyl)butyramide phenylethyl)butyramide
C15H22BrNO  MW: 312.2 CAS No.: 74712-19-9 C1isH23sNO  MW: 233.4 CAS No.: 75463-73-9

Fig. 1 Chemical structures of bromobutide and deBr-bromobutide

2 EEBRAE
2.1 B
EEEIE (T rAa 7—RERHH, AKEEHLOCRAFIEER) , L2852 L, KE,
Zz, ~vAn, WHE (TAV77 V7 7 HEROPA—F 7T AGE) | fGbb ROWKkITERE
A1 mm DAY Y — 2 ZHE85 Ui T L7=. WCRS X 60 °C T 6 RiH iz tgtk, HIZEN
(CFRE L CEGE Lo tk, [FERICHAE LT,
¥, BMEHIAWELA R OBLA HIA % Table 1 128 L7z,
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Table 1  Compositions of the formula feeds

Formula feed types Ingredient types Proz)ojr)tion Ingredients
0
For finishing broiler Grains 63 Corn, polished rice
Oil seed meal 27 Soybean meal, rapeseed meal
Animal by-products 1 Meat and bone meal (derived from pork and chicken),
poultry by-product meal
Others 9 Animal fat, calcium carbonate, calcium phosphate,
salt, feed additives
For fattening pigs Grains 83 Corn, wheat, polished rice, brown rice, milo
Oil seed meal 15 Soybean meal
Others 2 Calcium carbonate, calcium phosphate, animal fat,
salt, feed additives
For beef cattle Grains 43 Milo, corn
Brans 36 Wheat bran
Oil seed meal 16 Rapeseed meal, soybean meal
Others 5 Calcium carbonate, molasses, salt, feed additives

22 |

) 7Ebr=FUL, Ep=FIL, ~FH, TRy, v 7a~FH 350 EE - PCB Rk
HERWEZ. 224- N AFAXZ ATBE I e~ N7 7RHEH W, Y=F Lo 7)) a—
JUITHE 1#% (99.0 %Ll b, BIB{b22M) & M7=, /Kid RFU354BA (REESRIERTRD) 12k
KB 72K (JIS K211 0 5218 IZE 6 S -@EMiAK) & Hui-.

2) deBr-7 1 & 7 F NAEUEJF K

deBr-7 1 &7 F FEEHES (WA 98.0 %, FOGHMEE TEL) 25 mg # IEMEICE > T 50 mL @

BETTAZAN, TEMAZMXTENL, BITERE CRBEEZIMNZ T deBr-7 2E 7
F FERERKZFE L7 (Z0# 1 mL 1%, deB-7BE7F RELTOS mg 2a5HTS. ) .

3) deBr-7 w &7 F FEEUEFK

EAIZEE L C, deBr-7 =7 F FIEEHERK 5 mL % 50 mL OR&ET 7 A 3 (ZIEMIZ AR,
BITHEMET 224- MU AF A H =T 2y (4+1) ZMZT, 1 mL I deBr-7 1 E
TFRELT 50 ug 28 AT HHEZRHMLE., ZOEDO—EREE, 224-F U AF L H
— 7k hr (4+1) TEMICHRL, 1 mL FIC deBr-7 2 E7F F& LT 0.02, 0.03, 0.04,
0.05, 0.1, 0.2, 0.3, 0.4 XN 05ug = EaH T HIEMRAE TR L /-,
23 HEEROZHE

1) Bk
iRk 1 Cmekg 2 A oRUEHH)  : ZM-200 Retsch H (1 mm R 27 U —>, ffi HIR[E]6E 5
14000 rpm)
k% 2 (FRb B K OY WCRS A)  : SM-100 Retsch 8 (1 mm 227 U —, [A[#5H (fHER)
1690 rpm)

2) WL LT a2 —H—SR2W H A T v 78 (AR S 9 % 280 rpm)

3) mALEER T — 7V by T D 4000 AR R ERTR
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4 2T A Y v LT 5 20 mL RFFH) : Chem Elut, 20 mL  Agilent Technologies
5 0977 A MI—R/S T 7anry b ) A VFEE I =4 T A ENVI-
Carb/LC-NH, (500 mg/500 mg) Sigma-Aldrich H!
6) AT AR~ x> A =47 A Sep-Pak Plus Florisil cartridge (F8TAAI& 910 mg)
Waters B2 U Y — R—Z @it L7z b 0
7 AT T2 7 4% — : DISMIC-25HP (L% 0.45 um, [Ef% 25 mm, PTFE) HPEJEE R
8) FNigHE s~ /T 7 GPC VAT A HAASEHL
9) GC-MS :
GC # : 7890A  Agilent Technologies
MS 5 : 5975C  Agilent Technologies %
24 EEFGE
ARy AT IR HES 6 BAH 3 M 1 BEO A AT u~ N7 T TEEOIFHCE 2 —F o iEICiE -
TERELZ. GC-MS IZBII =X —A 40X, EEA AL miz 119, FERA AL miz 233
Ll FAURB7 a~ N7 T 7 KONGC-MS OJIES{f% Table 2 J OF Table 3 IZ/R L7-.

Table 2  Operating conditions of gel permeation chromatography (GPC)

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 60~150 mL

Table 3  Operating conditions of gas chromatograph-mass spectrometer (GC-MS)

Column DB-5MS+DG (0.25 mm i.d x30 m+10 m guard columm,
0.25 pum film thickness), Agillent Technologies

Column temperature 70 °C (hold for 1 min) — ramp 25 °C/min — 150 °C — ramp 3 °C/min
— 200 °C — ramp 8 °C/min — 280 °C (hold for 10 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C
Carrier gas He 1.0 mL/min

Transferline temperature 250 °C

Ion source temperature 230 °C
Ionization Electron ionization (EI)
Ionization energy 70 eV

Monitor ion m/z 119 (for quantification), 233 (for confirmation)
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Sample (grass hay 5.0 g, others 10.0 g) (300 mL Erlenmeyer flask)

add 15 mL of water and allow to stand for 30 min

add 100 mL acetonitrile and shake for 30 min

filtrate through filter paper (No. 5B of JIS P3801) under reeduced pressure

wash with 50 mL of acetonitrile

evaporate to the volume of 15 mL under 40 °C
Chem Elut cartridge (20 mL)

apply sample solution and allow to stand for 5 min

place a receiver (200 mL eggplant flask)

wash with 100 mL of hexane—ethyl acetate (1:1)

add 1 mL of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane—acetone (4:1)

filtrate with membrane filter (< 0.5 pm)

Gel permeation chromatography

apply 5 mL of sample solution
collect 60~150 mL fraction

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of ethyl acetate
ENVI-Carb/NH: cartridge (500 mg/500 mg)
(prewash with 10 mL of ethyl acetate)

place a receiver (50 mL eggplant flask)

apply sample solution

elute with 8 mL of ethyl acetate

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in hexane—acetone (7:3) (grass hay 5 mL, others 10 mL)
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of acetone and 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply 4 mL of sample solution

elute with 6 mL of hexane—acetone (7:3)

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of 2,2,4-trimethylpentane—acetone (4:1)

GC-MS

Scheme 1 Analytical procedure for simultaneous determination of pesticides
in feeds by GC-MS

3 HBRRUEBHE
3.1 E=HX—AFUDOHRE
deBr-7 2 E7F RO~ AA~XY b (Fig. 2) £V, BEAFIZEmiz119 Q-7 ==17n
CNTOANAF A EWRINT. ) &, WEA T LT miz 233 (OFAFV) 22 Th
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Fig. 2 Mass spectrum of deBr-bromobutide

3.2 EmR
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7. \BoNTRERO—HIE, Fig. 30LEBYTHY, deBr-7 2E7F KiZ 0.02~0.5 pg/mL (7E
A& e L T0.02~0.5 ng FHY &) O#HiH CEMIEL R LT,
B, UHMEROBEFIL, deBr-7 o7 F K%z 0.02~0.5 mgkg &H T 55540 Ak %
AIETHE DTS U 72 e i BHAT T O deBr-7' 0 £ 7 F FIREHIPHICH ST 5.
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Fig. 3  Calibration curve of deBr-bromobutide by peak height
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Fig. 4  Selected ion monitoring chromatograms of standard solution and sample solutions (blank)

(GC-MS conditions are shown in Tables 2 and 3.

deBr-bromobutide.)

Arrows indicate the retention time of

A: Standard solution (0.05 pg/mL: 0.05 ng as deBr-bromobutide)
B~F: Blank samples (B: formula feed for layer, C: corn, D: Sudangrass hay, E: rice straw, F:

whole-crop rice silage (WCRS))
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RIEICK VAR LT oA T —BERMHB SRR, LO5bAZ L, A—X 7T RAEE, F
HE KON WCRS D7 7 2 7 REHANKRIZ deBr-7 2 €7 F R & LT 0.5 mgkg Y& (&R EHA
W T 0.5 pg/mL FHY &) 22N ERIWMLTEE~ Y v 7 ZAEEFRIZOWT, [FRED deBr-
TuETF NEERICRT A B EMBRLIEE A, BE— 7 EEiX Table 4 D L350
112~164 % ThH Y, RE~ N v 7 AL DA A MbRER AN, ok, AE~ MY v 7 R
D=7 ROEITFE D b gh o7z,

Table 4  Matrix effect of feeds

Concentration of deBr-bromobutide

. b
Matrix effect )

Feed types of matrix in matrix standard in samplea) (%)
solution (pg/mL) (mg/kg)

Formula feed for layer 0.5 0.5 145
Corn 0.5 0.5 156
Sudangrass hay 0.5 0.5 112
Rice straw 0.5 0.5 164
WCRS 0.5 0.5° 133
n=1

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak height of deBr-bromobutide in the presence of matrix to that in the
absence of matrix

¢) mg/kg air-dry matter

3.5 WRINENREER

22 @ 2)D deBr-7 0 E® 7 F NEMEFEZ 224-F U AF X 2o —T® b (4+1) TIERE
AR LI N 7z,

deBr-7 2 E 7 F RIZHONT, A 7—BERMHARGEE, L5bAZ LK R—F 7
T ARLEIZZETI 0.05 KON 0.5 mg/kg FHY & (G i&aUEHEIR T 0.05 X0 0.10 pg/mL (2725
L), FEDHIZ 0.05 LT 1.5 mg/kg MY & (Ri&aUEHAR T 0.05 LTV 0.15 pg/mL 1272
5 EHFI) , WCRS IZJEMHE LT 0.02 X8 0.4 mgkg MY E (KRR T T 0.05 KO
0.10 pg/mL 12725 L5 Mmf) Ik dLricznEnmmEg L<RAE L, —&KEE LI-RICRE
> CTER L, FBEINEE K O LR 2R 7z,

72%, WCRS (ZxF 3 2 AN B 5 EHT deBr-7 = £ 7 F K& LT 0.05 LTV 1 mg/kg fHY &
222 K917, EYTIRE~OHEL, FYT kR HOKSEHEZ 60 %KX 10 % &
WELT, F¥ OKDERE60 %) HiRE=miY OKSEEE 10 %) HRE 225 DX X
DiTHo 7.

ZOFERIT Table 5 O LBV, FHEIULEIT 87.6~154 %, Z DMK UK EE 13AR of 12 1 ffF 2=

(RSD,) & LT 11 %A FORGAENRG S, RIEPRE SN YRFAZ L LTI K O
W UK O (2 EH 50~200 %K% TN 20 %L ) WTH -7z,
ek, BHonlzSIM 7~ 7T AO—fl% Fig. 5 1IZR L7,
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Table 5 Recoveries for deBr-Bromobutide
Feed types
Spiked 1?‘/'61 Formula feed for layer Corn Sudangrass hay Rice straw WCRS®
(mg/kg original > o) > ) » b) 5 b) a) b)
matter) Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD;
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.02" - - - - - - - - 135 2.6
0.05 131 7.7 142 4.1 114 8.1 154 11 — —
0.4 - - - - - - - - 121 3.8
0.5 87.6 8.8 121 2.6 99.2 8.9 — — — —
1.5 - - - - - - 124 8.1 - -
—: Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability

¢) deBr-bromobutide was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.05 and 1 mg/kg air-dry matter.

The levels of deBr-bromobutide in original

matter were calculated with following equation on the assumption that the moisture content of WCRS

samples was 60 % for original matter and 10 % for air-dry matter.

The levels of deBr-bromobutide in original matter (moisture 60 %)

= the levels of deBr-bromobutide in air-dry matter (moisture 10 %) / 2.25
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Fig. 5 Selected ion monitoring chromatograms of standard solution and spiked samples
(GC-MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of deBr-bromobutide.)
A: Standard solution of deBr-bromobutide (0.1 pug/mL: 0.1 ng as deBr-bromobutide)
B: Formula feed for layer spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
C: Corn spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
D: Sudangrass hay spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
E: Rice straw spiked at 1.5 mg/kg of deBr-bromobutide (0.15 ng as deBr-bromobutide)
F: WCRS spiked at 0.4 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
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3.6 EE FREORHE TR

RIEOERETRE OB FIRZMIRT 57120, 7uaA4 7 —BERMARAER, 535201
KOG HIZ deBr-7 €7 F FZ2HRML, RMEINGAURICEVEOLN D E—27 D SN S 10 &
W3 LB REERDT-.

WCRS M ORA—HF 0 75 AMEIZHOWNWTIE, E—ZHiFICRER A ZXNH D Lo b Y
RZED 10 5K 426 1% (HHE 4 O 534D 0.95 53hi8 D 2 1%) ZEBETFTREOCKMH TIRE L
TRHAE L=,

ZTORER, SN LA 10 KOV 3 &2 DIREE, 0.05 mg/kg & T 0.02 mg/kg TH Y, WCRS KA
— AT AGEOHEEREL ZOEEMWEZL TV I END, Tuae 7 F N EFEE, e
(WCRS [ZE\Ez4) F1 o & FIRIE 0.05 mg/kg, M NI 0.02mgkg & L7z, RELZERF
FRE O TIRIBEL, 7rE7F FOBHEEORE/NREES deBr-7 2 EEF RICHE LR
J£ 0.8 mg/kg 12K LT 1/16 LN 1/40 TH Y, FRH BT MO A MEREBIEN A R4 Y (LT
[ZUMEMFBIET A T A2 L0 H. ) [CEDLNTBIEEMZ L T\,

72%5, Table 5 (TR L7 B0, YUakE R FIREEIZK T 2 RMEIGBRER IR TH o7,

3.7 S:[EEER

REOEM B E 2RI 5720, REI@Em, N OIEPIRO 2 Kl @R L 53
)RR 2 FE i L7z

e LTiE, VA 7 —RERHAHESEE L NE S BAZ LIC deBr-7 RETF R &
LT 1mgkg 4 E (DHTHARE10gIlcx LT ImLHIC10pg 2863 HEMER 1 mL) , fid
HITIE 1.5 mg/kg FHY B (W HES g2k LT 1 mL HFIiC 7.5 pg &4 9 51K | mL) %,
FARBREIC COMBIMORTRICHEM U CRE L2232 AWz, SIBR=iL, MoarfTEsE N2
MOKPEIE 2 il o & — BBt L S AR, Rt 72—, Miedtr 22—, A4 TEE
vE—, [AfEECZ—ROEERE 2 — (GEeRRE) Tholk.

FEROMHTICOVWTIE, EBREMIC A=A XS EFRRBRICET D FIE Y Y2552,
Cochran 7, #MUE 1 {E D Grubbs 1 & & UM UE 2 {E D Grubbs fiE 217V, SMUE O A M4
MR8 L7 O R EI =R, #K UK (RSD,) KO=MEBRE (RSDr) ZHML, HbHivk
RSDg 705, EIE Horwitz 2 7% J\\ T HorRat Z R 72.

FERIX Table 6 DL BV ThD. 7rA 7 —EERMHEAEE, &26AZ LEURDLIC
DUWT, deBr-7 B E 7 F NOFHEILHEIT 107, 113 LN 129 %, RSD 1% 8.7, 7.5 KTV 7.9 %,
RSDg 1% 12, 13 &} 10 %, HorRat !X 0.77, 0.84 XX 0.66 TH VY, ZUMHRIENA RT74 1
ED DI E BB E O BREATH- LTz

SEDD, FHRBRECHEH LA a~ N7 T 7E BSOS % Table 7 (2R L7T-.
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Table 6  Collaborative study for deBr-bromobutide

Feed types
Lab. No. Formula feed for layer Corn Rice straw
(mg/kg) (mg/kg) (mg/kg)
1 1.22 1.10 1.24 1.19 1.72 1.96
2 0.966 1.12 0.966 1.04 2.03 2.27
3 1.16 1.16 1.26 1.27 1.82 1.99
4 1.11 1.02 1.16 1.28 1.95 2.25
5 1.01 1.25 1.02 1.26 1.76 1.98
6 0.882 0.848 0.957 0.885 1.77 1.79
Spiked level (mg/kg) 1 1 1.5
Mean value” (mg/kg) 1.07 1.13 1.94
Recoverya) (%) 107 113 129
RSD:” (%) 8.7 7.5 7.9
RSDR” (%) 12 13 10
PRSD:"” (%) 16 16 14
HorRat 0.77 0.84 0.66
a) n=12

b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 7  Instruments used in the collaborative study

GC column
Lab.No. GC-MS (i.d. x length, film thickness)
1 GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
) GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
. Rtx-5MS, Restek
3 GCMS-QP2010 Plus, Shimadzu (0.25 mm i.d. x 30 m, 0.25 um)
. Rtx-5MS, Restek
4 GCMS-QP2010 Ultra, Shimadzu (0.25 mm i.d. x 30 m, 0.25 ym)
5 GC: 7890A, Agilent Technologies DB-5MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pm)
6 GCMS-QP2010 Plus, Shimadzu Rix-3MS, Restek

(0.25 mm i.d. x 30 m, 0.25 pm)

4 FEDH

fEtH D deBr-7 1 E 7 F FIZHOWT, ST EEICIGRORED GC-MS (2 &5 —F ik

RN, ZUMEMR LA, UTORBENEON, EHMFRETHDL LB X L.
1) FMEHIT, 0.02~0.5 pg/mL (FEAEE LT 0.02~0.5ng 14 H) OFPH CEMRIEZ R LT,
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7B, YHMEROBERERKIIL, deBr-7oE7F Fia 0.02~0.5 mgkg &HT 590 R E %
KRIEIZHE VRS U 7 e G BHATR T 0 deBr-7' 10 & 7 F R RIS Y 5.

2) ARECH-STHELNTZSIM 7 u~ b 7T AT, 3 8EOEAEE K O 9 fEo fEHFEEHT B
WCERZTTHE—7 3RO Lo T.

3) REBICHENELNDREHEIRIZCOWT Y MY v 7 AR E R LIZFER, deBr-7 vE 7 F R
TRt~ b v 7 RN K DA A ARER B BT

4) 7oA T7—BEEHRYARAEE, LIO9bAZLERA—F T T AEEIZZNALN 0.05 mg/kg
KON 0.5 mg/kg FHY &, Fiid 512 0.05 mg/kg &K 1.5 mg/kg FHY &, WCRS (2 0.02 mg/kg &
0.4 mg/kg FAYELZIIML, RIEIZHEST 5 SOMTONT 2 FEhE L, [EUIE & UK URSE 2 ko
LA, RENEESNEYBAZE LTOEREIRERE OEBIE UKEEOHE (ZhTh
50~200 %X V20 %LL ) N TH -7z,

5) AIED deBr-7 v E T F FOERE FRITFE (WCRS [3JE#Y) FT 0.05 mgkg, R FRIT
0.02 mg/kg Th o7z, FE LTER FREOB M FTRRIEEIL, ZUMEHRIETA RTA VIED
b BEEZGZ LT,

6) 7uA 7 —EEHRMHARASERLEORE S EAZ LIZ deBr-7 rE7F K& LT 1 mgkg 84
&, P bHIT 1.5 mg/kg Y EAZ RN LR 2 VT 6 BB EIZHB W TAREICHE W L FRIRER %
FEhi LT 2 A, ZUMHERIETNA RIA L CED LN EMEHBEED B 272 LT\,

X B
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Validation Study on Application of the Simultaneous Determination Method
of Organochlorine Pesticides by GC to Snack Type Pet Food

Chika SUZUKI, Yuki OKUTOMI" and Akiko TAKAHASHI"

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

The applicability of a simultaneous determination method of organochlorine pesticides in dry and
semi-dry type pet food using a gas chromatograph equipped with an electron capture detector (GC-
ECD) to snack type pet food was investigated.

Nineteen organochlorine pesticides (aldrin, a-BHC, f-BHC, y-BHC, 6-BHC, 0,p'-DDD, p,p'-DDD,
o,p'-DDE, p,p'-DDE, o0,p'-DDT, p,p'-DDT, dieldrin, endrin, hexachlorobenzene, heptachlor,
heptachlor epoxide, trans-heptachlor epoxide, methoxychlor and nitrofen) were extracted by
adding acetonitrile-water (3:1) and acetonitrile to sample. The extracted solution was filtered
and the filtrate was purified with a SPE column (Chem Elut, 20 mL, Agilent Technologies Inc.;
Santa Clara, CA, USA), gel permeation chromatography (GPC) and a SPE column (Sep-Pak Plus
Florisil cartridge, Waters Corporation; Milford, MA, USA) and injected into the GC-ECD to
determine the levels of the nineteen pesticides. The GC separation was carried out on a fused
silica capillary column (DB-1701, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.).

Spike tests were conducted on formed jerky, dried jerky (both hard and soft), biscuit and milk
powder spiked with 0.002 or 0.1 mg/kg of six DDT related compounds, 0.01 or 0.05 mg/kg of
methoxychlor and 0.002 or 0.01 mg/kg of other twelve compounds. Recoveries ranged from 81.0
to 118 % for formed jerky, dried jerky and biscuit, and relative standard deviations of repeatability
(RSD;) were not more than 11 %. Meanwhile, recoveries ranged from 46.8 to 170 % and RSD,
were not more than 15 % for milk powder.

This method was validated for analysis of organochlorine pesticides in snack type pet food except
for milk powder.

Key words: organochlorine pesticides; gas chromatograph equipped with electron capture detector
(GC-ECD); gel permeation chromatography (GPC); snack type pet food
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1 #

MSIATEUE NEWOKEMBZ 2N 4 — DN ED S [EmEwHAEORERE) DV (T
ik S ). ) ICRERT 2 00EIC >0 TiE, itk MERLOCEREOZ W, K74, &
SRIALY T =y PG E VWS TERERERSE, FICFERLLTHWLND LD AT L THEHE
ZHEDTETZ. L LR D, AL 254 10 A, KE FDA 25, HEEY v —F—IZRKT 5 L H#E
B END RG~DIFERRADRBBERENEEL TVDEAR L P2 L &2, BUETIIRA Y ¥
—F—, EMEBES v —%— (N—FREATRKRY T EAT) , BEIEEOH IS (LLF T2
Ty 78S 5 L. ) OZYPEMRE D EM L TWDH. AL 25 AR LIRTIS R ARSI S
, AT v 78S SISOV TSR ZIT > TOARWAHIEIZ W TIE, FERE, 8 A P A
RDTZD DR LR AT TN D.

Rk 28 L, RIAHEROEI RIAM L EZHG T2 ERRREDOT A 7a~ N7
T 7K DFERESHIE (20 1) AHEFRBREIE 18 iR oL (DUT TH B3R R IR
Bl EWH. ) 12T, ATy 785 A~ O FPEILR D720 O 2 S MR 1T - T2

AERE Lz o 2 b, B A ORI EICHET 285 DB TERBENED L
NTWDH L D% Table 1 IZ/x LT=.

i

Table 1 Maximum limits of organochlorine pesticides in pet food
Maximum limit

Pesticides

(ng/e)
BHC (Total of a-BHC, f-BHC, y-BHC and ¢ -BHC) 0.01
DDT (Total of p,p'-DDD, p,p'-DDE, p,p'-DDT and o,p'-DDT) 0.1
Total of aldrin and dieldrin 0.01
Endrin 0.01
Total of heptachlor and heptachlor epoxide 0.01
2 EEAE

21 & B
RO AT 7 85 5 O e 23 eHC Y, ZREn 1l mm DR 7 ) — o a3k
HLIEHHE T LT, Oy —F—CTHZROE £ TIIMENREE 23N, X3AFEEZHNT
Hr L7 By R L 7=,
BEHZH W Bt 008, FEA N OJRM B4 % Table 2 2R L7z, 723, FEMEHAIE, B
FHZ AW A REHI R SN T4 RIS HEIL L 72,
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Table 2 Ingredients list of snack type pet foods used in this study
Classification Type Ingredients
Chicken white meat, white fish, corn starch, non-glutinous rice, wheat flour,
powdered mashed potato, salt, vegetable oil (contain soybean oil and canola oil),
Formed jerky (for dogs) powdered starch syrup, collagen peptide (salmon), wheat protein, glycerin,

Formed jerky
(about 20~35 %
moisture content)

propylene glycol, pH adjuster, preservative (potassium sorbate), antioxidants
(sodium erythorbate, V. E), color former (sodium nitrite)

Formed jerky (for cats) 1

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

Formed jerky (for cats) 2

Tuna, chicken, defatted soybean, beef, starches, wheat protein, lard, yeast, salt,
oligosaccharide, sorbitol, leavening agent, seasoning, minerals (Ca, P), phosphate
(Na, K), sodium lactate, antioxidant (V.C), preservative (sorbic acid), vitamins
(V. E, V. A), calcium lactate, color former (sodium nitrite)

Formed jerky (for cats) 3

Chicken white meat, salt, sorbitol, glycerin, sodium phosphate, antioxidants (V. C),
color former (sodium nitrite)

Dried jerky Lo
Dried jerky (h:
(hard, about 10~15% f:f dfrs)y (hard) Chicken white meat, salt
moisture content) s
Dried jerky (soft) Chicken white meat, glycerin, sodium lactate, trehalose, potassium chloride,

Dried jerky
(soft, about 25 %
moisture content)

(for dogs) 1

antioxidants (V. E, sodium erythorbate), sodium phosphate, preservative
(potassium sorbate)

Dried jerky (soft)
(for dogs) 2

Chicken white meat, glucosamine, fructo-oligosaccharide, glycerin, sodium lactate,
trehalose, potassium chloride, antioxidants (V.E, sodium erythorbate), sodium
phosphate, preservative (potassium sorbate), pH adjuster, flavoring agent, color
former (sodium nitrite)

Dried jerky (soft)
(for dogs) 3

Beef tendon, salt, glycerin, propylene glycol, preservative (potassium sorbate),
antioxidant (sodium erythorbate), color former (sodium nitrite)

Dried jerky (soft)
(for dogs and cats)

Cod, D-sorbitol

Confectionery

Confectionery
(biscuit for dogs) 1

Wheat flour, sugar, vegetable oil, tapioca starch, vegetables (spinach, carrot,
pumpkin), milk powder, chicory extracts (containing dietary fiber and
oligosaccharide), leavening agent, minerals (Ca, Na), flavoring agent, yucca
extracts, coloring agents (food yellow no. 4, food yellow no. 5, food blue no. 1)

Confectionery
(biscuit for dogs) 2

Wheat flour, margarine, granulated sugar, egg, rice germ and soybean fermentation
extracts, trees extracts, galactooligosaccharide, whey protein concentrated powder
(dairy products), non-fat dry milk, lactose, vegetable oil, sweetener (D-sorbitol),
calcium carbonate, green tea extracts, antioxidants (V. E, rosemary extracts)

Milk powder

Milk powder (for dogs) 1

Dry milk (non-fat dry milk, casein), oils and fats (vegetable oil , animal fat, y -
linolenic acid), powdered egg yolk, soybean protein, oligosaccharide, L-carnitine,
minerals (Ca, P, K, Mg, Fe, Cu, Mn, Zn, I, Co), emulsifier, vitamins (V. A, V. B,
V. B2, V. Bs, V. Bi2,V. D, V. E, V. K, nicotinic acid, pantothenic acid, folic acid,
choline), flavoring agent, taurine

Milk powder (for dogs) 2

Milk protein, animal fat, non-fat dry milk, vegetable oil, powdered egg yolk, milk
oligosaccharide, dry yeast, pH adjuster, emulsifier, taurine, L-arginine, L-cystine,
DHA, vitamins (V. A, V. D, V. E, V. K, V. B1, V. B, pantothenic acid, niacin, V. Bs,
folic acid, carotene, biotin, V.Bi2, V.C, choline), minerals (Ca, P, K, Na, Cl, Mg,
Fe, Cu, Mn, Zn, I, Se), nucleotide, flavoring agent (milk cream)
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22 A OE
) 7Ebr=FrU, LT NI DA ~FHy, vuntthy, TR ROV ZF LT —
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FTENTHHA) 2 HWT=.
2) A AR,
R E I, Table 3 128 L7 BidEon, M ORERESR 2 H L.

Table 3  Pesticide standards used in this study

Name Manufacturers Formula MW CAS No.  Purity (%)
Aldrin Dr. Ehrenstorfer GmbH Ci12HsCls 364.9 309-00-2 99.0
a-BHC Dr. Ehrenstorfer GmbH CsHeClo 290.8 319-84-6 98.0
S -BHC Dr. Ehrenstorfer GmbH CsHsCls 290.8 319-85-7 98.4
y-BHC Dr. Ehrenstorfer GmbH CeHsCls 290.8 58-89-9 98.6
0-BHC Sigma-Aldrich CsHsCls 290.8 319-86-8 99.4
o,p'-DDD Sigma-Aldrich Ci14H10Cla 320.0 53-19-0 99.8
p,p'-DDD Sigma-Aldrich Ci4Hi0Cla 320.0 72-54-8 99.5
o,p'-DDE CHEM SERVICE Ci14HsCls 318.0 3424-82-6 99.5
p,p'-DDE CHEM SERVICE Ci14HsCla 318.0 72-55-9 99.5
0,p’-DDT CHEM SERVICE C14HoCls 354.5 789-02-6 97.8
p.p'-DDT Dr. Ehrenstorfer GmbH C14HoCls 354.5 50-29-3 98.5
Dieldrin Dr. Ehrenstorfer GmbH Ci2HsClsO 380.9 60-57-1 99.0
Endrin Dr. Ehrenstorfer GmbH C12HsClsO 380.9 72-20-8 99.5
Heachlorobenzene Dr. Ehrenstorfer GmbH CsCis 284.8 118-74-1 99.5
Heptachlor Dr. Ehrenstorfer GmbH Ci1oHsCly 373.3 76-44-8 99.0
Heptachlor epoxide CHEM SERVICE CioHsCl;0 389.3 1024-57-3 99.5
trans -Heptachlor epoxide CHEM SERVICE CioHsCl70 389.3 28044-83-9 98.7
Methoxychlor CHEM SERVICE Ci6H15CI30 345.7 72-43-5 99.3
Nitrofen Wako Pure Chemical Industries C12H7CLNOs 284.1 1836-75-7 99.0

2.3 HEKRUERA

1) Fywetk
3Rk 10 ZM 200 Retsch 8 (1 mm 227 U —>, i FHE[EIEREL 14000 rpm)
etk 2 0 i 1 1 X 2 MWeai O M e BTG U ) © GM 200 Verder Scientific
il (fif FHIRe[E] 545 2000~8000 rpm)

2) REOIH: APr LT —H—SR2DW ¥ A 7 v 78 (i HKEE & 5 %% 300 rpm)

3 M A Y UL BT (20 mL £REFH) @ Chem Elut, 20 mL  Agilent Technologies #

4y TNRFEIZ v~ NI TT GPC VAT A Vbt T AR

5 AvT7 T 7 4% — : Millex-LH (fL£& 045 pum, EE 25 mm, PTFE #) Merck
Millipore %

6) BT A~ TR U LI =717 L Sep-Pak Plus Florisil cartridge (FECAFI&E 910 mg)
Waters Hil
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7) ErfEmERME I A e~ 7 Z 7 (LLF [GC-ECDJ &9 . ) :GC-2010 Plus 5
HESLE T
8) WRIAKEHMX vy TV —DT L (14%> 7T /) 7BENLT2=)b—86 %Y AT /LAY afi
va—7 4 r7) :DB-1701 (N££0.25 mm, £ & 30 m, [/ 0.25 um) Agilent Technologies
b
9) BEAEMEYET =BT L (5 %P T 2= —95 %P AF AR YaxHhra—F 4
7)) :DB-5 (NfZ0.25mm, £ 30m, BEE 0.25 um) Agilent Technologies #4
24 TERFIE
EREGIE, BAEEE 6 =i 2 i | ARERRREOT A7 n~ 7T 712X 5 RS HHE
(ZD1) ITHE->TEELT.
2L, RIABEROE I R A 8205 &3 5 A B R R R EINGERE O R ERIT, &E
BEEKO—EREEZIRAG L, 224N AFARX =T8> (441) TEMIZHRL, 1 mL
HHZARIEL LTENZEL 0.01~02 ng AT OBAOREGIEERZRKT 5 L8> THDNR,
7V RVU Y, a-BHC, B-BHC, y-BHC, §-BHC, o.,p-DDD, p,p'-DDD, o,p'-DDE, p,p'-DDE, o.p'-
DDT, pp-DDT, T 4V KUY, = KU, ~TFE s, ~FEZ 7l RKExy FED
trans-~7"% 7 B )V THRF L RIZOWTIE, Vv MR ZHRETIMELEFE 6 EF 28 5 F
BIERREEDO T A7 a~ N7 T 72X HRMGHE (20 2) (LT Ty =y MEGAHEIER
FREEEINEE) L)L) EREIEICEHET D, 0.005~0.5 pg/mL O#iFH THREMR S IER T
THZEEMRERLTCND., ~"FHrsoaXoBy, AhFvr7o— k= ra 7z 0I20T
X, U=y MG EE R RERINGEIED SIS EMIT o T, AR, AHEREFRRE
UNHIEICB T D A X7 n— LV PAOF EKO EERBFAE Y E 0.005 pg/mL & e, 1 mL
HFICKEIR L LTZENEH 0.005, 0.01, 0.02, 0.05, 0.1, 0.15 X 02 pg 2 &H T 54 2R
AIEERZHE L, SRFEORERZER L.
trans-~7"% 7 )L TR F LRI, U=y MEEABEE R RERINGE O i R eI E
Fh, ARIERREENEE ISR E ENRWD, BEE TITRHEITo 7.
B, TEIEOWE % Scheme 1 [Z/R L7z, £, FLREI/ v~ NI T 7 O5EMERD GC-
ECD O JI7E 5% Table 4 } (O} Table 5 {2/~ L7-.

Table 4  Operating conditions of gel permeation chromatography (GPC)

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 70~120 mL
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Table 5 Operating conditions of gas chromatograph
equipped with electron capture detector (GC-ECD)

Column DB-1701 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
DB-5 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
Column temperature 80 °C (hold for 1 min) — ramp 20 °C/min — 180 °C — ramp 2 °C/min

— 260 °C — ramp 5 °C/min — 275 °C (hold for 5 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C

Carrier gas He 1.0 mL/min

Detector Electron capture detector
Detector temperature 280 °C

Injection volume 1 uL

Sample 10.0 g

add 20 mL of acetonitrile—water (3:1) and allow to stand for 10 min
add 100 mL of acetonitrile and shake for 30 min
—filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

wash with 50 mL of acetonitrile

evaporate to dryness under 40 °C
add 20 mL of saturated salt solution
Chem Elut, 20 mL

apply sample solution and allow to stand for 5 min

——place a receiver (200 mL eggplant flask)

wash flask with 20 mL of hexane and apply washed solution (three times)

elute with 60 mL of hexane

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane—acetone (4:1)

filtrate with membrane filter (0.5 pm)

Gel permeation chromatography

apply 5 mL of sample solution
collect the fraction of 70~120 mL

evaporate to dryness under 40 °C

dissolve in 2 mL of hexane
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of hexane (twice)
elute with 15 mL of hexane—diethyl ether (9:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of 2,2,4-trimethylpentane—acetone (4:1)

GC-ECD

Scheme 1 Analytical procedure for organochlorine pesticides
in dry and semi-dry type pet food
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3 WBRERUBE
3.1 s

Il mL Fic~FH o8y, AhF7o— k=7t L TENREI 0.005,
0.01, 0.02, 0.05, 0.1, 0.15 XTr02 pg ZEH T HFBEEEGIEERZRM L, BEERS 1 pL
EHAIa~ NI 7ICEAL, fonlzr/ua~ 77 A006E—7 &S 2 HWTHRERZER
L7-. REMRO—BIL Fig. 1-1 DLBHTHY, % 0.005~0.2 ng/mL (FEAEE L TH 0.005~0.2
ng FHY &) OFPH CHREFREL 099 LLEOEMOBERZ R L= &N, MBI ERR U
DEAREZ Y = v MU AEHRERRERNEEICEDbED L L L

2k, UEMREROBERIIT, £23%2 0.002~0.08 mgkg &A1 5 oH Rk 2 GG %E
JEEHEAOE T AE W TR B U 7 B RBUBHATIR O 45 SR SR BEREPH IS Y 97 5.

Fo, EZOLNPHWE GC-ECD TIHMEREHPAICEBW THE AN E D HMHmARO 5, 1 mL
Hlz~FH oo P, A RFvr/n—AKkR=brr 7=z & LTEAEN 0.005 0.01,
0.015, 0.02 XTr0.025 ng 5 A7 2 & BREREEIRAGEER 2L, FARICHRERZER L
TofER,  Fig. 1-22 ® &304 0.005~0.025 pg/mL (FFEAEE L T 0.005~0.025 ng FHY &) Ol
P CURERR %L 0.999 LI EDEMRIEE R Lz, JEICHEH T2 GC-ECD 12 L - T, {KREHFET
ERLEEREBRICE DAY Z7oo_rPy, A hFv7o—n k= rn7=rORHENET
HEFZTI.

500000 - 120000 -
y =2256472.1x+ 24926.6 y =463643.8x+ 6035.8
R? =0.9959 . 2=
400000 - 100000 R?=0.9917 .
E_ 80000 -
> 300000 =
2 =
5 3 60000 - *
£ 200000 - L
£ 40000 -
100000 -
20000 -
0 ; ; ; . 0 1® . ‘ . .
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
Concentration of hexachlorobenzene/[ug/mL] Concentration of methoxychlor/[ug/mL]
250000
y = 955468.5 x+ 8094.9
R? =0.9962
200000 -
>
=3
S 150000
‘@
o
2
£ 100000 -
50000
0

0.00 0.05 0.10 0.15 0.20

Concentration of nitrofen/[ug/mL]

Fig. 1-1  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
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100000 - 25000 1
y = 3352640.0x+ 5442.0 y=732720.0x+ 1644.4
2 _ -
40000 | R? =0.9994 20000 1 R? =0.9994
>
< 60000 - 15000 -
2 >
2] =)
: :
£ 40000 - B 10000
C
2
S
20000 5000
0 . . : . : . 0 ' ‘ ' ‘ ' ‘
0.000 0005 0010 0015 0020 0025 0030 0000 0005 0010 0015 0020 0025 0.030
Concentration of hexachlorobenzene/[ug/mL] Concentration of methoxychlor/[ug/mL]
40000 -
y=14234200x+ 1325.1
35000 - R? = 0.9995
30000 -
3 25000 -
=
@ 20000 |
2
£ 15000 -
10000 -
5000 -
0
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Fig. 1-2  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
(low concentration)

3.2 WiEWE OB

Table 2 1T/~ L72ilB 2 WV, BiEME OB Z1T-72. BEHZHWEm Iv2z (RH) 2 5812
DN, W HMHEBE CIRVIEE 2 EBEE O BNEL, BHIvy (KA) 2 TRl %
PRI o T2, Iy (KA 2 UAAOK 1 8%V, AR RERIETEIC X0 R
LIRS R E A7 a~ N7 7IZEAL, ol a~ N7 7 AR LTE/RE, I
JUNDORBHIBWTERZ T A =271 38b onenol. Iy (KA 1 12250 TIi,
B CIRVIBE A LB EVNEL, TOHROWS]I A, LM A VUL T NI
ZELT. Iy (RE) 1 OREHARKRO 7 o~ 87T A, < OFME—27 BNRO L.
RHEE — 7 DRE S JOPRFFRFHNZL, MEOHEZED Y, KM — 27 BHES G Th D01
EE— 7 ThHHLOHBINITZ IR T2,

mEB, WYy —%— (M) 2 ORBEED 7 n~ 7 F LT, pp'-DDE ORFFRFFICE
BERARERBOC—7 %, EMEHBRYYy—F— (Y7 E A7) (RH - #H) ORERERD
sma~ 7T ATEASNFTH 7 ma X0 B ORFERFFICA~T 7 ma X080 oE &R AR E L
E (~FHYrmaXB L LT 0.0071 mgkg FHY) O —7 #f Lz, HealEHRikiz >
WTHIEIZH WD IER A RS Y BT Y — D07 5% DB-1701 b a—7 4 VT OMENERD
DB-5 IZA 2 CTHIE LRKEDFER LR oTzZ £ n, U E—2713Z NN pp-DDE K UA~F
saaXrRBrThDHEHM L.

AEIcHonizrsa~ 7T AO—fl% Fig. 2 IZR LTz,
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Fig.2 Chromatograms of standard and blank solutions

(GC-ECD conditions are shown in Table 5. Arrows indicate the retention time of pesticides.)

1 Hexachlorobenzene 6 f-BHC 11 p,p'-DDE 16  Nitrofen

2 a-BHC 7 o0-BHC 12 Dieldrin 17 p.,p'-DDD

3 y-BHC 8  Heptachlor epoxide 13 o,p'-DDD 18  p,p'-DDT

4 Heptachlor 9 trans-Heptachlor epoxide (for reference) 14  Endrin 19 Methoxychlor
5 Aldrin 10 o.,p'-DDE 15 o,p'-DDT

A: Standard solution (0.005 pg/mL: 0.005 ng as each pesticide)
B~F: Sample solutions (B: formed jerky (for cats) 3, C: dried jerky (hard) (for dogs), D: dried
jerky (soft) (for dogs) 3, E: confectionery (biscuit for dogs) 2 and F: milk powder (for dogs) 1)
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3.3 BN EER

Table 2 2R L7epfM Y v —F% — (M) 3, EMEHRT vy —F— (h—F&xA47) (KA,
FMTBREY v —F— (Y7 "2 A7) (KA 3, B8 (RHEYA 7y ) 2 KOOI Ly
(KH) 11z, 7/v KV, a-BHC, B-BHC, y-BHC, §-BHC, T 4V FU Y, =2 KU, -~
FHhrsoaxXrBy, ANFEX TN, ~ATE I LT RF VR, trans-~TH 72 L TRF TR
EOX=tr7=x>b LT 0002 O 0.0l mgkg Y E (REREHAEF T 0.005 KT 0.025
ug/mL fH¥ &) , o,p-DDD, p,p'-DDD, o,p'-DDE, pp'-DDE, o0,p-DDT K& O pp'-DDT (LLF
DDT ¥8) &\ 9. ) & LT 0.002 O 0.1 mgkg Y& (R&REHAHK T T 0.005 LT 0.05
pug/mL FHYE) WNZ A hF 7 m— & LT 0.0l L 0.05 mgkg HHY & (R&EHEK T T
0.025 &N 0.125 pg/mL fHY &) I d X2 ic2nEThdmg L <RE L, —&KEFE LIRICH
BRI R B SR IHVE T » TRl & S0 L, PIIRINER L OV U RS 2 R 72

728, DDT¥E LTO0.1 mgkg HYBEBTRM L-RBEOWPEIZIX, FAZ7a~w T T 7 0 —IZ
I 2 REHRIR & FIZ 22,4-F U AF N X —T 8 b (441) TIERMEIC 5 @KL, DDT
FHOME BT D R UBHRIR & L7z,

ZORERIL Table6 DL BY TH Y, FAEY vy —F— (Hif) 3, FMTHEY Y —F— (N—F
2A47) (RH) , FEMERYYy—F— (Y7 247) (KH) 3 ROETEH (RHEA7 >
R) 2 1TV TITA B FE RS 18 il O FEIEIGRIE, 81.0~118 %, £ DK LKA IX RSD,
ELTI %LATFTHY, MAEEF 11 3 ABRIEOZYMRRE D (BUT TRRBR O %224 MR
B Evo. ) ICEDLNEEEROPHMTREEO BIEEE2 - T RERBERTH-7-. Iy
(KA) 1 THOLNERMEEY—271%, fido B0 ENRKD THLDELY—2 TH DD
DHIBIAT 27832 T2 728D, RMENGRERE ) DKM — 27 OSHHEITZE LI T, T ORI
L L. Iy (KA 1220 Tik, AHEERZIRER 18 ko FHEIN R
46.8~170 %, O LFEEIL RSD, & LT 15 %L FCTh 7. p,p-DDD, p,p'-DDE, o,p'-DDT,
TRy, =2 b 72 ROANFT 7o XAl o ToYEY IR ERIL, @Rz 44
MEFBIEIZED DN BEO FEEOHMEN ThH o 7o, By I OFRIE, RECEOMHEMIZH
7228, pp-DDD, =2 RU LV KEO=ba 7 TlE, 120 %EB 2 5EINRICARHERLRD L
iz, Zhix, B I7 OfEEEICE WD THIHEE CIR DV IBE 2 BRICE £ 0 BAETZ DB O
VERNEEIC 22D 2 &, KM —7 ORBENRERLEEZ L.
Bon-rsa~ 77 50O —H% Fig. 3 1R LT-.
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Table 6 Recoveries for pesticides
Spiked .

Pesticides II::vel Samples Recovery” RSD;”

(mg/kg) (%) (%)

Formed jerky (for cats) 3 95.3 6.2

Dried jerky (hard) (for dogs) 110 7.5

0.002  Dried jerky (soft) (for dogs) 3 97.6 1.6

Confectionery (biscuit for dogs) 2 108 4.7

) Milk powder (for dogs) 1 70.1 9.0

Aldrin -

Formed jerky (for cats) 3 102 5.1

Dried jerky (hard) (for dogs) 97.6 6.6

0.01 Dried jerky (soft) (for dogs) 3 95.2 4.3

Confectionery (biscuit for dogs) 2 98.7 2.2

Milk powder (for dogs) 1 60.8 9.7

Formed jerky (for cats) 3 87.7 4.7

Dried jerky (hard) (for dogs) 92.7 4.2

0.002  Dried jerky (soft) (for dogs) 3 89.9 33

Confectionery (biscuit for dogs) 2 94.6 1.9

#-BHC Milk powder (for dogs) 1 85.0 13

Formed jerky (for cats) 3 95.9 6.7

Dried jerky (hard) (for dogs) 95.3 5.5

0.01 Dried jerky (soft) (for dogs) 3 88.3 2.8

Confectionery (biscuit for dogs) 2 92.6 1.4

Milk powder (for dogs) 1 71.4 3.1

Formed jerky (for cats) 3 103 4.6

Dried jerky (hard) (for dogs) 109 3.9

0.002  Dried jerky (soft) (for dogs) 3 104 3.6

Confectionery (biscuit for dogs) 2 111 2.7

Milk powder (for dogs) 1 99.0 5.3

S-BHC -

Formed jerky (for cats) 3 111 6.1

Dried jerky (hard) (for dogs) 107 7.4

0.01 Dried jerky (soft) (for dogs) 3 97.8 3.0

Confectionery (biscuit for dogs) 2 109 3.0

Milk powder (for dogs) 1 84.3 3.5

Formed jerky (for cats) 3 94.6 33

Dried jerky (hard) (for dogs) 97.7 2.3

0.002  Dried jerky (soft) (for dogs) 3 99.3 2.2

Confectionery (biscuit for dogs) 2 99.5 1.9

) BHC Milk povn'/der (for dogs) 1 82.7 5.6
Formed jerky (for cats) 3 103 5.5

Dried jerky (hard) (for dogs) 101 6.2

0.01 Dried jerky (soft) (for dogs) 3 94.4 2.5

Confectionery (biscuit for dogs) 2 97.1 1.2

Milk powder (for dogs) 1 78.0 34
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 98.0 4.5
Dried jerky (hard) (for dogs) 106 6.4
0.002  Dried jerky (soft) (for dogs) 3 100 3.9
Confectionery (biscuit for dogs) 2 107 3.1
5-BHC Milk pov%/der (for dogs) 1 88.3 7.2
Formed jerky (for cats) 3 107 8.5
Dried jerky (hard) (for dogs) 103 7.6
0.01 Dried jerky (soft) (for dogs) 3 100 4.9
Confectionery (biscuit for dogs) 2 102 3.2
Milk powder (for dogs) 1 82.3 6.1
Formed jerky (for cats) 3 98.2 3.5
Dried jerky (hard) (for dogs) 105 3.6
0.002  Dried jerky (soft) (for dogs) 3 95.9 5.7
Confectionery (biscuit for dogs) 2 109 4.8
Milk powder (for dogs) 1 76.8 2.8
op'-DDD -
Formed jerky (for cats) 3 109 0.5
Dried jerky (hard) (for dogs) 105 1.9
0.1 Dried jerky (soft) (for dogs) 3 109 2.0
Confectionery (biscuit for dogs) 2 109 3.6
Milk powder (for dogs) 1 89.9 5.6
Formed jerky (for cats) 3 99.7 4.6
Dried jerky (hard) (for dogs) 107 1.2
0.002  Dried jerky (soft) (for dogs) 3 95.3 8.3
Confectionery (biscuit for dogs) 2 105 4.8
Milk powder (for dogs) 1 135 15
pp'-DDD -
Formed jerky (for cats) 3 107 1.2
Dried jerky (hard) (for dogs) 106 2.6
0.1 Dried jerky (soft) (for dogs) 3 108 2.8
Confectionery (biscuit for dogs) 2 110 4.1
Milk powder (for dogs) 1 87.6 5.6
Formed jerky (for cats) 3 102 5.4
Dried jerky (hard) (for dogs) 106 3.6
0.002  Dried jerky (soft) (for dogs) 3 99.5 4.6
Confectionery (biscuit for dogs) 2 118 5.9
Milk powder (for dogs) 1 79.1 8.5
o.p'-DDE -
Formed jerky (for cats) 3 107 1.4
Dried jerky (hard) (for dogs) 107 2.3
0.1 Dried jerky (soft) (for dogs) 3 110 1.6
Confectionery (biscuit for dogs) 2 107 3.7
Milk powder (for dogs) 1 83.1 7.5
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 99.1 6.9
Dried jerky (hard) (for dogs) 101 39
0.002  Dried jerky (soft) (for dogs) 3 105 2.8
Confectionery (biscuit for dogs) 2 100 2.3
Milk powder (for dogs) 1 68.8 8.3
p.p'-DDE -
Formed jerky (for cats) 3 104 2.4
Dried jerky (hard) (for dogs) 102 1.6
0.1 Dried jerky (soft) (for dogs) 3 110 1.1
Confectionery (biscuit for dogs) 2 106 3.0
Milk powder (for dogs) 1 77.0 9.3
Formed jerky (for cats) 3 88.6 11
Dried jerky (hard) (for dogs) 91.8 33
0.002  Dried jerky (soft) (for dogs) 3 92.0 8.1
Confectionery (biscuit for dogs) 2 93.0 3.5
Milk powder (for dogs) 1 46.8 10
o,p'-DDT -
Formed jerky (for cats) 3 108 2.8
Dried jerky (hard) (for dogs) 105 1.7
0.1 Dried jerky (soft) (for dogs) 3 109 2.5
Confectionery (biscuit for dogs) 2 108 2.7
Milk powder (for dogs) 1 78.0 6.7
Formed jerky (for cats) 3 98.5 5.5
Dried jerky (hard) (for dogs) 102 5.9
0.002  Dried jerky (soft) (for dogs) 3 93.1 5.2
Confectionery (biscuit for dogs) 2 103 5.6
Milk powder (for dogs) 1 77.1 5.4
p.p'-DDT -
Formed jerky (for cats) 3 108 2.1
Dried jerky (hard) (for dogs) 102 0.5
0.1 Dried jerky (soft) (for dogs) 3 108 1.5
Confectionery (biscuit for dogs) 2 108 4.1
Milk powder (for dogs) 1 80.1 10
Formed jerky (for cats) 3 99.3 6.0
Dried jerky (hard) (for dogs) 103 2.9
0.002  Dried jerky (soft) (for dogs) 3 98.6 5.1
Confectionery (biscuit for dogs) 2 97.8 7.8
Lo Milk powder (for dogs) 1 96.7 39
Dieldrin
Formed jerky (for cats) 3 111 8.6
Dried jerky (hard) (for dogs) 106 73
0.01 Dried jerky (soft) (for dogs) 3 99.7 5.9
Confectionery (biscuit for dogs) 2 104 1.8
Milk powder (for dogs) 1 80.3 6.5
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 97.4 4.0
Dried jerky (hard) (for dogs) 108 4.7
0.002  Dried jerky (soft) (for dogs) 3 105 2.4
Confectionery (biscuit for dogs) 2 104 2.0
) Milk powder (for dogs) 1 170 7.3
Endrin
Formed jerky (for cats) 3 111 7.5
Dried jerky (hard) (for dogs) 112 8.0
0.01 Dried jerky (soft) (for dogs) 3 110 5.1
Confectionery (biscuit for dogs) 2 110 1.3
Milk powder (for dogs) 1 96.3 6.2
Formed jerky (for cats) 3 84.9 4.4
Dried jerky (hard) (for dogs) 90.0 2.0
0.002  Dried jerky (soft) (for dogs) 3 93.1 5.2
Confectionery (biscuit for dogs) 2 88.2 3.0
Milk powder (for dogs) 1 58.6 14
Hexachlorobenzene -
Formed jerky (for cats) 3 87.8 7.9
Dried jerky (hard) (for dogs) 92.3 6.1
0.01 Dried jerky (soft) (for dogs) 3 84.2 33
Confectionery (biscuit for dogs) 2 81.0 3.5
Milk powder (for dogs) 1 54.4 11
Formed jerky (for cats) 3 91.1 5.0
Dried jerky (hard) (for dogs) 94.6 5.1
0.002  Dried jerky (soft) (for dogs) 3 93.6 5.0
Confectionery (biscuit for dogs) 2 99.6 2.9
Milk powder (for dogs) 1 62.0 6.9
Heptachlor -
Formed jerky (for cats) 3 107 3.8
Dried jerky (hard) (for dogs) 104 7.1
0.01 Dried jerky (soft) (for dogs) 3 95.9 4.1
Confectionery (biscuit for dogs) 2 100 1.6
Milk powder (for dogs) 1 67.3 7.2
Formed jerky (for cats) 3 96.0 5.1
Dried jerky (hard) (for dogs) 106 2.6
0.002  Dried jerky (soft) (for dogs) 3 112 4.1
Confectionery (biscuit for dogs) 2 101 1.9
) Milk powder (for dogs) 1 94.6 3.0
Heptachlor epoxide -
Formed jerky (for cats) 3 111 5.1
Dried jerky (hard) (for dogs) 107 6.6
0.01 Dried jerky (soft) (for dogs) 3 101 5.0
Confectionery (biscuit for dogs) 2 106 0.9
Milk powder (for dogs) 1 80.6 4.8
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Table 6  Recoveries for pesticides (continuation)

Spiked 2) b)
Pesticides level Samples Recovery RSDx
(mg/kg) (%) (%)
Formed jerky (for cats) 3 96.1 7.9
Dried jerky (hard) (for dogs) 95.2 4.0
0.002  Dried jerky (soft) (for dogs) 3 101 5.8
Confectionery (biscuit for dogs) 2 101 3.2
trans - Milk powder (for dogs) 1 84.6 9.5
Heptachlor epoxide Formed jerky (for cats) 3 108 7.8
Dried jerky (hard) (for dogs) 105 6.4
0.01 Dried jerky (soft) (for dogs) 3 99.4 2.2
Confectionery (biscuit for dogs) 2 104 1.8
Milk powder (for dogs) 1 77.6 4.5
Formed jerky (for cats) 3 97.1 9.9
Dried jerky (hard) (for dogs) 95.4 3.1
0.01 Dried jerky (soft) (for dogs) 3 108 8.2
Confectionery (biscuit for dogs) 2 106 5.1
Methoxychlor Milk povi/der (for dogs) 1 94.8 3.6
Formed jerky (for cats) 3 110 4.5
Dried jerky (hard) (for dogs) 103 7.4
0.05 Dried jerky (soft) (for dogs) 3 99.7 34
Confectionery (biscuit for dogs) 2 105 2.2
Milk powder (for dogs) 1 85.4 2.1
Formed jerky (for cats) 3 101 5.3
Dried jerky (hard) (for dogs) 111 7.2
0.002  Dried jerky (soft) (for dogs) 3 101 4.3
Confectionery (biscuit for dogs) 2 109 3.2
) Milk powder (for dogs) 1 125 3.6
Nitrofen
Formed jerky (for cats) 3 114 5.0
Dried jerky (hard) (for dogs) 106 4.7
0.01 Dried jerky (soft) (for dogs) 3 101 4.0
Confectionery (biscuit for dogs) 2 107 2.7
Milk powder (for dogs) 1 91.2 7.7

Colored cells stand for outside the criteria of recovery rate at each concentration listed in the 3 (3) of
chapter 11 of Analytical standards of petfood.
a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 3 Chromatograms of standard and spiked sample solution

(GC-ECD conditions are shown in Table 5. Arrows indicate the retention time of pesticides.)

1 Hexachlorobenzene 6 fS-BHC 11 p.,p'-DDE 16  Nitrofen

2 «-BHC 7 o0-BHC 12 Dieldrin 17  p,p'-DDD

3 y-BHC 8  Heptachlor epoxide 13 o,p'-DDD 18 p,p-DDT

4 Heptachlor 9  trans-Heptachlor epoxide (for reference) 14  Endrin 19  Methoxychlor
5 Aldrin 10 o, '-DDE 15 o,p'-DDT

A: Standard solution (0.05 pg/mL for six DDT related compounds, 0.025 pg/mL for
methoxychlor and 0.005ug/mL for other twelve compounds: 0.05 ng, 0.025 ng and 0.005
ng as each pesticide.)

B: Five-fold diluted sample solution of formed jerky (for cats) 3 spiked at high concentration
of pesticide (spiked at 0.1 mg/kg of six DDT related compounds, 0.05 mg/kg of
methoxychlor and 0.01 mg/kg of other twelve compounds: 0.05 pg/mL, 0.025 pg/mL and
0.005 pg/mL, as each pesticides in the diluted sample solution)

3.4 GERRRS KL O RS
ATy 7 8L S 3B D A BUBHT A B 38 R R B INIE O 4 R K O R IR SR EEF S &2 RN L
ToBINEN AR 2 0 L, PRI, #uRk UKEOREERZER DY —27 O SN i b#RE I
M L7z,
ZORER, MY Y —F—, EMEHREY v —F— (h—KEAT) | EMEHBEYy—F— (VY
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T hEAT) ROETHEPORSAHERREEROERRA L ORI L, AR R SR
FBICHESNTE RIARBENEI RIABRBICBT DA FF v 7 v —LOEERR 0.01 mgkg
KO O B3R E B IR A4 0.002 mg/kg WM A MF 7 n—LORBRHEIRA 0.003 mgkg &
OZ OO SO BRI A 0.0007 mgkg #ZHTHZ e R<HEHATEEEZX 6Nz, —J,
B 27220 T, 3.2 Citdi L7RKME — 7 OB TRINEDNRROE SN HY, BE—27 0D
SN L b ZE Liginolzic®, EERAFEOHRFHITE ol

72%, Table 6 ([T RL7oEBY, MYy —F—, FMELRESYy—F— (- K¥AT) , #&
Mgy ¥ —%— (V7 b2 A7) ROEFEOY%ERRICET 2 RMEIGRERES S, &
Bk D 2 M VERERRIEICE O b EE RO TRE O BAEE A7 L7z

4 F&EOH
BREFICNE SN TS FTAE LT I KT 0 85238 &3 5 A 8RR R EICS

WT, =hr7xzy, ~FH 7B ROA MU B — L ORERIE NIIARED AT > 7

5L S S A~OWEHEFEIERKIZOWTRE L72RER, U TORRNE LT,

) =br 7=z, ~"FH 27X B EOA X7 a2 —/LORERIZOWVT, % 0.005~0.2
pg/mL (JEAE L L TH 0.005~0.2 ng tHY &) O CHEMBMEEZRLEZZ E0E, MERIERT
BHERORKREZ Y = v MUGERERREENEE CGDbES LS LE

B, YHMREROBEGIL, KEKEZ 0.002~0.08 mgkg &A1 50N HRE &2 AREICHRE
WAL U7 B BURHA TR P o & R IR RIS Y 3 5.

2) AT Y —F—, EMEREy—F— (IN—REATRRY T b2 A7) KOEFFEHIZTON
T, FHEZREREINHKEICE>THEONTZa~ T 021%, EBEZBHTAE— 271385
nipinole. —JF, BINNZIZo0nTIE, ZL<ofMe—r7 3R bh, KfEfr—70REI Kk
OMEFFRERIE, WEOHELED Y, KHEE— 27 NAERRE D TH L0 EEY—27 TH L0 0H]
BIDMAT 27277,

3) MYy —F—, EMELREY Yy —F— (N—KZATRKRNY T "2 A7) , ETEEOHB IV
7z, 7RV, a-BHC, p-BHC, y-BHC, 6-BHC, T 4 /v KU v, = KU v, ~FHrn
gy, NTE TN, ANTE TNV RF VR, rans-~T X 7 )L mRF Y RE= B
07>z b LT0.002 TN0.01 mgkg fHY &, DDT ¥ & LT 0.002 &0 0.1 mg/kg F834 &l Y
WA MFTZ7a—E LTO0.01 XT0.05 mgkg FHYEZIRML, KIEITHES T 5 S0MT oM %
FhE L, ECER O LEEEZ RO A, BT ¥y —F%—, FEMLETr—F— (h—F
BA TR T NEAT) ROETHHIZOWTIE, RBREOZYMEMRIEICED bR EE R
OHMTREO BIEE A T BARERP GO, ARERREEIEEOHEHAN AR THL LB
XTI, —0F, KHE— 7 PHEXMNGRS ThH L EY— 27 Th D0 OHBINTXT, 0
EREZEB L L, I VZI2oW T, pp-DDD, pp-DDE, 0,p-DDT, = KUY, ~F¥H
7auaXUBr RO b7 o AW TREBRIE O 2 Y EREGRIEICE O b IV B E O HEE % &
i L Cuh7z.

4) MY —F%—, BEMETES Y —F— (RIS TRRY T "2 AT) ROETEAOREH
PR FRRIEHE DO E RIRBF L OB R FUL, AHE R RRIEINEE I CHE SN N7 A - ROk
IRTAMBIZBIT A A M7 m—LOERERR 0.01 mgkg KOEDOMODEIKDE &R
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0.002 mg/kg WNZ A FF 7 v —/LORHIRFR 0.003 mgkg K OE DD 3 o 5 HH RS A
0.0007 mg/kg #EFT T 5 LaEHATEL BNz, —FH, BHILZIZonTiE, E&R
REORFHIIT A 2 hr o 7.

5) FAHE R REIBNEILEOM I N7 ~O#EHIZ OV T, R L 2IRE 5 OBRICEE Y »N
EL%@%@%%@K%?%D ABHZ L o TTRBHAK ORI BIT A R WREI R H 72 2 &,
Flo, HBonlcru~w 7T A, ERICEET IR -7 PROLNTZIENOLAREESE
i%ﬂfc.

X M
1) MNZATBOE N EMOKEIN Fr & it o 2 —BlfR@m « (2 AEEEomEL] Of
ENWZOWT, ERk 2149 A 1 H, 21 {HEE%E 1764 = (2009).
2) U.S. Food and Drug Administration: FDA Releases Progress on Jerky Pet Treat Investigation,
http://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm371450.htm, cited 28 Dec. 2016.
3) REMOKPEE A - BRETE T - ZHiEW RO SO SIS 5w, P21 4 A 28 B,
EMOKPER & - BREATE 175 (2009).
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Study of Determination Method of Mycotoxins in Corn Silage
~ Aflatoxin B4, Zearalenone and Deoxynivalenol ~

Chiaki ITO" and Norihiro SATO"

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

The applicability of analytical methods of aflatoxin B; (AFB;), deoxynivalenol (DON) and
zearalenone (ZEN) listed in Analytical Standards of Feeds to corn silage was investigated.

Tested methods for AFB; were simultaneous determination methods using a liquid chromatograph
(LC) and using a LC equipped with a photochemical reactor. For DON and ZEN, a simultaneous
determination method wusing liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS) was tested.

Corn silage samples were air-dried and ground. In the simultaneous determination method of DON
and ZEN, there were some cases where the specified amount of extraction solvent was insufficient
for corn silage.

The spike test results suggested that both determination methods of AFB; may be applicable to
corn silage, and that the simultaneous determination method for DON and ZEN needs some
improvements with respect to the preparation of sample solution and the selectivity of DON.

Key words: Aflatoxin B; (AFB;); deoxynivalenol (DON); zearalenone (ZEN); liquid
chromatograph (LC); photochemical reactor; liquid chromatograph-tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); corn silage

F—U—R:TT7IhFT B TAFY=AL ) =L BT T v ks a~< b
7T7 7 NI ANIT IS — R v~ N5 T2 0T DEEGE
V7 ha AT b—AF bk £ bAZ LA L—Y

1 # B
AR AfREOR B, AREAER EOEELKE L TEEMN T, E28AZ LA L—
kG T HLEE OB E S BRIIICIT DTN D, Z20—HT, LIbAZLHIAL—UnbT 4%
=L /= (LLF IDONJ) W), ), BE7F 1> (LLF [ZEN] W) . ) O NE
PHHENTEBY V), BRKEENEEEEL L TER 24 FENOHREEFHELEHBL TV 5D.
BRI T EYE DI SN 2R S DN DEOSITEE, £I2bAZ LA L—U~0MG RS
DTIH RN &0 n, OB RERBFHAETIE, FEERIMBICHBE LoMESHWLR TS,

T OIRSEATEE N BAROK B B 2 AT v 2 — IR AR A
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UL, fABOEEDE OHEEER OEEIEYE Yi2iZ, DON KT ZEN OFHIEENHEE S
TEY, FHEELRIZRD ZEE, FFRIICEEMATEHC DWW CHREE~DOE S OHED -
DHIMEEED TBLLEERS D EEZDND. £ 2T, MBI EEREEDOE > LAZ LY
AL —=V~OBEHAOFAFICONWTHRF L. b8 T, fEoaEYEOHEREYE L O HEILHEN
EOLNTNWDET 77 hx B, (LLF TAFB,] &\ 9. ) 1220V T, RERICHRFZ2IT- 7.

EOBLAZLYA L —VICHEA SN TS HiEE LT, VRl 27 FEEOBRERERECTHV LR
EREE Y (MUT TEEHEAE L), ) 28510, UTOEEST EEREEIC SV THRE
ZATo7z. AFB, IZOWTIE, EEREEN 7+ NI 77 2 — %8k Lo mdigiks a~
N7Z 7 (LLF TLC) EWo. ) ZFHWEFEThH-72d, MU 74 alifgz i CiFEg
b Z47T 5 BRI R YEE S EHEIFH2 7 77 XV v ok 7 v~ N 77 71 L D REEOHTE (B
T ITFA L] 20). ) ROT7 4 v I a7 72 —% A0 DEEINTRUESR 5 =5 3 /i 3 7
77 NXVUOWERK I e~ NI T T =T NI AN T I E =X BEEEATE (BLF TPR A
LS. ) oEAEZMRT L. £72, DON LU ZEN OEBIEICOWTIE, FEEFEENRIEKZ o
~ NI T TR T ARVEESNE (LLF TLC-MS/MS| LW 9. ) IZXDGHIETH - T=72,
DON } N ZEN Z G ie—F i T HEEH i B YES S BHE 3 i | NOHOWREK s n~ ~7 77
H T LB RSHEHC X D —F ok (LLF T—FE Lwvwo. ) oiHAEREF L.

2 EBRAE
2.1 B
BT 6 BEO L 9 BAZ LA L=V 20, BB oG k1L, B EEO L E
WZHEVY, B 200 g L EOMEEEZ L S TEOEIEZED, 60 °C T 6~25 FERZE%, HIZEWN
THELTRZL, FOESZE-72%, Ilmm DAY U — 2838 LD Ttk L.
22 O
) 7E2r=FI VKO AZ =%, LC THIET D0HEIZIT LC M, LC-MS/MS THIE$
DOMECIFEE s v~ N7 7EESEIHEZH W, MY 7 v A o FER2IT Reagent Plus
(MiEE 99 %, Sigma Aldrich ) ZHW\/=. g7 =y Ax@mERIEK7 n~ 77 7H (1
mol/L /K¥EHE, BAHAbH) % v /=, /KiE Milli-Q Integral 5 (Millipore ) (2 K 0 KEHI L 7=
HERIAK (JIS KO211 O 5218 ([ZE e S - BitiK) & i
2) AFB,; EHEWR
RO 77 hF T (Bi, By, Gy, Gy) IRGHEEYMERKR (%54 25 pg/mL, 7 h=hKU L
R, Sigma-Aldrich ) % AFBAEHEFJR L L7z, AFB AEHEFKR 1 mL % RABRE ([T IEMEICED ,
TEr=bF UV 15mL % EMIZMNZ TRAL, 1mLHIZAFB, & LT 10 ug # &6 3 5 AFB,
IEYEWR 2 e L 7.
i TFA 5
AFB, fE%E% (10 pg/mL) 250 pL % 10 mL D87 7 A 2|2 AN, FIZEHRETTE® F=
FUJLEMZ T I mL F1IZ AFB, & LT 250 ng 2 & A+ HAEHER 2 /5 L /-,
ERICEE LT, Z D4, 10,20 V40 uL %, fARMIHT MR SEHE3IH2 777 bF%
VYOWIK s v~ N7 T 72K ARSITEICHEY, ZEREN Y T aFRIC L D FEE
AL 24TV, 1 mL HIZ AFB, & LT 1,2.5,50 %00 10.0 ng Y B2 EH T 54 AFB, i Ek
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FEER A R L 7.
ii PRIE
AFB, HE%E% (10 pg/mL) 1 mL % 100 mL D48~ T 2 2 [ZIEREIC AN, FICHERETT
th=hrU =K (9+1) ZMMZT 1 mL HIZ AFB; & LT 100 ng & A 3 D UeEHL & 35
L.
ERHIZEE LT, ZoRO—E&EZ7Er=F)L—K (9+1) TEMIZHRL, 1 mLHIZ
AFB; & L T25,510 XU 20 ng #3 AT 54 AFB IR ER AR L 72.
3) DON YK
DON fE#ESL (M 99.4 %, Biopure ) 2 mg ZIEfEICE > T 10 mL DR ET 7 A 32 AN,
TER=MUAEMZTENL, TITERE CRBEEZ 12 T DON FHERKZFAM L7 (2
D 1mL %X, DON & LTCT200pug 2 &aHT5. ) .
4) ZEN FEHER
ZEN HE¥ES, GREE 99.7 %, Sigma-Aldrich #) 2 mg ZIEfEIC#E > T 10 mL DEETY T A =
WA, TER=FUAZMATENL, BICHERE CRESEZMZ T 1 mL TIC ZEN &L
T200 pg Z AT HEHEFRKZHU L., 20k 1 mL % 10 mL DR 7 7 2 3 (TEMICA
n, FICHEHRETTE b= AZMZ T ZEN EHERZFHL L2 (Z0# 1 mL 1%, ZEN &
LC20ug B35, ) .
5) DON K OY ZEN jRA 1% ik
DON IEHEF R 5 mL K& Y ZEN FZ#E) 1| mL % 100 mL O E~7 7 A 2| ZIEMEIZ A, /K 16
mL ZM 2 CTREGL, LICEMRETTE F=1F U LZIMX T DON LT ZEN JEG A5 UK % 7
L7 (ZOW ImLiEX, DON & LTCT10ug XxOVZEN £ LTCTO02ug 2 &H7 5. ) .
FERIZEE LT, DON O ZEN IR IEERIK O —FE®Z 72 b= U /L—IK (21+4) TIERE
WZAR L, 1 mLHiZ DON & LT 50, 100, 200, 500 }2 T8 1000 ng, ZEN & LT 1, 2, 4, 10 KO
20 ng #ENENEHT H DON KON ZEN IR GIEHER 2R L7-. HIZ4 DON &Y ZEN IR&
EEEO ~EBEZTNETNRIBREOEE (1+100) THIRL T, SHREMRIEMA DON LW
ZEN JRAHE R 2 3 L 7.
23 HEROZHE
FRFHZ W 72 2518 & OR B % Table 1 1278 L7z,
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Table 1 Instruments and equipments

Mycotoxins Methods Instruments and equipments

TFA methoda) 1) Grinder: ZM 200, Retsch (1 mm screen, rotational speed: 14000 rpm)
2) Shaker: Strong shaker SR-2DW (shake speed: 300 rpm), TAITEC
3) Multifunctional column: MycoSep 226 AflaZon+, Romer Labs
4) LC:
LC system: Prominence, Shimadzu

Fluorescence detector: RF-20AX, Shimadzu

Aflatoxin Bi (AFBi) PR methodb) 1) Grinder: ZM 200, Retsch (1 mm screen, rotational speed: 14000 rpm)
2) Shaker: Strong shaker SR-2DW (shake speed: 300 rpm), TAITEC
3) Multifunctional column: MycoSep 226 AflaZon+, Romer Labs
4) LC:
LC system: prominence, Shimadzu
Photochemical reaction system: Photochemical reactor (PHRED),
AURA Industries
Fluorescence detector: RF-20AX, Shimadzu

Deoxynivalenol (DON)  Simultaneous 1) Grinder: ZM 200, Retsch (1 mm screen, rotational speed: 14000 rpm)
and zearalenone (ZEN)  method” 2) Shaker: Strong shaker SR-2DW (shake speed: 300 rpm), TAITEC
3) Multifunctional column: MultiSep 226 AflaZon+, Romer Labs
4) LC-MS/MS:
LC system: Nexera X2, Shimadzu
MS/MS detector: LCMS-8040, Shimadzu

a) Simultaneous analysis of aflatoxins by liquid chromatography (listed in Analytical Standards of Feeds,
5.3.2)

b) Simultaneous analysis of aflatoxins by liquid chromatograph-photochemical reactor (listed in
Analytical Standards of Feeds, 5.3.3)

¢) Simultaneous analysis of mycotoxins by liquid chromatograph / tandem mass spectrometer (listed in
Analytical Standards of Feeds, 5.3.1)

24 TEEIFE
EBITIEIL, EEI T IV D)3)D LBV IToz. 7ok, EEBIEILEYE L REE T
> 7.
1) AFB, (TFA %)
EEIT TFAEIZ K 0 ITo72. 728, el OREEIX 25.0 g & L, o238 fl H v st
ZWIRLTIRVIBE D Z LN TERWEARIE, BEEOE% 100 mL 2°5 150 mL ([ZZAH L7z,
LC ORIESM:% Table 2 1, ERIEOHEE A Scheme 1 1277 L7z,

Table 2  Operating conditions of LC for analyzing AFB4 by TFA method

Column Mightysil RP-18 GP (4.6 mm i.d. x 250 mm, 5 um), Kanto Chemical
Guard column Mightysil RP-18 GP (4.6 mm i.d. x 5 mm, 5 pm), Kanto Chemical
Mobile phase Water-methanol (3:2)

Flow rate 0.8 mL/min

Column temperature 40 °C

Detector Fluorescence detector (Ex: 365 nm, Em: 450 nm)
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Sample 25 g (300 mL Erlenmeyer flask)

add 100 mL or 150 mL of acetonitorile—water (9:1) and shake for 30 min

centrifuge for 5 min at 650xg

MycoSep 226 AflaZon+

transfer 4.5 mL of supernatant into test tube

push MycoSep 226 AflaZon+ column into test tube

transfer 1 mL of effluent solution through MycoSep 226 AflaZon+ column to 10 mL test tube

evaporate to dryness under 40 °C

Derivatization

add 0.1 mL of trifluoroacetic acid

allow to stand for 15 min
add 0.9 mL of water—acetone (9:1)

centrifuge for 5 min at 5000xg

LC-Fluorescence detector

Scheme 1 Analytical procedure for AFB, in corn silage (TFA method)

2) AFB, (PR k)
ERILPRIEICEVITo72. ks, HTalBIOBEEIX 25.0 g & L, skl asfll s 4

WIL L TRV IEE D Z &N TE2WGEEIE, WO &% 100 mL 705 150 mLIIZEE L7-.

DOWNESAF % Table 312, E&EIEOBEE % Scheme 2 /R L 7-.

Table 3  Operating conditions of LC for analyzing AFB4, by PR method

LC

Column Mightysil RP-18 GP (4.6 mm i.d. x 250 mm, 5 um), Kanto Chemical
Guard column Mightysil RP-18 GP (4.6 mm i.d. x 5 mm, 5 um), Kanto Chemical
Mobile phase Water—methanol (3:2)

Flow rate 0.7 mL/min

Column temperature 35°C

Photochemical reaction system  Low-pressure mercury lamp (15 W) (245 nm) wrapped with knitted

Detector

reactor coil (0.25 mm id. x 10 m)

Fluorescence detector (Ex: 365 nm, Em: 450 nm)

Sample 25 g (300 mL Erlenmeyer flask)

add 100 mL or 150 mL of acetonitorile-water (9:1) and shake for 30 min
—filter through No. SA

MycoSep 226 AflaZon+

transfer 6 mL of supernatant into test tube

push MycoSep 226 AflaZon+ column into test tube
discard the fraction of 0~1 mL through MycoSep 226 AflaZon+ column

——pipet a portion of effluent solution through MycoSep 226 AflaZon+ column

to 1.5 mL microtube and centrifuge for 5 min at 5000xg

LC-Photochemical reactor-Fluorescence detector

Scheme 2 Analytical procedure for AFB, in corn silage (PR method)
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3) DON KON ZEN (—#15)
ERIE—FBICEVITo72. 2L, —FETHE, BB 50 g7 h=hU -7k (21+4)
100 mL Znx 7z & &, ol iia it 2 I L TRV IBE DL WIEEIZE, Bilio&E
Z150 mL & FT52LERoT0DED, L9 AZ LA L —UTIE 150 mL THIRVIEES
NRWGER DT b, fiHEEEELZTO LI ICER L.
MR R 2 25 g, MHABEEZ 100 mLICEF L, TR THLIRVIBEE LN 2 5AIT,
BT U TRV I & 4 e K 150 mL & THEO L 72,
7o, REHREHRRBESREBEROBMEZ B2 2501, 77 L20HEEORAKEZ 7 & b
= FUb—/K (2144) TEMICHR L. ZOEK 1 mL ZRBRE ICERIC AN, B
(14100) 1 mL ZIEFEICNZ, LI, —FEOHRTEDOEBY, Z OO — &% HEL,
K 2 LC-MS/MS 12 X 2 HE I 25 0BHEK & L7z,
728, LC-MS/MS D JIESA:% Table 4 X512, EEIEOHEE % Scheme 3 1277 L7,

Table 4  Operating conditions of LC-MS/MS for analyzing DON and ZEN

Column ZORBAX Eclipse XDB-C18 (4.6 mm i.d. x 150 mm, 5 um), Agilent Technologies

Guard column ZORBAX Eclipse XDB-C18 (4.6 mm i.d. x 12.5 mm, 5 pm), Agilent Technologies

Mobile phase 10 mmol/L ammonium acetate-acetonitrile (9:1) (hold for 1 min) — 19 min —
(8:2) (hold for 15 min) — (10:0) (hold for 5 min) — (9:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Negative

Interface temperature 350 °C

Heat block temperature 500 °C

Desolvation gas N2 (3 L/min)

Drying gas Nz (15 L/min)

Collision gas Ar (230 kPa)

Table 5 MS/MS parameters for analyzing DON and ZEN

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
295 - 10
DON 355
- 59 25
131 - 31
ZEN 317

- 175 25
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Sample 25 g (300 mL Erlenmeyer flask)
add 100 mL or 150 mL of acetonitrile—water (21:4)

shake for 60 min

centrifuge for 5 min at 650xg
MultiSep 226 AflaZon+

apply sample solution

discard the fraction 0~4 mL

collect the fraction 4~6 mL
Sample solution 1 mL

add 1 mL of acetic acid (1:100)
centrifuge for 5 min at 5000xg
LC-ESI-MS/MS

Scheme 3  Analytical procedure for DON and ZEN in corn silage (Simultaneous method)

3 BRRUEBE
3.1 FRkR R
FREFAVE T, o B O T E DS G T BB IS E S e s & Bp ), Bk A
HLET, K% 60 %L EEATEEWOEE 2 mm A7 ) —2 THBET 2 ik Tho72. &9
HAZ LY A L=V T ERSEI A NIRIEL TR Y, BRENHL, o, EREND
RWNEHROSHITIE, SHTEDOIXLSENKEL 2D 2 L, AT AREH 0K 23l K &S0
MR AEZESED ZEENBREESNTZZ LD, EROITEESDOIE 2 SFIZ B W 2 T iED
BRFHZ DWW TIE, SR AT R EICBE SN T TRE Lo otr R Z Wb 2 & e L, MiFt
T HTE b S AT R EINEEIC K0 T 2 ek LT
3.2 hhiH L E
—FIEICBWT, TR CREHC X 2 A O WIN A L <, BBHREUE 25 g XL
225 mL OB Z LE LT 5 E A H 0, FEHR BRSO AS &I OV TSl B O M EER
REBEE NIz, vk, YEHARHIAFLEEE&N D o7c7o®, 3.3 LIBEORGFHIIZHW R -T2,
3.3 WIEHEWE OB
1) AFB,
3HEFDOLIBLAZ LA L=V, TFAEKO PR EICEIVEONTE /e~ N T 0%
B L7z, TOME, WTFNIZEWTS AFBOEELZYHET L2 — 7 I3 S hrirolz.
ARFHc Loz e~ N 77 AO—fl% Fig. 1 IZ/RLTZ.
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Fig. 1 Chromatograms of standard solutions and sample solutions of corn silage (blank)
(LC conditions are shown in Tables 2 and 3. Arrows indicate the retention time of AFB,
derivative.)
A: TFA method; Standard solution (1 ng/mL: 20 pg as AFB))
B: TFA method; Corn silage (blank)
C: PR method; Standard solution (1 ng/mL: 20 pg as AFB;)
D: PR method; Corn silage (blank)

2) DON

4 FEFHOL I SAZ LA L=V, —FIEICK VGRS E (LT TSRMY
EWH. ) rav T LERRLE. £ORR, &TOREHIIBWT DON & [A UL FEFRFH
ICE— I WRO B, RA T O —7 $@BO LN E06 DON OE—7 &2 b
N, EEBEAA L OE—7 LEFIOHHEY—7 NELY, ERME~OEEIT DON & L TiK
0.4 mgkg BBEThoTc. ZDOZEnD, —FEEZLIBLAI LA L—VIZHEHALES &7
L%EITE, BROBM, KKk e~ h777ﬂ<f¢@ﬁﬁk*/\$ﬁfio>ﬂjzﬁ<7b>A B EZ bz,

AT LV ELONTZSRM 7 a~ 7T A0 —fl% Fig. 2 [ZR L7,
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Fig.2 SRM chromatograms of standard solution and sample solution
of corn silage (naturally contaminated)
(LC-MS/MS conditions are shown in Tables 4 and 5. Arrows indicate the retention time of DON.)
A: Standard solution (25 ng/mL: 250 pg as DON)
B: Corn silage (naturally contaminated)
3) ZEN
4 BEOLEI LA LA L=V, —FELCLVELNT SRM 7 u~ 7T L xfk
RLTERER, EBEZTONFEE—713RD NN,
¥, RTORET ZEN ERUAFRHICE—7PNRBO b, ZhbHDE—27Z21 T,
EBA A LHHEA T DO ERR LA, FEEREFAFETH-TZ LMD, ZEN ThH
o LWLz,
AEFHC LV ESNTZSRM 7 v~ b 75 5O —4fi% Fig. 3 (2R L7,
A 450 - ! B 450 -
2 350 | % 350 -
5 =1
S 250 1 g 250 1
5 © |
2 150 2 150 -
2 2
g 501 g %01 MWW
-50 T T T 1 ‘50 T T T 1
22 24 26 28 30 22 24 26 28 30
Retention time/ min Retention time / min
Fig. 3  SRM chromatograms of standard solution and sample solution

of corn silage (naturally contaminated)
(LC-MS/MS conditions are shown in Tables 4 and 5.
A: Standard solution (0.5 ng/mL: 5 pg as ZEN)

B: Corn silage (naturally contaminated)

Arrows indicate the retention time of ZEN.)
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3.4 WINENNERER
1) AFB,

22D )T L7, | mLHIZAFB, & LT 10 pg 25 AT HEMERKRE2 7 =KV JLTIE
AR L, BV,

3HEHOLE I LAZ LY A L—UZ2FHV, TFA LN PR B E BT, JRWHE LT AFB, &
LT 0.01 mg/kg FIYM & (GREHEEHRK T T 5 ng/mL (FHHAESLE 100 mL OBHE) £721% 3.3
ng/mL (AR E 150 mL OBA) ) 222 nlmg L <EAL, —®/EE L%, &
FEICHE - TRl a Fh U, P2 [aIEE K ONR LR B & SR 6D 7z

F, WINTE S RREHI % LT AFB; & LT 0.02 mg/kg MM EIC2D L 91TV, FEW iR
FEA~OBEX, JRh R OB R OKSEGEEY 60 %K N10 %EBELT, B Y OkaE
HE60%) TRE=REY OKDEARE10%) FIRE 225 0RIZEVITo7.

ZORERIT Table 6 D £ 31, TFA IEIZHOW T B 81.3~90.4 %, Z DMK UKEE 1T
FHXTAE AR 72 (RSD,) & LT 4.0 %LLF, PR {EIZHOW T EHEIULE 72.2~89.7 %, RSD,
8.4 %LU T ORKENE B AL, RO RMED Y EMRIET A R4 2 P (LLF T4 PEReR
BETARTA] Lo ) CEDONTEEKROIHMTREO BIEE AN - L7z, TFA XK
OPREE, EI9BbAZ LA L—V~DOBEAARETH L Z EBRRBINT.

7B, Fonl-rua~ 77 AO—f% Fig. 4 \IZRLT-.

Table 6 Recoveries for AFB,

Methods
Sample Spiked level TFA method PR method
No.  (mg/kg original matter)’  Recovery”  RSD’ Recovery’  RSD;”
(%) (%) (%) (%)
1 0.01 90.4 2.9 84.2 3.3
2 0.01 83.9 4.0 89.7 8.4
3 0.01 81.3 1.4 72.2 3.8

a) AFB, was spiked to air-dried corn silage samples one night prior to extraction.
The spiked level was 0.02 mg/kg air-dry matter. The level of AFB, in
original matter was calculated with following equation on the assumption that
the moisture content of corn silage samples was 60 % for original matter and
10 % for air-dry matter.

The level of AFB; in original matter (moisture 60 %)
= the level of AFB; in air-dry matter (moisture 10 %)/ 2.25
b) Mean (n = 3)

¢) Relative standard deviation of repeatability
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Fig. 4 Chromatograms of AFB, derivative
(LC conditions are shown in Tables 2 and 3. Arrows indicate the peaks of AFB; derivative.)

A: TFA method; Standard solution (2.5 ng/mL: 50 pg as AFB,)

B: TFA method; Sample solution of corn silage spiked at 0.01 mg/kg original matter of AFB,
(3.3 ng/mL: 67 pg as AFB,)

C: PR method; Standard solution (2.5 ng/mL: 50 pg as AFB,)

D: PR method; Sample solution of corn silage spiked at 0.01 mg/kg original matter of AFB,
(3.3 ng/mL: 67 pg as AFB,)

2) DON & O ZEN

DON (22T 2.2 @ 3) THHH L 72 DON EHERK A4, ZEN ([ZDOW\WTIE 2.2 © 4)THE L7
BH¥EREKZ, #NEFn 78 =MV L TIEMIZHRL, RINCHWE.

723, DON [ZOWTIE 33 @ )DL BV HEFEEL—INBOLNTIZOBEMEE L, hiFEY
— 7 OHEFfE% DON BICHE L2 EEZZ LI 2 LIV EIGEEZFE T Lz,

AFEHEOLHIHLAZ LY A L —T %A, DON RN ZEN & LT, JFEW#E LT 1 mgkg M
Y& (R fERUBHEIE T T4 s 250 ng/mL (Rl H R & 100 mL D %E) X3 167 ng/mL (fliH
R 150 mL OBE) ) ZEhTEME LREGL, —&KHE L%, RBREzEmRL, F
P[al U R OVl LR & SR D 7.

2B, WINTEGZS R EHZ X L C DON X OV ZEN & LT 2 mg/kg FHY &2/ 5 X 51TV, |
YRR E~OWEIL, 1) & RERICIT- 7.

ZOFRERIX Table 7 D &Y DON 2DV TIEFEHEILEE 80.7~90.6 %, RSD, 2.8 %LLT,
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ZEN [Z2OW IR AL ER 116~123 %, RSD, 2.7 %LA FORAE & 720, ZEN 22O\ T4k
ETA T4 NTED DN EEROHATHEE O BIRE 2 72 L T\ /2. DON {22\ T
BEE =7 BROONTZTOEBHETHH N, BIUEKLD RSD, IZOWTIE, 4Rk
HARTANZED BV EE R OPHTREE O B 2072 LT,
B, HoNSRM 7 r~ 7T AO—Hfl% Fig. 512 LT,

Table 7 Recoveries for DON and ZEN

Mycotoxins
Sample Spiked level DON ZEN
No.  (mg/kg original matter)” Rec overy” RSD Recovery”” RSD.

(%0) (%) (%0) (%0)
1 1 87.1 1.3 123 2.7
2 1 80.7 2.5 116 0.5
4 1 81.8 2.4 119 0.3
5 1 90.6 2.8 119 2.5

a) DON and ZEN were spiked to air-dried corn silage samples one night prior to extraction.
The spiked level was 2 mg/kg air-dry matter. The levels of DON and ZEN in original
matter were calculated with following equation on the assumption that the moisture content
of corn silage samples was 60 % for original matter and 10 % for air-dry matter.

The levels of mycotoxins in original matter (moisture 60 %)
= the levels of mycotoxins in air-dry matter (moisture 10 %) / 2.25
b) Mean (n = 3)

¢) Relative standard deviation of repeatability
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Fig. 5 SRM chromatograms of DON and ZEN
(LC-MS/MS conditions are shown in Tables 4 and 5. Arrows indicate the peaks of DON

(A and B) and ZEN (C and D).)

A: Standard solution of DON (250 ng/mL: 2.5 ng as DON)

B: Sample solution of corn silage spiked at 1 mg/kg original matter of DON (167 ng/mL:
1.67 ng as DON)

C: Standard solution (5 ng/mL: 0.05 ng as ZEN)

D: Sample solution of corn silage spiked at 1 mg/kg original matter of ZEN (3.3 ng/mL:
0.033 ng as ZEN)

4 F&EOH
EOBLAZ LY A L—UHICERSND AFB,, DON KN ZEN ([2DOWT, fBHyHr U2 it -
TR Z Tl 25, LTORERNGELILE.
1) T B~ DI A BRI BNV T HTE OREHZ DWW TIE, SR I e S i)y
LB Lo AR WD 2 & & LT
2) DON KON ZEN ([Z2W T, fEM L LI LAZ LA L—VIC#EHLE D L3555
1, BUBHR BRSO A B C DWW T B OB S RIE X T,
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3) AFB; IZ2W T, WTFNOgHHFEZEWTRHRLALZ B~ M7 T AIZHONTYH, EEEZGT
HE—=Z7ERO NN -oT2. DONIZHOWTIE, 2 TORHIBWTELILZSRM 7 e~ 7
7 L2 DON OEEZYET A= NBOLNID, L9bAZ LA L —IIC@EHAL LD
ETHGEIE, BIRMEICOWTOOHTEDHRBMLETH 7. ZEN IZ2WTIX, Hoivk
SRM 7 n~ s 7 J A2, EEEZWTHE 7T bnenoTz.

4y BMEZL7ZEIHLAZ LY A L—UIC AFB, & LT 0.02 mgkg FISEAZFML, TFA RO PR
BAZHE- T, WINEIGRER Z 3 sifHT CHEME L, BIEEER OWRE LR E 2 RO 7R, Wiho
Fikb ZAVERERIET A RIA NZED DN EE RO TREO BEME AWz Lz, £72, [H
FRIZ DON ATV ZEN & LT 2 mg/kg FHY EAIRM L, —FIEIHE > THRMEIGRER % 3 A 0HT T
Fh U, R O URSE 2RO I-RER, WP og b2 Y MHRIETA KT 4 VICED
BNTEEROHITHEO BFEE T L.

X oy
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2) BMOKFEENE - ZRREEM ARSI EEOHIEICOWT, EA2044 A1 B, 19 HZ
%5 14729 5 (2008).

3) BMOKEBGRERRIEM « Gk OF EWE O RS REE R OVEFILHEIZOWT, B 63 4 10 A
14 H, 63+ B % 2050 75 (1988).

4) —RMEENBABS O T Z—  ERR 27 EEAFEEM L AR R EE TEHEFE S O
NOVEE A ERRAELEFEE WEE, TR 2843 H (2016).
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Improvement of Selective Enrichment for Detection Method of Salmonella in Feed
~ Reduction of the Volume of Selective Enrichment Broth ~

Toshiaki OKUMURA "', Madoka KATO?, Yoshihiro SEKIGUCHI ",
Naoko SAEGUSA ™, Kyou MIYANOYA ", Eiichi NAZUKA™,
Takeshi UCHIYAMA ™, Tetsuo CHIHARA *® and Sayaka HASHIMOTO "'

7 FAMERRETHAYILERSHBREORINEEEMREDRELICH
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(! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)

2 Nagoya Regional Center, FAMIC
"3 Fertilizer and Feed Inspection Department, FAMIC (Now Sendai Regional Center, FAMIC)
" Sendai Regional Center, FAMIC
"> Fukuoka Regional Center, FAMIC
"% Kobe Regional Center, FAMIC)

The Japanese official method for detection of Salmonella in feed was compared with a
compactified method in the selective enrichment stage.

Apart from selective enrichment, analytical procedures in both methods were the same. The
volume of selective enrichment broth in the official method was 100 mL, and the volume in the
compactifed method was scaled down to 10 mL. For Hajna tetrathionate broth of the official
method and the compactified method, 10 mL and 1 mL of inoculum were inoculated respectively.
Similarly, for Rappaport-Vassiliadis enrichment broth of the official method and the compactified
method, 10 mL and 0.1 mL of inoculum were inoculated respectively. The ratio of inoculation
volume to selective enrichment broths volume was changed in Rappaport-Vasiliadis enrichment
broth, but it was not changed in Hajna tetrathionate broth.

In a comparative study using feed samples that had been found naturally contaminated by
Salmonella, 11 out of 20 samples were Salmonella positive (55.0 %) with both methods, and all
results matched. A comparative study on routinely inspected feed showed that 4 of 102 samples
were Salmonella positive (3.9 %) with both methods, and all results matched.

These results demonstrated that the compactified method is an acceptable alternative to the official
method.
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Key words: Salmonella; selective enrichment broth; feed; harmonization of testing method;
validation test

U= F TR T PUNEE SR RAEOTIR ; 24 MR AR

1 %

FILEXRTIEZES, ZEALONy MEOBHENZIZLD, WIS FKRERRTICTIAL 54 LT
WHME TH Y, TO—MITWHEEDE I PO R EFESCAREE FOREIREELE RS> TND.
FHEEOMBEHICBWTC, TR TITERISNEEFEEDG G SNZEE, BEREDSENLT 5 A
BHERHY, BICHENTHE L VTR T 2508, MERELZHRTHZLI2LY, [H
BB B HE ORI E 720 9 5. Fio, RESWME L ET2BICERNENGFRINTZSEEA,
ErORFHEORKICHZY 55 V. 2ok, fEIOARE, FmBEICB T DB Ao —
BELT, OV LEXTHRBROEMIEETHD.

AR Oy h 7 — RExG e Lz rE 37 ORBRIER, BAEICEW TEENZ R AT
e DUHE (LU TRIRIAERE] ). ) ROETE AfEHSE oma L Y (T 12
v R T7—=FRATEE] L), ) PATEEELTHWLEATWS., 2, R LEEsxtg s L
PEF T ORBRIEZERIMCEE S HFEL TS (Table 1) 7' T4, HAETIZELNED
WAEMBEREEERFZEBSB L ER-T, ML LR EZ MR ET DV VEx THBrE (B
#1E) WodEmER DL, 180 6579 OFRERE QL OF MM A EE L THE D L ERRE Y
NEFEICBEASNTWS. —J, fRATEELTN Y F7— RAEE L MoORBRIEE T 5 &,
FRIZH V2T 2 BRI E R T DR/ MR RR>TEBY, Table 1 IR L7 LBY MREED
B O E R NI ST AR E S ORENMORBRIE LV L ZIBHESN TS, 208
R B M O FRERE & FRREICHE XL, RE= X FOERRILS & XV BEED O PN X
S TRE~OAMKBZRBHFHFTE 5.

2T, BIWHEEBSEMFICONT, WMEDOEEZ 5 & LA TH VTR T O R
BB RV, B MR & % VR B RS R IR OB B A b L 72 RBRIE IS DWW T, ko i e it
~OHEH O E ARG L. BIZFERR 28 4R F I Rkl 553638 TR L 72 A EHT DWW T b [AERIC
Bt L7z,

i

2 EBRAE
2.1 & B
1) 'R T iHEYEE
WEDOETHLERXTIHRPHER SN, Wik (4 °C) RELTWD 20 BiEEZHWE=. £
OWNFIE, ELAEE 4 B, RBEEE | KR OEEHEE 15 ik Th 5. ok, ZhboiR
BHIER 17T AN 273 HETORICRIRLZBOT, R THRBRIZHEKT S H
DTHD.
2)  FRK 28 AR s i AR
R 28 4F 4 A SRR 29 4R 2 A £ oMM, EWN ORGS0 DI L 72 sk
102 fiRz vz, 2 OWNERIE, BEGETEF 43 B, IRA R S Bl & OEEHEEL 54 KT o
L. ek, WEHIMmE (4°C) RE L& L.
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Table 1 Selective enrichment in domestic and international testing methods of Salmonella

Selective enrichment

Method Sample Volume Inoculation
Type
(mL) (mL)
Analytical standards of feeds” Feed HTT 100 10
(Official method in Japan) RV 100 10
i 3 HTT 100 10
Analyt.1cal standar.ds of pet foods Pet food
(Official method in Japan) RV 100 10
N TT 10 1
MHLW Food
RV 10 0.1
Japanese Pharmacopoeias) Medical and pharmaceutical product RV 10 0.1
0 5 MKTTn 10 1
ISO 6579, JIS K 3705 Food, feed
RVS 10 0.1
%) Food, partial pet food, environmental TT 10 1
FDA/BAM
sample RV 10 0.1
9 . . HTT 10 1
FDA/BAM Environmental sample in poultry house
RV 10 0.1
Highly contaminated raw foods and TT with BG 10 1

10)
AOAC 995.20 animal feed RV 10 0.1

HTT: Hajna-tetrathionate broth, RV: Rappapoort-Vassiliadis broth, TT: Tetrathionate broth, MKT Tn: Muller-Kauffmann tetrathionate-
novobiocin broth, RVS: Rappapoort-Vassiliadis soya peptone broth, BG: Brilliant green

22 RO
1) /KIX AQUARIUS (HyEHRI/EFTHL) , Elix Essential 5 (Millipore #) , DIRECT-Q UV3
(Millipore #) K& ONIAKBIEEE V=27 7 4 > WL220 B (v~ FRERHRD) (X 0 ERLL 726
K EH W=,

2) FUETEMEAIEIR, S UHE - Ul ) U LEKR, AR R OREE ST~ oKX, fERS
EE ICRBO L BOFHR Lz, Ak, REICHWZREIL, SRAH D Ok E AV,
F72, LT O MO BERE: A 7z,

N—F e T R TTF A UBERE M (ON—T - T N T T A UBBIE SRR . CRP” , RAMb I,
LIF THTT ¥ w9, )

FRE =R« RV UTF ¢ ARG (RAPPAPORT-VASSILIADIS (RV) ENRICHMENT BROTH,
Oxoid #, LL'F IRV §5#i) &5 . )

DHL # K5 (/X—/L 27 DHL 2R EH “Seif” , S bFil)

TV YT 7Y —EREEH (Difco Brilliant Green Agar, Becton, Dickinson and Company
i, DI [BGZEXEGH] Lo, )

7 aET H—H TR THELREH (CHROMagar Salmonella, CHROMagar #, LI [CAS %
REgH) L))

TSI ZEREEH (VX— L a7 TSIZEXREG M “SRiF” , R b7id)

SIM ZEREE M (SIM £ “Sef” |, S b8l)

U YU B REE RS L (U 2 o R ER R B L SR, MR, DUT TLD £5Hh)
EVnoH. )
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3) ORfDEIIE, V'R TRIEmE (M) (T A EME) 2 H0ni-
23 HEEROGE

) ArFaX—F— HNEEL 37~42°C (FHRE :£1°C) KRETEHHDEHW

2) RV : N 90 mm, &S 20mm OO %AW,

3) A&H  MEix=7uafll L, 24 O )TEFRT DRI DEERE R IIXER
24 O 1)TERT HHMFSBERERICITERE 2 mm ObOEHW. 7ok, BEE
HEoORRUEIX, 2.5~3.0 uL O#iPH & L7z,

4) Zofft: REICHWZREO S b, KR OREKICER T 25 01k, WEFESO SO % AN
7.

2.4 HBRGIESE
1) YAERTOBHGIE
FADBFN TEVE I ONC AR T8 145 00 B B B 28 VR D 5 Je DN 2 AU IS HE R 5 BT b B S 38 K
WELEFE (LT HEERE Evo. ) 1, ZTRERUTOFIEICE -7
i fRHAE
TR AT N AKRIZEEE 25 ¢ N4 THIEEE R (37 °C, 18~24 FFR]) (RIHEREE) L,
BONT-REFE 10 mL 2 HTT 551 (8& 100 mL) & OVRV HiHt (& 100 mL) (2 <
NHEREL, VR T7 2RI E R R (42 °C, 18~24 Ff]) (BIVHELEE) L.
BON- A RIUEFEERRS | B4 H % DHL R, BG ZRE ML Y CAS ZEREFMIC
FNENEBER L, FLERT ZRINWICHEFE (37 °C, 18~24 KffH])  (GRINEEREE)
Lz, FEHIZBWT, PLEXRT EEDNAEFEDRE SN HEITHBE (M B %)
L, TSIZEXRE;HI, SIM ZERE:HL OV LD 5512 IV CHsZE (37 °C, 18~24 BE[H])  (MeFRES
#®) %, TOWREHR L., YAERT ERONLIMERTH-2GEIE, TSI ORI
HICERSNTZEHZHWT O FUROBE MG E ORERICEZHER L. BENRD LT
BalE, VAR TR EHE L. FRUNOSE, Rk 28 AR RS I L
EFEX T A EHEL, PAER T IGYRGUBHT i O UE " R A E i L7z
i JEnE
TR~ b LKICREE 25 ¢ ZINZ CRIEE R (37 °C, 18~24 B§f]) L, oKk
% 1 mL Z HTT 55 (8 & 10 mL) (2, 0.1 mL Z RV §5H1 (K& 10 mL) ([CZ N EFUEmE L
PILE R T 2RI R SR (42 °C, 18~24 FERE]) L7z, ZHALIEDOFIEL YL E %
THIEFEEE, SEIAEEERIERE L.
il IRAE RIS
TE R TIBERREZ O RN W T, @IRDBEEE B2 K2 e rEx T Lk
DNOEEDRRD LR T5E, HREETYLVERT LEDNDERTRIST25E
KON O HUROGRE MG & OURER IS TEENRD BNARN o 54, BIE kg #EE
CEVBMRBRET DL L L. ZTOHER, RIRBEE % O HTT %K% 512 25 °C
T 7 BRIEER®R L, ZOEBKIZOWT, HTT EiMiz AV CRE(LEOEELETHR
BRA1T\V, M S8 &g & OBENRD SNEHEICH VTR TR, Thiish
TP LR T AR & HE LT,

3mm DL D%,
3mm®D 1 B4

%

il
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2) =

YILE R T HREE 2 A OIS REHI AR THME L7z, PRk 28 FREEOHBREIL, AREIEW
(ZAlf, ARE RO B v 2 — T L7

Sy MTEE DR B
fRBHA T 15 R OB EA L IE OB 2 Z 140 Scheme 1 KON 2 (TR L7z,

Pre-enrichment

weigh 25 g sample
add to 250 mL buffered peptone water with 0.6 % Tween 80
incubate for 18~24 h at 37 °C

Selective enrichment

inoculate 10 mL for Hajna tetrathionate broth and 10 mL for Rappaport-
Vassiliadis broth of culture obtained in pre-enrichment broth
I: 100 mL Hajna tetrathionate broth
100 mL Rappaport-Vassiliadis broth
incubate for 18~24 h at 42 °C

Selective isolation

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

incubate for 18~24 h at 37 °C

Pure isolation

plate out the culture obtained in selective-enrichment broth
I:desoxycholate hydrogen sulfide lactose agar
CHROMagar Salmonella agar
incubate for 18~24 h at 37 °C

Biochemical confirmation

inoculate typical or suspicious colonies of Salmonella with wire
triple sugar iron agar
sulfide indole motility agar
lysine decarboxylase broth

incubate for 18~24 h at 37 °C

Serological confirmation

’—perform serological tests with somatic (O) antisera and flagellar (H) antisera

Identification of Salmonella

Scheme 1 Analytical procedure for Salmonella in official method of feeds
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Pre-enrichment

weigh 25 g sample
add to 250 mL buffered peptone water with 0.6 % Tween 80
incubate for 18~24 h at 37 °C

Selective enrichment

inoculate 1 mL for Hajna tetrathionate broth and 0.1 mL for Rappaport-
Vassiliadis broth of culture obtained in pre-enrichment broth
I: 10 mL Hajna tetrathionate broth
10 mL Rappaport-Vassiliadis broth
incubate for 18~24 h at 42 °C

Selective isolation

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

incubate for 18~24 h at 37 °C

Pure isolation

plate out the culture obtained in selective-enrichment broth
tdesoxycholate hydrogen sulfide lactose agar
CHROMagar Salmonella agar
incubate for 18~24 h at 37 °C

Biochemical confirmation

inoculate typical or suspicious colonies of Salmonella with wire
triple sugar iron agar
sulfide indole motility agar
lysine decarboxylase broth

incubate for 18~24 h at 37 °C

Serological confirmation

b—perform serological tests with somatic (O) antisera and flagellar (H) antisera

Identification of Salmonella

Scheme 2 Analytical procedure for Salmonella in compactified method

3 WBRRUBE

TR ZIGGEE T, BRI B R 0O i B M DY 2 AU HERE 3 2 AT 1R B 28 I B 0D DR R
FLERXRT OBRHICKIETTRELZRF L. ZO/RE, & 20 RE0 55, FEAEE, MEE
EhIZIE L 11 IR THLEXR TR, 9 BIKTHLERT AR &HE S L7z (Table 2) .
Rt &HE SN EBHE, B ToORREGEET R (HTT 5 VRV #51) OB L2 T ok
ROy EfERE L (DHL 2E K551, BG RRIEGFHI L OV CAS ZEREH) THILERT &5 5 EE DB S
o, BIRGEEER R, HRERTHALEX T PR SN o7 9 BIRIE, BIZEE R E SR
ATV, RRHTHL Z L 2B LT-. ZOMENS, MEBITFABAEE L FSEORE L
TXTERMHTELZENRAENTZ2D, S OITFRK 28 I HEHE S S CER L 7= Akt
ICOWTHERMNTHIZE L L. ok, BEORBRTYILERXT BRSNS OBRAKRLERER
TR S o 2Bl BEHOWMBAEICI D LR TRER LI L HE S
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Table 2  Detection of Salmonella from naturally contaminated feed®
in official method of feeds and compactified method®

Kind of feed Number of samples Nl.lmber of sa}mples of identical
Examined Detected  Not detected Jjudgement in both methods

Formula feed

For poultry 2 1 1 2

For swine 1 1 1

For cattle 1 1 1

Subtotal 4 1 3 4
Mixed feed

from animal matter 1 1 1

Subtotal 1 1 1

Feed ingredient
Soybean meal 2
Poultry by-product meal 2
Fish meal 8
2
1

Meat and bone mealc)

—_— N N = e
w

2
2
8
2
1

Feather meal

Subtotal 15 10 5 15
Total 20 11 9 20

a) The feed samples used in this study were once determined to be Salmonella-positive by the official
method in the period from July 2005 to March 2015.

b) The method which reduced the volume of selective enrichment broth and pre-enrichment
inoculation on the selective enrichment

c) All samples were derived from pork and poultry.

R 28 AR R B 2 Wy, [FIRRICHRGET L72AE R, 42 102 ik 5 6, 4 A THILE
TR, 98 MK TYILERT At & HE S (Table 3) . 3B & OB H T AR H O
ENX, MRBIET %L Tz, R & HE ST, maBRYE T4 T o BRI R E
(HTT 551} (R RV B5 i) D VLB T 258 5 £ DM Shviz (Table 4) .
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Table 3  Detection of Salmonella from routinely inspected samples
in official method of feeds and compactified method

Kind of feed Number of samples Nl.lmber of sa}mples of identical
Examined Detected  Not detected judgement in both methods
Formula feed
For poultry 14 14 14
For swine 11 2 9 11
For cattle 17 1 16 17
For fish 1 1 1
Subtotal 43 3 40 43
Mixed feed
containing animal matter 4 4 4
of plant origin 1 1 1
Subtotal 5 5 5
Feed ingredient
Defatted rice bran 2 2 2
Corn gluten feed 1 1 1
Wheat bran 7 7 7
Barley bran 1 1 1
Sesami meal 1 1 1
Corn gluten meal 1 1 1
Soybean meal 1 1 1
Rapeseed meal 1 1 1
Poultry by-product meal 10 10 10
Fish meal 21 1 20 21
Meat and bone meal” 3 3 3
Feather meal 5 5 5
Subtotal 54 1 53 54
Total 102 4 98 102

a) Two samples were derived from pork and poultry, and the other one was derived from pork.

Table 4  Results of selective isolation on Salmonella-detected routinely inspected samples
in official method of feeds and compactified method

Official method Compactified method
No. Kind of feed HTT RV HTT RV
DHL BG CAS DHL BG CAS DHL BG CAS DHL BG CAS
1 Formula feed for cattle + + + + - + + + + + + +
2 Formula feed for swine + + + - - + + + + - + -
3 Formula feed for swine + + + + + + + + + + + +
4 Fish meal + + + + + + + + + + + +

HTT: Hajna-tetrathionate broth, RV: Rappapoort-Vassiliadis broth, DHL: Desoxycholate hydrogen sulfide lactose agar, BG:
Brilliant green agar, CAS: CHROMagar Salmonella agar, +: detection of typical colony suspected as Salmonella, —: absence
of typical colony suspected as Salmonella
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EWNA D E 72 ZRERE (BERE) 2B 2BPUEEEIC X, HTT 8, 7 N7 574
X— MG, 22T — - WU T~ T RITFAFX—h - JAREF T UEH, RV EFHIKOYT SR
— b RNV TT 4R =T RXT KM (LU TRVS il 2595, ) EBRH0nbnTnsg.
ABRIEIT R 2250, BN EEHERIZ 10mL ICHMESNTEBY, T 7 F 42 @A &
LTV 2 8RB BB M B2 2 pi B B 2 i & 0E | mL, RV B OV E 2R L7z RVS £ 1l
(TR S AT S A RS 0.1 mL IS S T 19 (Table 1) . Vassiliadis 512k 5 &, &
ih, BN OBRBEE K2 B LT2BA, RV BT IS 1T 2 SRR B B 15 i B & Al B 5 3 i o 4%
FEEORFRIT, BRI E R R & B RS 10 mL : 0.1 mL & 100 mL : 0.1 mL TIXATE OV /LT
X7 OBREERNEL, BIEEHSEMZ 10mL & L2540 3 M5 (0.1mL, 02mL, 0.5mL)
TIRBERICEZ RN EHRELTWDE Y. S5, BAMAEYORE T EICH+ 55
BOEANRKEVEIEBATHLZEHHLMNMILTNDE YW, F7-, B 2 —RN@EICEML
72 RV B} OV RVS B0 ig & L 2 E OB ST 2 MehicB VT, fEAEE (100 mL : 10
mL) &£Z?D 10550 1 (100mL : 1 mL) DOREERMAETHEE LIEERICK T 29 v 7 WHBIIE
RO LTV D ST ik L BEfEL 1040 1 (HTT 854103 10 mL : 1 mL, RV
BrfiiX 10 mL @ 0.1 mL) (ZJk&E L7z EGERBRICB W T H VLB 7 OMHEIZETRO bt o
2. ZhoDZ ENnD, 10~100 mL 5 HIE & o FiH TR R B R & B EOEIS N FE L Thhn
X, R EOER LR THIEEZ L.

7, EHRIEE OB EIIHITO 10 90 11225 Z &b, B = X ko KiE 7 #1825 15
FFCX 5. £72, RV FEHIZEENTWAE~T A N7 U —L, BWEEEZEERITL 5 R EEE
BRI OICBW T, AMORBED) X7 ICBREND L ARIEAIE LT, B MCBIDRREBAY
AV TR TIZR DD, FoEEICB T 2R DAMENTRE S, BEFEEDGE TE ARV &S
NTHY, BIAKEHD~OMFHNEELE, BB TAREBEHES ATV AE 'Th 5.
~ T4 N7V — v EEREROMHEEIRE, BER% OB I L D FERERY OB EIZORNY,
BRIEAWOKRICTFS T2 2 BT 5.

UbDZ &b, BEEZREAEEEFAEOVLERTREEELZETIRBRETHY, M
2 CRFHSSEER D IX, I0ENRBRETHY, BEEZ AT RMECRHAT 52 & T,
ERNAMCB T D LvERXTRBRIEE ORTMIC 7R’ D BN, £z, SO LERBRIZEE
EROWIZRFITH DM, B R ER R L7252 1017 9 BRI E 8 E O S UR B B B ik & & BEfE T
HAPEREERIROWEATH Y, FMEAEEEZRICHRF Iy b7 — RAEEIC S ATHE
EEZbNTE.

4 FEH
R 2 R LT o R TRBRIE (BRIE) (2OWT, BRUERE MO E K O Z I H#ERE T
2 RIS RIR OB 2 R IS OV T, SEAEE~OBEAOR 2R LIcE 25, LITORE
DL, EHAPARETHD EBEZ LN,
) B ER THRPHER SR (20 BiF) 2 A0V TERMAEE & kit L oY
TR TR Z I LR, WIFhoBRiEE b 11 KXy vex 7B, 9 BRIKE L
R T AR ECHE S L, ZofRITmRBRE T L.
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2) PRk 28 FEEICROE Y THRIR L 228k (102 k) 2 MW TERBHAEE L E(kiEO L
TR TR Z B LIZHR, WIhoRBRiEE b 4 BiRITY L TR, 98 BikiTi L
ER T A EHE S, ZoMRIImREET L.
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ARRBROERIZH 720, TIE WV ESIAFIERFEIE N3 - A5 PE BT & B e B
Yot A FE P, MEE AR EICEHOBEZ R L £
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1 T 28 FEFAMFOLBHAMICISIAMEEICONT
Proficiency Test (in the Fiscal Year 2016)

$oR IET, Ak BT B BT
M E LT, wE RS, R BT

1 H B4
fA R A TR AR RS, AR - BRI RE SE3E, REOIEBIS 23t BRI, SR O i@ ale)
CEDONEE LT O Z L2 X Y, iR OEEEINOMER R L2 XY, fFETofriiEz2EkL,
FRPERSE D B e G M O E E O EMICE 5.

2 HBHHONE

A Bk WA AR B B A B Rk

B ik} . m

C okt 5 A AR EURHE & 30R

D Rk FAMFHRERHT LI vy 7 R

3 #HaEHoRRE
3.1 FHREEH B
PRk 28 4E 6 H 23 HRTV6 A 24 H
3.2 RGP
TNTAT B N AR OK PE Y B e B i 2 v 2 — B R kb2 S R AT T
3.3 aREJ5A
1) ARE
1 mm OR7 U — &5 Ui Ok L - WAABIEE AL SR 80 kg # vy, BIF
OFNEIZ L 0 & R L7
HB A2 LSBALERE, 9%, 2070 4 RKfiz—2Il8bETELLEALEE, 4
FHLTRICKE L., ZoEFEEZ2R 1 ORAGXKERICEY 7TE#EVIRLZHE, FXE LY —E
B (20g) FoL0, 1484720 % 180 g AV D7kl 380 1 2 FH 3L L 7=,

ORNEATEOE N BEAROKEE Y B 2 AN v 4 — IR RN AR A

7 OMSTATEOR N BMOKBEW R L R v 2 — L v & —

D OMSIATEOE NBMOKE R L A v 2 — iR v 4 —

OMSIATEOE N BHOKENB L RN X — AR —

U OMNIATEUE NBMOKPEN B L St v 4 —fhE ey 4 —, B REE R SR
" OMNTATEOE N BMOKPE TS B e A v 4 — g v 4 —



Wop, 28 4EFE kA o @R EHT & B O EIC W T 113

x1 EARER

m ¥ 1 I 0 IV V VI VI
s 7 4 8 7 7 5
1 6 8 2 9 6 4
RN S
REES 3 s 1 s 3 2
9 4 1 3 2 9 6
2) B#lE
1 mm OHES D V@il L7y 80 kg & vy, A e & RIRICHE 380 i 2 FH % L 7=.
3) CalE

BB OFRM 2 R LI, LEICS U THREL, £ 2 ISR LT 10 FEOFEE 2[R $#F
DIRAEIG TREASDLEZRE (BE 80 kg) ZHV, A kL RERIZHRE 380 fH 275 L 7~.

£2 CHHOERHERUZDESISE

" REHE - REHIE
i B 4 %) [ S S )
EObAZL 35 AN iR 7
~Aw 7 b
INEE 10 TILT 7T 7 I — )L 3
KT 10 IREETI LS T I 3
ZEMNT 10 B 2

4) D &Rk
EAMFHEBERA 7L 2 v 7 2 80 kg 2V, A EHE FICHE 380 18 2 RHL L 7-.

4 HWETEHERUVERER
4.1 SririEEHE A
ARREE. - - Ky, MTABE, MRV, HMHE, MK, Ao n, UUrEERS TS
FrU DA
Bakgl -« - kg, MIEABE, MKy, 7 RITVAKROT hF¥
Calll -« « -« SRR EI ORI M O ZE DRAEIG OHEE
DRt - -, RO = UBET T
4.2 FEhe 6
SRR 28 R Rk O M@ el K 5 o ATl B M B (135 =X—2) 12Xk 5.

5 #BEHAMOHEHER
A KO B BT A BE L OMIK Sy, D s CIEdi & OV gn D 73 #7 12 KX > T, Thompson &
? harmonized protocol N2 I3 &, KRB OB EME A MR LT,
T UELDTHRER ST 10 WTHK 2 JOMTON LIERRER 312, £, TORRICES
BLE D BT R &2 R 4 1TR LT,
WFRORBHIBWT Y, ikt Fpld FSEREZ TR, AREAKE 5 %280 TRERICAE
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AT O b, BB OB EMEICRIEIT 2 &l L7z,

£3 A BRUDHAHDOHKER

ARE} Bk} Dt}
= HEAEE HLK 5y H-A B HLK 5y R B
kt (%) (%) (%) (%) (g/kg) (g/kg)
No. runl run2 runl run2 runl run2 runl run2 runl run2 runl run2
1 1278 1261 316 3.12 66.51 6650  16.14 16.01 3135 31.18  29.78 29.44
21251 1256 316  3.16 66.40 6570 1611 16.11  31.56 31.76  29.46 29.76
31293 12.66 316 3.10 66.19 6601 1596 1597 3131 3134 2928 29.56
4 1323 1249 313 312 66.18 6599 1608 1597  31.12 3128  29.77 29.84
5 1278 1294 319 3.15 66.81 6641 1608 1603  31.48 3134  29.63 29.42
6 12.66 12.54 312 312 66.84 66.08 1601 1596 3129 3147 2955 29.68
7 1251 12.88 319 318 66.00 6697 1623 1595  31.17 31.19  28.80 29.33
8 1278 12.55 316 3.15 66.05 6598 1591 1590 3140 31.09  29.73 29.73
9 1253 1282 319 312 66.43 6648 1603 16.11  30.76 31.42  28.65 29.44
10 1259 12.56 311 3.17 66.19 66.68 1595 16.02 3120 3123 2937 29.13
4 A BRUDBRHOASHIWTER
W4 wi[x] WAV Hf BHRE RNES® St FEYE
S 0 V=Slp F,=V,/Vg F (a=0.05)
AR M4 0.2314 9 0.0257 0.54 3.02
MizABE i EE 0.4754 10 0.0475
ABRE] Y T 0.7068 19
A 0.0077 9 0.0009 1.10 3.02
K 4y E 0.0078 10 0.0008
T 0.0155 19
A 0.9343 9 0.1038 0.84 3.02
H7=AAg E 1.2413 10 0.1241
—— T 2.1755 19
A 0.0924 9 0.0103 1.60 3.02
K 4y E 0.0640 10 0.0064
T 0.1565 19
A 0.4572 9 0.0508 1.49 3.02
& E 0.3402 10 0.0340
Dtk T 0.7974 19
A 1.2771 9 0.1419 2.16 3.02
qo fh E 0.6563 10 0.0656
T 1.9334 19
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6 SmARE
6.1 %k 230
26 AR AR SR 43
fir B S B4R 157
BN IN  3 S 3 B AR -8
BT %22
6.2 FBFHIZ a2 K
A FRB}---225
B #}--221
C #lk}---123
D #B}---74

7 DHMBRERVERERLE CICEERE
7.1 Sy M R S OVIRAT il 2R

A, BROD#EEHZIHSOWT, ZONMEMEERSIZ, AN T LEK1IZ, £72, MITRER
K 6~8 TR LT,

INEDRNTIX, B AR MECESELFOPRIEICL VTS 7.

A 1L R 2O E & & LT NIQR (Normalised inter quartile range; 12 ¥ PU 43 {37
#iH) ko, R2ICEVELOTED -2 a7 2RKbi-. vk, £WNUoEIL, RetE Y 7
k7 =7 Microsoft Excel D B% QUARTILE.INC Z W\ TR 7.

a: &% 1 UK
¢ %53 MoYI%k
Z—X37:M ............ Eﬁ:z
NIQR
x A RBREOHSHTE
b HRfE

FTo, -2 AT OffRHED 3 UL EOSHHEE BEE L HE L, ZhEZEH L%, FHED 95
Yo s XM & R 7=,
7.2 HEERE

CHlBHZOWT, ZOEWEMMEZR I LT 10T LT,
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&5 ABRUDHEHN

A L) 7= 70 R LRI LA RIS TRTTR T MN R HE | MN (R BT IE )
R0 SN SN2 [ SN 3. 1 SRS sy [ SO SN2 [ SN S5y 1 SRS S5y [ SO S SO S [y S
(%) (%) (%) (%) (%) (%) (%) (g (i) /t) (g (JJfifi) 1t)

1211 1-0.24 1290 4 1.60 3.00 2 -1.41 3.16 1-0.14
1235 1 092 1232 1 -1.40 3.62 1 276 312 1-074
1226 1 048 1292 4 171 344 1 155 3.14 1 -044
1231 1 0.72 12.83 4 124 337 1 1.07 3.17 1 0.00
1223 1 0.34 1245 3 -0.72 353 1 215 546 2 289 354 1 554 0.238 2 -0.32 0512 1 3.52 264 3 -0.31
10 1220 1 0.19 1249 4 -051 315 1-0.29 0242 1 -0.18 0468 1 -1.03 307 1 -0.14
11 1222 1 029 1269 4 051 318 2 -0.20 477 3 091 317 1 0.00 0297 3 1.82 0467 1 -1.14 314 1 036
12 11.80 1 -1.75 1270 3 057 329 1 053 477 2 091 321 1 059 0.180 2 -2.44 0473 1 -0.51 309 2 0.00
13 11.87 1 -1.40 12.62 3 0.15 3.11 2 -0.67 3.09 1 -1.19 0.266 2 0.69 0473 1 -0.51 282 3 0.82
14 12.14 1 -0.09 12.61 3 0.10 337 1 1.07 462 2 048 324 1 1.04 0.240 2 -0.25 0473 1 -0.51 299 1 -0.72
17 1222 1 029 1243 4 -0.83 294 2 -1.82 495 2 143 327 1 149 0.247 2 0.00 0478 1 0.00
18 1238 1 1.06 1260 2 0.05 317 1 0.00 0.235 2 -043 0472 1 -0.62
18] 1232 3 -1.40
19 1224 1 038 1248 3 -0.57 327 1 040 445 2 0.00 3.14 1 -044 0.241 2 -0.21 0484 1 0.62 27.0 3 0.06
20:i 12.14 1 -0.09 1245 3 -0.72 296 2 -1.68 3.18 1 0.14 303 2 -043
21 12.17 1 0.04 12.60 3 0.05 330 1 0.60 424 2 -0.60 320 1 044 0.290 2 1.56 0484 1 0.62 296 1 -094
22 1222 1 029 12.56 4 -0.15 3.09 2 -0.80 430 3 -0.43 321 1 059 0308 1 222 0454 1 -2.49
23 1231 1 072 1244 3 -0.77 318 1-0.20 447 2 0.05 321 1 059 331 1 1.60
24 1223 1 034 1268 3 046 3.02 2 -1.28 330 1 1.94 0281 2 123 0471 1 -0.72 353 2 320
28 12.03 1 -0.63 12.74 3 0.77 320 1 -0.06 442 2 -0.08 323 1 0.89 0.221 2 -0.94 0491 1 134 285 3 1.01
31 12.04 1 -0.58 14.79 4 11.41 326 1 033 321 1 059 0479 1 0.10
32| 11.86 1 -1.45 12.60 3 0.05 3.17 1 -0.26 349 1 479
33 1135 1 -3.93 1283 2 1.24 3.15 1 -0.40 315 1-0.29
34 1223 1 034 12.88 4 1.50 3.19 2 -0.13 492 3 134 3.08 1 -1.34 0278 2 1.13 0481 1 031
35 12.04 2 -0.58 12.57 3 -0.10 3.14 2 -044
36 12.80 3 1.08 321 2 0.00 486 3 1.17
37 1190 1 -1.26 15.73 4 16.29 349 2 1.88 522 3 221 356 1 5.84
38 1232 1 077 1249 4 -051 3.16 1 -0.33 336 1 2.84
40, 12.09 1 -0.34 12.58 4 -0.05 3.08 2 -0.87 481 3 1.03 328 1 1.64 0.258 2 040 0477 1 -0.10 26.8 3 -0.06
41 1236 1 097 1276 2 0.88 347 1 175 509 1 1.83 3.16 1-0.14 0.245 3 -0.07 0.534 5.81
43 11.66 1 -2.43 1239 4 -1.03 326 2 033 513 3 195 3.14 1 -044 0.241 2 -0.21 0477 1 -0.10 249 3 -1.26
44 14.79 2 11.41
45 11.83 1 -1.60 1247 3 -0.62 295 2 -175 449 3 0.11 3.13 1 -0.59 0296 1 1.78 0.531 1 549 277 3 0.50
46, 1271 2 062
47, 1248 1 155 1253 1 -031 299 2 -148 424 3 -0.60 311 1-0.89 0.246 2 -0.03 0510 1 332 26.5 3 -025
48 1225 1 043 1221 4 -197 6.92 125.02 417 3 -0.80 335 1 2.69 0255 2 029 0483 1 051
49 1197 1 -092 15.54 3 15.30 3.04 2 -1.14 427 3 -0.51 3.19 1 029 0.246 2 -0.03 0437 1 -4.25
50 12.04 1 -0.58 12.51 4 -041 3.08 2 -0.87 451 3 017 3.19 1 029 0.238 3 -0.32 0475 1 -0.31
51 1218 1 0.09 1236 3 -1.19 334 1 087 321 1 059 0.233 2 -0.51 0481 1 031
52 1210 1 -0.29 1265 4 031 321 1 0.00 3.08 1 -1.34
53 1211 1-024 1235 4 -1.24 310 1-0.74 3.02 1224
54 11.03 2 -5.49
55 12.01 1 -0.72 1246 3 -0.67 3.15 2 -040 5.04 3 1.69 3.11 1 -0.89 0.247 2 0.00 0483 1 0.51 251 3 -1.14
56 1239 1 1.11 12.78 3 098 3.18 2 -0.20 326 1 134 0.287 2 145 0473 1 -0.51
58 1219 1 0.14 1247 2 -0.62 3.15 1 -0.40 467 3 0.63 322 1 074 0.250 2 0.10 0467 1 -1.14
59 12.14 1 -0.09 1264 2 025 318 1-0.20 437 2-0.22 313 1-0.59 0273 2 094 0478 1 0.00
60 1226 1 048 1263 3 020 321 1 0.00 442 2 -0.08 337 1 299 0270 2 0.83 0460 1 -1.86 302 1 -0.51
61 12.10 1 -0.29 12.64 3 0.25 3.10 1 -1.04
62! 1195 1 -1.02 12.59 4 0.00 340 2 1.28 3.15 1 -0.29
63 1229 1 0.63 12.13 1 -2.38 322 1 0.06 4.15 2 -0.86 3.09 1 -1.19 0.236 2 -0.40 0482 1 041
64 11.81 1 -1.70 1274 3 077 310 1 -1.04 0.234 2 -047 0.501 1 238 314 2 036
66 1199 1 -0.82 12.84 3 129 343 1 148 445 2 0.00 320 1 044 0215 2 -1.16 0480 1 0.20 283 4 0.88
67 12.15 1 -0.04 127 35873 3.06 1 -1.01 473 1 0.80 3.07 1 -1.49 0256 3 032 0479 1 0.10
68, 1233 1 0.82 1247 3 -0.62 322 1 0.06 4.68 3 0.66 324 1 1.04 0.276 2 1.05 0480 1 0.20
69 1223 1 0.34 12.51 3 -041 343 1 148 437 2 -022 3.15 1-029 0.236 2 -0.40 0484 1 0.62 263 3 -0.37
69 1260 4 0.05
70 1230 1 068 1275 3 083 325 1 026 443 1 -0.05 323 1 089 0.236 2 -0.40 0485 1 0.72
70 1242 4 -0.88
721 17.56 1 25.78 2.61 1 -4.04 423 1 -0.63 334 1 254 0272 1 091 0486 1 0.83
73 1238 1 1.06 12.10 1 -2.54 338 1 1.14 391 2 -1.54 3.14 1 -044 0.245 2 -0.07 0476 1 -0.20
73 12.63 3 0.20
74 1210 1 -0.29 1261 1 0.10 337 1 107 3.94 2 -146 332 1 224 0.240 2 -0.25 0486 1 0.83
74 1276 3 0.88
74 12.59 4 0.00
75 1222 1 029 1291 3 1.66 332 2 074 431 2 -0.40 3.13 1 -0.59
76 11.60 1 -2.72 12.63 4 0.20 328 2 047 4.66 3 0.60 3.14 1 -044 0213 1 -1.23 0468 1 -1.03
78 1225 2 043 12.54 3 -0.25 3.15 2 -029
80 1247 1 150 12.53 4 -031 353 1 215 451 2 017 321 1 059 0217 2 -1.09 0464 1 -1.45
81 11.80 1 -1.75
82| 12.01 1 -0.72 1243 1 -0.83 294 1 -1.82 423 2 -0.63 347 1 449 0.309 2 226 0.606 1 13.28
84 1221 1 0.24 11.78 1 -4.20 3.19 1 -0.13 455 2 028 3.06 1 -1.64 0.239 2 -0.29 0478 1 0.00
85 12.16 1 0.00 12.51 4 -041 332 1 074 478 3 094 330 1 194 0.247 2 0.00 0475 1 -0.31
86 1226 1 048 12.59 3 0.00 320 2 -0.06 460 2 043 318 1 014 0.269 2 0.80 0481 1 031
86 1237 4 -1.14 436 3 -0.25
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DHHRAE (1)

Balth - - DAVEL 3
K5Y IVIEL LKy NN BN 4 i 5 JEUWEE T TV Rk
NI ol OIFIE o EORIRIE e ORI BRI PRI b e
(%) (%) (%) @h) @by (g/kg) (g/kg) (g/kg)
8.05 1 273 67.59 4 228 16.00 1 0.04 2
9.13 1 524 6548 1 -0.95 1598 1 -0.14 3
7.68 1 -546 65.17 4 -1.42 1591 1 -0.80 4
857 1 1.10 6545 4 -0.99 1602 1 023 5
887 1 332 6541 4 -1.05 1591 1 -0.80 6
855 1 096 6631 3 032 1621 1 2.03 3067 1 -0.92 3073 1 119 9
851 1 066 66.15 4 0.07 1599 1 -0.04 10
855 1 096 66.17 4 0.10 16.10 1 0.99 11
821 1 -155 6633 3 035 1599 1 -0.04 12
826 1 -1.18 66.70 3 0.91 1590 1 -0.89 13
843 1 0.07 66.30 3 030 1612 1 118 3165 1 051 30.08 1 0.53 14
850 1 059 64.92 4 -1.80 1611 1 1.08 17
862 1 147 65.55 2 -0.84 1589 1 -0.99 3124 1 -0.08 3130 1 1.77 18
66.24 3 021 18
846 1 029 66.15 3 0.07 1596 1 -0.33 3115 1 -021 3010 1 0.55 19
839 1-022 66.97 3 133 16.16 1 1.56 20
848 1 044 67.00 3 137 1612 1 118 21
844 1 0.14 65.69 4 -0.62 16.05 1 0.52 22
839 1022 6621 3 0.16 1613 1 127 23
847 1 036 66.22 3 0.18 16.02 1 023 24
834 1 -059 66.50 3 0.61 1601 1 0.14 173 2 0.00 1714 1 -0.61 3136 1 0.08 2963 1 0.08 77 1 067! 28
827 1-1.10 66.10 4 0.00 1594 1 -0.52 31
844 1 0.14 66.08 3 -0.03 16.03 1 033 32
774 1 -5.02 66.13 2 0.04 1593 1 -0.61 33
858 1 1.18 64.51 4 243 16.05 1 0.52 4.68 14548 3124 1 -0.08 2911 1 -0.44 34
841 2 -0.07 66.39 3 044 1611 2 1.08 35
66.50 3 0.61 36
839 1 -022 7623 415.52 1721 11150 37
832 1073 65.60 4 -0.76 1625 1 241 38
842 1 0.00 66.63 4 0.81 16.09 1 0.89 40
811 1229 66.16 2 0.09 1559 1 -3.83 023 3-:23.12 30.86 2 -0.64 2895 2 -0.60 41
807 1 -258 64.92 4 -1.80 1614 1 137 73 1067 43
66.51 2 0.62 44
819 1-1.70 6641 3 047 1587 1 -1.18 6.9 1 202! 45
65.55 2 -0.84 46
851 1 066 65.68 1 -0.64 16.10 1 0.99 1.68 2 -0.77 29.99 1 -1.92 24.64 1 -4.98 47
799 1 -3.17 64.29 4 277 1554 1 -4.30 48
832 1-073 63.62 4 -3.80 1583 1 -1.56 172 2 -0.15 3084 1 -0.67 2814 1 -1.43 49
842 1 0.00 65.53 4 -0.87 16.03 1 033 50
836 1 -044 66.39 3 044 1598 1 -0.14 29.26 1 -2.99 51
838 1029 64.88 4 -1.87 1585 1 -1.37 52
840 1 -0.14 65.57 4 -0.81 1593 1 -0.61 53
781 2 -4.50 54
835 1 -051 66.24 3 021 16.09 1 0.89 76 1 033} 55
853 1 081 66.81 3 1.08 1598 1 -0.14 56
834 1059 64.70 2 -2.14 16.10 1 0.99 58
837 1036 65.53 2 -0.87 1612 1 118 59
848 1 044 66.41 3 047 16.05 1 0.52 60
835 1 -051 65.63 3 -0.72 1601 1 0.14 61
838 1 -029 6543 4 -1.02 16.02 1 023 62
859 1 125 64.12 1 -3.03 16.16 1 1.56 183 1 1.54 3220 1 131 2963 1 0.08 63
801 1 -3.03 66.88 3 1.19 1594 1 -0.52 64
836 1 -044 66.58 3 0.73 1615 1 146 177 2 061 171.9 1 055 3144 1 020 2925 1 -0.30 77 1 067! 66
67
859 1 125 66.54 3 0.67 1614 1 137 1.63 3 -1.54 30.86 1 -0.64 2897 1 -0.58 68
846 1 029 66.30 3 030 1595 1 -0.42 171 2 -0.30 1772 1 0.02 31.04 1 -038 3017 1 0.62 63 1-404! 69
65.76 4 -0.52 69
844 1 0.14 66.73 3 0.96 16.03 1 033 3199 1 1.01 28.69 1 -0.87 70
65.83 4 -041 70
72
859 1 125 6430 1 -2.75 1591 1 -0.80 1.68 2 -0.77 3170 1 0.58 2977 1 022 73
67.41 3 2.00 73
828 1 -1.03 65.96 1 -0.21 16.09 1 0.89 178 1 077 3133 1 0.04 29.15 1 -0.40 74
66.44 3 0.52 74
66.05 4 -0.07 74
75
828 1 -1.03 66.24 4 021 15.88 1 -1.08 76
8.55 2 096 6631 3 032 16.07 2 0.70 78
867 1 184 6527 4 -127 16.04 1 042 157 2 -2.46 80
833 1 -0.66 3217 1 127 3114 1 161 74 10330 81
836 1 -0.44 6541 1 -1.05 1623 1 222 166 2 -1.07 82
84
840 1 -0.14 65.75 4 -0.53 1598 1 -0.14 173 1 0.00 176.7 1 -0.02 3130 1 0.00 3030 1 0.76 85
844 1 0.14 66.44 3 0.52 16.03 1 033 3102 1 041 29.00 1 -0.55 86
6573 4 -0.56 86
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A, BRU DN

A L) 7= 70 R LRI LA RIS TRTTR T MN R HE | MN (R BT IE )
R0 SN SN2 [ SN 3. 1 SRS sy [ SO SN2 [ SN S5y 1 SRS S5y [ SO S SO S [y S
(%) (%) (%) (%) (%) (%) (%) (g (i) /t) (g (JJfifi) 1t)

87 1133 1 -4.03 1261 2 0.10 318 1-0.20 481 3 1.03 319 1 029 0.206 2 -1.49 0465 1 -134

88 1219 1 0.14 1228 1 -1.60 324 1 020 444 1 -0.02 3.16 1-0.14 0482 1 041

89 1227 1 053

90: 1225 1 043 1191 3 -3.52 325 1 026 4.00 2 -1.29 3.02 1 -224

90: 12.75 4 0.83

91 12.80 3 1.08 321 2 0.00 486 3 1.17

92 1222 1 029 12.58 3 -0.05 3.09 2 -0.80 4.68 3 0.66 310 1 -1.04 0291 2 1.60 0474 1 -0.41 290 2 -138

94 1217 1 0.04 1235 4 -1.24 328 1 047 407 2 -1.09 317 1 0.00 0253 2 021 0486 1 0.83

97 1230 1 068 1262 1 0.15 323 1 013 411 2 -0.97 312 1-074 0241 2 -021 0482 1 041

99! 1222 1 029 1249 4 -0.51 340 1 128 331 1 209 0.250 2 0.10 0482 1 041

100} 12.17 1 0.04 1240 2 -0.98 337 1 1.07 411 2 -097 320 1 044 0.252 2 0.18 0478 1 0.00 298 1 -0.80 26.6 3 -0.18

100, 283 4 0.88

101 12.03 1 -0.63 1266 3 036 320 2 -0.06 418 2 -0.77 334 1 254 0280 2 1.20 0497 1 197 315 2 043 3113 266

102, 12.14 1 -0.09 1270 4 057 313 2 -0.53 436 2 -0.25 315 1-0.29 0254 2 025 0405 1 -7.57

104 1230 1 0.68 1243 4 -0.83 3.12 2 -0.60 3.18 1 0.14 0.244 2 -0.10 0480 1 0.20

105 12.18 1 0.09 1244 3 -0.77 3.04 1 -1.14 464 2 054 3.16 1 -0.14

106! 1249 3 -0.51

108, 12.02 1 -0.68 1241 3 -093 337 1 107 313 1-0.59 0.230 2 -0.61 0470 1 -0.83

109 1235 1 092 1280 3 1.08 330 1 1.94 0.247 2 0.00 0474 1 -0.41 252 3 -1.07

110] 11.63 1 -2.57 1271 3 062 326 1 033 345 1 419 0256 2 032 0480 1 0.20 288 2 -1.53

111 1230 1 0.68 12.54 3 -0.25 338 2 1.14 442 2 -0.08 326 1 134 0.288 2 149 0471 1 -0.72 287 3 1.14

112! 1234 1 0.87 1273 2 0.72 3.19 1 -0.13 406 1 -1.11 321 1 059 0.247 2 0.00 0475 1 -0.31

113 12.16 1 0.00 12.50 3 -0.46 297 1 -1.61 435 2 -028 3.16 1 -0.14 0.225 2 -0.80 0476 1 -0.20 30.6 1 -0.21

114 12.06 1 -0.48 333 1 239 0288 2 149 0479 1 0.10 30.6 4 234

115 1212 1 -0.19 1265 3 031 326 1 033 470 3 0.71 3.1 1-0.89 0219 2 -1.02 0455 1 -2.38 26.7 3 -0.12

116 12.03 1 -0.63 12.52 3 -0.36 329 1 053 456 2 031 320 1 044 0296 1 1.78 0.516 1 3.94 272 1 -2.69

117, 1248 1 1.55 1241 3 -093 321 2 0.00 3.12 1 -0.74

119 12.08 1 -0.38 12.77 3 093 3.12 2 -0.60 3.77 2 -195 323 1 0.89 0.231 2 -0.58 0475 1 -0.31 244 3 -1.58

120! 1219 1 0.14 1263 3 020 330 1 0.60 416 3 -0.83 317 1 0.00 0.229 2 -0.65 0477 1 -0.10 269 3 0.00

121 1217 1 0.04 1274 3 077 328 1 047 426 2 -0.54 315 1-0.29 0271 1 087 0475 1 -0.31

122, 12.08 1 -0.38 12.54 3 -0.25 320 1 -0.06 451 2 017 311 1-0.89 0.250 2 0.10 0477 1 -0.10

124 12.19 1 0.14 12.64 3 0.25 336 1 1.01 481 3 1.03 331 1 209 0.280 2 1.20 0.506 1 290 304 1 -036

125 1239 1 1.11 12.55 3 -0.20 344 1 155 4.67 3 0.63 326 1 134 0.260 1 047 0490 1 124 298 1 -0.80

125 1235 4 -1.24

127, 1227 1 0.53 12.56 3 -0.15 336 1 101

128, 12.08 1 -0.38 12.85 3 134 329 2 053 322 1 074 0296 1 1.78 0456 1 -2.28

129 12.14 1 -0.09 12.57 3 -0.10 4.66 4 0.60 3.4 1 -044 0.235 2 -043 0483 1 051 324 1 1.09

130 1226 1 048 12.53 4 -0.31 324 1 020 431 3 -0.40 3.11 1 -0.89 0.242 2 -0.18 0482 1 041 320 1 0.80 272 3 0.19

131 1232 1 0.77 1226 3 -1.71 339 2 121 3.18 1 0.14 0.249 2 0.07 0.894 1 43.16

132, 1238 1 1.06 1261 3 0.10 321 1 059 0.248 2 0.03 0466 1 -1.24

133 1190 1 -1.26 1269 3 051 3.03 2 -121 3.94 4 -146 3.16 1-0.14 0.243 2 -0.14 0481 1 031

134 1220 1 0.19 12.57 3 -0.10 324 1 020 463 4 051 3.08 1 -1.34 0.238 2 -0.32 0480 1 0.20

136 1242 1 1.26 12.66 3 036 3.06 2 -1.01 326 1 134 0219 2 -1.02 0462 1 -1.66

151 1225 1 043 12.62 4 0.15 347 1 175 3.06 1 -1.64

1521 12.05 1 -0.53 1225 5 -1.76 3.08 3 -0.87

153 1172 2 213 1246 4 -0.67 323 1 013 450 1 0.14 3.16 1-0.14 0.607 11338

154 1218 1 0.09 12.55 4 -0.20 335 1 094 4.08 2 -1.06 374 1 854 0.516 1 9.80 0413 1 -6.74

155 1191 1 -121 1298 3 2.02 335 1 2.69 0231 3 -0.58 0.505 2 2.80

156 1230 1 0.68 12.54 3 -0.25 3.03 2 -1.21 5.02 3 1.63 320 1 044 0.239 2 -0.29 0463 1 -1.55 254 3 -095

157! 1221 1 0.24 1244 3 -0.77 3.01 2 -134 3.09 1 -1.19 0.500 2 228

158, 1220 1 0.19 12.77 3 093 3.18 1 0.14 0.245 2 -0.07 0485 1 0.72 309 1 0.00

159, 1219 1 0.14 3.64 1 290 3.46 1 434

160! 1216 1 0.00 12.54 4 -025 3.4 2 -047 406 3 -L11 323 1 089 0289 1 153 0490 1 124

161 1223 1 034 13.10 1 2.64 323 1 013 3.89 1 -1.60 315 1-0.29

162 12.68 1 2.52 1226 1 -1.71 3.10 1 -0.74 342 1 3.74 0.504 2 2.69

164! 11.89 1 -1.31 1243 3 -0.83 422 2 -0.66 322 1 074 273 3 025

165 1234 1 087 1260 4 0.05 3.19 1-0.13 405 2 -1.14 327 1 149 0.245 2 -0.07 0475 1 -0.31 258 3 -0.69

166, 1225 1 043 1235 3 -1.24 323 1 013 440 2 -0.14 324 1 1.04

167, 1232 1 077 12.55 3 -0.20 294 1 -1.82 457 2 034 330 1 1.94 0262 2 0.54 0472 1 -0.62

168 1229 1 0.63 12.53 3 -0.31 321 2 0.00 323 1 0.89 0262 2 0.54 0497 1 197

169: 1198 1 -0.87 1222 2 -191 338 1 1.14 454 2 025 320 1 044

170! 12.18 1 0.09 1249 4 -0.51 3.18 1 -0.20 3.68 2 -221 3.19 1 029 0491 1 134

171 1241 1 121 1265 3 031 295 2 -1.75 4.64 2 0.54 331 1 2.09 0275 1 1.02 0461 1 -1.76

172, 1216 1 0.00 1249 3 -051 318 1 014 3112 014

173 11.87 1 -1.40 12.57 3 -0.10 4.06 2 -1.11 3.5 1-0.29

174 1236 1 097 12.39 2 -1.03 326 2 134

175 11.60 1 -2.72 12.80 2 1.08 331 1 067 459 2 040 320 1 044 0.221 2 -0.94 0471 1 -0.72

176 11.89 1 -1.31 12.02 2 -295 3.19 1 -0.13 422 2 -0.66 3.10 1 -1.04 0273 2 0.94 0495 1 1.76

177 12.03 1 -0.63 12.88 4 1.50 347 1 175 447 1 0.05 315 1-0.29 0489 1 114

178

179 1193 1 -1.11 1241 4 -093 330 2 0.60 461 2 045 320 1 044 0272 2 091 0422 1 -5.81

180: 1232 1 0.77 1291 4 1.66 336 1 1.01 535 2 258 3.14 1 -044 0481 1 031

181 12.11 1 -0.24 1229 2 -1.55 333 1 0.80 4.03 2 -1.20 3.17 1 0.00 0.234 2 -047 0467 1 -1.14 297 4 177

181

191 1218 1 0.09 1243 4 -0.83 341 1 134 442 2 -0.08 3.4 1 -044
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DHHRAE (2)

Balth - - DVEL 3
K%y R A HR XY INUIN EZRFTFY [ i TECHRE S TV | bkt
E2 S SN S5 [ SN 3¢ SRR s 1 SO S SRR SN2 [ SN B3 1 SR B 1 - SN £
(%) (%) (%) @b () (g/kg) (e/kg) (g/kg)
723 1 -879 66.04 2 -0.09 1593 1 -0.61 172 2 -0.15 3112 1026 29.07 1 -0.48 87
8.18 1 -1.77 65.03 1 -1.64 1612 1 118 2997 1 -1.95 2830 1 -1.26 88
851 1 0.66 89
869 1 1.99 6775 3 252 1582 1 -1.65 90
65.76 4 -0.52 90
66.50 3 0.61 91
862 1 147 6641 3 047 1595 1 -0.42 3132 1 0.02 92
850 1 059 65.54 4 -0.85 16.06 1 0.61 172 2 -0.15 3147 2 024 2995 2 0.40 94
852 1 073 6597 1 -0.19 1592 1 -0.71 175 2 030 3057 1 -1.07 2938 1 -0.17 97
858 1 1.18 6543 4 -1.02 1599 1 -0.04 171 1 -030 1982 1 234 31.83 1 0.77 3119 1 1.66 99
849 1 051 65.50 2 -091 16.02 1 023 179 2 092 1753 1 -0.18 3213 1 121 3052 1 098 74 1-0331 100
100
836 1 -0.44 6638 3 042 16.04 1 042 101
778 1 473 65.17 4 -1.42 16.08 1 0.80 187 2 215 3179 1 071 3162 1 2.09 102
859 1 125 6544 4 -1.01 1590 1 -0.89 104
852 1 073 65.74 3 -0.55 16.09 1 0.89 105
6621 3 0.16 106
857 1 1.10 66.34 3 036 16.03 1 033 140 2 -5.08 108
865 1 1.70 6629 3 0.29 16.05 1 0.52 3124 1 -0.08 2831 1 -1.25 74 1-033} 109
8.17 1 -1.84 66.45 3 0.53 16.07 1 0.70 110
860 1 133 6543 3 -1.02 1599 1 -0.04 70 1 -1341 111
860 1 133 66.09 2 -0.01 1582 1 -1.65 176 2 046 3193 1 092 2934 1021 112
844 1 0.14 6625 3 022 16.04 1 042 3205 1 1.09 2895 1 -0.60 13
848 1 044 1598 1 -0.14 171 2 -030 2829 1 -4.41 2748 1 -2.09 75 1 000} 114
851 1 0.66 66.03 3 -0.10 16.06 1 0.61 173 2 0.00 1473 1327 3098 1 -0.46 3078 1 124 77 1 0671 115
842 1 0.00 66.43 3 0.50 1613 1 127 116
869 1 1.99 6575 3 -0.53 1593 1 -0.61 117
851 1 0.66 66.06 3 -0.06 1605 1 0.52 180 2 1.07 198.5 1 237 311 1-027 2893 1 -0.62 77 1 067] 119
851 1 0.66 66.13 3 0.04 16.02 1 023 1853 1 092 3159 1 042 2932 1-0.23 70 1 -1.681 120
845 1 022 60.46 3 -8.64 1595 1 -0.42 121
849 1 051 6629 3 0.29 1601 1 0.14 176 2 046 3140 1 0.14 3023 1 0.68 122
856 1 1.03 66.60 3 0.76 16.04 1 042 124
860 1 133 6641 3 047 1598 1 -0.14 125
66.16 4 0.09 125
852 1 073 66.64 3 0.82 127
843 1 007 66.57 3 0.72 1597 1 -0.23 1793 1 025 128
849 1 051 6626 3 024 16.04 1 042 175 2 030 3159 1 042 2982 1 027 129
851 1 0.66 66.04 4 -0.09 16.00 1 0.04 182 1 138 30.86 1 -0.64 28.87 1 -0.68 73 1-0671 130
851 1 0.66 65.63 3 -0.72 1588 1 -1.08 131
848 1 044 66.36 3 039 16.02 1 023 132
834 1 -0.59 66.17 3 0.10 1592 1 -0.71 1823 1 059 3095 1 -0.51 2947 1 -0.08 77 1 067 133
845 1 022 6620 3 0.15 1592 1 -0.71 177 2 06l 3096 1 -0.49 29.50 1 -0.05 134
847 1 036 66.05 3 -0.07 1605 1 0.52 3258 1 187 2828 1 -1.28 136
852 1 073 6620 4 0.15 1584 1 -1.46 151
844 1 0.14 64.54 5 -239 152
853 2 081 64.73 4 -2.10 1590 1 -0.89 153
820 1 -1.62 65.13 4 -148 17.10 1 10.46 154
835 1 -051 6693 3 127 1587 1 -1.18 155
842 1 0.00 66.68 3 0.88 16.02 1 023 3278 1 217 2955 1 0.00 74 1-0331 156
157
844 1 0.14 66.17 3 0.10 1594 1 -0.52 158
864 1 1.62 16.66 1 6.29 159
840 1 -0.14 66.01 4 -0.13 1611 1 1.08 166.0 1 -1.20 80 1 1.68] 160
865 1 1.70 6545 1 -0.99 1597 1 -0.23 161
872 1 221 64.67 1 -2.19 1601 1 0.14 162
831 1 -0.81 65.66 3 -0.67 16.02 1 023 164
841 1 -0.07 6578 4 -0.49 15.89 1 -0.99 161.8 1 -1.67 3099 1 -0.45 2990 1 035 75 1 000} 165
848 1 044 6599 3 -0.16 16.08 1 0.80 166
8.54 1 0.88 6638 3 042 1592 1 -0.71 1718 1 -0.56 3049 1 -1.18 3070 1 1.16 167
853 1 081 66.40 3 045 1591 1 -0.80 168
169
834 1 -059 66.17 4 0.10 1616 1 1.56 77 1 0671 170
860 1 133 6625 3 022 1596 1 -0.33 171
831 1 -081 6578 3 -0.49 16.07 1 0.70 172
827 1 -1.10 66.66 3 0.85 1621 1 2.03 173
839 1-022 67.19 2 1.67 1630 2 2.88 174
830 1 -0.88 6230 2 -5.82 1620 1 194 175
8.14 1 -2.06 63.79 2 -3.54 1572 1 -2.60 176
830 1 -0.88 66.34 4 036 1595 1 -0.42 177
1720 1 -0.54 178
823 1 -140 64.85 4 -191 1597 1 -0.23 179
856 1 1.03 64.59 4 -231 1596 1 -0.33 180
842 1 0.00 66.16 2 0.09 16.02 1 023 173 1 0.00 168.1 1 -097 31.00 1 -0.43 2969 1 0.14 76 1 033} 181
170 2 -0.46 181
840 1 -0.14 6548 4 -0.95 15.89 1 -0.99 205 1 493 1759 1 -0.11 191
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&5 ABRUDHEHN

A L) 7= 70 R LRI LA RIS TRTTR T MN R HE | MN (R BT IE )
R0 SN SN2 [ SN 3. 1 SRS sy [ SO SN2 [ SN S5y 1 SRS S5y [ SO S SO S [y S
(%) (%) (%) (%) (%) (%) (%) (g (i) /t) (g (JJfifi) 1t)

192]

193 12.08 1 -0.38 1275 3 083 3.08 2 -0.87 317 1 0.00

194 12.15 1 -0.04 1268 1 046 320 1 -0.06 433 2 -034 3.16 1-0.14 0256 1 032 0470 1 -0.83

195 11.73 1 -2.09 1249 4 -0.51 3.04 1 -1.14 3.78 2 -1.92 3.16 1 -0.14 0251 1 0.14 0473 1 -0.51 31.6 2 0.51

196 12.18 2 0.09 12.58 4 -0.05 3.19 1 -0.13 420 2 -0.71 3.14 1 -044 0.229 2 -0.65 0449 1 -3.00 265 3 -025

197 1229 1 0.63 1241 4 -093 324 1 020 3.15 1-029

198, 1233 1 082 1272 2 067 326 1 033 407 2 -1.09 311 1-0.89 0302 1 2.00 0465 1 -134

199 1223 1 034 12.55 3 -0.20 326 1 033 424 2 -0.60 3.16 1-0.14 0251 1 0.14 0482 1 041

200 1212 1 -0.19 1269 2 051 333 1 080 421 2 -0.68 317 1 0.00 0254 2 025 0.524 1 477

201 12.27 1 0.53 12.55 4 -0.20 3.07 2 -0.94 438 1 -0.20 3.19 1 029 0.232 2 -0.54 0496 1 1.86

202! 12.80 3 1.08 321 2 0.00 486 3 1.17

203 1240 1 116 1248 2 -0.57 325 1 026 4.00 2 -1.29 327 1 149 0.233 2 -0.51 0480 1 0.20 26.5 3 -025

204 1196 1 -0.97 1268 3 046 320 2 -0.06 320 1 044

205 1231 1 072 12.88 2 1.50 333 1 080 328 1 1.64

206 1196 1 -097 1240 4 -098 348 1 1.82 454 3 025 3.07 1 -149 0.234 2 -047 0474 1 -041

207 12.03 1 -0.63 3.14 1 -044

208 12.00 1 -0.77 12.57 4 -0.10 335 1 094 468 1 0.66 325 1 1.19 0274 1 098 0.501 1 238

209 1193 1 -111 1242 3 -0.88 3.4 2 -047 498 2 1.52 318 1 014 300 2 -0.65

210 1229 1 063 1251 2 -041 320 1 -0.06 424 2 -0.60 311 1-0.89 0481 1 031

211 11.83 1 -1.60 1229 2 -1.55 3.19 1-0.13 450 2 0.14 323 1 089 0.267 2 0.72 0474 1 -0.41 314 1 034 287 4 1.14

212i 12.15 1 -0.04 12.62 3 0.15 3.02 1-1.28 3.83 2 -1.77 325 1 1.19 0216 2 -1.13 0482 1 041

213 1244 1 136 1220 4 -2.02 347 1 175 431 2 -040 3.14 1 -044 0.241 2 -0.21 0471 1 -0.72

214 1240 1 1.16 12.60 4 0.05 340 1 128 405 2 -1.14 3.17 1 0.00 0.265 2 0.65 0477 1 -0.10

215 1034 1 -8.84 1217 3 217 542 21490 472 12323

216 1226 1 048 1268 3 046 336 1 1.01 390 2 -1.57 320 1 044 0252 2 0.8 0477 1 -0.10 312 1 021

217! 12.06 1 -0.48 12.62 4 0.15 284 2 -249 478 4 094 345 1 4.19 0.338 1 3.31 0458 1 -2.07 287 3 1.14

218, 1238 1 1.06 13.19 3 3.11 3.66 1 3.03 451 1 017 322 1 074 0.218 1 -1.05 0473 1 -0.51

219 12.05 1 -0.53 12.57 3 -0.10 3.17 2 -0.26 3.66 2 -2.26 325 1 1.19 0.231 2 -0.58 0466 1 -1.24 262 3 -041

220 12.14 1 -0.09 12.59 3 0.00 317 1-0.26 461 2 045 3.09 1 -119 0231 2 -0.58 0476 1 -0.20

221 12.14 1 -0.09 3.89 2 -1.60 3.17 1 0.00 320 1 084

222 9.25 1 -14.14 1264 4 025 3.00 2 -1.41

223 11.76 1 -1.94 12.78 4 098 232 2 -6.00 429 3 -045 3.03 1 -2.09 0.332 2 3.09 0448 1 -3.11

224 13.10 1 4.56 14.18 4 8.24 3.81 1 4.04 538 3 2.66 356 1 5.84 0.355 2 393 0.644 117.22

225 11.87 1 -1.40 1295 2 1.86 329 1 053

226 1192 1 -1.16 1245 2 -0.72 337 1 107 491 1 132 315 1-0.29 0221 2 -0.94 0472 1 -0.62

227 1222 1 029 1248 3 -0.57 340 1 128 351 2 -2.69 335 1 2.69 0215 2 -1.16 0480 1 0.20 254 3 -095

228 1174 1 -2.04 1245 2 -0.72 339 1 121 319 1 029

229! 12.15 1 -0.04 12.60 3 0.05 3.18 1 -0.20 323 1 0.89 0.268 2 0.76 0472 1 -0.62 303 2 -043

230 12.02 1 -0.68 12.57 3 -0.10 3.19 2 -0.13 3.19 1 029

231 1231 1 072 1263 4 020 3.16 1 -0.33 3.08 1 -1.34

232 11.83 1 -1.60 1266 3 036 321 2 0.00 325 1 119 0.238 2 -0.32 0479 1 0.10

251 12,65 1 238 1281 3 1.14 331 2 067 499 3 1.54 312 1-074 0252 2 0.8 0496 1 1.86

252 1227 1 0.53 12.62 2 0.15 338 1 1.14 3.11 1 -0.89

253 1225 1 043 1249 2 -0.51 3.14 2 -047 328 1 1.64 0.201 2 -1.67 0454 1 -249

254 12.11 1 -0.24 1226 4 -1.71 3.08 1 -0.87 538 1 2.66 3.11 1 -0.89 0.224 2 -0.83 0484 1 0.62

255 1212 1 -0.19 1274 4 077 3.52 1 2.09 315 1-0.29 0.228 2 -0.69 0495 1 1.76

256 1195 1 -1.02 1290 3 1.60 333 2 0.80 417 1-0.80 312 1-074 0257 2 036 0466 1 -1.24

257 1194 1 -1.06 1243 3 -0.83 320 1 -0.06 492 2 134 317 1 0.00 0.244 2 -0.10 0.500 1 228

258, 1126 1 -4.37 1290 3 1.60 3.15 1 -040 330 1 194 0.208 2 -1.42 0465 1 -1.34

259! 1121 1 -4.61 325 1 1.19 273 3 025

260! 11.18 1 -4.76 3.12 1 -0.74 0316 2 2.51 0478 1 0.00

261 1210 1 -0.29 1266 4 036 327 1 040 4.68 3 0.66 3.16 1-0.14 0.250 2 0.10 0485 1 0.72

262 1192 1 -1.16 1269 4 051 344 1 155 330 2 -3.30 334 1 254 0470 1 -0.83

263 1131 1 413 1270 3 057 290 1 -2.09 429 1 -0.45 3.09 1 -1.19 0.220 2 -0.98 0456 1 -2.28

264 12.04 1 -0.58 12.38 3 -1.08 298 1 -1.55 296 1 -3.14

265 1224 1 038 12.70 3 0.57 334 1 087 426 2 -054 3.14 1 -044 0.229 2 -0.65 0460 1 -1.86

266 12.00 1 -0.77 1268 3 046 325 2 026 3.61 2 241 313 1-0.59 0.240 2 -0.25 0460 1 -1.86

267 1111510 1249 3 -051 330 2 0.60 221 1-1438

268 12.14 1 -0.09 1262 3 0.5 3.03 2 -121 430 2 - 317 1 0.00 0250 1 0.10 0474 1 -0.41 320 1 0.80

269 11.67 1 -2.38 1241 4 -093 3.11 2 -0.67 6.25 2 5.16 3.17 1 0.00 0.261 2 0.51 0482 1 041

270 1220 1 0.19 12.63 3 0.20 3.19 1 029

271 11.36 1 -3.88 12.74 2 0.77 370 1 3.30 446 2 0.02 324 1 1.04 0325 2 2.84 0412 1 -6.84

272 1241 1 121 12.50 3 -0.46 324 2 020 469 1 0.68 319 1 029 0292 2 1.64 0481 1 031 297 2 -0.87

272 257 3 -0.76

273 1227 1 053 1237 4 -1.14 318 1 -0.20 449 2 0.11 310 1 -1.04

274! 1240 1 1.16 12.51 3 -041 294 2 -1.82 431 2 -0.40 3.17 1 0.00 0.232 2 -0.54 0483 1 0.51

275 12.16 1 0.00 12.74 3 0.77 322 2 0.06 471 3 074 321 1 059 0.240 2 -0.25 0497 1 197

276 1199 1 -0.82 12.53 3 -0.31 3.17 2 -0.26 3.13 1 -0.59

277 11.08 1 -525 1209 2 -2.59 351 1 202 537 2 2.64 3.09 1 -119

278 1218 1 0.09 1265 3 031 3.12 2 -0.60 436 2 -0.25 3.08 1 -1.34 0271 2 087 0481 1 031 322 1 094

279 12.00 1 -0.77 13.17 3 3.00 3.18 1 0.14 0.229 2 -0.65 0494 1 1.66

2801 1241 1 121 12.53 3 -0.31 320 1 -0.06 452 2 020 3.15 1-029 0.220 2 -0.98 0473 1 -0.51 30.7 4 240

281 1199 1 -0.82 12.71 3 0.62 3.18 2 -0.20 3.18 1 0.14 0.288 2 149 0483 1 0.51 321 2 087

282 1223 1 034 1239 4 -1.03 330 1 0.60 3.16 1-0.14

283 1239 1 L1 1209 1 -2.59 345 1 16l 332 1 224 0518 1 415
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DHHRAE (3)

Balth - - DVEL 3
K%y R A HR XY INUIN EZRFTFY [ i TECHRE S TV | bkt
E2 S SN S5 [ SN 3¢ SRR s 1 SO S SRR SN2 [ SN B3 1 SR B 1 - SN £
(%) (%) (%) @b () (g/kg) (e/kg) (g/kg)
176 1 046 192
838 1 -029 66.55 3 0.68 16.09 1 0.89 193
841 1 -0.07 6620 1 0.15 15.85 1 -1.37 194
8.16 1 -1.92 65.02 4 -1.65 1599 1 -0.04 72 1-101} 195
844 2 0.14 65.65 4 -0.68 1598 1 -0.14 196
849 1 051 65.12 4 -1.50 1617 1 1.65 197
198
846 1 029 65.84 3 -0.39 1592 1 -0.71 199
847 1 036 6623 2 0.19 1577 1 -2.13 197 1 3.70 3238 1 1.58 2993 1 038 200
840 1 -0.14 65.58 4 -0.79 16.04 1 042 201
66.50 3 0.61 202
859 1 125 65.69 2 -0.62 15.89 1 -0.99 175 1 030 1777 1 0.08 3095 1 -0.51 2942 1 -0.13 76 1 033} 203
836 1 -0.44 66.36 3 039 1594 1 -0.52 204
850 1 0.59 6525 2 -1.30 1595 1 -0.42 151 2 -3.39 205
849 1 051 63.85 4 -3.44 1576 1 -2.22 206
1727 1 -0.46 207
851 1 0.66 65.52 4 -0.88 1598 1 -0.14 208
839 1-022 66.14 3 0.06 1591 1 -0.80 209
863 1 155 6597 2 -0.19 1613 1 127 1840 1 077 210
830 1 -0.88 6576 2 -0.52 1617 1 1.65 181 1 123 1925 1 171 3134 1 0.05 29.04 1 -0.51 7.8 1 101} 211
847 1 036 6628 3 027 1592 1 -0.71 31.66 1 0.52 2854 1 -1.02 6.8 1-2361 212
884 1 3.10 6532 4 -1.19 1582 1 -1.65 213
850 1 059 66.00 4 -0.15 1601 1 0.14 214
723 1 -879 6731 3 185 17.14 110.83 215
838 1 -029 6678 3 1.04 16.06 1 0.61 3173 1 0.63 2734 1 224 216
834 1 -059 64.95 4 -1.76 16.08 1 0.80 239.6 1 691 217
847 1 036 6626 3 024 1626 1 2.50 218
843 1 007 66.13 3 0.04 16.00 1 0.04 3091 1 -0.57 28.60 1 -0.96 219
852 1 073 66.64 3 0.82 1557 1 -4.02 156 2 -2.62 1057 1 -7.86 2881 1 -3.65 2721 1 -237 220
846 1 029 16.07 1 0.70 147.1 1 -3.29 3112 1026 29.12 1 -0.43 7.5 1 000 221
632 1:1552 6571 4 -0.59 222
795 1 -347 6625 4 022 1580 1 -1.84 223
807 1 -2.58 69.29 4 4.89 1729 11225 224
825 1-125 66.09 2 -0.01 225
840 1 -0.14 6548 2 -0.95 1599 1 -0.04 226
851 1 0.66 6546 3 -0.98 1593 1 -0.61 128 2 -6.93 3070 1 -0.87 2387 1 -5.76 227
8.15 1 -1.99 6521 2 -136 1591 1 -0.80 228
8.16 1 -1.92 66.53 3 0.65 1589 1 -0.99 229
824 1-133 66.46 3 0.55 1601 1 0.14 230
8.55 1 096 65.88 4 -0.33 1633 1 3.7 231
818 1 -1.77 66.52 3 0.64 1591 1 -0.80 3123 1 -0.10 2970 1 0.15 8.5 1 337} 232
880 1 2.80 66.54 3 0.67 1593 1 -0.61 251
858 1 1.18 65.55 2 -0.84 1588 1 -1.08 252
838 1 -029 64.93 2 -1.79 1594 1 -0.52 3230 1 146 3264 1 313 253
827 1 -1.10 6537 4 -1.11 1598 1 -0.14 254
840 1 -0.14 66.53 4 0.65 16.02 1 023 3266 1 1.99 30.18 1 0.63 255
833 1 -0.66 66.83 3 1.11 16.05 1 0.52 3146 1 023 3214 1 262 256
831 1 -081 66.37 3 041 1593 1 -0.61 2092 1 3.55 76 1 033} 257
767 1 -554 66.03 3 -0.10 16.02 1 023 258
769 1 -539 1601 1 0.14 3205 1 1.09 3043 1 0.89 7.6 1 0331 259
788 1 -3.99 1578 1 -2.03 160 2 -2.00 30.60 1 -1.02 2933 1 -0.22 260
842 1 0.00 6629 4 0.29 1587 1 -1.18 261
839 1 -022 66.13 3 0.04 1625 1 241 262
769 1 -539 66.54 3 0.67 1581 1 -1.75 27.86 1 -5.04 3125 1 172 263
852 1 073 6622 3 0.18 1568 1 -2.98 264
847 1 036 67.14 3 159 1595 1 -0.42 2983 1 -2.15 265
846 1 029 66.09 3 -0.01 16.03 1 033 3283 1 224 3162 1 2.09 72 1-1.01} 266
8.15 1 -1.99 6749 3 2.13 1513 1 -8.18 267
836 1 -0.44 6626 3 024 16.09 1 0.89 3115 1 -021 2936 1 -0.19 268
811 1 -229 64.97 4 -1.73 1584 1 -1.46 179 1 092 3137 1 0.10 2998 1 0.43 7.5 1 000! 269
850 1 059 65.94 3 -0.24 1596 1 -0.33 270
802 1 -295 6579 2 -047 16.02 1 023 182 1 138 30.85 1 -0.65 2706 1 -2.52 271
868 1 192 66.50 3 0.61 16.05 1 0.52 3144 1 020 3061 1 1.07 57 1-607] 272
272
855 1 096 65.08 4 -1.56 16.08 1 0.80 273
846 1 029 65.90 3 -0.30 1591 1 -0.80 2974 2 228 2897 2 -0.58 274
839 1-022 6629 3 029 1588 1 -1.08 30.86 1 -0.64 2970 1 0.15 78 1 101} 275
842 1 0.00 66.02 3 -0.12 1601 1 0.14 276
770 1 -532 6442 2 257 16.00 1 0.04 277
851 1 0.66 6642 3 049 1601 1 0.14 3218 1 129 3108 1 155 74 1-033f 278
841 1-007 67.85 3 2.68 1598 1 -0.14 279
843 1 007 6692 3 125 1593 1 -0.61 170 2 -0.46 1839 1 076 3226 1 140 2929 1 -0.26 78 1 101} 280
840 1 -0.14 6642 3 049 1599 1 -0.04 281
849 1 051 65.15 4 -145 16.03 1 033 2947 112.99 282
833 1 -0.66 6547 1 -0.96 16.04 1 042 283
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&5 ABRUDHEHN
ATH. - - -

Ak p HEHE HET; FTE WIS TETHR I NN CE A T VN IRV T
§7E7I‘ /’}*ﬁﬂé No. z-score; ﬁ)ﬂiﬂé‘ No. z-score; /’}*ﬁﬂé No. z-score; ﬁ)ﬂiﬂé‘ No. z-score; /’}*ﬁﬂé No. z-score; ﬁ)ﬂiﬂé‘ No. z-score; /’}*ﬁﬂé No. z-score; ﬁ)ﬂiﬂé‘ No. z-score; /’}*ﬁﬂé No. z-score
(%) (%) (%) (%) (%) (%) (%) (g i) /) (g (i) 1)

284 1233 1 0.82 13.09 2 2.59 355 1 229 4.64 2 0.54 313 1 -0.59 0268 1 0.76 0471 1 -0.72
285 11.94 1 -1.06 1231 4 -1.45 3.16 1 -0.33 4.60 1 043 315 1-029 0.466 1 -1.24
286 12.00 1 -0.77 12.68 3 0.46 318 1 0.14 0.223 2 -0.87 0.480 1 0.20
287 1240 1 1.16 12.60 4 0.05 3.17 2 -0.26 3.15 1-029
288 11.72 1 -2.13 12.78 3 098 3.09 1 -0.80 4.10 2 -1.00 3.16 1 -0.14 0.270 2 0.83 0470 1 -0.83 294 1 -1.09
289! 1196 1 -097 12.58 4 -0.05 3510 1 202 393 2 -149 3.17 1 0.00 0272 2 091 0478 1 0.00
290 12.18 1 0.09 13.00 3 2.12 320 2 -0.06 4.70 3 0.71 323 1 0.89 0219 2 -1.02 0455 1 -2.38
291 11.67 1 -2.38 12.74 3 0.77 3.05 2 -1.07 4.58 4 037 318 1 0.14 0279 1 116 0.483 1 0.51
292 1256 1 1.94 304 1 -0.36
293 12.80 3 1.08 321 2 0.00 486 3 1.17
294
295 12.13 1 -0.14 12.54 3 -0.25 326 1 033 3.10 1 -1.04 0.223 2 -0.87 0478 1 0.00
296 12.07 1 -0.43 1272 3 0.67 3.17 2 -0.26 4.06 2 -1.11 321 1 059 0.224 2 -0.83 0.476 1 -0.20
297 12.13 1 -0.14 1273 3 0.72 331 1 209 323 2 1.02
298 11.97 1 -0.92 12.72 3 0.67 3.09 2 -0.80 4.67 3 0.63 3.11 1 -0.89 0.254 2 0.25 0.475 1 -0.31
299 1245 1 1.40 1243 3 -0.83 332 1 074 447 2 0.05 3.06 1 -1.64 0292 1 1.64 0487 1 093 306 3 234
300! 12.38 1 1.06 12.02 2 -2.95 3,57 1 242 438 2 -0.20 3.10 1 -1.04 0.268 2 0.76 0472 1 -0.62
FEL: z-scoreDHIC P A A L7z b O, #HEA3EL L0 b O TH 5.
H2 1 AREONoMIE, HF A RT. ASHEFOLB) Th b,
oy W7 A S g RSy ALY e FRLTLFRY L ()
No.ibiE  No WK  No iHIE  No MK No i NoEHIE  No K No. MKk
I R o T 7 T U 12T e R
2 20f 2 PAREEIER v 2 Bl 2 20f 2 JIRERE ) 2o R A
3 ks 3 oM 3 PEs T 3 2ol 3wk a~ b5k

4 BEHTHE

5 T of

4 Z DAy

4

PR E T
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DAHTRAE (4)

e - ; PES) -
Koy H7zABHE HUK Sy BRI L N il ign VEDZ S AVt
/’}Tﬁ ﬂé‘ No. z-score; ﬁ>*ﬂﬂé‘ No. z-score; /’}Tﬁ ﬂé‘ No. z-score; ﬁ>*ﬂﬂé‘ No. z-score /’}Tﬁ ﬂé‘ No. z-score; ﬁ>*ﬂﬂé‘ No. z-score /’}Tﬁ ﬂé‘ No. z-score; ﬁ>*ﬂﬂé‘ No. z-score é
(%) (%) (%) @h) @b (g/kg) (g/kg) (g/kg)
839 1 -0.22 65.80 2 -0.45 1596 1 -0.33 284
832 1-073 65.08 4 -1.56 1592 1-0.71 285
839 1 -0.22 66.71 3 093 1597 1-0.23 286
851 1 0.66 65.53 4 -0.87 1598 1 -0.14 1819 1 0.54 287
822 1 -147 66.57 3 0.72 1598 1 -0.14 3440 1 4.54 30.83 1 1.29 288
837 1 -036 65.12 4 -1.50 1594 1 -0.52 3121 1 -0.13 3185 1 233 289
837 1 -036 6599 3 -0.16 1611 1 1.08 290
830 1 -0.88 66.56 3 0.70 1592 1-0.71 3229 1 145 29.82 1 027 291
853 1 081 1754 1 -0.17 3155 1 036 29.01 1 -0.54 7.6 1 033} 292
66.50 3 0.61 293
1776 1 0.07 294
850 1 0.59 66.09 3 -0.01 1590 1 -0.89 3192 1 0.90 295
833 1 -0.66 66.84 3 1.13 1603 1 033 1837 1 074 3211 1 3072 1 118 75 1 000} 296
837 1-036 64.74 3 -2.08 1609 1 089 297
828 1 -1.03 66.51 3 0.62 1595 1 -0.42 171 2 -0.30 298
873 1 229 6579 3 -047 1576 1 -2.22 1575 1 -2.14 7.0 1 -1.68% 299
8.57 1 1.10 63.45 2 -4.06 1580 1 -1.84 300
ARIT AL T hFTF kol ikl I UEET TV
No. 2 #TJ7ik No. Z3#7 7 ik No. 3 #T J7ik No. Z3#7 7 ik No. 3 #1 J7ik

1
2 ik

3 ZOfh

1 fk oyt 2L e

2 £ Of

1tk e

2 ZDft

1k oy by S e

2 £ Of

1 SRk T 2 e

2 ZDft
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x6 AFHOEITHER

X 4yl Koy M- BB FAREN FHHE LUK 5y
(%) (%) (%) (%) (%)
T2 218 225 195 145 211
A 12.16 12.59 3.21 4.45 3.17
R AL 2 11.54 12.01 2.77 3.40 2.97
R R 12.78 13.17 3.65 5.50 3.37
R fE 12.14 12.57 3.23 4.45 3.18
TR R = 0.20 0.19 0.15 0.38 0.07
EEREL (%) 1.6 1.5 4.7 8.5 23
95 %lEfEX ] 12.12~12.17 12.55~12.60  3.21~3.25 4.39~4.51 3.17~3.19
X 4y TN T I I MNCEEL SR MN(ERRRH7 He ve) B
(%) (%) (g(7I1f) k) (g(Ffy )
T2 147 159 35 35
L fE 0.247 0.478 30.9 26.9
TR FE T 0.165 0.449 26.8 222
g R 0.329 0.507 35.0 31.6
R fiE 0.251 0.478 30.8 27.3
PR = 0.026 0.011 1.2 1.8
BRI (%) 10.2 2.3 4.0 6.4
95 %fEHAX ]  0.246~0.255 0.476~0.480 30.3~31.2 26.7~27.9

E 1

2 z- A a7 OfxHED 3 UL EORFH 2R L TR LIZHRTH .
2 AT OFERED 3 DEEFYETH 5.

3 MN (BHEOME) 1L, TR FPI v AOREEEEN NV —H( Pz Vg
NEEREH LR THS.
4 MN (FARboArEERE) 1, =R T MU OLADOWIKY v~ 7T 715K OSEW

HERIEZ LR LR R TH .

K53 1 OEMEITHRE SN ENA DR LIZRERTH Y, Koy 213 K55 1 THRIHL

=7 BEMOHZITER
! K5y Mo B HLRSY HRITLH T RFvE
(%) (%) (%) (g/h¥) (g/ h¥)
F— g ¥ 212 219 204 44 32
| Hh o f 8.42 66.10 16.00 1.73 177.0
TR R 8.01 64.14 15.68 1.54 149.8
- RREE LT 8.83 68.06 16.31 1.92 204.1
R 8.43 66.00 15.99 1.73 177.6
5 Y 2 0.14 0.65 0.11 0.07 9.7
EEREL (%) 1.6 1.0 0.7 4.0 5.5
95 %o lEHEX [ 8.41~8.45 65.92~66.09 15.98~16.01 1.71~1.75 173.9~181.4
H 1 K51 OBEITERE SN ENSREM LR TH Y, K 21XXKS 1 TRIL

2 z- A a7 OffHED 3 LLEORFH 2R L TRE LIZHRTH .
2 AT OFERMEN 3 OEFMETH 5.
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x8 DHMOEMER

x4y & [iikia I UBRET T IL
(g/kg) (g/kg) (g/kg)
T — 2 77 73 38
. R 31.30 29.55 7.5
TIREE R E ™ 29.25 26.59 6.6
FIRBE R 33.35 32.51 8.4
EEIE 31.35 29.65 7.5
5 TR 72 0.71 1.08 0.3
ZENRE (%) 23 3.7 3.7
95 %fEHEXE  31.19~31.52  29.39~29.90 74~7.6

W1 K1 OBMEITHE SN oEN SR LR THY, X552
XXy 1 TR Uz -2 a7 Oty 3 DL EO R EE2 R LR
HLERTHSD.

2 AT OfxHEN 3 OEEFMETH 5.

x99 EALEEMOETERE

RoHs — * = L Wt
R A Ty I —— FHil (%)
5}%‘&1 qj%/iz /}\%Ej %

&9 L A Z L35 123 0 0 123 0 100
< A o 17 51 68 30122 1 99
/I F 10 47 65 6 118 5 96
K oda oA 3 10 0 42 30 72 51 59
ZoF oW o~ 910 0 40 24 64 59 52
VA R = Wi /RN N 7 5 98 15 118 5 96
£ %] 3 1 3 97 101 22 82
TNT 7T 7= )b 3 0 50 70 120 3 98
o A A Ry BN 3 0 0 79 79 44 64
= 1 2 0 0 121 121 2 98
1 B LEEBOHE S NDEEGFHEDN 15% L EefESnT-bo.

2 BRHLZFEEOHEE SN DIRAEIEGN S %A E 1S %A ERESINTZDO.

3 MR LEEREIOHEE SNDIRAEIGH 1 %L ES% R EHRESNTHO.
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x£10 ESLEERMUSNREEBRESAEZLD

B4 E2 Wl Sy Sl
B/ 2 5 2 9
K& 3 1 0 4
E RO 0 3 1 4
K H K 0 1 3 4
TAZ 0 1 0 1
KEMHT 2 49 8 59
HEITAT 0 9 13 22
RIOii VRN 0 4 4 8
IR iSp/RN 0 1 1 2
TR 7 T 0 1 0 1
HT7ITU— T 0 0 1 1
5TF 0 7 2 9
ARGV == Rk 1 3 0 4
a— T NT T 4—R 1 1 2 4
FI=—T4—R 0 2 0 2
a—2 )T I—)b 0 1 0 1
Fh 0 0 1 1
FXLI—)L 0 1 3 4
SEE w5 0 0 2 2
TP —I—b 0 0 2 2
UNZ LS BTN 0 0 36 36
Bk 0 4 0 4
& 0 0 1 1
BATAh 0 0 1 1

1 B LEEBOHE S NDEEGFHEDN 15% L EeRESnT-bo.
2 BHLZZFEEOHE SN DIRAEIEN S %A E1S%AHERESINTZDO.
3 MR LIZREIOHEE SNDIRAEIEGH 1 %L ES% R ®RESNTEHD
8 BHMOEBWHBERRUEERE
PIF, OWrEB O FE SR CIlE, MBI T 2T — % Tu A MECEKSL z-2aT7 2R,
ZORERHEDS 3 A DS EE BEEE U CTERL, VFHME, BEERZEROHEIEEREERDT.
8.1 ARE (WHAIEE HELA R DT #E S
H K 4
SINTENE 218 HEFOME R H Y, B NA MEICL D -2 a7 OMXHEN 3 LLEDO L O1E 13 14
Thotz., ZNHEBRWIEHMEIT 12.14 % T, ZD 95 %EHEXFEIX 12.12~12.17 % ThH - 7-.
IHTERIOEATFERIX, LT LB Tho7.
BT IR HETIE, 213 1 (9D z-2A 2 7 OfExHEN 3 L EDO L DX 12 ) O®RERH D,
ZDOEE, FEAER 2= L ORI RHE R 2213 2 2 12.15 %, 0.20 %K V1.6 % Th - 7=,
Z OO IFIETIE, TR OB Z AW 5 Eo®RENDH - 7-.
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2) M7-ABHE

ST 225 FOHERH Y, B AR MEICK D z- 2 a7 OfaxHE?y 3 LLEDO o 11 14
Tholz. D ERWIZEHMIZ 12.57 % T, 20 95 %EEXMEIX 12.55~12.60 % Tdh > 7=.

THTER OfRATFERIL, LT LB Tho7.

BRI HT FEE - BRI VEIR UL T, 14 (5D -2 2 7 OfEkHER 3 LLED b oiE 1
) OWENDHY, TOWREIME, FEAERZELK OHEERZ T ZNE 1238 %, 034 %&K O
27 % CTh o7,

FREL Y HT FLE - AR U FRVAIR UL T, 30 (9D z-A 2 7 OfEkHED 3 LLED b oiE 1
) OWERH Y, FOWEIHE, FEHERZER OHEERZILENE 12.55 %, 027 %KW
21 % CThoT-.

FRBF AT B UE < REEVETIE, 115 1F (9B 222 a7 O#HED 3 BLED & DI 5 1) O
DV, TONVEE, FEAERZEK O IEEREITZNLZE 12.61 %, 0.15 %KX T 1.2 %Thd
STz

BB L D HETIE, 651 (95 222 a7 O#xtEn 3 LEDO S DT 3 1) o#ss
DV, TONVEE, BEAERZEK O EEREITZ N 12.55 %, 0.17 %K T 1.3 % Toh
STz

3) CHAEWS

SINTEIZ 195 R OHENRH Y, B AR MEIZK D 2222 7 O EN 3 L EO DX 7T
Holo. TNHEBRWIEHMEIL3.23%T, 20 95 %EHEXMIX 3.21~325% Th - 7-.

IHTERM OEMTRERIE, UTD LB ThoTz.

AT BEMETIE, 123 0F (DD z-2 a7 OffixHE? 3 L LD b DI 4 1) o®ERH D,
Z O, RS O SHEER 221X E T4 3.28 %, 015 %L D45 % CThH 7.

BEIITEIC LD HETIE, 71 (96 -2 a7 OisHER 3 BLEDO S DX 3 1) oW
NV, TONEE, EAERZEL OCHESIEERZITZNE 315 %, 0.12 %M T3.8 %TH-
7.

4) CRLAAE

SN 145 HFOHRERH Y, B NA MEIZK D 22227 OMHEN 3 L EO DX 2 T
Holo., TNHEBRWIEHEIL 4.45%T, 20 95 %IEMHEXMIT 4.39~451 % Th - 7-.

THTER OfRATFERIL, LT LB ThoT.

fARE AT L UE - ERE LTI, 18 ROMENRH Y, T O VLIME, FE AR 2 M OV o 1 U 2
IXZNEN 447 %, 030 %M TN6.7%ThH-oiz.

FRDBE I HT ELVE -« AMEIETIE, 84 1 (9B -2 a7 OMaHEN 3 UL ED b DIE 5 ) D@k
NV, TONEE, FEAERZEROHSEERZTEN T 4.28 %, 030 %MV 7.1 %THh -
7.

HEITHIC L D HETIE, 381 (96 z-2 a7 O#HEN 3 LED S DT 0 1) O
DoV, TDONWEE, FEAERZEL OHSEERZITZ TN 4.67 %, 031 %% 6.6 %ThHh -
7.

ZOMDGIETIE, BB TR VHHMER E ISR 2 W2 HIEF O S thoRE 18 H -
7.
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5) HLIK5>

SHHEL 211 hOHERH Y, v NRA MEIZE D -2 a7 Ot E? 3 LLEO b DI 13
Tholz., ZTNHERWZEHMIZ3.18% T, 2D 95 %fEEXMIX 3.17~3.19 % Th - 7=.

IHTERM OEATREFIE, UTD LB ThoTz.

FAEF AT EAETIX, 208 1 (9 B z-A a7 OMEXHEN 3 L EDO b OIE 13 ) OWMERH Y,
Z O, R 22 K ORI R R 221X Z L4 3.18 %, 0.07 %X TN 2.3 % Th - 7=,

ZOMOTFETIE, BEIOHEBICLZ2MEED IFORENH -T2

6) WD A

INTIEIE 147 R ORERH Y, B AR MEIZEL D -2 a7 OftxHER 3 L EO b DI 4 4T
Holz. T ERWZEHMIZ 0.251 % T, IO 95 %EHEXMEIT 0.246~0.255 % TH - 7-.

IHTERM OENTRERIL, U TD LB ThoTz.

FREHIHTREUE « 2 UBRT VB =T AETIE, 231 (OB 222 a7 O E, 3 LLEod
DT 1) OWMENDHY, ZOFEE, HEHERFZEL R ERZIZ LN L 0.273 %, 0.029
%M TN 10.8 % T~ 7=.

FRRL M FEHE - TSR YEEEE T, 1191 (D6 z- A 3 7 O HER 3 LLED S DX 3 14)
DW|MEN DY, ZONEIHE, FEHERZER OMERER 22X ENZET 0.246 %, 0.023 %X 9.4
% CThH o7,

ZOMOIFETIE, ICPIZLHWE, FL— MEEBEEFED SHoRERH T

Vv

SIHTEIE 159 HFOHENH Y, v AR MEIZK D z-2 a7 Ot 3 LLEo b ol 18 £
Tholz. D ERWZEHMIZ 0478 % T, 2D 95 %X ML 0.476~0.480 % T - 7=.

THTER OfEATFERIL, LT LB ThoT.

FAEF AT HEAETIX, 1551 (96 z- A a7 OMHEN 3 L EDO b DIE 18 ) OMERH Y,
ZOWEIHE, FERERZE K R ERZ LN E 4 0477 %, 0.010 %4 2.1 % Th -7z,

ZOMOFGFETIE, ICPICLBHE, TV 7T U HERNEESED 4 FOWMENH - 72

8) TRV FRUTA

BEANETIE, OMMEIZER V> Y v ABRMEE CREAR) 77 7k 5
MENKLETH L0, SEITMESNR2WOITEORE CTH D720, FRH T I X 2048
EEDOMICENECLAREEN D200, TLESHEL THERH L.

BEONE CREEEEE RN T —A( V=7 v avrik) Tk, OFEIR 35 odsnd
D, BANRMEICED -2 a7 O EN 3L EO b DX 1 ThoTe. T ERW IS E
1% 30.8 g(J1fil)/ > T, 2D 95 %lE X2 30.3~31.2 g(Jiff)/ b > T -7z,

FARL AT EEYE (KR 2 v~ 7T 73R R OBRAW RN E &IE) T, S0rEE 35 fFoms
DoV, BNANMECZLD -2 a7 OMHEN 3 LEOL DX otz. ZOYHEIL 27.3
g/ R 2T, T D 95 WlE XML 26.7~27.9 g(Jifi)/ b TH - 7=.

THTEROfEATHERIL, LT LB ThoT.

BHEHTE  WEERETIE, 211 (95 2237 OHeHEN 3 L ED B DI 0 1) o
HRHY, TOVEE, FHERZEK OCHESREER AT ZNEh 30.8 g(Aft)/ k>, 1.3 g(Fffh)/
Mo kN43 % Tho Tz,
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BRAME s 7a—A vV 27 v a U ETIE, 141 (96 2237 O 3 LLEo

HOIX 1) OWMENRDHY, ZOVEE, EHERZELOHEERZIXE N 307 g
k11 gy b 3.6 % TdH - 7.

BB T I HE < K7 o~ N 7T 7IETIE, 29 (9B -2 a7 OffixHE»? 3 LLED b o
X240 ORERDHY, FOVMHE, FEHERER CMHSIEERAITZ 210 26.6 gy ko,
1.2 gy > V43 % Th o7z

R AT SR TE - AR EBIE T, 61k (9B -2 a7 OHaxHE, 3 L ED S DI 0 4)
DHEN BV, ZONWYIE, BEHERZE KL O ERZIXE L E 4 29.4 g(ifli)y by 1.1
gy h P BRN3.8 % Th o7,

8.2 B#El (faky) bR R
nH K 4

SIHHELE 212 FOHERH Y, B AR MEICK D -2 27 OfftcHED 3 LLED S 1% 18 14
Tholz. ZTNDHERWIZEHMIL8.43% T, Z D 95 %l HEX ML 8.41~8.45 % Th - 7=.

IHTERM OEMTRERIL, UTD LB ThoTz.

FAEF AT EAETIX, 207 1 (D B z- A2 7 OMEXHEN 3 UL EDO b DX 16 ) OWMERH Y,
Z O, R 2= K O HEE R 221X E N Z4 842 %, 014 %L DN 1.7 % Th -7,

ZOMDFETIE, EBIREEELUINOEIERE WG AEED SHEORENRH - 7.

2) M7-ABHE

IHTEIZ 219 R OHENRH Y, B AR MEIZK D -2 a7 O EN 3 L EO DX 9 T
Holz. THDERWZEHMIL 66.00 % T, Z 0 95 %FHEXMEIT 65.92~66.09 % TH - 7-.

IHTERM OENTRERIL, U TD LB ThoTz.

FREL M B E - BREAAE YRR GE T, 12 1 (9B z- A a7 Ot E»? 3 Lo b oid 0
) OWENDY, TOWEEIME, FEAERZE LK O EERZ T ZRE 6531 %, 0.66 %X
1.0% TH -7z,

BREL M FELE - AR U BRTAIRBUE T, 28 1 (9B z-A a7 Ot E» 3 Lo b oik 2
) OWERH Y, FONEIME, FEHERZER OMHEER 2L ENE 65.66 %, 0.69 %K
1.0% TH -7z,

FRLEH T FEUE - BREBEIETIE, 1121 (D b z-Aa 7 OHHEN 3 L EDO b D1 9 ) oWk
DV, T ONVEE, FERERZEK O R ERZEITZ N E I 66.35 %, 031 %KX 0.5 %ThH
STz

HEVOIRIC X D HIETIE, 66 1 (95 z-A a7 Ot E?s 3 LEo b o 3 ) o
DV, TONVEE, FERERZEK O EERZEITZ N E I 65.48 %, 0.61 %KXT 0.9 % ThH
STz

3) KKy

ST 204 FOHERH Y, B ANR MEICK D -2 27 OffakHED 3 LLED & o1% 10 4
Tholz., TNHERWIZEHMEIZ 1599 % T, 20 95 %EFEKXMIL 15.98~16.01 % Tdh - 7=.

IHTERM OENTRERIL, UTD LB ThoTz.

AR AT EEMETIX, 201 £ (96 z-A a7 OHEHEDL 3 LLEDO S DX 10 ) OWMENRH D,
Z DL, A 72 M OV M B 22 13 E 240 15.99 %, 0.10 %X Tr 0.6 % Th - 7.

ZOMOFETIE, BEHOTEEICLIDZMEFED 3 HORENRH 7.
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4) TRITA

NI 44 HFOHRENRH Y, B NR MEIZKLD -2 a7 OfxHEn 3 UL Eob ok 7 4T
Hol., TNHEBRWEEHMEIT1.73 g/ b T, 2095 %EFEXMIX 1.71~1.75 g/ h > Th o
7.

THTER OfEATFERIL, LT LB ThoT.

B AT ZEYE « TREEH IR TIE, 144 (OB -2 a7 O En 3 Lo b oix 3 4F) o
WEDNHY, TOYHME, EERZEL S EEREZTIZNEIN 178 g/ b, 0.04 g/ F o KR
24%THoT=.

FRDBE T B VE - 5 1ETIE, 28 1 (9B -2 a7 OfasHED 3 UL ED b 0L 3 #F) D@k
DY, ZONEE, FEERELOHMMEERZITZENEN 1.72 g/ h 2, 007 g/ b kTN 4.0
% T o7,

ZOMOIFETIE, ICPIZLDMMEFED 2 FOWMENH 7=

5) = hFxIF

SINHEE 32 HFOMENRH Y, B NR MEICL D -2 27 OfxHEN 3 LLEDO D% 6 1T
bHolz. ZNHZBRWIZEHMIZ177.6 g/ b T, ZD 95 %IEMEXHEIL 173.9~181.4 ¢/ b T
HoT.

OYMHEIE T R CEEM T I L DS TH Y, T OEEERZEL O EERFZEITZREN
97g/ b KIN55%TH -7z,

8.3 DK (IFAMFHEEWM T LI v 7 R) DT R
1) &

SINHEX 77 tFOWMERH YV, BN MEICL D 22227 Ot EN 3 L EO b DX 4 #:T
Hol=. TNHERWT ML 31.35 ghkg T, Z D 95 %IEHEX X 31.19~31.52 g/kg TH >
7.

IHTERM OEMTREFIE, UTD LB ThoTz.

FRABH AT REHETIE, 74 1F (OB 222 a7 OMEHEN 3 L LD b DX 4 ) oWERH Y,
Z DO, FEUENR 2 K O R HER 221X Z v 31.38 g/kg, 0.70 g/kg V22 % ThH -7z

ZOMDOFETIE, ICPIZLHMEFED 3 FOWENH 7=

2) #

INTEIE 73 HFOHRENRH Y, B NRA MEIZKD -2 a7 OfExHEn 3 UL Eo b ok 3 47T
otz ZTHHEBRWEEHMEI 29.65 g/kg T, Z D 95 %IFHEX 1% 29.39~29.90 g/kg T >
7.

THTEROfRATFERIL, LT LB ThoT.

R EEHETIE, 70 (OB z-Aa T OMIHEN 3 LLEDO L DIE 2 1) ORERH Y,
DN, R A R ORIV E R 221X 2 2 29.71 g/kg, 1.15 glkg X TV3.9 % Th o7z

ZOMDFETIE, ICPIZLHMEFED 3 FOWENH 7=

3) JZUBEET VTV

I 38 HEDOMENRH Y, B NR MEICL D z-2 27 OfxHEN 3 LLED b 0% 3 4T
Hotlz. ZTNHEBRWEEHEIL 7.5gke T, 20 95 %IEFEXM X 7.4~7.6 g/lkg TH - T-.

OINHEIE T R TR ORI L 2 METH 0, AR 2K OCHHEEF 21T Z 2 0.3
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gkg KIN3.T%Tdh 7=,
8.4 C &Kt (BEEHFE) O ERE

BE L 10 BEOFE ORI & ZDORAEEOHEZIT- 2. FEHEAGE S OHETIX, 15 %
Uba%ZE, 5% E15%RMEZHE, 1% ES%RiizVEE L THEEZRDT.

123 HFDOMERH Y, BE LRSI S |ENH > 2R EHE 24 B TH o 7.

BE LIJEEHZOWT, &5 6AZ L (REHEIG 35%) 1%, 1234 (K= 100 %) O#MEMN
Hv, FEHEAEISOHEDONFIZZEN 1231 TH - 7=,

~A4u (BREEE17%) 1%, 1224 RHEE 99 %) OBMERH Y, TONRILIZEN 511,
HEDN 681, VENIHETHT.

NECQREEIE 10 %) 13X, 1184 (BHE 96 %) OWMENH Y, ZTONRITLEN 47 1, +
=N 651, bEN 6 THo T,

Ko GREHEIS 10 %) 1%, 72 #4F (B 59 %) OWENRH Y, TORNFUTHF ENR
a1, LENIHETHo T,

TEMWMNAT (REFIE 10 %) 1%, 64 (BHE 52 %) OREXRHY, TONFRITFEDR 40
e, LEMN224ETHo .

l-RmrT BREFE T %) 1L, 1184 (BRH=E 96 %) OHRERHY, ZDON
i, ED 981, DEMN IS TH T,

o (RAHEA 3 %) 1E, 101 (BRHE82 %) OFENRHY, TONRIFZEN 14, P&
N3, DENITHTH ST,

TNAT7NT77 =L (BREEIE 3% 1, 1201 (MHEI8%) OWMENHY, TONRIZ
HED S0, DENT0HETH ST,

R U L (BEES 3 %) 1E, 791 BHEE 64 %) ORERH Y, TONRITD &N
19 CTH 7.

B QRAHIE 2%) 1%, 12114 BRHEE I8 %) OWENH Y, TONRITVEN 21 4 TH
> 7.

Mo THRHINIFEE LTI, KEMMrTARLEL, 59 FoRERH o7, kT, U
VBRIV T BH 36 1, B EITIHA T 22 4 LTz,

ITZ &N S

%

X H

1) Michael Thompson, Stephen L. R. Ellison, Roger Wood: The international harmonized protocol for the
proficiency testing of analytical chemistry laboratories, Pure & Appl. Chem., 78(1), 145-196 (2006).
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YRR 28 GFEEERREE O el EURHT & D ATl E i R

1. B ©
R EHR A PR R . kL - BTRHRIN RLE ST . REI M REBISE &2 x4, ek o i@

BHC X 20T E 21T 9 2 &2 X0 ot R OEEEM OMeRrm LA XY | e TotriEs it
B L. SRS O IEREE R M EE O ERICE T D,

2. H@EEHEoORNE
AL AR E F A R
BB Mk
C Bt 8 7 A Bk JRHE A 50k
DRl ZHM BRI v 7 X

3. Hir#EEEAE
AGREE - - oKy, Ml ABE, MBI, BMHE, MK, Ao n, U EER T
FThrU A
Bkl -« - Ky, HEEABRE, MK, I RITVLAKROT bF ¥k
CalBl -« - fBHEE OB K ONR & RIG OHEE
Daltl - - -4, Hp ROy = BET TV

4. SyNTHEE EE
(1) B EF T, TEEH T EEYE) CEAC20 424 A 1 BT 19 THZH 14729 524K
KEAME - RERREBEMN CED S FELD TEEE ORI Oy MR SICE T 54
BO—E L ET HESEORITICONT) (BEF 5349 A 5 BHAFT 53 B 2173 B, 53
KIRE 464 5 RMOKEE GPER K KEITRE A B ONERICHLYY )~ F Y
TAXITER YT M) UL EZEGRREBOEEGIEICHER L T 7ZE 0N,
BB, BEETICING OOIEORE (BB AT EUESE (hFy) ) 2R LET,
Fio, BoMEORREIC, HEHEREEDO —flZ2TLHLELLEZOT, BBLLTFIN,
(2) ERSICRLESHEEHHED Y B, FRRBICBWTCEMAGEREA (2HA TR TH
A AZOW TR OEEZITV, G LTSN,
(3) BRBIOT FF T F L OpHICHWLIEREL L, SEEM LZbOZMEHL T 230,
(CHRZAEAE S IR IR LT 2 &, )
(4) LHEFCEHIMBEEIZRE L, BEHT 2RI, HIRICEL T ZE0,
(5) #EEHOHHE (Bl X, H-ABEICBT 27V E — WEROYREEE) Ik > Tofr L8
B, ENEhOSHEEZHRE L T ZE0,
5. SyHr e RO oW
(1) BWHE R OEER ROV TIE, BIRO TR 28 4 B RS o @itk & 5 i e
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FERMEE] ICFHRAL, #ELTIEIN,

(2) obrfEiE. Ko, iAo BE. MIEN . MiE, IS, Do L RO 250 TEE%
T, BERX VU T RU U AZONTE gy b T, 8, RN = UERE T VT LICD
WTlE ghkg T, A RITA, T hFTFUICHONTE g FrOHEMTERLLTLIES N,

Koy, Moo BE, MBI, BEHE. MKy, 7 FI DA, @R OHEHOSIEIL. /NER
UTHEIMENEREALTHE2MET, HATTARNY v OSPHEZ/ NS LT 47 %
WEEHALCRIFESMET, EX T RITAL T hFXFTF UKV ZUBRET T VD
IHEIT IR UL TS 22 R AL CRIZE LA ETRRAL T EI N,

SHTER AW o sm S, HEMOZLFEZICOMEZA L, 2 O 4 @A FHEENC
eV, FEALTL &0,

Flo, T EORRFHERONIZ, TOELRALTIEE N,

KAEDWT, Ei g2 A\ CERB IR OIS LY BIE L2 S eI, (1 et
N EHE | IR L CL 2V, EIREEEE LS OB 2 W60, BRI 2 ] T
D3, NEEEE, R BRI EEE ORI L B 2501, (2. Zoftho Hik] 23R,
WIERD A=A, WERMFOFMELAL TIIZE N,

MIZABEICOWT, MmN 7 AGHMOKEEEZHVCTABEL, Ealby ME
ZAWVWTHE LS aIZE M1 otk (Fa g — ik (REEEEERRINE) ) ) F
Tk T2 Rt Rt (T F vk (R BRI ERGE) ) ) 2R L TSRS B
BAREES CARG, MELLSOIE T4 B8 28R TI{mE,

nE, JTUBEITUTN, TEXRURFURPERCV U NI A (RIKZ Y NS T T
B) oW LIeSa 103, EEEEAORBHEIRDO 7 a~ N7 7 A& 1 EZIRMF L TS0,

(3) EEMBIT, B LR Z2@EE (4) O OB LR ORI &8 A TR
BIAMICFEEA L, HESh2BEAHAIX. 28 (1 5% L) | & (5%LLE1 5 %)
OV (1 %LLE5 %R OMIZOMZA L TS0, 1 %R0 E#HE IS RHEMIT,
MR EHA I ITREA LW T 7Z a0, 2, CREHTIZ 1 OFBEOFEE RS L TWET,

B TEIE, YT 2 FICOMERM LT EE,  (BHEIE )

(4) o O—EZ2RORREECEE LIHEIE. ZORREAL ZHEBEMICTEAL T EE W,

(5) Pplk2849 H 23 H (&) FTIZMmELTIEIN,

(6) WMEET, TR T 2N ERERBEREICLD PRI TR ELITEM LTI EE N,

FKHIBR
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ok 28 A B R R O @ EBHT KX D o T B E RS RS F x50

B RS, HEEES
TEL
(1) AFBEE it B B
ST Ry 4 SIMTE i =
K75y 1.} oy A ik Y
(%)|2. DD TFIE (
HizABaY LA AT EEE (v & — 0 iE (R R W IE) )
2EREHINTEEYE (L E —viE (R U BRI INE) )
MBI AT ERYE (BRBEE)  (OF-0-) (FU0)
4. BBV TS (-h-) CEw
(%) |5. 2Dt Ik (
HLAE R 1.} oy A i Y
2.HEV TS (A-0-) CEw
(%) |3.Z Dt Ji ik (
L lHfE 1R AT FE Y (R E i)
2B AT R (A iiE)
CHEV T (A1) CEw
(%) |4.F DTk (
LK 53 1.} oy A ik Y
(%) |2. 2Dt J5 ik (
VNIRRT N LEBI ST S (v 2 U7 =T A1)
2B AT BEYE (RO R 1)
(%) |3.Z Dt Ji ik (
y 1.} oy A A
(%) |2. 2Dt J5ikE (
S A 1R E & A
ZARNDRA 2HERE (Tr—A Yz v a k)
3k e~ N Tk
LC (=1-4) (B =)
ttigs (F-1-44) (B =)
T 5 (=h-4) (B =)
(N mm, & & mm, HiE pum)
(V) M) |48 A = TE Bk
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(2) B#E ot A B
Gy BT 5 44 5y BT it i %
Koy 1.} oy A ik Y
(%) |2. 2 DD Tk ( )
A HE LAY BT e (V2 — ik (RRERAE HERE I iE) )
2EAEHIHTHEE (L H = E R O BRI IE) )
3BT EEYE (BRBEVE)  (f—h-) (B
4. BHEV TSR O-0-) (B
(%) 5.2 Do FikE ( )
HLIK 5y 1.} oy A A
(%) 2.2 DD FikE ( )
RIT A LERDBE o> AT B (B i)
2B T R (T 55 15)
(/M) (3. Z DD 5 ( )
T k¥ 1.} oy A A
v T S A
LC (f1-%) (B =)
Mttigs (F-1-44) (B
T 5 (=h-4) (B
(NEE mm, & & mm, B7E um)
(/M) 2.2 Do 5 ( )
(3) DEEBE Zrprh A R
Gy BT RS 44 Sy BT fiE i %
i 1.} oy A A
(g/kg) 2.7 DD F5iE ( )
G 1.} oy A ik Y
(g/kg)| 2.7 DD FikE ( )
V=g 1.} oy A A
EF TV W& e
LC (f1-%) (B =)
Mttigs (f-1-44) (B
T 5 (=h-4) (B
(NEE mm, £ S mm, B7E um)
(g/kg) 2.2 DD F5iE ( )
(4) CRlEl #EkR B 5
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f R R REEE f2 5 1
S8 PR VR | AR 2:EEAE 37V EE 4:% Ot )
Zwm HE V8| LWIR 2L 3TV LB 4:F O ( )
L8 TR DR | LEIR 2:ERAE 37V A 4.7 O )
S8 PR VR | AR 2:EEAE 37V B 4:% Ot )
28 PR VR | AR 2:EEAE 37V EE 4:% Ol )
L8 R DR | LER 2:EREE 37V AL 4.7 O )
L8 R DR | LER 2:ERAEE 37V AL 4:F O )
L8 TR DR | LEIR 2:ERAE 37V A 4. O )
L HhE D8 | 1HNIR 2:ERLEE 3:TVH)LEE 4:F DO ( )
S8 PR DR | AR 2:EEAE 37V EE 4:% Ot )

Sk 15% 80k, PR5% L 15% R, R 1% L E 5%
M) 10 IO FBHER A LTS,

B RN D BIR
K% R FE TAxE INZ& INE Ky
Eo9bAZL ~An R/ S ISP S Xy v
BNE RS = » K B — L a—VINTFUT 4— R
Ay Y—=v /XLy b RI=—T =K a—rr/rFri-n HECHMT YT I U—lnT
Agr eVl N LGES (PN Ll TEMNT PNIFR /R
J1 AR > 7 T A TxHPF—I—  FFrI— Ak
FAT 7T 7 I— E— 3L XA F s T S MR
I E R BA7 A4 bk B IREETI VY T I U BRIV T

(5) RFEEOFEmEAF [FE%SOIL@REHC L2 0l E] (CBEL T, BA. B, BE%
MWHATFEAL TS ZE,  (BIHT S )
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HEEH
1 FHEPOEEMEZEDE=_F)VIJTEDHERICONT (FrK 28 F£E)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2016)

R 22 iR AT R 5 —
FRPBHE E 5

{11T= ]}
S 3=

1 B i
fAEHE O AMNRK L 2o T, FEEEY (ZE%E0W, AL, Tofhosfictisns£EY T
ANDWEREEZZRHIBENRH L b D) WEESH, NIFEHTWENEL DT LICX 0 EEY
DAEFENHESND Z & Z2BIET 25 BN G, SRR SV Ol & OMEE Ok IC B+ 5 ik Y
(LR TERFZ 2L ). ) B3RS 1 HOBREICKSE, R K ORI O Rk ks %
CBET5ES Y (UT TROBKBSES] Lo, ) 2BV, fEh oA EWES DK R
(LLF TESREMEM] Lo, ) BNEDBI, £7-, FEOAEEWE OIS ILYER VLY Y
(LT MREEAEEEm) L0 9. ) I2BWT, fEHROREYE % O G IL MM K OVE FILHEE
(LR MEEREES) ). ) BREDLNLTWD.
MNTATECE NEMOKEW B Lt % — (LLF TFAMIC) &9, ) T, fidkhopriiue ¥
FILHESINTFEZANT, AFAEELCREEEEESEOHEGRNOE=2 ) 7 K OVE T
P, HEEEMRESNRESN TV RVWEEDEFOZHAERLZLEST L0 — AT R
LT TE=2U 7% L), ) ZFEBLTWS. 4, ik 28 EEDE=F U v 75Dk
RERD ELOT-DOTHRET .

2 A P
2.1 =XV U THEORGEE
Rk 28 4F 4 A BOFERE 29 4 3 A £ TOMIZ, FAMIC B2 SRAES, Lt 2 —, fl
By —, AlEE VY —, MR —ROEN T X =0, R EIEE 5T KOBEI
Ko, BHREETYE, EIRGER T, #EY A oS00 L O AR 2 L2 BHCERE L
Ttk A R e LT
T BV TEORE LR RO A E ISR LT,
22 EB=H Y U TEORRLSY
DTO =2 U THEOXGE Lz, ol, &N T 2=V v 7EERE ) D
BREICHT - TUE, FEORER, BEOHMMEERELMET L L & HIC, BIEAFEOXNRE
B, FHSN TS EEECLEELE.
1) AEWE
i DOFEKRRZY K77 A MEAFR (28 D)
7 OREREEENEDLN TS O (3K
EHHAZ LEOEIRAS FEHC ISR M I EHREEESED SN TWVWAST 77 b ¥
VY B, FEHAMABHIEHEEENEDONTWIET 71/ v ROFE &S HHFEEHCE
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HEEENRED LN TWVWDLTAF =N ) — L ERE L.
A TUANOIOTEE (25 5157)
fA BT FEIEIC FIENHE SN TOD LU FONDE 23 Ok K7 7 A MEAR
T2l Extg s L.
WO T 77 ¥ By, G, Gy, AT U~ U AF 2, HT-:2 ¥, T2 b %
VU, xA VT =F— ), THFL I UX, 3-TREFAT AR =L ) — )L,
15- T F AT HFL =L /) —, =L ) —), 7E=> By, By, By, &
77 b ¥V A, VRNV =V, BT TT =, BT TT N, BT T T
SV, BT TV )=, BT TV —, VT ERFVATANR — L KETR
T =N ) — 3T a v R
T RT7 7 A MNEAFR 2L IRNY KR Y FLAB
i EERE (455)
BHEEENED LN TNDI I RI T LA, KR, $hEOCOREFRE L.
i REE (130 fsy)
T OASEEEREDLNLTVDLHD
R B SEEBINESE 1 O 1 OICESEEFENED DN TWDLREIK 61 Do HO
39 sy RS & LTz,
A TUS DR
AR AT I HIEDRHE SN TWDRIED I B O 9l flimaxtg & L.
iv ZOMOEEDE (4 557)
FHEEENAED LN TND AT I DIED, REEEESIIED SR TWRWn, ik
FICEENTHEZEZ TRREOH DU TOEEME 3o Extg s Lz,
T hEBEREE R
A HEfHEAREE R
7 BREZ IV
2) BSE AP ILI24% Dk Sy
i Bhki-ABaE
RO BRE B T RNERE 1 O 2 ICHE SN AL G LT 56, Sk A A8 X
BBk AP E R FEE T AE TR OISR EIARE e SR E L.
i AREMEARKY
AT B EE D ARE 1 O 5 OITHE S LB M iiE & OV & Bhan Mg 2 x4 &
L.
3) WIRMAEY (FLEXRT)
AL TR & fRlRE e OV B AR S L 2 kP 2 & L Tz,
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F1 EZRYIEEFERLEEHRURH

B2 EOIRIREL A HBIORIA
HEWE BSEZA: [ 1 12 4R 23 ER AR
e R RE R @ skei- A e -
O "fg A I R txj: gEfuss ELISA  PCR ?&g 4;/;%
L i AR AR
HIH5E R 4 4 2 1 1
S EROH 6 4 2 6 1
KIHBERA 2 2 2
R RE 56 36 24 27 9
Tl E H 3 2 2 3
a7 —EE#iH 8 5 1 5 1
7 AT —EE %I 15 10 4 7 3
BEBAT—VH 2 1 1
EFL IR E RO 13 10 5 5 2
FIRERRA 15 10 4 10 2
PR AE 75 18 11 1 5 3
FEIKE R 5 3 1 2
Tl fia 16 7 2 10 3
i WBWEEAT—VH 2 2 1 1
R EEM A E AR 4 2 3 1
B FMTAEE R 5 4 2 1 5 5 5 1
W R 7 1 2 3 7 7 7 1
BE s a-pa s 49 39 13 18 49 43 43 10
SR E A 2 2 2 2 2 2
2R A 36 15 6 17 34 30 30 7
L A fE 1 1 1 1 1 1
P2 ) 6 5 1 1 6 6 6 1
HEBAT—VH 26 18 2 8 26 17 17
£ 15 15 1
LHBAZL - Sl AR A R 3 3
THRAEE (RS OB0) 3 2 3 3 3 1
Bk A VIR G R 14 14 14 14 4
T4 2 27 S R 1 1 1 1
WO A 1 | ) 1
RIS DR A L 43 1 2 1 42 re) 2 1
N E 381 197 9 135 15 195 172 172 56
R#E 1 1 1
JERAKRE 1 1 1
&7k 2 1 2
INE 9 9 4
&N 6 5 3
Bouk 3 3
EN ] 3 1 3
EHATL 51 51 51
~ A 4 2 4
AN EE 80 74 69
Hoian 1 1 1
Ko 1 1
P AUNGrA 13 11 9 2
z A=UYNTUT4—R 25 15 2 1
5 KERK 1 1
I BHAILYRAF T RS LAY 2T L (DDGS) 10 5 9
*9 =y 1 1
ooz 43 k) 34 7
RI=—T f—F 3 1 3
Z R 1 1 1
AN 99 65 82 11
TawI—L 1 1
INET VT SR TR 1 1
=2 NT =)L 6 1 5 1
i a—r vy n3I—n 1 1 1
f’i A T 35 1 1 1
Al ZTEMY 2 1 1 1
Jn NEAT 55 39 49 1 1 1 1
& Tefchihnd 26 9 26 1
wORMKREZAH 1 1 1
AN 1 1
UM 1 1 1
AN 96 54 88 1 1 1 4
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F1 EZHYIEEFERLEEHNRURE (RE)

T H OB

E=HV T HEOR SR}

HEWE BSEFA [ 1L I 2AR 53 B TS
e e kA HE .
i Tﬁ; WO EER R AT R Mj’ A wEfss ELISA  PCR %Eg; ZV;;
ek EE R MR
Z O ER 2 2 2 2
BEHHKE 1 1 1 1
g ICERIAR 1 1 1 1
by FERLI—L 30 2 30 30 30
B AR 81 21 9 11 81 81 81 27
T WEH (R—r3—1) 2 1 2 2
1 R A PR 24 I 2
B s 1 1 1
TPl 17 17 17 17
N 159 24 9 11 132 159 159 48
TNTFINT 7 7 1 7 6
faion 3 3
U —hA (FDDEE T, ) 3 3 3
Fnq 4 2 4
= oaron 1 1
& A—H LT T A 6 3 6 4
FE— 7 4 7
INRa— AT TR 3 2 3
TRy 2 2 1 2
NG 36 2 19 33 10
WA — L 2 2 2 2
e duaRgiiFiolg 1 1 1
% fil ek FH R 2 2 P 2
o DAL 74 74
i FEEBREINE 1 1
[ Ay s 1 1 1
e 2 2 2
i 83 3 3 5 5 5 75
& & 934 395 139 410 24 10 11 333 337 337 75 119

23 BTV T HIES
1) AEWE KOV O 55 8 FE0E
ABHT, SRMEMAEMENSE Mk, B, ®RELEZ. L5652 LERORE, kT
DEIEOMAEIR D@ N LY, RRLE
SR ECEHT, SREH AT B HESS 2 EOHEIC L VIR L 2.
2) @k A BB S O AT HEUEE
SBHE, STEMATIEYESS 16 T 1 ST LY, B, RELROHEE L.
3)  ARVEMEAR K D S AT R
FLHEHAE S BrakBRIE D OB IR IR ICHERL L 72k 0 FE PIc K v SRR L 7.
FWIEIIE A AT X v —Y) —HO EHO ST 2T, N7V 7T — (REN
300 mL) ZHWT /Ny F O EH, FEEACRTEHO 3 EFhroaEliEzsRRL, Znbx
BE L TRk E LTz,
24 HREBRFE
) AEME
i POBEKRTY N7 7 A FEAES
AR HT B HESS S BICHE SN HIEIC LV EE L7
i EeRE
fAR oy T LSS 4 A 1 fICHE SN FIEIC KV Ef L -
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e

i 3
BBy AT ZEHESE 6 TEICHLE STz FIEIc L 0 ki L7
v A7V
ARy AT FEVESS 7 B 7 I SN FIEIC K 0 FEE L 7.
v AR E R K O HERE = R
fRE oy T HE LS 4 T 2 Hi 3 ICHE SN FIBIC L FEh L7z
vi BRAZ IV
ARy HT HE S 7 3 S ICHLUE S FIEIC L0 Ehi L7,

2) B~ OBW R T A S O IR AR

LITFO3EEZHLTERM L. ok, BAMBOMRIL, Fadg s 26E0MLMRE
OB IR D BHERE DOHETIE (F) (LT NEARGRHETIE Lv). ) ek,
BEBIZHIE L.

i BB E
SRS AT R UERS 19 3 1.1 FLEAHIR O 1.2 BEMSRAZICH L-EE ik Yicky, B
B (BB HERER OFEL2HER L. BEFEOMELZX 1 IR L.
ii ELISA 75
FRBH Y HT HEERS 17 B 2 6 1.1 OGN E SN HFIEIC L v FEfi L7-.
iii PCR 35
L O HIBR A SEHE, B AT ELYES 16 =5 2 i 1.1 ICHES N HIEIT LD,

FHE K DNA ZXIRITIRAOEEZ R Lz, FF% 2 I — V%, WE S KO A fH

Bho 1%, fEMINTEMES 16 B 2 fi 12 CHESNEZFEICKY, K958k

DNA ZXtGITIBAOF EA R L. 7o, LSRR E U O H SUTIRA O Al EeME

Db HFENE, RN EES 16 B 2 & 11 MRICHE S FEIC kY, LRGSR

FAH AT 12%, B FhE L7z,
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By
—— | mmiffd. 55\ &
—— 1 g2 OXH =
LTSy
—— H YR o ed L A ARD
— S AN RS
—— 192053 T EE
% i
— sama L A8 (FE) (25 BEL 7= fBHEUHE A4 (STRA) TAil
—— DA
—— Ak EOEREZ100 mLO /L —h—|B T
TV I L
5 Y% KAk T N 2 ARIE20 mLA AN
—— 304> &b
KB
F—kamz chti i, Lismgbis GRESEIIC s £ CHDIET)
SEIRCEEE E

e BARSEE (5 2 50~1001%)
FIRTAMEE (55£20~301%)

1 BAHPOREMFOBEMBREESE

3) ANEEMEARHY
OB EESHNESE 1 O5D (1) OTICHESNEHIECL Y Eii L
4 PLEXRT
FAEH M R HEDS 18 B2 1 ICHE SN FIEIC KV Em L. 7ok, DEEL-V LT XTI,
135 R R % FEfie L7z

3 & e
3.1 AEWHE
) POFEOT K7 74 MEAFES

BB G EEE 197 41, HLRAEL 198 sl R OVZ AR 2 sl L, HRERREEENTE D H T D
777 hXTUB, BT TV U RORT AR =L ) — L EBETE 28 AT OWT, D
5823 MDE=H ) 7RI E L.

FRELEEERNED LN TVD 3RO DET=HX U U T ROFEREZHE 2-1 12, fREALREHESEN
EOOLNTNWRWNNEFERL R RT7 7 A NEABROE=F ) UV THEORRER 22 1TRL
7o, ERDPOVEFEICOVTORRIL, LTFTDLEBY ThoT.

i 777 k¥ B
BB EEE 179 A 16 mib Rt i (K= 8.9 %) , ISz b O DR KIMHEIE,
0.022 mg/kg, “FHIEIX 0.0020 mg/kg Th Y, FHELMEME (FLHAH 0.01 mgke) K OVE I
g B4 o5, 7aA 7 —aiil, FHAHFEH R OEFM 41X 0.01 mgkg, ZiLL
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SAOBEIRAGEEHT 0.02 mg/kg. ) 2B DL DE o7z,

EOBAZL 51 A 16 bt s (R 31 %) , BHIZb O DR KEIZ
0.037 mg/kg, “FHIEIX 0.0061 mg/kg ToH Y, EHILAER (0.02 mgkg) ZHXIZH DN 1 5

(0.037 mg/kg) & 7-.

T/, EOLAZ LOMLEIEY (DDGS) 3 80 b3 Shznoiz.

i Brovsv

BAIRAETEE 179 s 172 i b & du (BRHE 96 %) , HKRMEIX 0.33 mg/kg, FHIMHE
1% 0.034 mg/kg ThH Y, FHILMEME (ZEHEET Imgke) A DHDIERNoT.

BRI OFF B EE S ITED DN TRV, L9652 L 49 5F 47 Sl sn

(=96 %) , BRHIZ b OORKMIZ0.15 mgkg, FHEIT 0.031 mgkg TH-7-.

iii TAFT="1L/)—)L

BUIR AR 179 s 158 S b &7 (=R 88 %) , Ml Si7e b DO KT
0.85 mg/kg, “FIIMEIX 0.20 mgkg TH Y, FWEHEUEM (A% 3 » AL EOFERS FESM
fAEHE 1 mg/kg, 1% 3 » AU EOAHEEHT 4 mg/kg) x5 HDIERoT-.

BB O EEEESITED DN TRV, LI HAZ L 49 HF 45 Anbtisn

(=92 %) , M I bOORKMEIT 0.97 mgke, FHEIX 0.30 mgkg Th -7z,
EOBLAZ LOMLEIEY O —HTIIEEMOmNSDRH Y, 1 mgkg M2 THRIHSN
bDlX, a—r AT 70— R EH 78 (IKfE 4.3 mgkg) KUNDDGS 2 AH 1 A

(1.1 mg/kg) ThH o7z,

ERRLISNTIE, NE, NEBREOERBRE 15 AT 13 A bRHsh, RitEhizb ook
KAEIE 2.9 mg/kg, FHEIX 0.36 mgkg THo7=. F/WEDOMLTEIEY THDH 5T F 32 4
32 m bR E (BHEE 100 %) , RKMEX 1.3 mg/kg, FEIMEIL 0.39 mgkg Th -7z,
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B U TEORERIZONT (AL 28 FE)

EDE=

"
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#:2-2 IEEHAEBEEAETHOLNTLVELVDUERVFIVRI 74 FEESZOD
EZR)UTEDHR

IbRtEhIZb O

s BORE PHYME
(%) (mg/kg)  (mg/kg)

i TR e

E=HV T HEOX GRS (mg/kg) REL RE

T77hFT B 0.0003 331 5 1.5 0.004 0.002
T7ThET G 0.0003 331 8 2.4 0.010 0.003
T7Th%T G 0.0003 331 1 0.3 0.001 0.001
ATV TN AF 0.0003 323 84 26 0.009 0.001
HT-2h%3 0.002 38 21 55 0.016 0.009
T-2h%T v 0.002 356 37 10 0.021 0.006
FAVG=F— )L 0.002 356 1 0.3 0.011 0.011
DTHRFL AL L) — )L 0.002 38 0 0

YL /-X 0.003 356 0 0

=L — )L 0.002 298 27 9.1 0.10 0.031
3TEFNTEF =L )—)b 0.006 38 0 0

15- T2 FNTAFL =L ) —)L 0.006 38 10 26 1.1 0.27
TAX =R ) —)L-3- T av R 0.002 38 17 45 0.39 0.12
TE=L VB 0.0006 80 77 96 2.4 0.23
TE=LUB 0.0006 80 74 93 0.72 0.068
TE=LUBs 0.0006 80 76 95 0.33 0.030
FIThFT A 0.002 54 3 6 0.021 0.014
TN =y 0.007 10 0 0

a-BT 77— 0.002 326 0 0

B-ETF7 )—v 0.002 326 0 0

Y7o/ 0.002 326 6 1.8 0.008 0.003
a-ET7TL ) —L 0.003 326 7 2.1 0.014 0.008
B-ETTL )—)v 0.003 326 17 5.2 0.016 0.006
TR 0.01 2 1 50 0.031 0.031
=YANPUN: 0.01 2 0 0

TR ORBIEN B DT ONTIE, RN ORI FIRE LT

2) BHEAeR%E
BRI AROEZHOWNWT, FEHEEMEOED 5N TV HEIRAEE, HES R ORnSE
(¥, FXUI—AKOWER) 3128 SOE=X ) v VS5 L. KEIZHOWT, &
IO E D H LTV D EUR A EEL, MRS R O %5 126 ROE =2 U 7% % FEli
Liz. F£72, OFRICHONWT, FHEEHEOE D LTV DEIRA R, H2 R8RS &k Ok %5t
REOE=FY KRR L. TOMBEEEIITRLE.
FEROMEIX, LToEBY THhoT.
i BRI TAL
PR AR 93 st 61 MBI S (R 66 %) , B SN 72 b O DRKIEIX 0.21

mg/kg, FEIEIT 0.10 mgkg Th o7z, HHBEF 12 5% 7 A0 S (BHE 58 %) |,
B S 7z b OO KRMEIE 0.15 mg/kg, FEIMHEIL 0.09 mgkg Th oz, WTh b EBEER
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(1 mgkg) 2 DbDIERNoT.

B E AR T, ST 20 AT LRI S, &AM 2.3 mgke, FHIMEIT 0.81
mgkg Tholo. FHXUI—A2 @obidREINT, WEH 1 822> 51%0.04 mg/kg 23 H
SNz, Wiy, EFREEEME G mgke) ZEAX L0 oT.

i KER

BLIR AR 91 A 43 i S (=R 47 %) , RS2 b OO R KEIE 0.11
mg/kg, FHIEIL 0.03 mgkg Tho7o. HHE 12 899 mobiEsh (R T75 %) .
B Sz b OO RMEIE 0.08 mg/kg, FHIEIX 0.04 mgkg TH o7z, Wi s & A EE

(0.4 mg/kg) M2 Db DTN oT.

B EERE T, BT 20 AATH LM S, &KXKMM 0.67 mgkg, “FHIEIX
029 mgkg THo7z. FHFUI—/LTEH2HAETHLMHIN, KM 0.03 mgkg, F¥
fEIX 0.03 mgkg Thotz. WEH 1| mhbidRHER2ho7z. WL EEEMEM (1
mg/kg) ZHEZ DL DTN T.

iii

BB GEEE 93 i 16 bt & (R 17 %) , B Sh7z b ODRKMHEIT 1.3
mg/kg, “FHIEIT 0.4 mgkg TH o7, HBEF 12 fh 2 Ao si (=R 17 %)
B S b OO RMEIL 1.8 mgkg, FHEIT 1.1 mgkg Thovo., Wb &AL EE

(Bmgkg) #EZDHbDIERNoT-.

B E PSR T, M 20 A 10 BB S (=R 50 %) , MBSz bon
BeORAENE 4.7 mg/kg, FHEIZ 1.2 mgkg THHoTo. FF I =2 MR OWEH 1 S0 HIT
IR orz, Wb, FHEEEME (Tmgke) ZEZDHDIERNST.

iv OF

BB EEE 19 A8 12 b &k (=R 63 %) , M Sz b O DR KEIX 0.58
mg/kg, “FHIEIX 0.17 mgkg ThHhoTo. fab b 2R EBFESE 3 s 2 Srbiisn (K
H#E 67 %) , SN 7=b 00K 0.46 mg/kg, “FHMEIX 0.29 mgkg THHo7=. W
b E PN (2 mg/kg) 22D b DIERN-T-.

O 6 TIE I RETHLMRE S, RKMEIX 6.0 mgkg, FHMEIL 5.0 mgkg THY, FH
FEHEME (7 mg/kg) ZHZ D HOIE R o7, BWEMERECIE, AR TIZ IS SEThrbR
HEh, KRMEIE 6.6 mgkg, FHEIL 4.6 mgkg THo7z. FF I —/b 1 A051F 0.06
mg/kg R S 7c. WIS B EEEM (I 15 mg/kg, FF I —E T mgkeg) &
M2 DHDE o7,
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=3 EEREDE=ASVUIEDHERE

sy g o . ) b SN b o
453 (mg/kg) (%) (mg/kg) (mg/kg)
| B A Ak 93 61 66 0.21 0.10
WL AT 12 7 58 0.15 0.09
BRI A A 20 20 100 2.3 0.81 0.03
3 FFrI— 2 0 0
AIE 1 1 100 0.04 0.04
i g 128 89 70 2.3 0.26
0.4 By &l 91 43 47 0.11 0.03
WO 12 9 75 0.08 0.04
R faky 20 20 100 0.67 0.29 0.01
1 FFr3I— 2 2 100 0.03 0.03
AE 1 0 0
b 7 126 74 59 0.67 0.10
3 By A el 93 16 17 1.3 0.4
WL AT 12 2 17 1.8 1.1
@ faky 20 10 50 4.7 1.2 0o
7 FHI—L 2
ke 1
i &t 128 28 22 4.7 0.7
) BeiR & Al 19 12 63 0.58 0.17
WIS (R B &2 BR<) 3 2 67 0.46 0.29
7 bbb 3 3 100 6.0 5.0
(03 £k 15 15 100 6.6 4.6 0.05
15  FxrI— 1 1 100 0.06 0.06
AE 1 1 100 0.10 0.10
Y 3 42 34 81 6.6 2.6
3) &K

fAEHE 409 SISk L, BHREENED LN TS 39 iy L OE S EEHENED LT
IRV 91 BRAY DFEF 130 BAICOWT, DR 47825 HDE=F ) v VRS L. FOfk
ReR4 JLOERSITRLE.

BEEEMEBE L b ooz,

B, EobAZL, EEEOCZOMTREIEDZHROICHKEY REEORMENE <,
PO T, MEHBIXEWSODOZEORIENRE SN, BROMBIILTOLBY Th-o
7.

i BUIRRAAFIL
BAREEENRED SN TWDHEIE 3 FE 44 SICHOWT, T=X U v V%% £ LR,

RENGIIRHE N 2oz, LHHAZ LIE 39 AH 3 Ao S RHE 7.7 %,

BRAE 0.26 mg/kg) , ~A 21X 4 8% 1 Ao Sz (B 25 %, KKIE 0.36 mg/kg)

N, BEEEEZBZDLDIT 0o,
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ii

iii

v

\%

Fz, BLRGEEZ FOLICE T EEENED G TWRWEE 338 RIZHOWNWT, E=4 1
VRSN LR R, 42 B bR SN FOWNRRIE, KEMT 39 8% 1 A (B
3%, 0.088 mgkg) , I—2 TN TLrT — 2801 A (BHES5 %, 0.023 mgkg)
a—2 Yy AI—L 1A 1A (0.053 mg/kg) , WNET VT VEER SR 1 AH 1 A (0.90
mg/kg) , BoIRAEIEE 135 A0 38 A (R 28 %, KM 0.56 mg/kg (FLAAEEE H) )
ThHoT-.

7 a)LEYRARAF)V

BAEEENRED SN TWHEIE 3 FE 44 SICHOWT, T=X U v V%% £ LR,
REKRE I BAZLNBIEBRHERR T, =40 TiE 45871 S EnE (
H# 25 %, 0.20 mg/kg) 73, HHEEHEZEZ D6 DERNo72

F7z, BLRGEEZ FOLICE ST EEMEDED G TWRWEE 338 RIZHOWNWT, E=4 1
VU R FE R LA R, 31 Sab i ENnTZ. TONERIE, ST F 34 4P 1108 iR
32 %, FARAE 0.11 mg/kg) , /INER 380 14 BRI 33 %, 0.089 mgkg) , 7R7-FjmH
F26 5 1A (B4 %, 0.043 mg/kg) , ME2 AF 1A (BHEER 50 %, 0.033 mg/kg)
Bl A BB 135 A 17 0 (BHIEE 13 %, &OKfE 0.34 mg/kg (FIKERAH) ) ThoT-.

~T7FF

B FEEMMNED DIV TV DA 3 FMH 44 U OV 32 U2 > W C, E=4 U v /%%
TR L7fER, Wbt E o

T/, BEIRAEEZ B OICE S EEMBNE D DI TW AR WEE 306 S22\ T, £E=4
VR E R LA R, 11 BRI ShE. FOWNERIE, ST F 34 50558 (B 15
%, FAME 0.13 mg/kg) , I—2 T NT 7 40— 22 8% 2 A (BHZE 9 %, HAHE 0.12
mg/kg) , /NERY 3 S 1S (R 33 %, 0.054 mg/kg) , BLIRAEAE 135 sl 3 4 (B
2%, 0.14mgkg (FEHEAT—TH) ) Thol.

Ja)Le R A

B FEEERED DIV TV DR 3 FE 44 S R OVE 32 JRIC D>\ TC, E=4 U v /%%
Fhe LA R, KE, LIHBAZLEUBENS IR SN o7. v~ e T4 59 1
R BRH (B 25 %, 0.22mgkg) SN, BOEEHEELEBEZILLOIERMoT.

Fz, BURGEEZ FHOLICE S EEMEDED G TWRWEEL 306 RIZHOWNWT, E=4 1
VRN LR, 3 bR SR, TONFIE, EIRAEE 135 8% 3 A (B
2%, HAKRIE 0.072mgkg (GREETE) ) Thoi.

Z OO ST BEE
O B

24D (L9842 L) , ThoPy (wAnm) (YO 7x=buaFtr (L5652 L1)
@ HLHE
o M) (AT Ty RRARA—=F T FR) , €72 ) (7= R7) ,
TanN=y (TATZ7NT77), Tabatry— L (ZxRT) FORCT L A XY
(FET—)
@ JEUEH
EPN (DDGS) , /£ Y7 uaF+Z7 > Ckan) , ZUVEY—k (KE#W»T) , 7K
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X —F (KEMWM»T) , TAXARNICERRTITa ARy (5FF) N7/ b
)y (57 F)

@ BlRA R
sanrazy b, TAXARNI KRNI ARy, B2 M) TR T 2=
ke g

£4 BEOEZLV UV TEOHRRE (BREEENEDHONTLVSES)

oA s D ‘%% - 9%%@32&%@ \ f 0
PN A FEEfE o ok M mERE FHE TRE
(mg/kg) (%)  (mghkg) (mgkg) (mgke)
y-BHC(V> 7 ) LI AR (B 995, IR 0.05 81 0 0
Bl Gkt (45 ) 0.4 53 0 0
L 0.4 32 0 0 0.005
FEHEE OO E — 221 0 0
i — 387 0 0
24-D LHHAZL 0.05 5 1 20 0.004 0.004  0.003
~An 0.5 2 0 0 0.003
i 260 8 0 0 2
i — 15 1 6.7 0.004 0.004
BHC Bl Akt 0.005 134 0 0
L 0.02 32 0 0 0.005
FEHEE O/ E — 221 0 0 ’
i — 387 0 0
DDT Bl Akt 0.1 134 0 0
L 0.1 32 0 0 0.02
FEHEE OO E — 221 0 0 ’
i — 387 0 0
TV KFE 0.02 1 0 0
LOBAZL 0.2 39 0 0
~An 0.02 4 1 25 0.021 0.021
0.02
L 15 32 0 0
FEHEE OO E — 306 0 0
i — 382 1 0.3 0.021 0.021
T5ra—)L LHHAZL 0.02 39 0 0
~An 0.05 4 0 0
Pos 0.05 32 0 0 0.02
FEHEE OO E — 312 0 0
i — 387 0 0
TNARYY J R B Akt 0.02 134 0 0
TANRY e 0.02 32 0 0 0.02
FEHEE OO E — 221 0 0 ’
i — 387 0 0
AT 2 RA LHBAZL 0.02 39 0 0
FEHEE OO E — 348 0 0 0.02
i — 387 0 0
TF Ly 20 32 0 0
FEHEE OO E — 355 0 0 0.02
i — 387 0 0
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k4 BEODE-AFVIVIEOHE HESEEBEIAEOOLNTVDIES, HE)
s YL ‘%41\ on owiﬂjégt%@ _ i
A e FEYE(E o ok MR RRKE FHE TRR
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
TR Bl A et 0.01 134 0 0
Mo 0.01 32 0 0 0.01
FEHEME OO E — 221 0 0 ’
it — 387 0 0
Xy TL LOBAZL 10 11 0 0 0.03
VY —h KEibnd (FEuEfizeL) — 15 15 100 3.6 1.8 0.01
JIVRY F—h KEibnd (FEuEfizeL) — 15 13 87 0.27 0.10 0.02
Y RA KF 0.2 1 0 0
LOBAZL 0.1 39 0 0
~Au 0.75 4 1 25 0.22 0.22
0.01
Mo 13 32 0 0
FEHEME OO E — 306 3 1.0 0.072 0.050
it — 382 4 1.0 0.22 0.093
a LB VIRAAF )L K& 7 1 0 0
LOBAZL 7 39 0 0
~Au 10 4 1 25 0.20 0.20 0.02
FEHEME OO E — 338 31 9.2 0.34 0.078
it — 382 32 8.4 0.34 0.082
Ja)VT 2BV IRA EHHAZL 0.05 39 0 0
FEAEE DO/ O E — 344 0 0 0.02
il — 383 0 0
VA=Y= N K& 0.05 1 0 0
LOBAZL 0.05 39 0 0 0.02
FEHEME OO E — 342 1 0.3 0.024 0.024 '
it — 382 1 0.3 0.024 0.024
VA=V Ve EHHAZL 0.02 39 0 0
FEAEE DO/ O E — 348 0 0 0.02
it — 387 0 0
DE NS ENGRVEEE 10 4 0 0 0.3
DA =1VNS K& 0.2 1 0 0
LOBAZL 0.04 39 0 0
~Au 0.2 4 0 0 0.02
W 0.6 32 2 6.3 0.41 0.24
FEHEME OO E — 306 0 0
it — 382 2 0.5 0.41 0.24
ey LB AL 0.3 4 0 0 0.007
VAR —h K& 0.04 1 0 0
LOBAZL 1 39 0 0
~Au 0.2 4 0 0 0.02
L) 2 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
ATV ) K& 0.1 1 0 0
LOBAZL 0.02 39 0 0
~Au 0.1 4 0 0 0.02
L) 10 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
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k4 BEODE-AFVIVIEOHE HESEEBEIAEOOLNTVDIES, HE)
oA s D é% St o%fiﬂjéa;w:%w \ f HH
PN A FEEfE o e MR mERE FHE TRE
(mg/ke) (%)  (mghkg) (mghkg) (mgke)
TIHAN L Je Y K#E 1 1 0 0 0.03
roB AR EHHAZL 1 39 0 0 0.03
~Au 1 4 0 0 0.03
i 5 32 0 0 0.045
FEAEE D7 i — 306 4 1.3 0.17 0.085 0.03
£t — 382 4 1.0 0.17 0.085
F VT HRA K #E 0.01 1 0 0
EHBAZL 0.01 39 0 0
~Au 0.05 4 0 0 0.005
=) 1 32 0 0
FEHEE D72 B — 306 0 0
i — 382 0 0
RIFF KFE 0.5 1 0 0
E5HATL 0.3 39 0 0
~An 0.08 4 0 0 0.02
Ly 5 32 0 0
FEHEE D72 B — 306 0 0
i — 382 0 0
EUIRAAT L K& 1 1 0 0
EHBAZL 1 39 3 8 0.26 0.17
~Au 1 4 1 25 0.36 0.36 0.02
FEUEE D7 i — 338 42 12 0.90 0.17
£t — 382 46 12 0.90 0.17
A== B iR A sk (3595 M) 0.01 50 0
B IR A sk (445 ) 0.02 84 0
L= 0.2 32 0 0.003
FEHEE D72\ R — 221 0
i — 387 0
ZEN=l o VY KFE 5 1 0 0
E5HATL 1 39 1 2.6 0.062 0.062
~An 1 4 0 0 0.02
L 10 32 0 0
FEHEE OO E — 306 6 2.0 0.041 0.033
i — 382 7 1.8 0.062 0.037
7z hm—h K#E 0.4 1 0 0
EHBAZL 0.4 39 0 0
~Au 0.4 4 0 0 0.02
FEVEE O A — 338 0 0
£t 382 0 0
7z L L—h BiR A sk (- 59 5 M) 0.5 50 0 0
Bl A e (R H) 4 31 0 0
B Ak (45 H) 8 53 0 0 0.02
e 13 32 0 0 '
FEHEE D72 B — 221 0 0
i — 387 0 0
PEN oy a=I NN Ly 20 32 0
FEHEE O/ E — 355 0 0.02
i — 387 0
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k4 BEODE-AFVIVIEOHE HESEEBEIAEOOLNTVDIES, HE)
E=HV TR =TSO B8 am DL BRHSHIHD it
AHBRSy e FEYE(H o ok M RRE FHE TRR
(mg/kg) (%)  (mgkg) (mgkg) (mgke)
~NT B B iR & Bkt 0.02 134 0 0
Mo 0.02 32 0 0 0.02
FEHEME OOk — 221 0 0 :
it — 387 0 0
~YLARNT K& 2 1 0 0
LOBAZL 2 39 0 0
~An 2 4 0 0 0.02
i 55 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
RUTAARY K& 0.2 1 0 0
LOBAZL 0.2 39 0 0
~An 0.1 4 0 0 0.02
i 15 32 1 3.1 0.054 0.054
FEHEME OO E — 306 0 0
it — 382 1 0.3 0.054 0.054
BRAAY K K& 0.05 1 0 0
LOBAZL 0.05 39 0 0
~An 0.05 4 0 0 0.02
i 40 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
ARL—k K& 0.05 1 0 0
LOBAZL 0.05 39 0 0
~An 0.05 4 0 0 0.02
Wt 1.5 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
~TFF K& 2 1 0 0
LIOBAZL 2 39 0 0
~An 2 4 0 0 0.02
Wt 135 32 0 0
FEHEME OO E — 306 11 3.6 0.14 0.066
it — 382 11 2.9 0.14 0.066
AFHF A K& 0.02 1 0 0
LOBAZL 0.1 39 0 0
~An 0.2 4 0 0 0.02
i 12 32 0 0
FEHEME OO E — 306 0 0
il — 382 0 0
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T W W kb oww Gy o Wk homw sk P R A
s Gk X3 ¥ Y OoBsnE=F e Gk X3 ¥ Y  oRsMLE=E T Gk 3% ¥ Y ORNL=E
QYL USHEGC OILURHEGC QYL URHEGC
(EHRNGIN LU QRIGAHRESE) EHOELANE-FTOEF G¥
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4) ZOMOHEWE
FHIEEENTEO LN TND AT I DE), HEEEHESIIED SN T Rn,
ICEBICEEINDI EFEEREELDIBENRH DL ERMOND 3D OFEWEIZONT,
AN ROE=F2) UV EEER LT, EOR-RER6ITRLT.
BRI OFERIL, UTOLED Tholz
i AT IV
BRARAGFE R OGHOT=4 ) > 7% FEE LR, BAAEAEET 15 8% 2 8»
SR S (B 13 %, KM 0.13 mgkg) , £AHIF 9 AT 3 Srbmisihe (Rt
F 33 %, HAE0.10 mgkg) . WTALHEBILMEME (2.5 mgke) 22 HDERdoT.
i HERRER R L OV R RE % 5
WME 108 (TAT77 077 6 M, A—FX L7 TRA4 1) OF=FY 7% % LT
R, ETORBNOBEERP/BRE I, RXEX, 777077, A=X2 75 A0
T4 H 800 mg/kg ThHo7o. HHMEERIRL SN b DI R o7, WT b ADE
OIEEIICEDZANOB R (0.1%) 2B 5b0EAkhoT.
i BERAZI
M OE=2 ) VLRI LIRS, 11 8 7 S bt (BHE 64 %, KKfE 740
mg/kg) SNER, HHILFLEHUEELIBZINNRHDERDOLND L DI -T.

K6 ZTOMOFEEVEDOE=LYLIFOHKR
Gl SbRtishizbo

_ o _ o S
(mg/kg) (%) (mg/kg) (mg/kg)
F AR AR 15 2 13 0.13 0.10
ATV 25 Ak 9 3 33 0.10 0.08 0.06
=} 24 5 21 0.13 0.09
TIVT 7T 5 6 6 100 800 450
e £ — AR—H T TR 4 100 800 550 10
2t 10 10 100 800 490
TIVT FIVT 7 6 0
HfEEREZE R - A—=H T T 0 0 10
=} 10 0
AKX Iy — £y 11 7 64 740 270 3

3.2 fRt~O B KT A BB & DR AR
EANTRE SR 81 RAOZE OO RIZAEE 4 5, WITFF I —/130 4
KO = — 3 —/L 17 SOV, BAMSIHE T, ELISA 5 & O PCR ABRIZ L 2 sl % 3206 L
SR, FHREAABEORNIRD N7, £72, FEHEASWER 24 45, WER R
— 7 2 —)b) 2 HROGEEER 1 AICOWT, ELISA BN O PCR BBRIC K D HEZR A L 72
R, FHEEZAAZEORMNMIRD bR - 7. 728, ELISA REBRICBWTAR 1 A6
k72 A AE B Sh=23, PCR RBRICBW TR —# BN LR 5 B sk DNA At & h
BoloZ LD, BAMEBHEFIRICKESE, FHKZABEDORAIED LR EREN
WHE L., ThboDE=XY U I7EORERT LR ITRLE.
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xR7 BYHBER-ABBOE=S)VJEOHE (ANF)

PAPR S ELISAZBR PCRABR wa

BRE, BRE lk-AHE I35 B HH SKDNA HIE

B R R BRBE B B BB M BeHsR T

REC S (%) RGO R (%) REC S (%) Sk

£l 81 0 0 81 11 81 0 0 0
FRONSIFN 2 0 0 2 0 0 2 0 0 0
isé‘r HIEE 1 0 0 1 0 0 1 0 0 0
DT ERES 1 0 0 1 0 0 1 0 0 0

%8 HYHKRI-ABBDE=-R)JEDOHRE (FXUZ—)L, AEMNE)
SRR & ELISAZBR PCRER LoSEy
B, BE Flk-ARE I35 ¥ SkDNA HE

AUBE R R BORE Rt R RURE R R R
iy S S ) A S () - Sy S L) R

FxoI— 30 0 0 30 0 0 30 0 0 0
7= = 17 0 0 17 0 0 17 0 0 0
JEEHE S N E ) 24 0 0 24 0 0 0
WEB (R—2 2 —)) 2 0 0 2 0 0 0
REE 0 0 0 0 0

N CHRE S IFH 4B AR LB A &R 4 05, 1A E R E A AR S AR,
E B ARG EE 7 8, AT AR 49 5, S RHFEERARGEE 2 5, A
MRS HE SR 34 5, LAAAEEHERA SR 1 8, WABMEARAEE 6 &, FHEA
T — VHBLA R 26 L, BEEWAE SR 1 R K O OO FRIRGEE 22 SICOWT, BAMEIEHE
iE, ELISA &R & O PCR #BRIC L DMl 2 e Lo/ 2R, FHERIEABEORANITRD b
moto. Fio, FLASAOEHEETOfMEE LT, BEEEE G RAEESE 15 R0 T,
BAMEIEE 7, ELISA 3Bk K& O PCR SUBRIC K 2Rl 2 Fhi L 72 fE SR,  FHk7c A BE DRI
DO MhoT=. ZTHHDREREFR IR

WA S ANRGEEE 23 AL, RN 1A%, WEEE I —/b 2 51, ROREERLMAEE 1 SRR
fREHAEERE 2 SSI2DOWTC, ARSI T, ELISA RBR M O PCR ikBRIC & 2 Wil & i L 7255 5,
ﬁFEE;Et/VE FORNIBO DL oTe. TNHOREREZR 10 IR L.



Bt OFEEWELEDET=F Y 2 TEOFE TN OWNT (ERK 28 F£E) 159
®9 HYHEKR-ABBEOE=-R2Y O J7EOHRE (ENEEFRAAHSE)
SRS ELISAZ SR PCR# wa
g, BRE FHET-ABE FAEWHKDNA K3 5 B4k kDNA - H)
REC RS () ¥ R (%) S RE () B B (%) st
A R iRl
VERLITI T T A PR LR A 2 4 0 0 0
VEFLI 145 Rl A B &R 5 0 0 0 0 0 0 0
AT B R A 7 0 0 0 0 0 0 0
LA AE LA R 49 0 0 43 0 0 43 0 0 0
S FAE R EdA et 2 0 0 2 0 0 2 0 0 0
W HAEIEE A A sk 34 0 0 30 0 0 30 0 0 0
FLA M AR E F B & e 1 0 0 1 0 0 1 0 0 0
PG P A £ fiet 6 0 0 6 0 0 6 0 0 0
AT — Ffakt 26 0 0 17 0 0 17 0 0 0
Pl 2 AR 1 0 0 1 0 0 1 0 0 0
Z D DIRA R 22 0 0 22 0 0 22 0 0 0
Z DO SRR AR
(@B &b o)
TR el 15 0 0 15 0 0 15 0 0 0
10 BYHBEX-ABBEOE=2Y)/EDHEE @ARHSE)
B ELISAG B PCR#H B Ol
BE, BE @k A BE ST HEH KRDNA =
SR R (%) Ay S CO) Ay S CO) K
4 RIRA et
TR B 5 [E 12 0 0 12 0 0 12 0 0 0
A= 1 0 0 1 0 0 1 0 0 0
PO 1 0 0 1 0 0 1 0 0 0
L 1 0 0 1 0 0 1 0 0 0
EEE PN=E I i 4 0 0 4 0 0 4 0 0 0
TSV 1 0 0 1 0 0 1 0 0 0
TIUA 3 0 0 3 0 0 3 0 0 0
PSR VAN
Bk 1 0 0 1 0 0 1 0 0 0
WEHE — L
TANTR 1 0 0 1 0 0 1 0 0 0
TV 1 0 0 1 0 0 1 0 0 0
7 IRl R
e[ 1 0 0 1 0 0 1 0 0 0
P} A R
T AU S G5k E 1 0 0 1 0 0 1 0 0 0
TIUA 1 0 0 1 0 0 1 0 0 0
3.3 AREMEAHMY)

fEHH & LT, Wil L CW 2B rEimiE (FERRp S e g, [ M, RS HIES)
74 WA OREBHMERIE 1 RI2oWT, REEAMmoGHE B2 E LR, BiikmiE
R REEARAD DRI B 22 D b D Th -7z

(R ANEIGIC k3 2 MeERB B PE ) 1

FOR=L ) UTEOREREZR 11ITRLTZ.
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Z11 FTBERETHYOE=R VD ITEDHER
= 17 S s B =] 3 /i}
e e/ LR SELRK Ef(f/f)‘ﬁ TF((QOF
EaiLZ RN 0.15 %LLF 74 0.77 0.08
(ER ShEBRW= 55 (73) (0.08) (0.015)
K E BN IE IR 0.02 %LLTF 1 0.011 0.011

34 WILERT

[ PN C LS S a7 BAREREE 63 5 Kk NBLIR A EEE 56 5 DONWT, FALERTDE=F 7%
BEM L. ZOME, BAEEEHT 63 Ao b 1| mrb P rEx I R En (RHE 1.6
% (ATFERORT2FEE, 213 %) ) . KoBlcH 5 &, S E MR 48 R 1 AU TR

(2.1 % (FIFEE 1.9 %, BixEE1.6%) ) THY, £5 2 5HEUOHEMMEmTHTIE,
ATEEEE R OVl 2 AR E L [AARIC Y LV EXR ZIIMmEH S olc. RO ORERER 12 1R LT,

Bl AEEHT 56 D95 B 3 AL AEXRT B S (RHE 5.4% (FIFEE 0 %, Aix
EFE0T%) ) . INLORERER 13ITRLE.

TVERT PR ST 4 OB DB SN K MIER AR 14 1R L2, b OmiE
B 5%, S Tennessee (DWW TITRIFEEICENELY 1| Ao TEBY, S
Typhimunium % U8 S. Worthington (22Tl 5 FLANICETE ) & 43 B S 7= FplT7e 0o 72

E, BB PIC kB L, S Tennessee 2 O S. Typhimurium [ [E PN THAE L 7= 4
NEXTREBHYHFEORRKEEE LTE 2L L 0BES TV A, FFIZ S. Typhimurium (2 DOWTIXFE &
BRI THE DB 2 MHERRORRE L SNTWDZ b b, ol - EEH
WCBITFAINLEXTHRIZOWT - JEOBEENLETHD.
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K12 YILERSODEZZVJEOKRE (BEAEEAHOEER)

RISV LIBOMERE  RBAK RN D
B LR
g 27 1 3.7
FxoI—b 9 0 0
7P —I— 8 0 0
WEH (R—27I—1) 2 0 0
JFEHE S A E 2 0 0
/I il 48 ] 71
95T O
N ; 0 .
Kaam g ) 0 0
A= INT 7 4—FK 1 0 0
i : . .
AN 11 0 0
AR~ R
a—INT )b 1 0 0
SEMAT | 0 .
KT | 0 .
7 t-Aaih T | 0 .
/I i 4 0 0
- 63 1 1.6

K13 HILERSDE=L YU JHORKRRE (BESHMOEER)

=Y 7 HEORGEE YR Tt R R (%)
2 R L A Akt 21 ] A8
5 e A sk 15 0 0
Jo FH B & i sk 13 5 154
YW T A IR A R R 0 0
Z DO A A 3 0 0
& & 56 3 5.4

x14 BRUEAHEMIGHBIAEHILERSOMEFR

B S LT ek oA
1 775 7% ok B AR RAIEL A A
2R
S. Tennessee 1
S. Typhimurium 1 1
S .Worthington 1

& &t 1 1 2
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2 BWEAMYPBREBREFICOVNT (FpL 28 FE)
EERR e R A BB E B AR
Results of Official Testing of Specified Feed Additives (in the Fiscal Year 2016)

B Ny &%, R0 2 M O FER K OB O UGB T B IEEE (BN 28 4EVEES 35 5. LU
T MR WL ) E3FEE I HOKHTBICES SRR ED bR o 55, i
Bt Oz VO R i OV E O W IC BT 2 I TS (BB 51 FBERH 198 5) #2558 2 5
ED LN PEEE A 20O . BERNE, fELEES SLHE 1 EOMEICL Y, MArfT
BOk N EMOKEN B2 2Nt % — (LT TFAMIC) &\ 5. ) MMTOREEZIT, RES
AR SN O TRITNIEREE L T bRnZ e anTnwad., =720, fBlLZeiks 7%
B 1 OB G A T o R E AR R RS S (LT DRSS E AR ERE¥ER) Lo, ) BnREL,
VA 16 =55 1 MO KRR SN2 b O KL OFENES 21 55 1 OB 8% 52 T 7o 4 E 5 E e o425 5
EEHRENEE L, REE2HOERRBMFINTZHDICONTIE, ZORD TIER.

Wpk 28 FEIZ FAMIC 2% L TREDOHEEN H Y, ZHIUTHEK LIZRERINMICHOWT, FiE
BEVFELEDLEOTEOMELWRET D, £, FAk 28 FE OGN E R EREETIZ L D5
ERMY) OBEEREFIZOWTHIFECTHET D, 7eds, Ak 28 FEROFRE R T, SEFE L
RLEREE OBERIT .

1 FRERINY) O E R EEER K OV 4%

SRR 28 MEEEICHEIC O LI ERINMICOWT, FORER 4% 2 R EEIIcE 1
2Lz,

HEEIL 8 EE O H Y (RIS 9 ) , ZoREEE%E L, OmA L-iEHREE HnT
"B ORIEDHZAT > TND DN 4 2EE, QRAOBMADHEIT>TND DN 3 HEHE, QAL
7= B35 R AR 2 O 72 B850 0 s Jy OUFI DEA Z AT > TN D DR 1 ¥EF Th o7z,

Wk 28 AEEICHRTEICAR LB SR 11 fE, 19 i chv (FTHEE 12 i, 20 #
), S AR o 85E 2 M AMNTIRIF L TV e

B A AR ST A O AEEX, OT7AFA NI AFAT VEZTLAALT T AFFT b
FHA 0y (BERFRKE) , =T~y BEERFRER) , 2 o~7Z A4 K (B ER)
EOifg=a ) 2F s (BERRE) BHE, Q7T vo~Aa v (A »EE, @7urs b7
A7V (WH) R HR—n, @F7 vy (A KOV @By A ey (JA) AKE,
®7I7RT7+ AT VR—L (BE) RTATIVT, @YV~ F U os (AR E)
EOERvoF NI os (REREE) NHEEXOTATI T, Ofg=a ) 25 (JE) 2
WEIE T, 6 WIE (AiFEE 6 WIE) Thoiz.
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[—] =% =] — BE
®1 BREHBFRERUVREBEF—E
(FRE 28 FE)
. 1o N . —— ey - fi ik - XLl
e *1 E=S 3 U= =N 3 J B EcY =]
X H iH ES * £ G LA B E WO o O e ) H iiH an (me(Hiliye) i
e D R — JRNT I A LY O |cTC F—100 100
) P I~ AL S NI A O ¥V /=42 T2100 100
= T ¥Rk A B
> TR TRIASE WRTH S o T ea £ %22 TZ20 200
AAR=a—h v ar gtk BRI [PV~ AL FNDA O |#=v72%100 100
AE |2y R RS — TIRT F AT YR —IL O |79R=A480 80
TTIRA O |=ro=Av28%R 80
PV ) AN A O [¥V/10%R-K 100
N 2] B I # LT B
w2 (EF R AR BRI ey =) 2T 10%R 100
=Y ZAF i) AF 2 10%RI 100
HEASARL AR IE T FEWF LY |igaY AT Y AFL10%G IR 100
. T~ AT O |[¥—~vZZR200 200
D et - > O |=r730100 100
U AT A0 275 275
RSB A RIS T Him Ty | RATF i) 2AF U TRHIF 10%G 100
TIVEIVR)AFILT =T I S . 5
B LR T ALV 7 A 400FA 400
wE | a = at JUNTH [PV /v AT NTA O  |mzex%yZ—100FA 100
JUNTHAR I ~THAR40 40
EXRLLVLF NI A EH L 200K 200
A A= — b S as R - gy AT HRAE=Y 2T 10% 100
i 8HH 10535 1IFRKE 195417

L ARG X B PSR ], e D e P (L BR) + DUITEL, R 0 L U - b
W2 AT Y

2 FEEUSING OFEER O E B AR

YRR 28 A E O FEE WRINY) ORI O E G AR, SRR L OVE & )l 5 & 2 TRk 26 4
FE R OV 27 FEEEDRER & & B IZR 2 IR LT,

RR 28 AR ORRE G AL 192 1, AASEEIE 871 b TEENMME EIT 93~ o (Ui)
Thoto. ik, BELOEENMBEEOMNAIEE LT, ThAEN 1061 %, 110.7 %,
1052 %L 720, {45, HEEKOEEHMBREEL ITHEM L.

Rk 28 FEOMREAKBMELEENNCAHADLE, VU ) ~vA T F I TLARBED 333 %
(R4 36.7 %) THRHEL, RWTHEE2 U 252 244 % (RiFEE 285 %) , 772>
227 % (RIAEFE 167 %) , TET~A 84 % (HIFEE8.0%) , /¥ ~T XA K69 % (fHiH:
JE28 %) Lleote. £, REAMEMEETE, VY / ~A v F MU TAREED 311 %
(RI4EE 326 %) THRHEL, WWTHEE2 U 25 22.8 % (RiFEE 253 %) , 77
212 % (RIFEE 149%) , TET~A 2157 % (BI*FEE 142%) , /v ~TH A K2.6% (i
FEE1.0%) E7Roiz.

Wk 28 FEORESBMER OERNMBPEELAFEE LT 2L, = TI~va1vy,
UANTEHEAR, B AT NITA, FTU, BERXRCVCTRITA, KOTET A
AT, —F, Wilga U 2AF L, TN RN AFAT UVE=ZT LAY T AFFUT b
FHA VRN VAL 0 TR L. £, BIEEREDOEBNH > -V T
SUITHEEN IR o Tz

FHa Ty RF R T ATFER2FEEND, N—T=T <A VAR 20 FEND, BT 2
TwA LT MY AT ER N EENS, 70 b~ A TR 1T EENS, Eave v
VIEERR 1 FENOREORGEN 2, O R 28 FE S FFEN oo, ok, 7Hn
RF R TULE, BHRORSITRLIEERBY, BEfFEMAIERIEERIC L 2REIER D -
7.
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K2 REGKLGH SREERUVRENMBEE GEHEH)
(F Rk 26 FE~F R 28 &)

Frk264E SRR T4 SRR 284
. & . ESawalii G - ESawalii & . FER I
N I e LE B (7S kbt rrmyms Y4 G s I 708 Bk o 3 S rrovms (7 7S Bl rrrems VY Qi o
(i3] (k) ©%) | kel | @) | 9 (ke) %) | kehfi) | @) | D ko) | (&) | GeOhfiy | %)
T T 7 34780 | 3.8 3727 | 36| 2 9,500 | 12 950 | 11| — — - — -
YT H LT AT 2 2,380 0.3 190 0.2 3 3,720 0.5 298 0.3 2 4,820 0.6 386 0.4
SR JINTHEAR 3 12,000 1.3 480 0.5 6 22,000 2.8 880 1.0 15 60,000 6.9 2,400 2.6
=) AT 41 158,120 17.4 15,812 15.1 58 223,820 28.5 22,382 253 55 212,680 244 21,268 22.8
/N it 53 207,280 22.8 20,209 19.3 69 259,040 32.9 24,510 27.7 72 277,500 31.9 24,054 25.8
R T 1 2,000 | 02 800 | 08| 1 3000 | 04 1200 | 14| 1 1400 | 02 560 | 06
A IONTRFY AT 3 14400 | 1.6 1440 | 14| 3 14000 | 18 1400 | 16| 3 14,000 | 1.6 1400 | 15
s Gt 4 16400 | 1.8 2240 | 21| 4 17000 | 22 2600 | 29] 4 15400 | 1.8 1960 | 2.1
T D Y a=e 5 19,370 2.1 5,327 5.1 4 19,994 2.5 5,498 6.2 1 5,039 0.6 1,386 L5
ES /I it 5 19,370 2.1 5,327 5.1 4 19,994 2.5 5,498 6.2 1 5,039 0.6 1,386 L5
KUy S| TTRI AT HVR—/)L — — — — — 1 1,250 0.2 100 0.1 1 1,250 0.1 100 0.1
RLES /N i — — — — — 1 1,250 0.2 100 0.1 1 1,250 0.1 100 0.1
YU A F RS 61 244875 | 269| 24488 | 234 71 288,780 | 367 28878 | 326] 72 289,487 | 333 28949 | 311
T adeA AL S RITA — — — — — — — — — — — — — — —
Kyz—5 [FF 29 317,775 | 349 31778 | 303 12 131,625 | 167 13,063 | 149] 18 197,500 | 22.7 19,750 | 21.2
P ExL L FNIYL 3 12,040 | 13 2428 | 23| 3 6080 | 08 1216 | 14| 4 1,500 | 13 2300 | 25
Sas R — — — — — — — — — — — — — — —
/N &t 93 574,790 63.2 58,693 56.0 86 426,485 54.2 43,257 48.9 94 498,487 57.3 50,999 54.8
TEI~vA 25 91,575 10.1 18,315 17.5 17 62,675 8.0 12,535 14.2 20 72,950 8.4 14,590 15.7
Tk AT — — — — — — — — — — — — — — —
Z At N=V=T A — — — — — — — — — — — — — — —
Eafefy — — — — — — — — — — — — — — —
s it 25 91,575 | 10.1 18315 | 17.5] 17 62,675 | 8.0 12,535 | 142] 20 72,950 | 8.4 14,59 | 157
% &t 180 909,415 | 100.0 [ 104,784 | 100.0 | 181 786,444 | 100.0 88,499 | 100.0| 192 870,626 | 100.0 | 93,088 | 100.0
xF /i (%) 91.4 98.6 97.3 100.6 86.5 84.5 106.1 110.7 105.2
— EffeL

3 REE VRN O K5 R K OV HER 51 D 12 7 A 16 1 %

FeEWIMmIL, HBREOMIEFEOE NI LY, HFRE E FEHRICK Sy Shvd . miE, bk
WE DAy DA Z RERE D DH R O L -EiE o AR ERICcHkdT 2 b0 T, #E
X, FUEMEORASY, BLEIC W T BRIy K OV IR o) 2 & T B 2 R & Hr i U 7o & AR
BIZHXRTL2HDOTHS.

ARk 28 A OO R E WS I O R Bk K OVERBHER B DR E A RS, AR SR e OVEE B )l
mAEFIIRLE.

Rk & fEbR DO EIG & i3 5 &, fER R E SRR D 60.4 % (RIFEE 613 %) ,
BEBHEERIERD 66.6 % (HIHFE 65.8 %) , EEAEHEERILD 70.0 % (FIEE 65.0 %)
RO,

JUNTHEAR, R ) AF ROV Y J~A T bU A, KRR AR 0O A
MEBEISINTWDN, Fpk 28 £, /T XA REOHRE 2 ) AT 3RO, F
I AT MU U ST ETER D B R E D ERED B o Tz
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K3 REAKLGH AHRBRERVEENMREE BERIE - FGRKRAD

(FRE 28 £ %)
i i o fin B o
AN [==B=N AN [==S=N
i Al woE ks om moms | e | BRI g | SRS
(&3] (kg) (kg(77 1)) (&3] (kg) (kg(F11ff)
[ A A — — —
o o . T oA 2 4,820 386
HY AT AR JUNTEAR 15 60,000 2,400 — — —
i 2 F 55 212,680 21,268 — — —
TINX VNI AT VT =g A 1 1,400 560
TP A2V F | I T AT AT ?
JaNT I ATY 3 14,000 1,400
~7u7AR% g Aa 1 5,039 1,386
RUY Y AITARFR | TITRTAATHIAR— L 1 1,250 100
P A F R — — — 72 289,487 28,949
T Fagv A F YL - - -
RT—F L% FIv 18 197,500 19,750
ERL T RIT A 4 11,500 2,300
AR RN — — —
TEIw ALy 20 72,950 14,590
T7uahv AT - - -
ot N=V=T AT — — —
| e — — —
& it 76 290,619 27,914 116 580,007 65,174
| & (%) 39.6 33.4 30.0 60.4 66.6 70.0
—RERL
¥ AW, MBSO NI AR

4 BREEINY OFER O B E AR BRSO HER

FRR 19 FEE DR 28 AR E TOME 10 RIS T D K E BN OFER O E S EE K
OEBNMEBEEOHB ZZNTIEK 1 LOE 2 2R L.

REAHEERETIE, Frk 21 FEIC—MENIT IV TR ER R E f k& I 3 |2 L o 8
~AT LT BCRIEZRBD B R 5= n, TRUBIXIZIEHENCTHBE L TWD. £, EE
IR B IZ >V T H OB THh - 7=

BERMYORESHKBEBEZEINCAD L, WVTHRLOFEELR) =T LRZ0™ KL £, Fk
22 EFEIZ S0 %EY 72 DD, T OMOEREILRED 50 %l L2 5D 5EAETHREL TV D,
Rk 28 L, RUZ—TILAREED 57 % (FiFEE 54 %) , ROTHRIYRXTH A RN
32% (RIAEFE 33 %) & b7z,

Fo, FENMMMBEETHRBKICKR Y =—FT LV RZP RS <, TRk 19 FED S FRL 20 4521
EIRD 60 %Hlt: THER L, Pk 21 FELIRE S 50 %Ak 2R L T\ 5. ik 28 4FEEI1E, AV
T—T VRN 55 % (R 49 %) , IRWTHRURXT XA KRB 26 % (HIFE 28 %) & Hoiz.
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5 BERRRE SRR RS 31T X D R EIRINY O RS B E

Wopk 28 FREEROKEE T, AR PE B EETHREE THE R~ I~ Ay, U~ v
YFRITL, AT EAR, BRI FT NI UL, TR R MY UAKROEE =Y X
Fr, a—F AR ESHIUN TIHE = TIHR ) o ~T H A NI DB E i Sk s
DFEL L L THEEINTWS.

Wk 28 A EE O XK SRR E B RS RLE R I X A REEIRINY O BE S E K VR R R & A &
4R LT, 7ok, Y RF MY UAE, K2 CRLEZEEBYBREERRBIT RN o700, Bk
REMBISERIEER IC L 2 HEFEERH - 12,

ERR 28 A D B Gk R E R RHE UGS T X D REEIINY O BUESEIT 843 b (KR
119 %) , FEEIMBFEET 117 b Oifl) RIRTHEER 113%) Th o7z,

Rk 28 FEORLEMEIL, VY ~vA T NI UL, XU MU DA, THRUR
FTRIDA, oIy, JUNTHEAR, HiEa) AFUOIRCE o1, £1-, E&
iaE &L, TP I UL, BV )~V YDA, FHuay RFRY LA, v
TvATY, JIUNTEALR, fiEa ) AFUDIEICE o T,

x4 ZRFEANFHRERBICIIBERNMYORERES
(R 27 - 28 F£E)

SRR TAE k2 84T FiE

i TR ORI s | T | g | o

(kg (kg( /I 1)) (kg) (keg(J71i))
TS A 34,620 2,770 76,680 6,134
Y AT HART, I NS HAR 48,220 1,929 27,720 1,109
Wil AT 4,000 400 8,120 812
/h 3 86,840 5,098 112,520 8,055
WY )2 A F R L 201,200 20,120 314,240 31,424
T FERVUFRIT A 303,760 60,752 299,560 59,912
& SH LRI RIY L 116,920 17,538 117,060 17,559
/I 3 621,880 98,410 730,860 108,895
B &t 708,720 103,508 843,380 116,950
AR E B (%) 103 113 119 113

K A BERIFE SRR RS H KV E IR0

6 FEEWRINY) Ot Bk

Rk 28 R OREE RN O E G HCRE (RS R O A) & B E AR RS EF 1T K D
BEHEORE (ULT THMHE) &vw). ) KOZ0EENMBEEL R S ITR LT,

ik 28 FEEDORFERMP OB EEZEINCHAD E, RV Z—FTLR20¥ K%<, 1,229 b
(B : 498 by, Xk : 731 b)) E2KD 717 %% S, FBENTEYY / ~A v F Y
A (352 %), ERUTF MU UL (181 %) , Wilg=2 U XF 2 (129 %) DIAIZEZ -7z
T, RENMMBHEEAZENCAD E, FFRICAY =—70%2 160 b (Jiffi)  RE : 51
Fy (OOff) , &k 109 b () ) E2ED 76,1 %% Hikb £ <, BENTEER Y
YFRUTL (296 %) , YU ~vAT T RU T A (2807 %), WiEE= U XAF 2 (105 %) D
IEZ %o 7.
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AT, R 19 FEEE DAL 28 FE £ TOME 10 MBI 2 B EHRNY ORI &R OVER
TR B ORI OHER 2 Z K 3 KON 4 2R LTz,

TRk R RS S 1T K DRSO 19 RE DM SI TR Y, AL 21 FEICE, B
FREAAH O KNG 72 BIMM & o T2 58T, BRERFFE BN ERIEET|C X2 E0ORIE AN L 7.

Fe i E RN OB R OV B Dl B L I, ERE 22 I8N L - %I 3IE RV CHE
B L CUNody, SRk 28 ARSI L 7=,

VRE 28 AEEEIL, RRERMMORBESIKRD 49 % (FEE 47 %) , EEHMHBEESEO
56 % (ATAEEL 54 %) % B kRr e il b G 32 A 12 K 2 s H oo 7z,

x5 BEAYOMKKESF

(FERk 28 F£E)
o ERA
el e I O [ S ey B 8 G ey
(kg) (%) (kg(J11il)) (%)
[ IR AV AN — — — —
ER 81,500 438 6,520 31
R RTHARTR )T HEAR 87,720 5.1 3,509 17
lEa ) AF 220800  12.9 22080] 105
/N i 390,020 | 228 32109 153
TNVINNATN T T=0 4 1,400 0.1 560 0.3
SRS A ﬁ/vvﬁbwz“ﬂ‘rvﬂvﬂ%ﬁm/
JUNTFIIYA LY 14,000 0.8 1,400 0.7
/)N 7t 15,400 0.9 1,960 0.9
o VA AT 5,039 03 1,385 0.7
TIRTARA I aF 5,039 03 1,385 0.7
o [ZTETAATAVE 1.250 0.1 100 0.0
IV ZFATH - i 1,250 0.1 100 0.0
S RN 603,727 | 352 60373 | 287
T 2T AT NT L — — — —
S Fo 197,500 | 115 19,750 9.4
ER T F R L 311,060 | 18.1 2212 296
SHaT R YA 117,060 6.8 17,559 84
/N 2 1229347 717 150,894 | 76.1
TETw A 72,950 43 14,590 6.9
kb AT — — — —
Z DA N V=T A - — — -
Lo — — — —
s e 72,950 43 14,590 6.9
@ F 1,714,006 | 100.0 210,038 | 100.0
—EERL

K1 RRE B AR SR LR R i BB S S A LD SRR OB E

K2 RRE B AR SR LR R R R S USSR I LA IS O B ) S B oD

MU §+
Nes B
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B THD.

1) KMEICAK LESTEEMYIL, 8EENDOHFEINE, 11 E, 198fichoTz

2) FEERMYOBREAKMEEIL 192 1, AEEIL 871 by, FEENMEBE &L 93 b ()
i)y T, RIEEEICHAT, 5, BMEROERHMBEE L LI L.

3) BERNDORESEEEEZBERICADE, YU /)~ T M) UL, Fifga ) AT,
TV UDIRIZE oo £, ERMBBEAEERIZOWVWTS, Y AT NI UL, B
o) AF, T DIz T,

4) FEEWIND ORE GHEBEITHOWT, Kk & bR OEIG & ik 5 &, fEHk R 2D
67 %o& -, Fiz, EEIMBEEETIE, SR 70 %% S 7

5) BeRAFEBHERNE SRR IC L 2B ERNY OREREZENC D E, Y I~ T
FYV DA, FEXv P RIDA, s RPN ULADIEICE -T2, Fi0, FEETh#E
BRSOV, T Y v I UL, U ) ~wA4 v F YT, TPy R RY UL
DNEIZZ x> 7.

6) FEEMMD ORE SR & B E B FREER IC L UERE L 2G5 L ESL
AL L, PV /w4 F RV UL, XTI UL, filga ) AF U DJEIC
Lot Fim, EEAMBEETIE, TEFR VT RNITLA, VU AT Y UL,
g2 ) AF U DNEIZ S o Tz,






RSPy
(188)

1 Development and inter-laboratory study of a method for quantifying zearalenone
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