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Determination of EPTC and Ethylene Dibromide in Feeds by GC-MS

Mitsunori YAKATA ™! and Kazuya WASHIO ™
y
(*1 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center,
(Now Sapporo Regional Center),

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

An analytical method for determination of ethyl N,N-dipropylthiocarbamate (EPTC) and
ethylene dibromide (EDB) in feed using a gas chromatograph-mass spectrometer (GC-MS) was
developed.  First, 20.0 g of sample and 400 mL of water were placed into a 1 L Dean-Stark
distilling flask.  After 20 mL of hexane and about 0.2 mL of silicone were added, the flask was
attached to the Dean-Stark distillation apparatus and reflux-heated for 60 minutes with a mantle
heater.  After being cooled, the water in the distillation trap was thrown away and the hexane
layer was filtered to a 20 mL test tube with fluid phase separation filter paper and subjected to a
GC-MS for determination of EPTC and EDB. A spike test was conducted with two kinds of
formula feed, and two kinds of grains (corn and rye) spiked with 25 pg/kg and 200 pg/kg of
EPTC, and 5 pg/kg and 200 pg/kg of EDB.  The spike test on two kinds of formula feeds, corn
and rye resulted in recoveries ranging from 88.1% to 95.5% of EPTC and from 96.2% to 103% of
EDB, and in relative standard deviations (RSD) within 11% and 6.3% respectively. A
collaborative study was conducted using corn and formula feed for finishing beef cattle spiked
with EPTC and EDB at 40 pug/kg and 10 pg/kg respectively.  The mean recovery of EPTC in
corn was 109%, and the repeatability and reproducibility in terms of the relative standard
deviations (RSD, and RSDg) were 6.1% and 7.7% respectively. =~ The mean recovery of EDB was
113%, and RSD, and RSDy were 1.9% and 6.9%, respectively. ~ The mean recovery of EPTC and
EDB in formula feed for finishing beef cattle was 106% with RSD, of 5.8% and RSDy of 14%, and
106% with RSD;, of 3.9% and RSDg of 11% respectively.

Key words: 7% 4 2 3K pesticide residue ; F A4 # — /N A — F R R HE A thiocarbamate
herbicide ; EPTC ethyl N,N-dipropylthiocarbamate (EPTC) ; & k= F L > ethylene
dibromide (EDB) ; 7 « — Y « A ¥ — 7 78] 4% Dean-Stark distillation apparatus ; I£[F]FK
Bk collaborative study ; # A7 m~ k27 7 7'H &5 gas chromatograph-mass
spectrometer (GC-MS) ; fidlf} feed
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1 #%

EPTC (Fig. 1) 1Z7 A U 71 @ Stauffer Chem #1:7% 1955 4E\ZBA%E L7 F A4 7 — /3 2 — h REREH| T
B, 1EAAL IR VAR RGPS DD RN H 5. BARTIE 1968 T8RS
B, 1979 FEICEER RN LT D D BAEFBE OE D D RIS T DERE MY, £ BEAO
METO.1ppm 725 TWND 2. Hie, FEAMEOBEIHOFKLYEEIL 0.1 ppm TH 5.

“Ribk=F v (Fig. 1. LLF [EDBJ &5, ) 1E, HARTIZ 1956 FloBEgkShiz. xa2 7k
YF 2 UEO TR RASUTIRTE, BYEO AL LTENTHASFIH S THED,
EDB OHNAMEDRNWBRBO LT LD 1984 < AZEOHERANREEE L & 720, 1990 4F12 %
L TVD D). ENTOEEROREE L, NERO0Ippm, EOBAIL, KE, vAfu, I
A FRROZAETO0lppm 72> TWD. BIE, AR INEEL-ERE UT MERE] L0
5. ) DRSS QI S TS, ARSIy RAT LRV A a~ N5
4 — (B ECD) ICLDEREEIToTWDED, Fv T V=0T LE2MH LIOWEORF R
OZUMEOREBNE LTV,

= DIX, EPTC X OVEDB B HEICT 4 — 2 « A X — 7 ZZRIEEZ WA RRETH 5 2 &)
B, R 18 FEREHH O/ FEWEEREEELRET 272D OWERE R OFKEFE~DOBITHA
ZtEEICB O TYHEN B ARSI & — B3 L= ik IC ¥ 4 % EPTC O &1L D (U
T gt 22—k Lo, ) KOVHEEEZIIC, EPTC X WNEDB ORI E&EEERGF L, Bif
RFERNEONTZDO TEOMEEZRET S,

—\ O
;jN1 Br\—/Br

il

EPTC Ethylene dibromide (EDB)
(S-Ethyl-N,N-dipropyl thiocarbamate) (1,2-Dibromoethane)
CoHyNOS  MW: 189.3 C,H4Br, MW:187.9
CAS No.: 55285-14-8 CAS No.: 106-93-4

Fig.1  Structure of EPTC and EDB

2 SWAE
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~LTz.
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Table1  Composition of formula feed used in this study

Kind of formula feed .Group of Ratio (%) Ingredients
ingredients
For growing chick  Grains 59 Corn, Milo, Dehulled rice
Oil meals 25 Soybean meal, Rapeseed meal, Corn gulten
Brans 3 Corn gulten feed
Animal by products 1 Fish meal
Others 12 Animal fat, Calcium carbonate, Calcium
phosphate, Salt, Feed additives
For finishing beef =~ Grains 60 Corn, Wheat, Barley, Roast soybean
cattle Brans 32 Wheat bran, Hominy feed
Oil meals 7 Soybean meal
Others 1 Calcium carbonate, Salt, Feed additives
22 # O

1) EPTC FEHEFR
EPTC #&£%E4h  (Dr. Ehrenstorfer 4, #if 97%) 25 mg # IEfEIZE > T 50 mL DL ET 7 A 2
WA, 7' b a A TE L, BICEER E CTRESZ 2 T EPTC fE#ERUR A2 L7z (Z o
# 1mL (X, EPTC L TCO05mga&HTS. )
2) EDB IR
EDB fZ#E Y, (B ai bk TR, #5 99%) 25 mg # EMEICE > T 50 mL DBEGEEET 7 A3
AR, TR MCEMATENL, TR E CREE 212 T EDB EEFRKZRE L7 (Z0HK
ImLi%, EDBELTO0Smg2&HAT5. ) .
3) IRAIEMER
B L C, EPTC X O EDB fEH#FH O —~EBERA L2k, ~F U CEMRICHRL,
1mL¢’ENC&@Em3&LT%h%ﬂ0mm(wM,Qm,Qm,Q%,QL02&005%
EEATHKIRGIEER 2R L.
4) Tl b, AT IR RO R E V.
5) {HIEH U =2 — U MITEInH Z2 vz,

23 HEELUEE

1) HAZwv~ 77 7EEopHEr  BEEIEFE GCMS-QP2010
2) T4 —v s A — U AEEE LR ERT Y

3) v hrbe—F—: REESKE 1LALEY T XA

4) WRAHBER A - RFEEAE  ADVANTEC 2SS (IE£E 90 mm)

o
=
7

24 FEEITE

D #ift H
IINTAREL200 g2 B TILDT 4 —2 « AX—7 JARE 7T A2 A, 7K 400 mL % i
XTeth, ~FH 20 mL XONHIEA T U 23—l 02 mL 22T 4 — v « AH¥— 7 7K
EIZID T, 70—« A2 — 7 K E KR OS2 mHE OWMEIKIRE % 5°C IZRE L,
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~ v kb —%—"T60 % F'aﬁjJD’ﬁhE 7o, mtk, RN T v THROKEZRE T F Y U8z ik
FHOTBE AHET 20 mL ORBEICAB L, A7 a~ N7 T 7EHESHFHICEMEICHT S

AEHEIK & LT,
2) AU v~ 7T 7EEGHFIC X DWE
BN M NSRS 2 L 2 WA 7 a~ N7 7 7 EESITFHTHEAL, BIRA MK
H (SIM) Z7a~ s7J AEHT
3) # H
BONTZSIM 7 r~ M7 T L6 E—27 HEZ RO THREREZIERL, 3B O EPTC & K&
O'EDB &# i L7-.
723, GC-MS ORIESM%4 Table 2 |2, EEIEOHE % Scheme 1 1278 L7z,

Table 2  Operating conditions for GC-MS

Column DB-624 (0.32 mm i.d.x30 m, 1.8 um film thickness)
Column temp. 50°C —10°C/min—180°C —30°C/min—250°C (10 min)
Injection mode Splitless (60 s)

Injection temp. 250°C

Carrier gas He 3.6 mL/min

Transferline temp.  280°C

Ion Source temp. 200°C

Ionization energy 70 eV

Monitor ion EPTC: m/z 189 (quantitation), 128 (confirmation)
EDB: m/z 109 (quantitation), 107 (confirmation)

Sample 20 g

add 400 mL of water
add 0.2 mL of silicone
add 20 mL of hexane
Dean-Stark

steam distillation for one hour

— filter with phase separating filter
GC-MS
Scheme 1  Analytical procedure for EPTC and EDB

3 HRRUEBR
3.1 fEms
FHELL 7= 0.001, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2 & X0.5 pg/mL OFKIRAIEAEGKS 2 ul & 7
Arua~ N7 7EBONFHCEAL, BN SIM 7 a~ N7 T ADOE— 7 HEN D RERE
TERR L 7.
ZDORER, BMEMRILEPTC L TNEDB & 12 0.002~1.0 ng O FiH TS %8 5 EARMEZ 7R LTz,

3.2 PSR ORRES
FHITEE LT, ot 2 =R OERIEL ICT 4 — v « 2 F — 7 R AEE 2 AV Chlit
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EIToTWND I ENOARIEIZE N TS YFEEE 2 AW OB &2 17 - 72,

T 2 —IETIE, e 100g 2B TILDT 41— « AX—JHERE 7T A3 |2 A
AL, AK200mL Z N 721, ~FH 2 10mL KOVHIEA Y 22— l%) 0.2 mL Z00%, 60 Z3 N
ﬁ%ﬁ?é:t&bfné.ﬁ%&?i,ﬂﬁﬁﬂﬁmg%goflL@74~/-x&~7%
K7 7 A3l Ak, K400 mL Nz 7o, ~FH 15 mL KOVHIEH Y Y a2 — 0l 12
Z.,60 %) ﬁmﬂkmﬁé L LTS ARETIE EPTC & LT 10 pg/kg X OVEDB & LT 5 ng/kg
Y EZEMLIZE D BAZ LEHAWT, Ot v ¥ —ERORED S % itk 2 20.0
g, K% 400mL, ~FH & 20mLICEE L= E (LT MERE] Lo, ) OBIGRERZ 5
it L 7=,

ZDRER, Table3 D LBV EEIEO TN R RFERPEGONIZZ LD, RIETESHEL ¥
—IEDOSM T RE A 200, K% 400mL, ~F VA& 20mLICEF L&A EBRAT 5
N O el

Table 3  Recovery of EPTC and EDB spiked into corn

(%)
. Method of Japan Food .
Spiked level Research Laboratories This method
(ng/ke) = 5 = >
Recovery RSD Recovery RSD
EPTC 10 87.3 as ) 97.0 (57)
EDB 5 88.7 (57) 94.0 (21)

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

3.3 EIKIEE O
T A s AR — U FRREE R O EVE A T 5 M EKIREIZ DWW TRRE L7z, EPTC KT
EDB & L T 25 ng/kg XN 10 pg/kg Y EZ2 RN L 2B A &R (WAFIEER) 2T, mADK
REZ 5, 10, 15 O 20°C ITi%E L, YA FARIEICHEWEIGERZ Efi L. £72, ~FH oo
FERICOVWTHRAE L. TORE, Table 4 D LBV HHIKEZ 10°C LLEIZ LIEHA, ~FV
RN 2 - B RREMEN KR h o2, ZHIMBGERF I~ R ER L b 0 LB
Z BLiviz. F7z, EPTC & O EDB O[EILHEIZ DWW CiE, EPTC (Fi@[EIY, EDB [ZMKEIUL & 72 - 7.
ZAVTINBGEFEHIZ EPTC II~FH U OFBIC L VM SNz Z &, EDBlI~FH o & & bIicH
BLEZZERFRKRES 2 DN, BHEKIEEZ 10°C LLFICHE LSS, ~F T OERK
wﬁwxfﬁﬂﬁﬁﬁﬁ%%ht_&ﬂ%,ﬁ%?i%%%%f@ﬂmmg%?ctbt
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Table 4  Recovery of hexane, EPTC and EDB for several coolant temperatures

(%)
Coolant Recovery rate Recovery”
temperature  of hexane” EPTC EDB "

20°C 85 111 91.4
15°C 95 111 89.3
10°C 100 104 99.1

5°C 100 106 98.0

a) n=1

b) Spiked level of 25 pg/kg for EPTC and 10 pg/kg for EDB

3.4 WE SO

A~ 7T TEBSIFHICHERT 55 T D OWTHRNEITo 2. Ot ¥ —IETIX
EPTC O E &2 J&W H (Bl Agilent Technologies #4) HP-5SMS OfffiE» 7 L&EHA LTS, A
BETIZI&W B DB-WAX S0 @t 7 223252 & & LTWw5. EPTC XU EDB % [AlIF
ERETHICHIZ0 K2 ORFEEZZE L, AETIEI&W ® DB-1701 (K/HFED 7 &) & J&W B
DB-624 (/R IETGE R E i h 7 L) OB T AW TR %21T->7-. EPTC & LT 25
pg/kg XV EDB & LT 10 pgkg HY\EZIRMLIZE 56 A LA H W CTEUIGRR % 30 L 7-.
DB-624 % W72 lESMHIIARIEIC L D, DB-1701 # W25 6 OWE S X Table 5 D L350 T
5.

Table 5  Operating conditions for GC-MS with DB-1701

Column DB-1701 (0.25 mm i.d.x30 m, 0.25 pum film thickness)
Column temp. 50°C —10°C/min—180°C —30°C/min—250°C (10 min)
Injection mode Splitless (60 s)

Injection temp. 250°C

Carrier gas He 1.0 mL/min

Transferline temp  280°C
Ion Source temp.  200°C
Ionization energy 70 eV
Monitor ion m/z 189, 128 (EPTC), 109, 107 (EDB)

ZOFEHR, Table6 D &35V DB-1701 Z W HIE S TIEL, EPTC D —2 & & xS —7
WEERty (7 a~ 877 034K OOEINENMBRICHMIA TnEEEZ LN,
DB-624 % W= ERME CIIEH RN G LN LD, RIETIE DB-624 2 H L7 HlE
FMUEBRMATHZE L LT
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Table 6 Recovery of EPTC and EDB spiked into corn determined by two types of column

(%)
) DB-1701 DB-624
Spiked level (ng/kg) > 5) > 5)
Recovery ¥ RSD 7 Recovery ¥ RSD
EPTC 25 160 18 ) 90.3 (10 )
EDB 10 95.3 (22) 101 (4.0)

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

3.5 WiEME OB
Bl el 6 Fi¥E (REBRERE M, 7 5 BH, THKRERMH, BKERA, LASEEH, "A4
EEM) , Bl (A, KE, NIE, ~vAm, LHI5BAIL, TAK) KOFHME 2 F¥
(=Y ~ARKORTFEY—A) ZH, KEZHE-> TERA A (SIM) 7 e~ T 0%
ER L7 & 24, EPTC XKU'EDB O E&Z I HET HE— 7 IXRD LN ol

3.6 WANEIGRER
B G EE, FRHEAEE, &2 bAZLKEKDUT A EIZ EPTC & LTENE 25 KT 200
pg/kg, EDB & L TENZEI 5 KT 200 pg/kg tHYS B2 R0 L 723082 VT, ARIEICHE - TEY
REOIHHEEZRMN L. TOREIE Table 7 O LB Y TH Y, EPTC O F¥JEIN KL
88.1~95.5%, & DK UK IZFI X E R 7 (RSD) & LT 1%L FTho7=. EDBIZDWTIT,
RN EHRIE 96.2~103%, Z O LFEEIZ RSD & LT 6.3% L FTh o7,
2B, WMENERBR CH 6N SIM 7 a~ 7T LD —1fl% Fig. 2 (2~ L7z,

Table 7  Recovery of EPTC and EDB spiked into four kinds of formula feed
(%)

Formula feed for Formula feed for

Spiked level (g/kg) ~ growing chick  finishing beef cattle Comn Rye

Recovery” RSD® Recovery” RSD® Recovery”? RSD” Recovery” RSD”

EpTC 25 91.9  (82) 885 (Il ) 955  (36) 931  (3.0)
200 881 (11 ) 949  (65) 935 (80) 955  (64)
DB 5 987  (12) 101 (41) 103 (63) 993  (3.1)
200 962  (35) 101 (18) 993  (L7) 982 (13)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
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(A) 50 (B)  z10m-
i ] 2 EPLTO
= 1 EDB =
5 suuu- | 5 15000-
g 4
n 1 in
- muuuu-_
%‘ 2500 j\ % ]
@ : J‘CE suuu-:
5 5]
a0 L .00 .2 .90 13.00 1325 13.50 13.75 14,00 12,25
Retention Time/min Reterttion Time/min
ity : Max Intensity . %338
(C) 7500 Max Intensity © 3,619 (D) , 20000+
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“3 ] 3 10000-:
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Fig.2  GC-MS chromatograms of standard solution and sample solution
GC-MS conditions are shown in Table 2
(A) Standard solution (The amount of EDB is 0.02 ng)
(B) Standard solution (The amount of EPTC is 0.05 ng)
(C) Sample solution of spiked corn (spiked EDB at 10 pg/kg)
(D) Sample solution of spiked corn (spiked EPTC at 25 pg/kg)

3.7 EETREOHH TR

AIEOFE R T IRZ MR T D720, ARG EEHZ EPTC %, 7 1 &2 EDB # £ E 1Ll L,
ARIEPE> ToHdrZE 3 BIFEmKL, ?% LB —27 @ SN b ZNENOEE FIRE OB H TR
RO

EHEA BEHT EPTC & LT 5 KOV 10 pg/kg Y &2 N U 723082 W TARIEICHE - T 3 [[
Fhifi U7 kE R, SN EEAY 10 & 72 51X 10 pg/kg TH Y, EPTC OEE FIRIZ 10 ngkg &2 5
7. A 10 pg/kg 1231 2 AL Table 8 D & BV 98.3%, MK LKEIZIRSD & LT
6.1% CTdho7-. F£7=, EPTC O TIRIZSN LN 3 L/ REMND 3 ugke & AED i,

Table 8 Recovery of EPTC spiked into formula feed for beef
(%)
Formula feed for beef
Recovery RSD"
5 74.7 (10 )
10 98.3 (6.1)
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Spiked level (ug/kg)

EPTC

[FARIZ T A ZIZEDB & LT 1 KON 2 pg/kg FHY B2 0 L7230k 2 W TRIEIZHE - C 3 [
B 7= 55, SN EEAS 10 & 72 DR IL 2 ng/kg TH Y, EDB ODEE FIRIZ 2 ugkg £ Ex b=,
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PRINEE 2 pg/kg (2B 5 AR 1T Table 9 D LBV 96.7%, i UK IX RSD & LT 3.0%T
Holz. F£7=, EDB OB FRIZ SN 3 L7 END 0.7 pgkg & REDL bz

Table 9  Recovery of EDB spiked into rye
(%)

Rye
Recovery?  RSD"”
1 117 (99)
2 96.7 (3.0)
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Spiked level (ng/kg)

EDB

3.8 JL[ARAER

RIEOFBREEZFEST D720, £9bA5Z LECWHFESHEASEHZZ N Z EPTC &
LT 40 pg/kg tHYEL O EDB & LT 10 pgkg Y EAZRM L 72kt HWT, 7Y Lo b -7
7 ) u—HRAS N ETFFET, MEIENBAREGON Y 2 —Z B IERT, R
MEEEGE Tt v ¥ —, MSATBUE NEMOKEEE LTI v & —IEE B2 2 A, ﬂﬂ
W2 —, R4 EREyZ—, FfFE s ¥ —KRKEBPT R ORER T % —0 8§ BR=EIC
W, ARIEICHE- TR 2 £ L 7=

EPTC IZOW T OFERIT Table 10 D EFBH THY, &9 HAHAZ LTIE, FEHEIERIT 109%, £
DMK UK K OV R BRI AR HE R 75 (RSD, X UVRSDR) & LT 6.1% K&
7.7%T& Y, HorRat (X 0.35 Tho7=.

F77, BAEETIE, EHEINERIT 113%, TOENBK UKEE R OCEMEIREEIZZEn
RSD, X O*RSDg & LT 1.9%M 1} 6.9% Td v, HorRat % 0.31 ThH-7-.

EDB I[ZDOWTOfERIL Table 11 L BHTHY, &H5HAZ LTI, FHEIIHEIL 106%, Z
DENBE UK EE K OCEMBBUEEIXZ 24 RSD, XN RSDg & LT 5.8% &N 14%TH Y,
HorRat /% 0.61 TH o 7=.

£/, BEAEETIE, FHEIERIT 106%, T OENBK UKEE LK OCEMTFIEEIZZLEh
RSD, X TO*RSDg & LT 3.9%M N 11%T& Y, HorRat (X 0.51 TH -7z,

SEZEOD, FRBRECHH LA A7 v~ N7 7 78 &0 OFFES%: % Table 12 128 L
7.
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Table 10  Collaborative study results of EPTC

(ng/kg)
Sample
Lab. No.
Corn Formula feed
1 41.1 41.0 41.0 43.1
2 453 39.4 42.3 43.7
3 41.0 46.4 47.5 47.4
4 47.9 47.8 47.7 47.5
5 42.7 47.6 473 46.2
6 434 394 43.5 43.2
7 46.6 48.1 48.7 49.6
8 42.1 39.5 40.1 42.0
Spiked value 40.0 40.0
Mean value ¥ 43.7 45.1
Recovery (%) 109 113
RSD, ” (%) 6.1 1.9
RSDg ? (%) 7.7 6.9
HorRat 0.35 0.31
a) n=16
b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
Table 11  Collaborative study results of EDB
(ng/kg)
Sample
Lab. No.
Corn Formula feed
1 10.9 9.04 10.7 9.61
2 10.2 11.5 10.8 10.5
3 10.3 10.4 10.4 10.4
4 13.8 13.8 13.1 13.4
5 9.06 9.72 9.22 9.67
6 10.3 10.5 10.5 9.67
7 10.1 10.3 10.6 10.2
8 9.56 10.1 10.5 9.90
Spiked value 10.0 10.0
Mean value ¥ 10.6 10.6
Recovery (%) 106 106
RSD, ” (%) 5.8 3.9
RSDy © (%) 14 11
HorRat 0.61 0.51
a) n=16

b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
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Table 12 Instruments used in the collaborative study

Lab. No. GC-MS GC column
(i.d.xlength, film thickness)
Thermo ELECTRON CORPORATION Agilent Technologies DB-624
1 FOCUS-Polaris Q (0.32 mm i.d.x30 m, 1.8 um)
GC/MS Benchtop lon Trap Mass Spectrometer
) GC: Agilent Technologies 6890 Agilent Technologies DB-624
MS: Agilent Technologies 5973N (0.32 mm i.d.x30 m, 1.8 um)
3 GC: Agilent Technologies 6890N Agilent Technologies DB-624
MS: Agilent Technologies 5975B (0.32 mm i.d.x30 m, 1.8 um)
4 GC: Agilent Technologies 7890 GC Agilent Technologies DB-624
MS: Agilent Technologies 5975C MSD (0.32 mm i.d.x30 m, 1.8 um)

Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)

5 Shimadzu GCMS-Q2010

6 Shimadzu GCMS-Q2010

7 Shimadzu GCMS-Q2010 Plus

8 Shimadzu GCMS-Q2010

4 FE&&H
A7 v~ ~7 7 7GRS 2 ATk o EPTC & NEDB O [ARfE &L I DWW CTRiFT L 72

LA, ROFEREET-.

1) 74—« AF— 7 KBEEICL DHHEMTHOEEZ 20.0 g, /K% 400 mL, ~FH 2% 20
mLIZT 52 EICk Bk Ra 57,

2) T A—v s AL — 7 ERAEE N OGAE IER T AMEAKOIRE % 5°C ITRET H Z & TRAf
RS R AT

3) WA/ v~ NI T 7EESGHFICHERT 25 7 L% DB-624 12 LT-IESM CTRIFRER 15
7.

4) EPTC K (" EDB DOHEHER O F B fji% 0.002~1.0 ng O #iPH TS A8 5 EARMEZ R LT,

5) 2 FEXEOES AR O 2 T OFEIC EPTC & LT 25 & T8 200 pg/kg A1 82N L, HINEIIY
B A SN L 7oA, SPEI SR 88.1~95.5% CH V), MK UKEEE T XHZHER 7= (RSD) & L
TI%UFThH o7z, £z, [FEFKICEDB & LTS5 LKUN200 ngkg FHS EZIRML, HINEIGLER
Ze Fih LT fE R, CEHEIERIE 96.2~103% TH Y, #k LFEEIZRSD & LT 63% L FTh -7,

6) AIEIZL D EPTC OE & FRIX 10 pg/kg, M FIRIX 3 pgkg L E R B/, £72, EDB DE &
TIRRIZ 2 pg/kg, fH TFRRIZ 0.7 pg/kg &5 2 BTz,

7 LA LAUERAER (WA4IEER) I EPTC XN EDB & L CZENEI 40 pgkg K
10 pg/kg FH2 B A RN L 72 dl@al kb 2 V¢, 8 BRBREIC RV TARIEICHE » TR 0T % it L
7.

ZORER, LB AZ LD EPTC O FHENLHEIL 109%, T OENBEIK UK EE & OV B 5 BUE
X ENE AR AHEER 2 (RSD, XTOYRSDg) & LT 6.1% &1 7.7%CTH Y, HorRat iE 0.35 TH
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> 72. EDB OFEHEILHEIL 106%, F DN UKEE K OVE W B BUE 132 02 HUHE SR (R
7% (RSD, X TYRSDg) & LT 5.8% K% N 14%Tdh v, HorRat L 0.61 Th-o7-.

F 7o, BLAEEND EPTC O X [EILERIT 113%, & DBNMEGK UK E K SR EIEE XL
AUV EE (R 2= (RSD, X D' RSDg) & LT 1.9% % 1} 6.9% CTdH ¥, HorRat |% 031 Th-7-. EDB
DAL T 106%, & O NG UK & OVE MBS X2 0 T ESE R 2= (RSD, &
UYRSDR) & LT3.9%&WN11%T&HY, HorRat (X 0.51 TH-o7z.

B i
LFRRBRIC TSI W, 7oL b s T 7 a P — kR e, MEEANBARE LS
2 — N O EREEGFHSESESORBREOSNMICEFOELR L F .

x

1) tEHEAN B AREBE 2, B T v 7 1988 [ EREZ B RRE . BEAV T v
1988 4FFER (1988).

2) JEAERER B, NSO IENE” ) B34 4 12 A 28 B, EAKERE 370 5 (1959).

3) R, HRASrhioEE o RIEME (1970).

4) BAES o FRROEENRINY O R EICBET 28R, B S1E T A 24 B, BHKE
BT 355 (1976).

5) A RBE—  SUEMFZEERE, 11, 1(1986).

6) BEMKEEME - BRREEM . “FESH EEOHIEICONT” , k2044 A 1 H, 19
255 14729 =5 (2008).

7) WMENENBARBSONTE ¥ — R 18 R R O EME SR EELRET HT-D D5
FHEBR R OFESEE~OBITRESZEFE ST EMEEOSIEOR% (2007).
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2 MAHBOTFOURAAFILRVTO I/ RADARY ORI ST
(FPD) IZ& B EE]

KA TN
Determination of Azinphos-methyl and Profenofos in Feeds by GC

Ryosuke YAMOTO®

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

An analytical method for determination of azinphos-methyl and profenofos in feed using gas
chromatography (GC) was developed.  After addition of water to samples, azinphos-methyl and
profenofos were extracted with acetonitrile and filtered.  The filtrates were purified by gel permeation
chromatography (GPC) and Florisil column chromatography, and subjected to capillary column GC for
determination of azinphos-methyl and profenofos. A recovery test was conducted using two kinds of
formula feed, wheat and cottonseed spiked with azinphos-methyl and profenofos at 50 pg/kg and 3,000
pg/kg. A recovery test was also conducted using ryegrass straw spiked with azinphos-methyl and
profenofos at 50 pg/kg and 10,000 pg/kg.  These tests resulted in recoveries of 76.3~116.5% of
azinphos-methyl with relative standard deviations (RSD) of within 11.9% and recoveries of
88.0~119.5% of profenofos with RSD of within 10.3%. A collaborative study was conducted in eight
laboratories using a formula feed and alfalfa hay spiked with azinphos-methyl and profenofos at 100
pg/kg.  The mean recovery of azinphos-methyl in formula feed was 88.0%, and the repeatability and
reproducibility in terms of the relative standard deviations (RSD, and RSDg) were 7.2% and 9.7%
respectively.  The mean recovery of profenofos in formula feed was 92.4%, and the repeatability and
reproducibility in terms of RSD, and RSDg were 7.0% and 14% respectively. ~ The mean recoveries of
azinphos-methyl and profenofos in alfalfa hay were 99.3% with RSD, of 4.1% and RSDy of 12%, and
96.6% with RSD; of 6.8% and RSDg of 12% respectively.

Key words: 78 3K pesticide residue ; A% Y R fiA| organophosphorus insecticide ; 727 2
RA AF )V azinphos-methyl ; 7’2 7 = /78 A profenofos ; WA/ vu~ 777 41— gas
chromatography (GC) ; 7 /VigiE 27 v~ K27 Z 7 (— gel permeation chromatography
(GPC) ; #A5E cottonseed ; F[FIFRER collaborative study ; filf} feed ; HZAXEL grass hay

1 %%

TR AAF IV [CoHpN305PS,)  (Fig. 1) (%, Bayer ftE23BR¥E L7=AHEY v RZABAITH D.

ORI O ELUEIL, &9 A2 L T2 mgkg, ST 0.05~0.5 mgkg, W HIET0.05~0.5 mg/kg,
BT 0.2~5 mg/kg, FFETO0.1~5mgkg TH 5 V.

77 x )iRA [CHsBrClOsPS)  (Fig. 1) 1%, AA A®D Ciba Geigy 3B L72IERIFRY iR

il

T OMSTATBUE N MKW B e AN v 2 —HLie v 2 —
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ATNAEEEHTHEKY) RBEBRATH S, ENOR WP OFREEEMEIT, BME, SEEORET
0.05 mg/kg, V&I T 0.02~0.05 mg/kg, T 0.05~5 mgkg Th 5 .

INLOEBEONIEL LT, TYVVRAAFAICONTIL, EASEBEEM 2k [LeMS 12k
RS D —FERBRE ] %, TR T ) R RICOWTE, FEOITERE Vc ks TR av N ST TR
BONTRHZ L 2 BEO—F DL E13b 5.

AlEl, MEENBARESDN T 2 =003 Lz TERAFREFDOT PV RAAF AR RN T 07 = )ik
ADFRRNTIE) VEIRC, FEHRESITE R IERE) ~OmEAEO TR O TORMEZ{T-
DT, TOMELHRET S.

Cl
—
o) \ O\\P /O
N— V4 RN Br
\\P/
RN
Azinphos-methyl Profenofos
S-(3,4-Dihydro-4-ox0-1,2,3-benzotriazin-3-ylmethyl) O-(4-Bromo-2-chlorophenyl)-O-ethyl-S-propyl
0,0-dimethyl phosphorodithioate phosphorothioate
CioH2N;05PS, MW: 317.3 Ci1H5sBrClIO;PS  MW: 373.6
CAS No.: 86-50-0 CAS No.: 41198-08-7

Fig.1  Chemical structures of azinphos-methyl and profenofos

2 ERAE
21 & OB
MROBEL AR (RREFAE AL OARFFRER) |, INE, MEROERE (5477 AX ha—)
Z 1 mm OS5\ EEIRT 5 F THEL TRV .
¥, BEHIHW TR G R OB G EI G & Table 1 1IZR L7z,
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Table1 Composition of the formula feed used in this study

Kind of Group of Ratio .
) ) Ingredients
formula feed ingredients (%)
For layer Grains 60 Corn, Milo, Rice
Oil meals 27 Soybean meal, Rapeseed meal, Corn gluten meal
Animal by-products 1 Fish meal
Brans 1 Wheat bran
Others 11 Calcium carbonate, Animal fat, Calcium phosphate,
Salt, Paprika extract, Silicic anhydride
For cattle Grains 52 Corn, Lupins, Rice, Wheat
Oil meals 22 Soybean meal, Rapeseed meal
Brans 21 Corn gluten feed, Wheat bran,
Distiller's dried grains with solubles, Screening pellet
Others 5 Molasses, Calcium carbonate, Alfalfa meal, Salt

22 A ¥
1) T YURARATFIVIEREIFR

TV URAATFOVERES (FOGHSE T2ER, MR 99.1%) 25 mg Z IEfEIZHE > T 50 mL OR& Y
TR, TENAEMZTENL, BIERETTE N EZINATT VU AR A AT VR
WAL (ZOW 1ImLE, 7YV RAAFALELTOSmgaaaT5. ) .

2) m 7= /R AEARERR

77 xR AEREE (FEhis T8, Sl 99.0%) 25 mg 2 EMEICE-> TS0 mL O2E T 7
AAZ A, TENAZMZATENL, BICERETTE N Z2NATT R 7 = ) A AERERIR %
PR (ZOW ImL i, Yo 7=/HKAELT05mg2EAT5. ) .

3) IRAIEAER

ERICER LT, 7YV RARAFVAERERIR N N7 0 7 = ) R AFEHER 4 1 mL % 50 mL D4 &
7 T AZEREIZAN, FITHERE T 224- R AF AR E =T by (441) 22T, 1
mL FICEEIEE LTENEN 10 ug 256 T HIRAEHEFIR 2 TR L.

HIC, IROEEFKO—EEE 224N AFAXZ =T My (4+]) TIERIZHRL, 1
mL P EEK L LCTENZER 0.01, 0.02, 0.05, 0.1, 02, 0.5 KON 1 ug 2EHT D S5IRATEAER
Zanid L7z,

4 Trby, TER=FII, AFY IR LZ, 7 a~%H ) 224 RV X
FNR B ATFEREER Y v~ § 7T 758 RS E oz,
23 EK U E
1) #HAZwm~ 2777 : Agilent Technologies #  6890N (FPD fifti#gs (U v fttiH 7 4 v —) )
) FhiREru~ v 757 AASEEL GPC VAT A
N7 PU-980
F—h 7T — : AS-950
753y aralb s Z—: SE212N
3) REIH: AT v r8 Ly Ty 2—A— SR2W
4) ToNKRL—Z—  BUREY AL NAJ-160



16 fREHIFZEE S Vol. 33 (2008)

5 7r YT A—hKY v Waters 8 Sep-Pak Plus Florisil

6) AT T T7 4 NH— BE LFHE HLC-DISK 25 (FL£% 0.45 um, EL£E 25 mm)
24 EEFIE

1 # H

B 100 g 2 - T 200 mL O =H 75 232 AR, K10 mL 22 THEL, 30 4 REE
L7ct, 7 F=FVU/L 100 mL 2%, 30 /3R VIBE TR L7z, 300 mL ©7Z2 97 T 2=
77 —RIOTICES, hitige A% (5 B) TWRSIAB L%, BRakOESE27E =
UL 50 mL TEFL, W5 AME L. AiiE 40°C LT ORI TIEE A ERET D % CRUT R
Lizth, BRI A LS THELZ., vYZa~dtr—7T% > (7+43) 10 mL (#3EE 20 mL)
ZIEMEICIN A TEREM AL, 10 mL O et OIS I AL, 3,000xg T 5 i 0ok L7
%, EBAEEA T TT7 4V E— (LR 045 pm) TAHBL, FUWRE I/~ 777 4 —|C
i 2B & LTz,

2) TREBIA~Y NS T T 4 —

AERRIR 5.0 mL 27V 7 a~ h 77 7IZFEAL, TV UVRAATFAROIT BT = ) KAN
AT 2 H53% 100 mL D723 7 7 2225 L, 40°C AR OKIBTIEE A ERL[ET 5 F Tt
Wi LTott, BRI AZESTHE L. FREZ a~ 87T 7 O%M% Table 2 (1278 L7z,

X2 mL EINXTEREMEENL, I— Ny AT Lhra~v N7 T 74— kT 53k
Wi e L.

Table2  Operating conditions for GPC

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x 300 mm, 15 pum)
Guard column Shodex CLNpak EV-G AC (20 mm i.d.x 100 mm, 15 pum)
Eluent Cyclohexane-acetone (7:3)

Flow rate 5 mL/min

Fraction volume 70~120 mL

3 A=KV TV hTArIu~w NTT7 40—

7Y h— M)y DEERFEIZERE L, TONFTY S mL ThH T AEPEE L. REHATR
FESHEICAN, BEEA~FY 2 mL$OT2EEESRL, WREIER 72 ) VL h— R v VI
Iz, WREAFETAFIO LS ET 5 £ Tt S8/,

S50mL DT I A2 70 PV — ) vy PO TIZESE, ~FHhr—T7k M (1743) 15
mL ZMZCTVURARAFIVERNT 0T = )R ARERSE, WHKZE 40°C LLFOKIBTIEE
A ERLET D E CRIERME Lo, EHRT A ZiE-o THE L7z,

224- R U AF AR B =T R b (4+41) | mL % ERECNZ CTEREMERNL, TAa~
N7T 74— HRBHAIR & LT,

4) HTAI/ma~bsIIT74—

SBHAT N OB IR SIERER A 2 uL A WA a~ 7T 7I2EAL, 7a<w b7 9 L8557

Bonirsa~ 77 AN E—7 HEZ RO TREMEZIERL, REFOT7T VU FRAXTVE
k7 a7x ) RAREREH L.

B, TEEOHMES Scheme 112, HAZa~ 757 4 —OHIESA:% Table 3 IZR L7T-.
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Sample 10.0 g

——add 10 mL of water and allow to stand for 30 minutes

—— add 100 mL acetonitrile and shake for 30 minutes

— filtrate with suction filter (No.5B)

—— wash with 50 mL of acetonitrile

—— evaporate to dryness under 40°C and dryness with N, gas

—— dissolve in 10 mL (cottonseed; 20 mL) of cyclohexane-acetone (7:3)
— centrifuge for 5 min at 3,000xg

— filtrate with a membrane filter (0.45 pm)

GPC
—— apply 5 mL of sample solution

—— collect 70~120 mL fraction

—— evaporate to dryness under 40°C and dryness with N, gas

—— dissolve in 2 mL of hexane

Sep-Pak Plus Florisil cartridge (910 mg)

—— prewash with 5 mL of hexane

—— apply sample solution

—— wash flask with 2 mL of hexane and apply washed solution twice
—— clute with 15 mL of hexane-acetone (17:3)

—— evaporate to dryness under 40°C and dryness with N, gas

—— dissolve in 1.0 mL of 2,2 4-trimethylpentane-acetone (4:1)
GC-FPD

Scheme 1  Analytical procedure for azinphos-methyl and profenofos

Table 3  Operating conditions for GC

Column Rtx-200 (0.25 mm i.d.x 15 m, 0.25 um film thickness)
Column temp. 70°C (1 min)—20°C/min—250°C (4 min)

Injection mode Splitless

Injection temp. 250°C

Carrier gas He 2.0 mL/min

Hydrogen 75 mL/min

Air 100 mL/min

Make up gas He (30 mL/min)

Detector FPD

Detector temp. 250°C

Injection volume 2 pL

3 BRRUER
3.1 MREH
FHELL 72 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 %N 1.0 pg/mL OFEHBAIEAER 2 pL &x H A7 v~ |k
77 7WHEAL, fFbNics a~ NI T AOY— T HEE) D RER A ER LT,
ZOFER, W OMER L b 0.02~2 ng OFIPH THS 285 B2 R LTz,
32 FOAREI a~ T T 4 — Ot
FIMREI O~ NI T 7 4 —ICBIFDTVUHRAAF IR RT 07 = )k ADEH S O & AT
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7.

I mL HIZKRIEL LT10pg B0 T HEEREZTHRL, SmL ZIEMICE Y, WE Lk, 7
aAF =T by (743) 10mLIZEMREL, 24 DD IIRHE I u~ 7T 7 4 — |9 5k
Wik L, 60mL 75 130 mL (2331} DI HE 7y ORI 2 fedd LT-.

ZORER, Table 4 ODEBV TV URAAFARONT 0BT 2 /) RAE 7 a~dHhr —T& R
(743) T 70~120 mL DX TEEH L TNDH Z b, RIETIX70~120 mL OB 25T 52 8 &
L7-.

Table 4  Elution pattern from GPC (standard solution)
(%)

Fraction volume (mL)
60~65 ~70 ~75 ~80 ~85 ~90 ~95  ~100
Azinphos-methyl 0 0 0 0 0 0 0 2
Profenofos 0 0 1 29 54 13 0 0

Fraction volume (mL)
~105 ~110 ~115 ~120 ~125 ~130 Total
Azinphos-methyl 26 46 14 1 0 0 89
Profenofos 0 0 0 0 0 0 97

33 =NV hTLra~v NTTT 4 —ORE

=RV ATLIa~ NTT7T7 4 —IIBIFDLTVRAAFARNRT 0T = )R AORHE Sy
DB AEAT o712

I mL HFICKREE LTI pg 25 AT HEMERZR L, 1| mL 2 EfEICE D RLE L2, ~%F
P 2mLIZEfREL, 24030 — RN vy hThra~v NI T77 4—I2LV, 0mL 25 30 mL 2
B DALy ORILR 2 Rl LTz,

ZDFER, Table 5 DERBV TV URAAFARKRNT BT = ) RAFI~FY =T (1743)
T 0~15 mL ORXGTHEHLTWDLZ MG, RETHEAFY L —7 1 M (17+3) 15 mL THEHT
HTZEELT.

Table 5  Elution pattern from Florisil cartridge (standard solution)
(%)

Fraction volume (mL)
0~5 ~10 ~15 ~20 ~30  Total
Azinphos-methyl 52 50 1 0 0 103
Profenofos 100 0 0 0 0 100

34 TRV a~< 7T 7 4 —DOE
A a~< 777 4 —DRERMFIZOW THRT 21T 7.
TTAT=NVAY) DA Y — el T 5L, BERO VAR ANMET L, WINEIGERIZ IS
HIWENAECTeTesd, T AT —=ADRGED LI TWRNA U — M2 HWHZ & & LTz,
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3.5 WiEWEORE

RlA R (REWRER, FRERM, AAPEER) , e KE, A7V —=v7Xby |, &
TF, MEMOHMKE (A7 TAA e —, JVLA VT TANA, TILT7NT7~A) ZHW,
RIBIWE-THEIEL, Zua~ b T L8%Ek LTz, ZORER, T7TVUVRAAF AR 07 = /KA
DEBEHETDHE—2ITGRD N, B, TAT7NT 7L T VU RARXF IV ERFFRE
WA+ 2 E—7 OBEMBHER SN, GC-MS ZHWTYEE —27 O~ A AT MLVEHIE L
e A, TUVVERAAFILDOT AANRYT MLEDO—E AR LT,

BB, EWEORTHELNIZ r~ T AO—FI KT GC-MS TH LN Yi%E —7 D~ A
AT bV Z Fig. 2 IR LTz,

(A)
150pAE 73
] $
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2 ] e
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Fig.2  Example of chromatograms and mass spectra of azinphos-methyl in alfalfa hay
(A) Chromatogram of sample solution of alfalfa hay (not spiked)
(B) Mass spectrum of azinphos-methyl in standard solution
(C) Mass spectrum of azinphos-methyl in contaminated alfalfa hay
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3.6 WINEIGEER

Bl Akl (RBEEE AL OHAFEER) |, hERVCHMEILT VUBRAAF AR R T = )R A
& LT50 KTr3,000 pekg FHY B2, FWHE (A 7T AZX M=) [T VURAAF RIS
07>z /ARAL LT S50 RON10,000 pgkg FHY &5 E N ERMN L 72k 2 -HWT, RIEIZHES Tor
Mra 3 [E9EE L, [FIERE OWER USE 2Rt Lz, TOREIL Table 6 DL B0 THY, 7VUIR
A A FVOFEL AT 76.3~117%, & ORI UG ITFRHERERZ (RSD) & LT 2% FTho
7o, F£72, a7 RAOFEEIERIL 88.0~120%, T DMK UFEEIL RSD & LT 10%LL FTH
277,

7ok, WNEGREBR G oz a~ 7T LA0O—fil% Fig. 3 1R~ LT-.

Table 6  Recovery test of azinphos-methyl and profenofos

(%)

Spiked  Formula feed for - Formula feed for Wheat Cottonseed Ryegrass straw

level layer cattle

(ng/kg) Recovery” RSD” Recovery” RSD” Recovery’” RSD” Recovery” RSD” Recovery” RSD”

, 10,000 783 ( 42)
Az:f;‘y‘f' 3,000 104 (24) 787 (43) 84 (17 112 (46) -
50 104 (33) 763 (12 ) 111 (20) 117  (33) 887 ( 88)

10,000 88.0 ( 3.4)

Profenofos 3,000 929 (10 ) 966 (3.5 985 (10) 114 (45 -
50 110 (07) 105 (77 110 (28 120 (08 994 (3.7

a) Mean recovery (n=3)

b) Relative standard deviation of repeatability
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Fig.3 Example of chromatograms of recovery test
(A) Standard solution (The amount of each pesticide is 1 ng.)
(B) Sample solution of formula feed for cattle spiked each pesticide at 50 pg/kg

3.7 E&EFREOHWH TR

RIEIZ R DERTRAMRT 272018, At (FLHAFEER) ROEKE (5477 A bna
=) T VURARAFARK NI 0 72 ) AHRAL LTS5 KON 10 pgkg FIYEE, FMEICT VR
AAFNFRT 0Tz JRAL LT 10 HON20 ugkg Y B2 ZNENEN L7=REE VT, Ak
WIS TOfrE 3EIFEmL, Bl —27 O SN tE R 7.

ZORER, BoNlZE—27® SN R 10 ERDBEX, TIVUVRAATFARRT T = /) AR,
25 nghkg (513 10 ugkg) T 72723, Table 7 D LBV FRINE S pgkg (FREIL 10 pgkeg) (281
LB CIE, T UV AR A ATV TIH RN 108~128%, MK LIS ITFHAHEHERF2E (RSD) & L
T 9.1~23%, 7B 7= /KA TEEEEIER 100~151%, K UKL RSD & LT 9.5~23% CTh - 7.

WINE 10 pgke (FRF21E 20 pgkg) BT BT, 7YV HR A AT TIEEHEIILE
90.9~110%, #u UKL RSD & LT 3.9~13%, 707 =/ ARATIHEHEIER 105~112%, MK L
FEFEIZ RSD & LT 1.4~83% E I FIERIFRFERTH - 72,

PLEDOFER NG, RKIEOTEE FIRIZZNZEIL 10 pgkg FRZEIX 20 ugke) BETHL EEZ LN,
F7o, BMHETRIZE—27 D SN A3 R DRENGZNEN 2 ngkg (HEIL3 pgke) BRETHD
RS b,
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Table 7  Recovery test to define the limit of quantification

(%)
] Formula feed for
Spiked level cattle Ryegrass straw Cottonseed
(hg/ke) Recovery’ RSD” Recovery” RSD” Recovery” RSD”
Azinohos 20 - - - 110 (3.9
Inegwd 10 90.9 (13 ) 108 12 ) 128 23 )
5 108 a7y 111 (91) - —
20 109 ( 3.7)
Profenofos 10 112 (14) 105 (83) 151 23 )
5 131 (13 ) 100 (9.5) - -

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

3.8 I[AEER

ARIEOFBUEE 2 & 2720, EEARHT X 2 ISR 2 5206 L7z

LBkl (FLAAEREH) LOHHE (TVT7 707 75,) [T PV RAAFAR ORI a7 x )/
RAL LTENZI 100 pgkg MM EZ I U302 AV, MEEN B ARSI v & —Z R
JEpT, WMENEAN~A 2 b v Ui, REEEER A SES SOt v & —, WSIATBUEN R
MOKPETH B 22 it o 7 — IR B A, e thErr 2 —, FEdts 22—, FEzs 2
— RIS ORIFLIE 2 > 2 — D3 8 3B T IR 4T 4 FEhi L 7-.

T UTRAATFIATONTORERIL Table 8§ D LB THY, EEEEITIE, FHEIET 88.0%,
Z DEANMGR UKEEE o OV i EURE EE L& N EAVH R (R 2 (RSD, X TF RSDR) & LT 72%K WY
9.7%Td Y, HorRat |% 044 Tho7-. £/, FAFETIE, FHEIGRIL 99.3%, € OENHEGK LK
FE R VR M BURS B 132 24 RSD, LY RSDg & LT 4.1%K% T 12% T Y, HorRat X 0.54 TH -
7-.

7Tz ) IRACONTORERIE Table 9 O LY THY, EAEETIE, FHEIERIT 92.4%,
Z O EWNMER UK K OV BUSEIZZ 24 RSD, XY RSDg & LT 7.0%& N 14%ThH Y,
HorRat 1% 0.65 ThH o7z, T/, @HETIE, FHEUGET 96.6%, +OENMEEIR UK K O=EMH
BURS 132 E 4L RSD, ) (N RSDg & LT 6.8% M TN 12%CT&H ¥, HorRat (X 0.56 Th o7z,

BLAETE R DT 2 R A A FUZOU T HorRat 28 0.5 % Flal> TV 7223, ioofE (0.54, 0.56 KO
0.65) LWL THRICEENH-T-LiTB 2 bhen-oT-.

BEOTD, KFRBBCHEMA LT A7 a~ ~ 7T 7 OFFES % Table 10 IR L7z,



FEFOT U RARAFAR NI 0T = ) RADH A u~ 757 (FPD) IZ L5 E&EE

23

Table 8  Collaborative study results of azinphos-methyl
(ng/kg)
Sample
Lab. No.
Formula feed for cattle Alfalfa hay
1 89.6 97.5 112 113
2 96.9 92.1 91.8 105
3 96.9 99.5 116 112
4 774 83.5 93.5 95.0
5 84.1 96.7 94.3 91.6
6 92.0 80.8 85.7 84.1
7 83.4 83.0 112 107
8 85.0 70.1 90.7 84.8
Spiked level (ng/kg) 100 100
Mean value” (ng/kg) 88.0 99.3
Recovery (%) 88.0 99.3
RSD, ” (%) 7.2 4.1
RSD;? (%) 9.7 12
HorRat 0.44 0.54
a) n=16
b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
Table 9  Collaborative study results of profenofos
(ng/kg)
Sample
Lab. No.
Formula feed for cattle Alfalfa hay
1 97.7 103 107 110
2 86.8 82.4 76.8 90.6
3 86.7 104 113 101
4 80.8 82.3 81.8 88.4
5 943 97.9 102 89.5
6 74.6 66.9 90.9 83.1
7 102 103 106 115
8 116 100 96.4 94.1
Spiked level (ng/kg) 100 100
Mean value” (ng/kg) 92.4 96.6
Recovery (%) 92.4 96.6
RSD, ” (%) 7.0 6.8
RSDR? (%) 14 12
HorRat 0.65 0.56

a) n=16

b) Repeatability relative standard deviation within same laboratory

¢) Reproducibility relative standard deviation
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Table 10  Instruments used in the collaborative study

Lab. No. GC ) Column )
(i.d.xlength, filmthickness)

1 Agilent Technologies 6890N RESTEK th—ZOO

(0.25 mmi.d.x15 m, 0.25 pm)

RESTEK Rtx-2
2 Agilent Technologies 6890N 5 ) x-200

(0.25 mm i.d.x30 m, 0.25 um)
3 Agilent Technologies 6890N RESTEK th—ZOO

(0.25 mmi.d.x30 m, 0.25 pm)
4 SHIMADZU GC-17A RESTEK Rix-200

(0.32 mm i.d.x30 m, 0.25 pm)
5 HEWLETT PACKARD 5890 RESTEK Rtx-200

SERIES II (0.25 mm i.d.x15 m, 0.25 um)

6 Agilent Technologies 6890 RESTEK Rtx—ZOO

(0.25 mmi.d.x15 m, 0.25 um)
7 SHIMADZU GC-2010 Agilent DB-210

(0.25 mmi.d.x15 m, 0.25 pm)
8 Agilent Technologies 6890 J&W DB-200

(0.25 mmi.d.x30 m, 0.25 pm)

4 F&®
HAZ v~ 777 (FPD) ZHWIEEEFOT VU RAAF VKNI a7 = )R ADEREIZON
TR LIcE 2 A, RORREST.
1) TOURAAFARRT BT = /)78 AEHER O ERRE 0.02~2 ng O#iPH CEARMEE R LT-.
) RIECEIOVTOUVRAAFARKNT 0T = ) RADERZY T HE—7 OiR%Z LI-fEER, 1hEY
— 73RO Lol
3) TYVUVRARAFNKROYT 0T = /)R A% 2 BHEOBGEER, NEKOMFEIC 50 LT 3,000 pgkg,
HZPORLT 50 K TF 10,000 pg/kg 2 Ehn LENEIGRER 2 S U 72 fE 5, PRHIEIRITT VR A A F
VT 763~117%, 7R 7 x /) HRAT 88.0~120%CTH v, M UFEEIIFHIHERERA= (RSD) & LT,
TUVIRAAF VT 2%LLT, 787 = ) HRAT 0%, FORERENR S L.
4) KIEZEDTPURAAFAROT T = ) RADEREFIRIZ 10 pgke (F%EIE 20 pekg) , #Hi
TRRIE 2 pg/kg (31T 3 ngkg) BETHD EEZ LN
5) BLOEEIR OB T VU RARAF AR OT 07 = ) AR AL LTERER 100 pgkg Y82 IR
MU 7z5k 2 T, 8 BUBRE TARBIC KL A AR Z I L=, TORER, TV URAAT IO
WTCOBRCA RN I 1T 5 I EIERIT 88.0%, T =R PN UK EE K OV 8] P ERUAS 2 | T RH el Y 7
(RSD, X T*RSDg) & LT 72%&%109.7%CdH Y, HorRat (X 044 Thotz. Fi-, @REIZBIT D
EIEINERIE 99.3%, £ D= UNEE & O MBS RSD, TN RSDr & LT 41%M4 T 12%T
» YV, HorRat!X0.54 TH-o7-.
a7 x ) RATOWNTORGEEHI I T 2 BT 92.4%, £ OSEPNMEGR UREE & OV M
BUFSEE X RSD, X UX RSDgr & LT 7.0%M% N 14%TH Y, HorRat (X 0.65 Tho7o. F7o, #HEIZE
F B FEIEIERIE 96.6%, & DMK UREEE K OV M BB L 1 RSD, XY RSDg & LT 6.8%K% TN
12%T& Y, HorRat % 0.56 TH-7~.
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3 BB TAR)Y, DFFOURUTAOA M) VOFREIOT Y
SOBENWHIZKDIESS

By K&, L% FIRKT

Determination of Ametryn, Cyanazine and Prometryn in Feeds by LC-MS

omoharu "' and Toshiaki )

Tomoharu NOZAKI ™' and Toshiaki YAMATA™

("' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now Nagoya Regional Center),

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

An analytical method for determination of ametryn, cyanazine and prometryn in feeds using
a liquid chromatography-mass spectrometer (LC-MS) was developed. = Ametryn, cyanazine and
prometryn were extracted with acetone-water and filtered.  The filtrates were re-extracted with
acetonitrile (saturated with hexane), and purified by graphitized carbon black/ aminopropyl
column chromatography and Florisil column chromatography, and subjected to LC-MS for
determination of ametryn, cyanazine and prometryn. A recovery test was conducted using
formula feed for starting broiler chicks and sudangrass hay spiked with ametryn, cyanazine and
prometryn at 10 and 100 pg/kg. The mean recoveries of ametryn were in the range of
80.4~93.5% with the relative standard deviation of within 5.9%. These values were
74.7~95.7% and 5.4% for cyanazine, 73.8~87.3% and 4.0% for prometryn respectively. A
recovery test to identify the limit of detection and limit of quantification was conducted using
formula feed for starting broiler chicks and sudangrass hay spiked with ametryn, cyanazine and
prometryn at 2 pg/kg. The mean recoveries of ametryn, cyanazine and prometryn were
77.2~82.9%, 79.2~89.5% and 87.2~94.5% and the RSD were 1.8~4.4%, 5.4~9.4% and 3.1~6.6%
respectively. A collaborative study was conducted in nine laboratories using formula feed for
starting broiler chick and sudangrass hay spiked with ametryn, cyanazine and prometryn at 10
pg/kg respectively.  The mean recovery of ametryn in formula feed was 98.4%, repeatability
and reproducibility in terms of the relative standard deviations (RSD, and RSDg) were 4.3% and
6.2% respectively, and HorRat was 0.28.  The mean recovery of cyanazine was 98.9% with
RSD, of 6.6%, RSDr of 9.4% and HorRat of 0.43 respectively. The mean recovery of
prometryn was 93.6% with RSD, of 2.7%, RSDyr of 6.1% and HorRat of 0.28 respectively. = For
sudangrass hay, these values were 92.2%, 4.2%, 15% and 0.66 for ametryn, 94.4%, 4.1%, 17% and
0.76 for cyanazine and 89.6%, 3.2%, 11% and 0.52 for prometryn respectively.

Key words: 7&#4 38 pesticide residue ; VU 7 2 RFREH| triazine herbicide ; 7 A F U
> ametryn ; 7} ¥ cyanazine ; 7' 2 A KU 2 prometryn ; R4 EE3E pesticide
residue ; WK 7 v~ K27 Z 7EH &5 #HTEF liquid chromatography-mass spectrometer
(LC-MS) ; fiilk} feed ; #¢FA grain; WZ2HUH grass hay ; H:[FFER collaborative study

TOMSTATECE N EAOKPE W B 2 Al v 7 — R AR AR, Bl R4l ER 4 —
() BMOKPEW R L AN v — IR R A A
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1 &

BN AERICESSEBEEEOR YT 07 U A MHIEOZ AL, fEHE OEEHRIIZ DU
THWRL 18 4 5 H 29 HAHT THUEH L OEEHR Y O Ay Bk S 1T B3 285 (B 51 FRMAE
BE355) O—MBLESh, FAEFHOKRFEERE (60 fEH) OEEMENAHEINT.

7 F V0%, Shell Chemical fhiZ KXo THFE SN MU 7 VU RBRERTHY, AARTIE, £
NOLEEIEHSNTWD., KETIHE I BAZ LRI TWS. Lofiktd ok EEo
HEEIZBWT, VYT T UV OEEFEIZONTIE, MEEDE S EAZ LT 0.1 mgkg, K&ET 0.05
mg/kg, TA K, ZAE, A0 KOEKET 0.0l mgkg EFEESNLN, TR 16 Flo@mshn
M VT, BEETOSHIEICOVTRERZSATHANWI L ROERE TR (0.01
mg/kg) WEEFLFE LV THDH I EWRIT TR 16 FEICHMEIEN ARSI T & —03 K
NLH A a~ b7 T TEROGWEE RO TR O B —F 0 DTy T Y v DRI
EPENpoToZ Lnn, A, FEk 18 FEIC (M) AARRMOITE X —NEERF LI ikiEk s
n~ NI TEBOWNFHCE DT ANV, YT FVURORT A RN COERESNE (BT [k
vE— L) VR, KERE TORMEIGRER LK OE & FIROMHN 21T - 1=

72¥, 7 A NV L, Ciba Geigy 1 (Bl Syngenta AG tL) ([ZX > TR SN MY 7V RRE
HThHo, RKETIEZY hUyFE, L2852 LKA Ty IR ENR TS, BATITHE
BRI L L TBEI LTV (2005 FI2R%)) . AARENTORE OF% R EEMEITERE ST
7200,

F7z, 7oA MY X, Geigy ff (Bl Syngenta AG ) ICX VR INTEATFALTFA NI TV
REBREAITHY, BARTIE, B ZEEPLEILAZILEEZMNGLE L THEIN TS, £z,
KESETHHEH SN TWS. BARENTORB T OREEEMITRE S THAR.

il

H | H |

VNT;TS ; YNT;TS
N \/N\N(N\N(NH N

T T T

Cl
Ametryn (2-Ethylamino-4- Cyanazine (2-Chloro-4-((1-cyano- Prometryn (Bis(isopropylamino)-
isopropylamino-6-methylthio- 1-methylethyl)amino)-6- 6-(methylthio)-s-triazine
s-triazine) (ethylamino)-s-triazine)
CAS No.: 834-12-8 CAS No.: 21725-46-2 CAS No.: 7287-19-6
CoH7N5S, MW: 227.3 CoH 3CINg, MW: 240.7 Ci1oHoNsS, MW: 241.4

Fig.1  Chemical structures of ametryn, cyanazine and prometryn
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2 NWAE
2.1 OB
a4 7 —BHERFHEGEE, MHRE (RA—X2 7T A~A) ZZNZEI 1 mm OS50
BT 5 ETHAL THW .
7E, MEHIHWZELA fE OBRLA FIA % Table 1 1R L7z,

Table 1  Composition of the formula feed used in this study
Kind of

formula feed Group of ingredients Ratio (%) Ingredients
For starting Grains 57 Comn
broiler chick o] meals 26 Soybean meal
Animal by-product 10 Fish meal
Others 7 Animal fat, Alfalfa meal, Calcium carbonate,

Calcium phosphate, Salt

22 O
1) 7Y RERERIR
T Yy [CoHi3CING)  (BEH b8, HFE 98.9%) 25 mg % EfEICHE > T 50 mL D4 &
TIRAAIZAN, TEMAEMATENL, BEITERETTE N Z2MATET 2 A ERER
WaERAKLEZ (ZoW ImLix, 7Y LT05mgz2almT5. ) .
2) T ARNYU AR
TARY Y [CoH;pNsS)  (FotfisE T M i 100.0%) 25 mg & EMEIZHE > T 50 mL @
BETTAIZAN, TEM A ZMZTENL, FIERETTE N EZMATT A MY VIE
WEIRZFHRLZ (Zo@ ImLix, 7TA RV ELTO0Smga2EaA6T 5. ) .
3) 7Tm A MY KRR
7'r A MY [CoHoNsS)  (FEHISE TR, #E 98.9%) 25 mg % EMEICE > T 50 mL
DEET T AIZAN, TEMAZMZATENIL, BIERETTE M ZMATTRrARY
CHEMERE AR L. (o ImLiE, A R L TO0SmgEaAmTSH. ) .
4) RBIKEAEUER
HRICE LT, 7 A MY SERERR, 7 7Y U EERIEE NS 1 A N AEREFRO —E
BEEAL, T M TEMRICHERL, | mL PICERELLTERLR 05, 1, 2, 5, 10,
20, 50 XN 100ng # & H T 5K IR G ER Z R L 7.
5) 7 bhy, ~"FHr, FERB=FALOT B b= b U VIR RS HREEEZ Vs, R
L TWA LA DRI W Tk A FH -,
6) ~FHofafTrehr=rI
500 mL O3 iRFHIC 72 b=k U/ 300 mL # AL, HIZ~FH 2 50mL 0z 72, 550
EVREESHHFEL, 7T = I VE (FHE) 20BLTE.
23 HEROEGE
1) Wikr7 v~ ~7 7 7EE5HTEF  Agilent Technologies #1100 Series
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2) WL #14T7 v Ly Frix=—H— SR2DW
3) =KL —%—:BUCHI# R-200
4) Lo BERE - AR B EYERTEE KM-15200
5) 24t A Y LT A Varian 8 Chem Elut (20 mL %)
6) 77774 NI—Ry /T T Uiy U A FVEEE I = 7 A : Supelco Y
Envi-Carb/LC-NH, (500 mg/500 mg)
7 AT A~ %2 A =0T 0 Waters B Sep-Pak Plus Florisil
24 TERFIE
D #h
IHTRCEE 10.0 g 2 B> T 200 mL o3t =/~ T 222 A, /K20 mL (B2HCH 1L 30 mL)
ZINZT-1% 30 pEE L, 7 b2 100 mL #0 %, 30 2rRE Y B Tt L7=. 200 mL @
BET7 I AT 7 —R}IOTICEE, fitiEEe A (5 B) TWEI A\ L%, o=
A7 T AARPESET M 50 mL THEHFL, BEREZARICEDEZ., HIeET 7 X
DERETTE b2z, REHAK 10 mL % 50 mL O3 ~7 7 2 2 |ZIEMIC AN,
40°C L FOKIB TR 2 mL F CRIERME L Th 7 A0 1TI2f3 2 30HR R & LT-.
2) T LB
SHMET A VU Eh T MCRENRIRE AW L, BesE /K S mL THEEF L, RikEHbETA
WL, 5 oM E L. 200 mL ORTIET T A% I T L0 FIZES, ~FV o —FiikTT
v (17+3) 10 mL THEIRZVEF L, RERICAART Lz, BIZRERIC 2 E#D IR Lz, ~F P —
FEfR =L (17+3) 50 mL % 7 7 AMZAMTL, FEREEZRH S, WkoE (BE R LS
X, WRIRELZBNE L, #7 NLEE D) 123 2 URHAK & LTz,
3) KR
REHRIR A2 40°C LLTF 0K TIRIEHE T 5 & CRIERM L7-t%, EF NV A& ko CTHE S
B, AF P30 mL 2N CTEIZEMRL, Z0%E 100 mL O3 HI AN, ~F 3
Y 2mL THEMEWGE L, KA 2RIRFCEGbE, [FERIC 1 E#RD R L7z,
DR EHZA~F Y a7 b= R L 30mL 2%, SHOMEES Lz, 7 F=FU L
J& (FJ@) %200 mL D227 7 X alZ Ak, ~FHEie~FF oyt k=KL 30
mL 2Nz, FRRICEIEL. T = NIAEEZEORTIET 72 alEbt, 17 L0H
IICfEg 2 5ehaR & LTz,
4) H T LRER L
REHRIR &2 40°C LLTF 0K TIRIEHE T 5 & CRIERM L7-t%, EF N A& ko CTHE S
Wiz, ~FP U smL 2N TRS 2R L.
TS5 757, " =R/ TI /7T U VDAV EREI =0T A&l T 5
mL & O~ H% 2 10 mL THE L 7=,
REHRIRZ R =H 7 JZAW L, WEBTETAF O EIZET S TR SEZ. ~FPv
5 mL THESLZWESHL, FERICAN Lz, TICHERIC 1 E#RVIRLZ. 50 mL ORTH7 7 A
A I=HTLOTICEE, ~FHh o —FfgoF L (1+1) SmL THEHZEEL, RikE 07
LZAML, WEHAFTTAKO EHIZET 5 £ Tt FSEFEREZFEH 2. FIZFEERIC 1
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F#E IRz, ~F o —FgTF 0 (1+1) 10 mL % I =0 7 A2z, RERCERSE
7. WREHAH Z 40°C LLF 0K TIRITHCE 2 & TRIERM L72%, ER W X &% > THEH
SE. ~FH 3 ml 22T 7 7 ATMA, RSERBEL, U7 L0 I IS 55
B & LTz,

5) 17 AALEER 1T
BT AW~ T A T LI =T LE) P— "= ZH#fE LT 5 mL Tl Lz, 3B
Wik%z VY — "=z, REAFETAHO BiIZET 5 E TS, ~F%¥H 23 mL T
Bz lodi L, FARICART L7z, BICEBRIC TE#YIRLZ. S0mL ORI 7 XA a% I =
BTEDTFICEE, ~FHor—T% b (1743) 5 mL THEZREZES L, RIKRE D T LDIZALT
L, WRIEBFETAAID BIHlZET 2 F Tt F SEHBRBEZEN S S, TICHEERIC 1 E#RD K
Lic. ~FHr—=7% by (1743) 10mL Z I =07 M2, FRICEE S, RBHAK
Z 40°C LLTF KR TIEITHEE S 2 F TRIERME Lok, ERTAzEo T s, 7k
=RVl mL 272377 X2, KSeEMRL, ks v~ 277 7EESHENHT
K DHEICHT 2RI & LTz,
6) ks m~ k77 7 EESHFHNC L 2 HE
FBHAT f O IR A EYENR S 4 uL 2k 7 o~ v 7T 7EESWRHCIEA L, Table 2 Ol
TERMFICHEVIEIRAS A i (SIM) 7 m~ b7 T A&7,
Table 2  Operating conditions for LC-MS
Column GL Sciences Intersil ODS-SP (2.1 mm i.d.x150 mm, 5 pm)
Mobile phase A:0.01% formic acid solution  B: acetonitrile
B(%) 25% (5 min)—2 min—60% (3 min)—2 min—90% (8 min)
Flow rate 0.2 mL/min
Column temp. 40°C
Ionization Electrospray ionization (ESI)
Mode Positive
Fragmentor 120V
Nebulizer N, (340 kPa)
Drying gas N, (10 L/min, 350°C)
Capillary voltage 4,000 V
Monitor ion m/z 228 (ametryn), 241 (cyanazine), 242 (prometryn)
7 Bt

Boiz SIM 7 e~ F 7T AL E—7HE XIS S 2RO TREMREZIERL, REHFO
VTFYUE, TAMNIVEROY T AN VEEEE L.
B, EEEOME% Scheme 1 1IZ/x L 7.
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Sample 10.0 g
add water (grass hay; 30 mL, others 20 mL)
— stand for 30 min

——add 100 mL of acetone and shake for 30 min
filtrate through the saction filter (No.5B)

wash with acetone

— fill up to 200 mL with acetone

10 mL of sample solution
|—evaporate to the volume of 2 mL under 40°C
Chem Elut cartridge

—— wash and elute with 80 mL of hexane-ethyl acetate (17:3)

—— evaporate to dryness under 40°C
* for formula feed go to (*1), else go to (*2)

(*1)
|—dissolve in 30 mL of hexane
100 mL separating funnel
—— wash with 4 mL of hexane
— add 30 mL of acetonitrile saturated hexane

shake for 5 min

—— apply sample solution, and wash with 5 mL of water (stand for 5 min)

Upper (hexane) layer Lower (acetonitrile) layer

add 30 mL of acetonitrile saturated hexane
shake for 5 min

|
Upper (hexane) layer (waste) Lower (acetonitrile) layer
l

evaporate to dryness under 40°C
(*2)
|—dissolve in 5 mL of hexane

Envi-Carb/NH, Cartridge (prewash with 5 mL of ethyl acetate and 10 mL of hexane)

apply sample solution
wash with 10 mL of hexane
—— elute with 20 mL of hexane-ethyl acetate (1:1)

—— evaporate to dryness under 40°C
—— dissolve in 3 mL of hexane

Sep-Pak Plus Florisil Cartridge (prewash with 5 mL of hexane)

apply sample solution
wash with 6 mL of hexane

—— elute with 20 mL of hexane-acetone (17:3)

—— evaporate to dryness under 40°C

—— dissolve in 1 mL of acetonitrile
LC-MS

Scheme 1  Analytical procedure for ametryn, cyanazine and prometryn



ERHIFZEHER S Vol. 33 (2008)

3 BRRUER
3.1 Witk r v~ 7T 7 &R

100 ng/mL O EIEEIEAER 4 uL 2 X —1EOEBVIRIKI v~ N7 7 7 &R CHI
ELEZ A, E—rmiianenolc. WO >, 7T F= M) LOREEZHEL LT &
A, IR ENT-OT, REREREGEERDLE2 77V 2 FOREE LTz, £z,
HIOBEENER LEBICOPEMEOE - RNRALNEZZ 0D, T =M LOEERS
WS T O BRI 2 B o 7.
3.2 MREAR

IR EER A L CHBEORER LR LIz, T XTORIET 0.5~100 ng/mL DI
(ffakf & LT 2~400 pg) THEHMMELZ R L. &REOMRERH % Fig. 2-1 2>5 Fig. 2-3 127 L
7.
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Fig. 2-1  Calibration curve of ametryn Fig. 2-2  Calibration curve of cyanazine
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Fig. 2-3  Calibration curve of prometryn

3.3 WNENNERER

TuA T —EER AR AR OGRS (RA—F 7T ZANA) IZT AR, T FV
L7 a A U &L TI10 pgkg LTV 100 pg/kg F13Y &4 R0 L 725082 A v T EIER K ORI
LKEZRG Lz, ZTOREE, Table 3 DBV 7 F T2 TEHEILER 74.7~95.7%, i LK
FEITM R 7= (RSD) & LT 5.4%LLF, 7 A KU U TYEREUE 80.4~93.5%, il U K5
X RSD & LT 59%LLF, 7wu A U CHBEINE 73.8~87.3%, #ik LKEEIL RSD & LT
4.0%LL FTH 7.
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Table 3  Recovery test of ametryn, cyanazine and prometryn

(%)
Spiked Formula feed for
. . . . Sudangrass hay
Pesticide name  level starting broiler chick
(ng/kg) Recovery” RSD”  Recovery” RSD”
10 81.1 (47) 80.4 (59)
Ametryn
100 93.5 ( 0.76) 80.6 ( 0.53)
. 10 95.7 (29) 74.7 (54)
Cyanazine
100 93.6 ( 0.72) 85.7 (24)
10 85.5 (29) 73.8 (4.0)
Prometryn
100 87.3 (12) 77.1 (1.0)
a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
[
g
(]
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= 2
@ o
) £ !
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Retention Time/ min

Fig.3  SIM chromatogram of ametryn, cyanazine and prometryn

Sample solution of formula feed for starting broiler chick spiked each pesticide at 10 ng/kg

3.4 FEETREKOHH TR
RIEOERETREMRT S22, 7oA 7 —EEMEHEAS L OGRE (RA—X27F
ANA) T ARV Y, T FP U ROT v A RN UEFEREN 2 pgkg Y BT U723 EHZ
DWNWT, KIEILE->THIL, Boio—27 O SN thZE R,
ZORER, WTHOREHZBWTH, TA NI, Y TFVUERTa A MY D3 s+
TIZDWT SN 10 & 5 REITZENEN 2 ngkg HHY ETH 72,
Ew NRZERT D701, 77 —niHEETHE S S &K K E (A—-F2 772
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ANA) WL T TV, TAMIUVERQRT v A MY b LT 2 pgke Y EZ RN L 723062
AWTEIE R TR E 2 BRet Lz, £ OREE, Table 4 D &30 EHEILE 77.2~94.5%,
MR UKS P IXARXHZ#E(R 2 (RSD) & LT 9.4%LL FTH o7z,

ZDD, RKIEOFERTIRIX 2 pgkg & AFES b, F7o, B TIRIE, SN AR 3 &5
TEEEDN B RAICOWT 0.7 pgkg & RAED Sz

BB, EEFROMBRAIL, C—2HBLROE—27EEOW G THELITo7=0, ©— 7
HCIXRGRERRE LR T2,

Table 4 Recovery test of ametryn, cyanazine and prometryn (low concentration)

(%)

Spiked Formula feed for

.. . . . Sudangrass hay
Pesticide name  level starting broiler chick

(ngkg)  Recovery? RSD” Recovery® RSD
Ametryn 2 82.9 (1.8) 77.2 (44)
Cyanazine 2 89.5 (94) 79.2 (54)
Prometryn 2 94.5 (6.6) 87.2 (3.1)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

3.5 (A EER

RIEOTHBREE ZREST 5720, LsaeHe X 2 LR 2 50 L 7=

BAEE (ZTrA 7 —RERH) ROERE (RA—X2 7T ANAL) T ANV, T F
DUKROTE AR L LTERER 10 ngkg MY EAZ RN L@ 2 AT, 7oL
b Ty uaP—BRAREHT IV r—a vtk E—, RRSHEREYER R Y 7 r—3 g
VIREE 2 —, MENENBARBSONTE 2 —ZEERSUET, AR B AR R 2 R AR
BHFgEE v & —, 2EEEER R GES SO0 ' v ¥ —, MNIATEE N EMOKEE Y B2 2k
o X — B RATS, [FREENE SR, R X — BT R ORI T 2 — Kk
FEAT (9O REBRE) ([T W TARIEICHE - THARER A F e L 7-.

TARY OFERIT Table 5 D& BV, BAEEFTOT A MY o OFHEIEIT 98.4%, D
S NI UG BE B OVER T BRS E 1 X2 AL AUVFR S B YR 22 (RSD, X TF RSDg) & LT 43% KN
6.2%C& Y, HorRatiX 028 Th ~7=.

T, MHEFROT A MY OFEYEILERIT 92.2%, T OEPNMRGK UKSE K OV BB X
ZNZEIRSD, Y RSDg & LT 4.2%MK N 15%CTdH Y, HorRat (X 0.66 Tdh o7z,

VT TV UORRIT Table 6 D LBV, BAEEIT O T YU OFEEEINERIL 98.9%, D
SNMRIR UK B & OV A BURS BE I3 2 AR R HE R 22 (RSD, &Y RSDr) & LT 6.6% M4 O}
9.4%C& Y, HorRatiX 043 Th-7=.

£/, HHRETOLT O OFHEICRIT 94.4%, T OSEPNR UK K& OV WU X
ZNZHRSD, xOY RSDg & LT 4.1%MK N 17%TdH Y, HorRat (X 0.76 TdH 7.

Zu A MY ORFRIT Table 7 O & B0, BEAEEFOTm A NY OFEEINEIT 93.6%,
Z OFENMIR UK B & OV BUR B 32 AR IR #E R 72 (RSD, &Y RSDr) & LT 2.7%
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K 6.1%T&H Y, HorRat 1% 0.28 Th - 7=,

T, mHERO T a A Y ORI EIERIL 89.6%, Z D E NI UK EE MK OV [ 7 BUR
IXZEH RSD, L TONRSDg & LT 32%& N 11%T&H Y, HorRat 1 0.52 TH - 7.

WP DB O3 HTRL ST IV T 8 HorRat 28 FLEREUIE <, HRICECA RN TIX 0.5 % Flal-
TWED, FRICARGHTED FIRL O FERBROEHEICRFE R H -T2 L B bR 5T,

BEDYD, FRBRECTHEA LILKEK s a~ 7T 7EEDHTETORTEY % Table 8 127 L7z,

Table 5  Collaborative study results of ametryn
(ng/kg)
Sample
Lab. No.
Formula feed Sudangrass hay

1 9.70 9.59 8.79 8.01

2 9.00 9.44 9.16 9.72

3 9.89 9.58 8.94 9.13

4 10.7 10.3 9.54 9.84

5 10.4 104 9.89 9.73

6 10.6 9.51 7.24 8.51

7 9.82 9.57 9.17 9.35

8 8.78 9.15 7.46 7.52

9 9.70 10.9 12.0 12.0
Spiked level 10.0 10.0
Determined value® 9.84 9.22
Recovery (%) 98.4 92.2
RSD, ” (%) 4.3 42
RSDy ? (%) 6.2 15
HorRat 0.28 0.66

a) Mean value (n=18)

b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
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Table 6  Collaborative study results of cyanazine

(ng/ke)
Sample
Lab. No.
Formula feed Sudangrass hay
1 10.1 9.09 8.30 7.57
2 8.60 9.28 7.60 7.56
3 9.45 9.06 8.50 8.04
4 10.8 10.7 9.67 10.1
5 9.46 9.84 8.31 7.83
6 9.57 8.56 9.66 9.12
7 10.9 10.3 10.7 11.0
8 10.5 9.22 11.9 11.2
9 10.4 12.1 11.8 11.0
Spiked level 10.0 10.0
Determined value® 9.89 9.44
Recovery (%) 98.9 94.4
RSD, ” (%) 6.6 4.1
RSDg ¥ (%) 9.4 17
HorRat 0.43 0.76
a) Mean value (n=18)
b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
Table 7  Collaborative study results of prometryn
(ng/kg)
Sample
Lab. No.
Formula feed Sudangrass hay
1 9.43 9.31 8.97 8.17
2 9.00 9.52 8.80 9.16
3 10.2 9.64 8.73 9.15
4 10.1 10.2 10.1 10.2
5 9.58 9.32 9.08 9.11
6 8.84 8.30 7.52 7.36
7 9.37 9.36 9.20 9.26
8 8.73 8.35 7.38 8.02
9 9.49 9.77 10.4 10.7
Spiked level 10.0 10.0
Determined value® 9.36 8.96
Recovery (%) 93.6 89.6
RSD, ” (%) 2.7 3.2
RSDy ? (%) 6.1 11
HorRat 0.28 0.52

a) Mean value (n=18)
b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation



ARt OT A MY Y, YTFUCRRT R AN COWKY v T 7B RSN

T

Flio kb

TE A

37

Table 8

Instruments used in the collaborative study

Lab. No.

LC-MS

LC column

(i.d.xlength, particle size)

Agilent Technologies

Agilent 1100 Series LC MSD

LC: Agilent Technologies Agilent 1200 Series
MS: Agilent Technologies Agilent 6410 QQQ

GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)
GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

GL Sciences Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)
Shimadzu Shim-pack XR-ODS
(2.0 mmx100 mm, 2.2 pwm)

3 Shimadzu LCMS-2010EV

LC: Waters alliance 2695

MS: Waters micromass Quattro micro

5 Shimadzu LCMS-2010EV

6 Agilent Technologies Agilent 6410

7 Shimadzu LCMS-2010EV

g Agilent Technologies Kanto Chemical Mightysil RP-18GP
1100 Series MSD VL (2.1 mmx150 mm, 5 um)
9 LC: Waters 2795 GL Sciences Inertsil ODS-SP

MS: Waters Quattro Premier XE (2.1 mmx150 mm, 5 um)

4 FEOD
WMHENBARS SN 2 =B LA o~ N7 7EEOHFICEDT ARV, &

TR a A N DOERBSIEE R LT

1) B A —IETOWRKIa~ N7 7077020 FEIETIE, =208 BObNRholzZ &
ne, 779V FOREEER LT,

) BEEOBRBRAERLIZEZAS, T XTOEIKT 0.5~100 ng/mL DOFEE (Mt E LT
2~400 pg) THEMMELZ L.

3y ¥YTFVy, TARI KR T A N a7 aA T —BE i e A R O (A —
7T A) 110 pglkg FHY &L TN 100 pg/kg FHY BTN L, WMEIGRER & i L 7= /55, 7
AR Y THEHEILR 80.4~93.5%, R USEE TSR MERZ (RSD) & LT 5.9%LF, ¥
T Y THEEEIER 74.7~95.7%, #iK UKEEEIL RSD & LT 5.4%LLF, Fmr XA KU T
BRI R 73.8~87.3%, MK LKL RSD & LT 4.0%LL FOSEN ST,

4) KRIEOEBRTREEZMRT DD, 7Yy, TARMIVERTr AN v A2 T7a4 70
BT AR A R O (A= 2 7T Z~A) I[ZZFNFN 2 pg/kg HRYEAM L, FH0E
IERBR 2 F2hE U 7= 8, SEHEINERIT 77.2~94.5%, MK UKEE T XM= #EF 2 (RSD) & LT
9.4% L FTOREN SO N, KEOTERE TFRIZAEIKE L T2 ugks, BMETRIZASEKLE L
T 0.7 pgkg & AAFES HiL-.

5) EAEEE (e 7 —EBEMPH) ROEKE (A—F 2T T A~NL) IZTARN) Vv, &
THEIUUEORTr AR ELTENREI 10 pgkg FIY &2 RN L7z 3b@aEt 2 T, 9
BRERIC IV TARIEICHE - CTHEIRBR 2 Ehi L 7-.
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ZOFER, BATEEFROT A MY ORI IL 98.4%, Z O NMGR UG & OVEE i 81
FBEIX TN EEE R 2= (RSD, LT RSDR) & LT 43% KN 6.2%TH Y, HorRat I% 0.28
Thole. Filo, WHEROT A MY COFHEINERIT 92.2%, £ DN UKEE & OVEF
BURBEIZZ N ZH RSD, L ONRSDg & L T 42%M N 15%CT&H Y, HorRat [ 0.66 T - 7=.

Bl AR R DT 22 OB EILER T 98.9%, F ORENMK UK E R =M HIEEIXEh
ZIAARHE R 7= (RSD, X TN RSDR) & LT 6.6%K% TN 9.4%CTdH Y, HorRat |E 043 Th 7=,
£/, HREFOT T F Y OFEEILRIT 94.4%, T OEPNMEK UK KOS M E R E LS
NZIRSD, L TNRSDg & LT 4.1% & TN 17%TdH Y, HorRat 1% 0.76 T - 7=.

BLAEE R O 1 A R Y ORI EILRIT 93.6%, T OENME UK E K S HREE IR
NZNARAHERER 2 (RSD, 2O RSDg) & LT 2.7%M&% O 6.1%CT& ¥, HorRat I% 028 Th 7=,
T, HEROTa A N O FEREILRIT 89.6%, & DMK UK K OV ] BUR 13
ZNZIRSD, L OVRSDg & LT 32% K% TN 11%TH Y, HorRat 1% 0.52 ThH -7z,

B
KFRRBRICSML W2 WeT Y vy s 77 /ey —K&Ht7 7 r—rartvr #—,
A BEEE R T 7 ) r—a VYRR e ¥ —, MEENBARB SO v % — S EE5E
AT, fEEAN B AR ARG SRR R et v ¥ —, EEEEGRMAEAS ST 2 —0
RBREORMITEHOELRLET.

x
1) BEMOKEEHEE - ZRREEM  “GEATIEO —HEIZ DWW T?, FRE 16 4 11 A 26 A,
16 {HZ2 55 5298 5 (2004).
2) MEEANBARERSTE S Z— ik 16 FE I OAEME FREEEREFLRTFE (&
FricoBRdE)  BET O EWEE O SHTEDBYE (2005).
3) MENENBARESE ST Z— Sk 18 . Bt O A EME FREEEREFLRTTFE (&
PrEOBTE) BT OFFWEEOHITEDIE (2007).
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Determination of Dichlorvos and Naled in Feeds by GC-MS

Yasutoshi SUGIMOTO"', Toshiharu YAGI?, Takahisa KATOU™, Jun ITOU 2,
Yukiko MITSUI * and Sae SHIRAT
(*1 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
(Now Fukuoka Regional Center),

"2 Food and Agricultural Materials Inspection Center, Nagoya Regional Center)

An analytical method for determination of dichlorvos and naled in feeds using gas
chromatograph-mass spectrometer (GC-MS) was developed.  This analysis was conducted under
shaded conditions.  After the addition of 15 mL of 1 mol/L hydrochloric acid, the samples were
left still for 15 minutes.  Dichlorvos and naled were extracted with 50 mL (150 mL for grass
hay) of acetone and filtered. = The extracts were filled up to 150 mL (200 mL for grass hay).
20 mL (4 mL for grass hay) of the sample solution was condensed and purified by Chem Elut
cartridge with 80 mL of hexane and condensed again.  Naled was converted into dichlorvos, by
adding 30 mL of phosphoric acid buffer, 4 mL of cysteine solution and 5 g of sodium chloride into
the condensed solution and shaking them together for five minutes.  This solution was subjected
to the same operation again, and dehydrated with Na,SO, anhydrate and dried after filtration
through filter paper (No.5B) and dissolved in 5 mL of hexane-diethyl ether (17:3), and purified
with Sep-Pak Plus Silica cartridge and eluted with 20 mL of hexane-acetone (19:1), and dried
again.  The residue was dissolved in 2 mL of acetone, 1 ml of which was injected to GC-MS on
capillary column (TR-5MS; 5% Phenyl (equiv) polysilphenylene-siloxane, 0.25 mm i.d.x30 m,
film thickness: 0.25 pm) for determination of dichlorvos. A recovery test was conducted using
two kinds of formula feed, corn and bermuda grass hay spiked with 10,000, 1,000, 200 and 40
png/kg of dichlorvos and naled.  The mean recoveries of dichlorvos and naled were 73.2%~102%
and 73.5%~93.2%, and the relative standard deviations (RSD) were within 17% and 14%
respectively. A collaborative study was conducted in ten laboratories using corn and alfalfa hay
spiked with naled at 200 and 10,000 pg/kg.  The mean quantitative value of corn was 108 pg/kg
(92.7%), repeatability and reproducibility as the relative standard deviations (RSD, and RSDg)
were 4.3% and 12% respectively, and HorRat was 0.54.  As for alfalfa hay, these values were
4,820 pg/kg (83.1%), 4.1%, 12% and 0.96, respectively.

Key words: 7% 3K pesticide residue ; A% U o % 115 organophosphorus insecticide ;
Y7 v LR A dichlorvos ; 7L K naled ; ¥ A7 v~ 77 7H &Nt gas
chromatograph-mass spectrometer (GC-MS) ; fil¥} feed; L[FFER collaborative study
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1 #

Y7 u LR A (Fig. 1) 1% Bayer tE23BHIE LAY o R&BHT, MY 7wk (DEP) Al
HFOHGFYE L TRAIN, DEP BB L T/ n /LR AL n. FOMENEL, DFEMTE
THATELEMMPO Y, ERMER, &, Z7VEFOEAYRICENEND. v, £OEHHERE
ooz xF5—PHETHD V.

F L K (Fig. 1) X Chevron Chemical tE23B%E L7 RFE LR L2 EZLAKY V REBHTHS.
VI a VR A L RERICEMENE LS, ARHEREIENIN DD, EOEMIL Fig. 112R7T LB
D, FLURNLREZEHEFABMEELE-ZDZ7 oL RRCLDbDTHD V.

AR ORI O Ry Bk B 285 (I 51 ERMWE T 35 &) HFRL 18 4 5 A
29 BffFCciEEh, Y7 rRAKRRFT U FOBMCTHEREEEHE (AR, KE, ML, &9
HAZL, A KT A ET0.2ppm, FE T 10 ppm) D E S IL7-.

HUE, AR IEAE 221X, T L ROEREBINBE SN TB O, TRIEOMSINRAZE Lo T
W5, MEEABABRRSITE X =R LI A e~ NPT 7 4 =12 XDV 7 v RAKRD
F U ROfEE O REEESIE D ORLEREEZ 2 ZIC, WEFELE LT A~ NS TT
BE&ONFHEZHWEEREEZRFILIZE 2 A, B REENEOLNTZOTHET S.

il

Cl Cl

Cl
o. o0/ ¢C o 0 Br
%P/ \P/
Dichlorvos Naled
(2,2-Dichlorovinyl-O,0-dimethyl phosphate) (1,2-Dibromo-2,2-dichloroethyl dimethyl phosphate)
C4H7C1204P MW: 221.0 C4H7BI‘2CIZO4P MW: 380.8
CAS No.: 62-73-7 CAS No.: 300-76-5

Fig.1  Chemical structures of dichlorvos and naled

2 ERAE
2.1 OB
MIROE G R (REFEETH, WKIEEMH, WHFIEER) , @eREE (258521, K
#, vA4na) , MHE (A—X 2 T TFGANA, NI a—FTTANA,, TLVT7)VT7~A, F
TY—A) EEAEN 1 mm OfSDL W E@RIBT S E TR, e e L
7E, MEHIHWZELA FE OBRLA HIA % Table 1 1R L7z,
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Table 1  Compositions of the formula feeds used in this study

Kind of Group of Ratio )
) ) Ingredients
formula feed ingredients (%)
For layer Grains 54 Corn, Polished rice
Oil meals 20 Soybean meal, Corn germ meal

Rapeseed meal, Corn gluten meal

Brans 11 Corn gluten feed, Wheat bran
Corn dried distillers grains with solubles
Animal by-products 3 Fish meal, Meat and bone meal (derived from pork and poultry)
Others 12 Calcium carbonate, Animal fat, Salt
Paprika extract, Silicic anhydride, Feed additive
For growing  Grains 74 Corn, Milo, Wheat flour, Bread crumbs, Dextrin
pig Oil meals 15 Soybean meal, Rapeseed meal, Corn germ meal
Brans 5 Corn gluten feed, Rice bran
Animal by-products 2 Fish meal
Others 4 Animal fat, Calcium carbonate, Salt, Yucca extract,

Quillaia extract, Betaine, Vermiculite, Vegetable Oil,
Silicic acid, Corn steep liquor, Glucose,

Dextran fermentation by-production concentrated liquid,
Calcium phosphate, Feed additive

For finishing  Grains 69 Corn, Barley, Wheat
beef cattle Brans 23 Wheat bran, Soybean hulls
Oil meals 7 Soybean meal
Others 1 Molasses, Salt, Calcium carbonate
22 A OE

1) V27 v AREYER

V7 uLARA (CHCLOWP) FEHES (B b7, i 99.0%) 25 mg Z IEfEICHE > T 50
mL O®AaEET7 T 2AalZAN, T M2 TENL, BICERE CREEZ M TV 7
TR AERER R Z AR L2 (ZOW ImLIZY 7 oLl R 05mg2E56895. ) .

FERICE LT, Y7 a/LRAERFIRO—E&% 7 h o TEMRICHRL, 1 mL FI2¥”
LR A E LTENER 001, 0.02, 005, 0.1, 03, 05 1 KX 2 pg 250357 n)L
R AREHER % L L7z

2) L RE#ERR

F U K [C4H;Br,CLO,P) HEHES, (Fnytlisk TR, M 99.1%) 25 mg % IEREIZE > T 50
mL OWEEET T AIIIAN, T M ZMXTHEML, TITERE CREBESZ M THL
NEEFEZFHR L (0@ 1ImLIZF L R0Smg 28815, ) .

FERIICERLC, 7L FEEFRERO —TEZ2 7 b CEMRIZHRL, 1 mL iz L &L
TENREN2, 4, 20 kN 50pug 50T H& T L REERER Z 8 L 7-.

3) VU UERKEEIR

Ul —KFEFRY T AT KW 7.8 g 27K 500 mL IZVED LTZIEIK 230 mL 12, Y U ERKE

ZFRU DA 12K 17.9 g 2K 500 mL IZIEMD LI Z M2, 2 mol/L KEEfbF kU o LY
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T pH 7.2 IZFHFE L 7=,
4) VAT A UK
L-V AT A U —KFd 4 g 27K 50 mL IZ¥ES> L, 2 mol/L KER{LT b U 7 A¥RIE T pH
7.0 ICFHEE LT,
5 TRy, AFHy, VFA—TIVROHRET U A (K X, REEESITHE
AW, ZF ORI SN T Bk E V-,
23 HEROZHE
1) HAZwv~ k2777 : Thermo Electron # FOCUS GC
2) 'E&r#rEF : Thermo Electron #  POLARIS Q
3) IREHSH: ¥4 7 v 8 SR2w
4) TR —&— B LS N-1000
5) Z4LVESr A Y v Z A Varian 8 EXTUBE Extraction Columns Chem Elut CE 1020 (20
mL 7&)
6) YUATNVII— Y v Waters 8 Sep-Pak Plus Silica Cartridge (78 T A% & 690 mg)
24 EEIFE
AT L7 RBEECTIT o 72
1 #h
B 10.0 g 8- T 200 mL OB EIER =/A 7T 232 Ak, 1 mol/L #ifg 15 mL # Nz 15
SEEEE L. 7' & 50 mL (BRBCET 150 mL) Nz, 30 4rRE D IR CTHIH L 7=,
100 mL OGO EY 7 22 (FHEIL 200 mL OBGEET 7 2a) 27 7F—K+IDOTFIC
BE, s A, (SFEB) TRIIAE L%, HakO¥ks%27 & 30 mL THEFL,
WHIABL, BEEET I RAaDERETT v M 2MA. EXN LK 20 mL (45
IX4mL) % 100 mL DR FTET7 7 X 2 |ZIEMIZ AL, 40°C LLFOKE T2 mL BA T £ CTHUER
ML, 717 2B TICHT 2530BHAK E LT,
2) T LT
AREHEIR 2 Z AL A Y U 10T M AN, BEEEAK 5 mL THREL, EiKE D7 212m
Z, 10 pHEFFE L. 200 mL OR T T 7 A a2%2H 7 LD TICEE, AR EZ AL A
Zo~FH 10 mL 0T 3 BEIE L, WRKRANEAKRT 7 L2, KA I TAHFO Rl E
THETHEL, 7R AKRPF L REeEHSE. ~FH 2 50 mL 25 7 A2z T
FARICIAH S8, W% 40°C LR OKIB T 40 mL LA F £ TRIEERME L, Y7 ol RA~D
BT DA & L2,
3) YU uVIRAS~DEH
AEHEIR # 200 mL D3RR F A IZ AR, Besd U U BEREEIK 30 mL T LR A
IZHEDbER., VAT A VEK 4 mL KOS MY DA S g &0k A, 5 0MIEE
2L, TV REDZ o LRRICER L. KE (T/E) %200 mL O3} B IZ A, ~F
P UfEE 200 mL O =7 T AL, RS BICA~F Y 40 mL 2 ANZ, FIERICHE
EL, KEEET, ~XV VB2 =77 Aac8dbt. ZA7 7 A2 ZHEST Y 7 A
(JEAK) WEEMZAFTHUBERK LML, 200 mL ORTIET7 7 A2 2AHK (5 fE B) T
ALz, RO=Zf 7T AazVLBEO~FTH U THREL, BIRELOAM|EBL CAHAKEED
w7z, TR =TV F L7 Y a— (49+1) 0.5 mL Z/NZ, 40°C LA FDOKET 1 mL LA
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TETHERKL, BFEIAZE->THELE., ~FH o —VzFLz—F/0 (17+3) 5 mL
Nz, 517 NP ILICHET 2 RBHAR & LTz,
4) H T LRLER I

YUBTNNH— MYy PEERGEICEEL, ~Fr—Y=Frz=—F 0 (1743) 5 mL T
Vel Lo, SUBHSIR Z T ER I AN, WA FE TAHRO BiRICET 2 E TR ST, ~F 1
v=VxFx—7/b (17+3) 5 mL TO°T 3 [mIFHREVEEH L, WREZIER D 7 22z, &
HAFTCTAAIO ESICET 2 E TR SEZ. SOmLORTE T T A2 T L0 FICESX,
AF¥ =7 R (19+1) 20mL 20 7 AZMATY 7 a VIR A2 EH STz,

WHKIC T b —Y2F L7 U a—b (49+1) 0.5 mL Z/1%, 40°C LA FOKE T 1 mL
LUF & CRUEIRME L 7ok, RV A%k THIE L.

T b2 mL ZIERICINZ CEREMERN L, HAZ7u~ 77 7EBSHRHCE D HE
(S DR & LTz

5 HAZu<= 77 7ERESWHICK HHE

BRI K O 7 b VR AEHEW S | L 2 A7 a~ N7 7 7E&EDHFHCIEAL, &

WA A (SIM) 7 ua~ 7T LEHET-.
6) 7 &

BHile SIM Z7r~ M7 7 A6 — 7 HEXIE S Z RO THREREZIERL, 3o
VIZuNRA (FLUREVIaLRAIERLEVOEET. ) oEFRMH L. B, T
FEICHRET2HAIE, MESNEY 7 oV RARICEK 1.72 (T L Ry1& 3808/ Y7
LR Ay 0 221.0) LU TRDT-.

E, EEEOWMES Scheme 112, WA Zu~ 7T 7EESHTEFORIESM:% Table 2 127
L7=.
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Under the shaded light condition

Sample 10 g (brown erlenmeyer flask of 200 mL)
—add 15 mL of 1 mol/L HCI solution
— allow to stand for 15 min
add 50 mL of acetone (grass hay: 150 mL)
— shake for 30 min
— filtrate under suction filter (No. 5B)
— wash with 30 mL of acetone
— fill up to 100 mL (grass hay: 200 mL)
20 mL of sample solution (grass hay: 4 mL)
|— evaporate to the volume of 2 mL under 40°C
Chem Elut cartridge
— apply sample solution and wash with 5 mL of water
— allow to stand for 10 min
— wash and elute with 10 mL of hexane (three times)
— elute with 50 mL of hexane
— evaporate to the volume of 40 mL under 40°C
200mL separating funnel A
— wash with 30 mL of phosphoric buffer solution
——add 4 mL of cysteine solution and 5 g of NaCl

— shake for 30 minutes and convert naled into dichlorvos

|
Hexane layer (upper layer) Water layer (lower layer)

200 mL separating funnel B
—— add 40 mL of hexane
— shake for 5 min

| |
Hexane layer (upper layer) Water layer (lower layer) (waste)

—— dehydrate with Na,SO, anhydride

filtrate through filter paper (No. 5B)

—add 0.5 mL of diethylene glycol-acetone (1:49)

— evaporate to dryness under 40°C

— dissolve in 5 mL of hexane-diethyl ether (17:3)

Sep-Pak Plus Silica (prewash with 5 mL of hexane-diethyl ether (17:3))
— apply sample solution

— wash with 5 mL of hexane-diethyl ether (17:3) (three times)
elute with 20 mL of hexane-acetone (19:1)

—add 0.5 mL of diethylene glycol-acetone (1:49)

—— evaporate to dryness under 40°C

— dissolve in 2 mL of acetone
GC-MS 1 uL

Scheme 1  Analytical procedure for dichlorves and naled in feeds by using GC-MS
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Table 2 Operating conditions for GC-MS

Column TR-5MS (0.25 mm i.d.x30 m; 0.25 pm film thickness)
Column temp. 60°C (1 min)—15°C/min—280°C (5 min)

Injection mode Splitless

Injector temp. 250°C

Carrier gas He 1.0 mL/min

Transferline temp.  280°C

Ion source temp. 230°C

Ionization Electron impact

Ionization energy 70 eV
Monitor ion m/z 185 (quantitation), 109 (confirmation)

3 HRRUEBR
3.1 LEM
T U RIS EZITRTVEDOHANES N TWD V22, REITELCEETERET S
N O el
3.2 MREMR
T uARZAE LT mLHIZ 10~2,000 ng Z Z SR ERZHFHLL, K 1pL 2 W A7 2< b
75 7ERESHENCEAL, o SIM 7 e~ NS00 — 7 WL OVE S &R Tk
MEER L. ZORE, MEHRIZSZ oL R 2L LTO0.01~2 ng O CHEMBEMEZ R L.
3.3 WiEMHE OB
3 ORGSR (RBFEEH, RKIEEH, AAFRER) , 4 BRHOGKE (R—¥v 7
FTANA, RIa—HTFANA, TLATyNTy~A, FTEV—~A) KO3 EHOBRE (&
IbAIL, KFE, vA41) IZOVWT, RIEIZHEST SIM 7~ 77 LEEkKL, Y7L
RADEREETIE -7 OFELZBRFN L. TOME, P/l RADOEEEZYET D E—
RO b T,
B, WEWEOBRFTHELNESIM 7 a~ 87T A0 —f#i% Fig. 2 IR LT
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Intensity/ arb. units
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Retention Time/ min
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)
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~~

=

o

w

§ |

Lo} I A R A B B A B B B A S B IR B R AR BRI BARS EAs maan
6 7 8 9 10

Retention Time/ min
Fig.2  SIM Chromatograms of each sample solution
(A) Sample solution of formula feed for layer
(B) Sample solution of corn
(!: Retention time of dichlorvos)

3.4 WhnENGRER

AVENZ K 2 B f O UAS JE 2 fesB 3 2 72 0 IR ERBR & SE 0 L 7=

Table 1 OpHEERHE SR, RHAFIEEHESEELRE S BAZ LIZY 7 /bR A T
FTLRELTENREN 200 LT 40 pgkg YRR L ZHERERCNA I 2 —H 7T ALY
7 LAR ATV RE LTERZER 10,000 LT 1,000 pg/kg FBY wHRIN L7202 HWT, K
HEIZHE > T 3 BTN 21TV, T OEICE K O UK E 2 R 7=,

ZORER, Table3 K4 D LBV, V7 a/RADOFEEEULHET 73.2%~102%, < O LK
FEIIMRHERER 7% (RSD) & LT 17%LL T, U ROFEIEIERT 73.5%~93.2%, + O UK
JEIZRSD &£ LT 14% L FTHH-T-.

2B, WNENRBR CHE LN SIM 7 v~ 7 Z LD —fl% Fig. 3 ([ L7z,
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Table 3  Results of recovery test for dichlorvos

(%)
Spiked level Fo;zligied fl.:)(;rtr:;l:facifi Corn Bermudagrass hay
(heke) Recovery” RSD” R Y RSD” R Y RSD” R Y RSD”
ry ecovery ecovery ecovery
10,000 - - - 84.1 (1.1
1,000 - - - 73.2 (23)
200 99.1 (4.3) 94.1 (2.5 96.7 17 ) -
40 85.4 (11 ) 102 (16 ) 93.4 (11 ) -
a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
Table 4  Results of recovery test for naled
(%)
Spiked level Fo;zligied fl.:)(;rtr:;l:facifi Corn Bermudagrass hay
(heke) Recovery” RSD” R Y RSD” R Y RSD” R Y RsSD”
ry ecovery ecovery ecovery
10,000 - - - 76.3 ( 2.8)
1,000 - - - 77.2 (6.7
200 73.5 ( 3.2) 86.7 ( 3.2) 75.7 ( 3.4) -
40 83.6 (12 ) 93.2 (12 ) 87.9 (14 ) -

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

Dichlorvos

(A)

EWMW

T T T T T T T T T T T T T T T T

7 8 9 10
Retention Time/ min

oo n

Intensity/ arb. units

»

(B) ]fichlorvos

Intensity/ arb. units

T T T T T T T T T T T T T T T T T T T T T

6 7 8 9 10
Retention Time/ min
Fig.3  SIM chromatograms of standard solution and sample solution
(A) Dichlorvos standard solution (100 ng/mL)
(B) Sample solution of formula feed for layer (spiked with naled at 200 pg/kg)
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3.5 EEFREOHH TR
ARIEOERE FIRE ORI FTRA R T 5720, RBHEEHEGELOTE > BAZLIZY IR
NARZZFM LR OSIMZ B~ 7T AZONWTHLINT-E— 2 OSNEL & Rd 7=, 7L
RADE—27 OSNER10IZ 72 HIREZ ER PR, B — 27 OSN3 b REZ R TRE LT
L2 A, MEEtE Y, RKEOEETIRIZ20 pgkg (L RICHKRT 28581, TV RICHRELT
40 pg/kgfH 2 &) , B FRRIZT pekg ([F10 pg/kgti &) FBE LHEE S,
BEFETIC, RBRBEHARAFEEERE I BLAZLICYZ LR AR OF L RELTEREN
40 V20 pg/kgtl Y JIRM L IZABHZ O W 3R HT o2 FE L& 2 A, £ DOFBEIIER K
O UK EE [T Table S T6D B0 THH 7.

Table 5  Results of recovery test at the concentration of determination limit for dichlorvos

(o)
Spiked level =~ Formula feed for layer Comn
(ng/ke) = > S 5
Recovery RSD Recovery RSD
40 85.4 (11 ) 93.4 11 )
20 114 24 ) 70.2 23 )

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

Table 6  Results of recovery test at the concentration of determination limit for naled

(%)

Spiked level Formula feed for layer Corn
(ng/ke) 5 5 S 5
Recovery RSD Recovery RSD
40 83.6 12 ) 87.9 (14 )
20 130 14 ) 95.2 (21 )

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

3.6 JL[ARAER

RIEOFBEE 2 RET S, HEpleHT X 2 AR & 50 L 7-.

EOBATLICT L RELT 200 pgkg Y& (V7 m /AR AL LT 116 ngkg fAY4E) , 7
IWNT 7T 7 AAIZF L RE LT 10,000 pgkg tHY & (27 /LR A & LT 5,800 pgkg A4
) AR U7RUE E vy, ENEN A ARE S o ¥ —ZBEFEET, METEA~A 22 hd v
VA, HFEAN B AR EEEH SRR R v 2 —, REEEE D A EAS ST
o H—, TVYLY T2 u VRSN T REER, WMATEBIE N EAOKEE Y B e
fiit v & — R AT, Rkt 22—, AATEE % —, R E 2% —KRIREGIT
R ONEER & > % — 0 10 B TR o & Ehi L7-.

ZOFEFIL Table 7 D LBV, &HH AT LOFHEIHEIL 92.7%, F DMK UIEHE &K OV
HIUR I Z N T HE R ZE (RSD, XY RSDp) & LT 43% &N 12%TH Y, HorRat |E
0.54 THo 7z,
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F7, TIT 7T 7oA OEHELERIT 83.1%, F DR UK EE K OV [ FF BURS B 1300 %4
HefE7= (RSD, X TNRSDR) & LT 4.1% KN 12%TdH Y, HorRat X 0.96 Th-7-.
BB, 2E0DD, FRBETHH L7- GC-MS O#fE% 4 Table 8 IZ/R L7-.

Table 7  Collaborative study results of naled
(ng/kg as dichlorvos)
Sample
Lab. No. Corn Alfalfa hay

1 108 99 5,040 5,010
2 122 128 5,520 5,810
3 100 108 4,630 5,240
4 106 111 4,330 4,060
5 1339 91 9 4,520 9 2,850 9
6 88 85 3,930 4,180
7 107 109 4,440 4,150
8 104 102 5,450 5,380
9 122 133 5,140 5,190
10 99 105 4,560 4,610

Spiked level 116 5,800

Mean value ¥ 108 4,820

Recovery (%) 92.7 83.1

RSD, ” (%) 4.3 4.1

RSD;? (%) 12 12

HorRat 0.54 0.96

a) n=18 (without Lab. No. 5)

b) Relative standard deviation of repeatability within same laboratory

c¢) Relative standard deviation of reproducibility between laboratories
d) Excluded by the Cochran Test
¢) Excluded by the single Grubbs Test
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Table 8 Instruments used in the collaborative study

Lab. No. GC-MS Column (i.d.xlength, film thickness)
| GC: Agilent Technologies 6890 Agilent Technologies
MS: Agilent Technologies 5973 DB-5MS (0.25mm i.d.x30 mm, 0.25 pm)
) GC: Agilent Technologies 6890N Agilent Technologies
MS: Agilent Technologies 5973 HP-5MS (0.25mm i.d.x30 mm, 0.25 pm)
3 GC: Agilent Technologies 6890N Agilent Technologies
MS: Agilent Technologies 5973inert HP-5MSI (0.25mm i.d.x30 mm, 0.25 pm)
4 GC: Agilent Technologies 6890N Agilent Technologies
MS: Agilent Technologies 5975B DB-5MS (0.25mm i.d.x30 mm, 0.25 pm)
5 GC: Agilent Technologies 7890 Agilent Technologies
MS: Agilent Technologies 5975 DB-5MS (0.25mm i.d.x30 mm, 0.25 pm)
. Restek
6 Shimadzu GEMS-QP2010 Plus RTX-5MS (0.25mm i.d.x30 mm, 0.25 ym)
Restek
hi MS-QP201 .
7 Shimadzu GEMS-QP2010 RTX-5MS (0.25mm i.d.x30 mm, 0.25 pum)
g GC: Thermo Electron FOCUS GC Thermo Electron
MS: Thermo Electron POLARIS-Q TR-5MS (0.25mm i.d.x30 mm, 0.25 pm)
9 Shimadzu GCMS-QP2010 Restek

RTX-5MS (0.25mm i.d.x30 mm, 0.25 pm)

Agilent Technologies

10 Shimadzu GEMS-QP2010 HP-5MS (0.25mm i.d.x30 mm, 0.25 pm)

4 FEH
FEF O 7 aVRARONF LV ROF AT v~ 7T 7EHBSWFHCE 2 EBEIEIC OV TR L

LA, ROMREES-.

1) FREHRIT 0.01~2 ng OHFiPH CEBRM:Z R L=,

2) 3 FEEHOBRAGEE, 4 FEOGHE LR 3 BEOBBFIIHOWVWT, REICHESTSIM Z7r~v M7
TLEEERLIZEZA, VI/VBLVRAOEREETHE— XD LN T,

3) 2 FEEOE AR L O 2 FEOSEEEHZ Y 7 n LR 2 KOV L K& Z £ 10,000, 1,000,
200 K TR 40 pg/kg HHY BEAZTMM L, RIEICHE > THRMEIGRUR 2 Fhi L2 fE%, Y7 AR Ao
RN HRIL 73.2%~102%, & O UK ISR ER 2 (RSD) & LT 17%ELF, 7L Ko
IR L 73.5%~93.2%, OO UFEEILRSD & LT 4% FCTH -T2,

4) RIEIZEDV7 R AOERE FRRIZEEH T 20 pgkg (7L RICHETH5E51F, F L KIS
BB L C 40 pg/kg M4 E) , B FIRIZ 7 ng/kg (A 10 pg/kg FH4 &) S HEE S iz,

5) EOBAZLEOT AT AT 7AAAICFT L RELTENEI 10,000 pgkg T 200 pg/kg +H
WMEZTMUZREZHAWT, 10 RRECTAEICLIHFARBREZE R L. ZORE, £9b
A Z LOYEEIERTE 92.7%, & Ok UK E K OV B E I 2 L Z R ¥R 2 (RSD,
KON RSDR) & LT 43%KON 12%TH Y, HorRat (X 0.54 Thoiz. 7=, T T 7T 7~A
DON-HELERIL 83.1%, Z O UG K OVE M BUEE 1L RSD, XY RSDp & LT 4.1% &
12%C& Y, HorRat !X 0.96 T&H -7=.
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2, AEHEAAAREER S, REREEBRMSEARROT VLY b7 nY— kAR
HOBRBREOFLICEHOF 2R L T

X #

) MEEAARRBOE S 2 — PR 1T EEORROA BN T SRR AR E S EE TR
(IHTHEDOBIZE) EEHh oA E TS OS5 HTEDHFE (2006).

2) BAMOKBER MY - ZRREEM . FEAEEOREICONTT , PHR0E4A 1, 197H%
55147295 (2008).

3)  RESHET, KE T, AT AR RIS TIE 2002 EEM (Y 7 YA T X
t)
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b EMEDNDOTIIAFTYV—IDARI AR NI S TEENHEICKLHE
ZEE!

S =T
Simplified Method for Determination of Tebuconazole in Grass Hay by GC-MS

Masayo NOMURA"

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

A simplified analytical method for determination of tebuconazole in grass hay using gas
chromatograph-mass spectrometer (GC-MS) was developed.  After addition of acetonitrile-
water (3:1) to samples, tebuconazole was extracted with acetonitrile. = The extract was filtered
and filled up to 200 mL with acetonitrile. =~ After the sample solution was evaporated to dryness
and dissolved in water, it was purified by Chem Elut cartridge with hexane. = The eluate was
evaporated to dryness and dissolved in hexane. It was purified by Sep-Pak Plus Florisil
cartridge with hexane-acetone (7:3). The eluate was evaporated to dryness and dissolved in
dilute solution, and subjected to GC-MS on fused silica capillary column (HP-5MS; 0.25 mm
1.dx30 m, film thickness: 0.25 pm) for determination of tebuconazole. A recovery test was
conducted with four kinds of grass hay spiked with tebuconazole at 0.5 and 30 mg/kg. The
mean recoveries of tebuconazole were 87.7~99.4% and the relative standard deviations (RSD)
were within 8.2%. A collaborative study was conducted in ten laboratories using two kinds of
grass hay spiked with tebuconazole at 20 mg/kg.  The mean recovery of tebuconazole in oats
hay was 91.5%, and the repeatability and reproducibility in terms of the relative standard
deviations (RSD, and RSDg) were 5.8% and 9.7% respectively.  For timothy hay, these values
were 93.5%, 3.1% and 9.0%, respectively.

Key words: 74 =3 pesticide residue ; ~ VU 7V — /L RFKE A triazole fungicide ; 77 =
7Y —)L tebuconazole ; AV v~ ~7 T 7 HESHTEF gas chromatograph-mass
spectrometer (GC-MS) ; Z L1471 Y v £ — KU > ¥ porous-diatomite cartridge ;
7u ) U d— Y v Florisil cartridge ; JL[RIFER collaborative study ; #2 4
grass hay

1 #% &

F 7 a3 — (CsHnCIN;O)  (Fig. 1) " 2i% Bayer tERBHRE L7 F U 7V — L ZBEHITH Y,
EHARDIEFREFTZEZMHIL, BRE o2 Lz, WEROEMAEZHIE L7720 35, ZEEHIZE
(AT —)L) EAKRAETHD Z ERHAIN TS, BATIE 1996 H12 8 G S 1, @ HIEY
AN

T OMSTATEOE N EMOKPEN I 2 A v ¥ —fa v s —
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ENOR G, WIS O VBB T 5 7% B3R Bl 1L, £ - 35T 0.05~0.5 ppm, E3H
T 0.1~0.5 ppm, H5E T 0.2~4 ppm, BF3E T 0.02~1 ppm, HET 1ppm & 72> TWN5 Y,

Rt OT 7 a >y — A OEREE, FILO VR LB T ES R 18 4E 3 H 24 A
THEIRF AT HAE D (LLF THATEE] SV ). ) I STV 728, #841E O b8 o FAefE 13 2~30
ppm ([ZEXE SN TEY, HHEIZE T 2 SREEORMEBINGREE N RER TH o278, 4, &iE
FEWZ bl L7e o & et Uiz, BUTIE T, WH0R R o SR B O B ENGRER 12 3 T RN
PR R DM AR O b, BUTIEOBEO—HaAM Lz, MEIENRBREL ST Z
—MBF L atris (BLF 145 ﬁ?/&~%tho)6%% , FRBHRAS BTk (FRRRo HT 2
) ~DA[HIZOWNWT O EITo 72O TEDOMEZRET 5.

Cl
OH
l\\l/\N
Ns/
Tebuconazole

(RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl) pentan-3-ol
CigH2,CIN;O  MW: 307.8
CAS No.: 107534-96-3

Fig.1  Structure of tebuconazole

2 ERAE
2.1 & OB
MROBE (A=Y A, TAT 7N T 7, FEV—NA KON 2 —FTF7ARX hn
—) ZZNZEN 1mm OSSNV EEIET D ETHIEL THWE.
22 A ¥
1) T7 a) ) — UERER
T 7 aF ) — VRS (FOGMSE TR, ML 98%) 25 mg Z IEfEIC & > T 50 mL D&~
TFAAZAN, TEFCEMATENL, RICERE CREBELNZ, 77 a7y — UEHER
WEFHM L (ORI mLIZ7T 72+ =1 05mgx2EHT 5. ) . HHICELT, FEER
WO —E & ZARIEECIEMICARL, | mLHiZ7 7 a) > —L L7To0.001, 0.005, 0.01,
0.05, 0.1, 0.5 XN 1.5ug 2B A7 547 7 a) Y — VIEER AT L.
2) AR
224- R AFN_Z =78 b (441) 100mL IR Y =F L7 Y a—/ 50 ul M2
AR 2 TR L7z
3) AR
TER=RMIN, TE RO AIEEEERBRARELZ, RV FLr 7Y a—n
XI5 18 400 R RIERBR) oK%, 2,24- 8N A F AR ¥ o d@mliRik 7 v~ b
77 7 HREE R W Zoft, FFRL L TV D LA OREEIZ W TIE Rk E AW,
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2.3 UERK O A
1)y FAZuva~< 77 7EE&oNE  BHERERR  GCMS-QP2010
2) IR & 5 B 247y Loy —H—SR2W

3) = N R L — X — HEmB R TR R-114
4 ZHMTrA Y+t — b VU ¥ Varian 8  EXTUBE Extraction Columns Chem Elut 1020 (20
mL %)

5 7w U Y — FVU v ¥ Waters #  Sep-Pak Plus Florisil (78T A# & 910 mg)
24 TEEIFE
1) &KT7Eh=hKYLHIH
INTEREL10.0g 2 200mL O ZH 7 T 23tk y, T h=FU—K (3+1) 20mL %
IMZ 7% 10 pREE L, 278 F= kY100 mL Z 1%, 30 4y MHE 0 IR CTHit L7z, 200
mLDRET T Aax27 7 —K}OTICES, itikz A% (5FEB) TRSIAWLEE, &
MR OESE T h=hMU /L 50mL THE L, FERICHESIAEL, BICERET 7 ATDOERE
T7E = I AZMXTZ. ZOW 10 mL % 50 mL O 7237 7 X 2 IZIEMIZAIL, 40°C LL
TOKBTIEZE A EEET S E CRTERM L%, EFT A %% CTHEL, K20mL 21x
TEREWEEN L, ZHAMETrA Y L — U v VOB 23 EHAR & LTz,
2) AT A YU LEI— Y v UAE
REHRIRZE Z A A4 Y T — U v DI AN, 5SOMEE L. 200mL 2T T Z A
SIS A VT LI —FY v PO TICEE, BigE TP 20mL 70T 3 BIYEF L, I
WENERZIES A Y 2 — Y vz, B2, ~FH o 60mL #2447 A YU Lth
~hUyVKm2T,WﬁﬁﬁfhﬂmimbkﬁéiTme T aty = v EEHSE
7o, WK %Z 40°C LT OKIBTIZE A EHET 2 £ TR L72%, EFT ALK THL
BL7z. ~FH 2 10mL 2 EMICNZ TEREDEZE,L, 7a )P — 8 v AT
LREHRIR & L.
3) 7rUVNA— U v VML
7Y UNI— M)y VEERNEIGEEL, HO0UHAFY 5 mL T L. REHE
R 2 mL Z IEREICESFEICAN, WEAFTRTARO EIEIZET L F Tt S 872, EHEITA~
¥H 4 mL E2INZ, RENFETAFO EWISET s E TR ESE, Fio~dHdr—7® o
(19+1) 10mLZ7 v U A — Y v I TREA T TAR O EisllET 5 £ Tt S
Bz, 50 mL O3 7T A2 7l VL h— ) v PO FICES, ~FHhr Tk~
(7TH) 15mL 27 U U h— R Y v I CTr 7 aty — v azEt S, ik % 40°C
UTOKBTIEEAETET D E CRWITEM L%, P AE2%E> Tl L. ARELE 10
mL % EREICIZ CTEREBMAERNL, HAZa~ s T 78I X AR EIC T 5306
WiRE LT-.
4 HTARrzu~ 7T 7EESEFIICEDHIE
RENARR L O T 7 aty — VIERRSE 2 uL W A7 a~ 77 7E&SHH (LT
[GC-MS| L\W9H. ) IZTHEAL, BIRAA U (BLF ISIM] W9, ) e~ 7T L%
B, {Bohi=SIMZu~ N7 7 AL E—JHEMZRD TREREZIERL, REtFOT 72
>N oBEERE L.
728, GC-MS OHIESM% Table 1 (2, EREEDOHE % Scheme 1 (273 L7=.



HREROT T a ) — VDA A s a~x 7T TERGHTFHNC L D5 ERIE 55

Table1  Operating conditions for GC-MS

Column HP-5MS (0.25 mm i.dx30 m, film thickness; 0.25 pm)

Column temp. 70°C (2 min)—20°C/min—280°C (10 min)

Injection mode Splitless (60 s)

Injection temp. 250°C

Carrier gas He 1.0 mL/min

Transferline temp. 280°C

Ion source temp. 200°C

Ionization Electron impact

Ionization energy 70 eV

Monitor ion m/z 250 (quantitation), 125 (confirmation)
Sample 10 g

—— add 20 mL of acetonitrile-water (3:1)
——allow to stand for 10 minutes

—— add 100 mL of acetonitrile

— shake for 30 minutes

—— filter under suction filter (No.5B)

—— wash with 50 mL of acetonitrile

— fill up to 200 mL with acetonitrile
Sample solution 10 mL

—— evaporate to dryness under 40°C

— dissolve in 20 mL of water

Chem Elut cartridge

—— apply sample solution and stand for 5 minutes
—— wash and elute with 120 mL of hexane
—— evaporate to dryness under 40°C

—— dissolve in 10 mL of hexane

Sep-Pak Plus Florisil cartridge (prewash with 5 mL of hexane)
—— apply 2 mL of sample solution

——add 4 mL of hexane

——add 10 mL of hexane-acetone (19:1)
—— elute with 15 mL of hexane-acetone (7:3)
—— evaporate to dryness under 40°C

— dissolve in 10 mL of dilute solution
GC-MS

Scheme 1  Analytical procedure for tebuconazole

3 HRRUEBR
3.1 HEm
FHEL L 72 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 %N 1.5 ug/mL DK T 7 2G> — )VFEAERE K 2 uL
Z GC-MS IZHEAL, BN SIM 7 v~ M7 T A — 7 & S XALHE D bRt & /ERk L7z,
ZORER, HEHRIT 0.002~3.0 ng O&LPH TF A &8 5 EAREEZ R L.
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32 ST A Y D= Y v VB ORG

ZHMT A Y 7 — N v VRBIC L BT 7 3 — VORI OREREIT o T2

HHOE (FEY—A) T 7 aF Y — VIERERZ 1| mgkg HYELAIRML, AREIC K ERE
L7, ZHMr A ot =) o VI LAF Y U Ic L 0iIEH Lz, FRHIKICHOWVWT, K
HBIZL 7)o ni— Ny VWBEITY, BB OREEZ iR LT,

ZDOFRER, Table2 D LBV T 7 a5V —/LiF 0~120 mL IZIEH L, 120 mL LAtk O B/ 12 13E H
SN ote. LLEDOFREERNOARETEHBITIELR I o2 —E L RERIZ, ~F 2 120 mL
THEHTL &L L.

Table 2  Elution pattern of tebuconazole from Chem Elut cartridge
(%)
Fraction volume (mL) 0~40 40~80 80~100 100~120 120~140 140~160 Total
Tebuconazole 87 20 2 1 0 0 110

33 7ulUnh— Uy VO0HEORG

7a )Nk — ) vy VBIZ X BT T a Y — VO HE Y OREREIT o 7.

HHOE (FEY—A) 2T 7 aF Y — VIERERZ 1| mg/kg HYEAIRML, AREIC K ERE
Lic#, 7a Ui — Uy DB AEITY, EHE S ORI 2 il L.

ZORER, Table 3 DBV T 7 a)Fy — g~ Hh o -7+ b (7+3) 0~15 mL OE/ITEAE
H L, 15 mL D OESITITEH S o7z, UL EORENSBITIETEA~AS Y T b
(743) OWHEEIZ20mL & LTWAH R, RKETIEEHICHW I~ =78 Fy (743) @
Bl #—E L REERIC1SmL THY EE X BT,

Table 3  Elution pattern of tebuconazole from Florisil cartridge
(%)
Fraction volume (mL)  0~15 15~20 20~25 25~30 Total
Tebuconazole 107 0 0 0 107

3.4 IRANEN R

B (A=Y~ A, TAT 7NV T 7, FELV—AAA KONl a—F T T AX
—) \ZT7 7 a3y — b LT0.5 KU 30 mgkg HH2 &2 RN L72skH2 VT, RIEIZHE > TlHE
IR OWOR UK E 2 gt L7z, £ OREE, Table 4 O & 50 ¥R T 87.7~99.4%, T DR
UM I3 xHEHE (R 22 (RSD) & LT 82% LA FORERN G L.

2B, WNEINRER CHE 57z SIM 7 u~ 7 Z 5D —44l% Fig. 2 (2 L7z,
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Table 4  Recoveries of tebuconazole spiked at 0.5 and 30 mg/kg in four kinds of grass hay
(%)
Spiked level Oats hay Alfalfa hay Timothy hay Bermudagrass straw
(mg/ke) a) b) a) b) a) b) a) b)
Recovery” RSD @ Recovery” RSD ™~ Recovery™” RSD ™~ Recovery™ RSD
0.5 98.8 (1.5) 93.5 (5.2) 93.5 (1.7) 99.4 (2.8)
30 93.3 (2.3) 88.8 (2.6) 943 (8.2) 87.7 5.4

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

(A)

(B)

©)

Fig. 2
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GC-MS chromatograms of the standard solution and sample solution
GC-MS conditions are shown in Table 1.

(A) Standard solution (The amount of tebuconazole is 0.3 ng.)

(B) Sample solution of timothy spiked at 30 mg/kg

(C) Sample solution of timothy (not spiked)
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3.5 EEFREOHH TR

HEBOE OFEHANK 2 uL 2 GC-MS IZHEAL, 5o N7 — 27 O SN 10 L R DIRELZERE T
[REL7Z. BoNZE—27 DO SNMN 10 &b T 7 at Y — OB ORREIX 0.5 mg/kg 4
Blholind, KIEOEETRIZ0S5mgke THDHEEX LN, Tz, RERICE—27 O SN It
N3 ERDBEND, RIEOKRHTIRIZ02mgkg ThdEEX L.

3.6 BUTIEOERD LR

BATEOE&ED EIRAZ RO D720, BINBINGRERZ T L7z, SZHRE (FE—~A) 177
oy — L LTENEN 0.5, 1.0, 5.0, 10, 15 %O 30 mgkg fHYSE AT L7=aEt2 Hu,
BATIEICHE - THEIEZ T o 7o th, RENARZEEARL, YA a~ NI 7HE&SHEZ AN
TE®ELT.

15 5T IRINENERER OFE F 13X Table 5O E BV TH Y, 10 mg/kg UL EOEREOTRMENLE
BRCIXEIEMEL R AHM N A B, ®RETIE, FYViREIa~ N T 7 4 —HIEICBWT
FEENMET T2 EEx bR, 2602 b, BUTIEICK D ERIE, 5 mgke HYEET
ARE L E X bz,

Table 5  Recoveries of tebuconazole by the existing method

(%)
Spiked level Timothy hay
(mg/kg) Recovery” RSD”
0.5 82.0 ( 8.2)
1.0 81.5 (10 )
5.0 78.1 (11 )
10 69.5 (7.4
15 69.6 ( 6.0)
30 69.3 (2.5)

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

3.7 i AP
BATHEIE 10 mg/kg LA E O FINEILERER (2 B W TEINEE MK < 72 A 23580 b=, Rk
0.5~30 mg/kg TOTEMENRIZHBENRFRD LD > 7D T, BIATIET S mgkg M x 723 EHT
SNTIE, KETHROTE-DORBRETIRELEZ BN,
3.8 JL[AE]EAER
RIEOHBREE 2 AT 5720, Hi@EEleH L 2 [R5k %2 i L 7=
FEH (A=Y A R OTE v —~A) [ZT 7 2+ — & LT 20 mg/kg f14 B4 00 L 725k
BEHNC, 7VLv b -T2 a0V —KXAEST 7Y r—varkvrg—, RS EERE
MR 2 —, HENEN B ARG S B PR R o 2 —, MEIEAN B ARG
v 2 =L, SEBEERFEGES STt Z —, MANATBIE NEMOKPETEE 27221
fire o 2 — R B2 AR, FALRE 2 —, RadEE 2 —, FfERtE s % — Kk OE &
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B —RIREBEF (10 RBRE) 128V TARIEICHE » THFEREBR %2 £ L7-.

ZOREFIL Table 6 D LBV TH Y, A —Y A OFHELHEIT 91.5%, Z DENBHR UL K&
OVEE ] PR RS BE 122 U2 AUAR e R Y R 22 (RSD, &2 OV RSDR) & LT 5.8% &% 10 9.7% Té ¥, HorRat
13094 TH -7z,

F72, FE L — A OFHEICRIT 93.5%, T ORNMIE URE R OEMESEEIZTLEN
RSD, X O*RSDg & LT 3.1%M 11 9.0%Td v, HorRat % 0.87 ThH-7-.

BEDYD, FRBRECTHEA LA a~ 7T 7 EEOH T ORETEY % Table 7 127 L7z,

Table 6  Collaborative study results of tebuconazole

(mg/kg)
Lab. No. Oats hay Timothy hay
1 16.6 16.3 16.0 16.0
2 18.7 18.0 18.2 18.0
3 20.3 20.8 20.5 21.4
4 18.8 19.5 19.1 20.0
5 19.8 20.4 20.6 19.3
6 18.0 16.8 14.4 9 2099
7 19.8 16.1 20.5 19.0
8 17.8 20.0 18.6 18.7
9 15.0 15.6 16.3 16.5
10 18.7 19.2 18.9 18.3
Spiked level (mg/kg) 20.0 20.0
Mean value” (mg/kg) 18.3 18.7
Recovery (%) 91.5 93.5
RSD, ” (%) 5.8 3.1
RSD;? (%) 9.7 9.0
HorRat 0.94 0.87

a) Oats hay: n=20, Timothy hay: n=18 (without Lab. No. 6)

b) Relative standard deviations of repeatability within same laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Excluded by the Cochran test
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Table 7 Instruments used in the collaborative study

Lab. No. GC-MS Column (i.d.xlength, film thickness)
. Restek
I Shimadzu GEMS-Q2010 Plus Rtx-5MS (0.25 mm 1.d.x30 m, 0.25 pm)
Restek

2 Shimadzu GEMS-Q2010 Plus Rtx-5MS (0.25 mm i.d.x30 m, 0.25 um)

Thermo Electron
3 FOCUS-Polaris Q GC/MS Benchtop Ion
Trap Mass Spectrometer

Thermo Electron
TR-5MS (0.25 mm i.d.x30 m, 0.25 pm)

. Restek
4 Shimadzu GEMS-Q2010 Rtx-5MS (0.25 mm 1.d.x30 m, 0.25 pm)
) Agilent Technologies
> Shimadzu GEMS-Q2010 HP-5MS (0.25 mm i.d.x30 m, 0.25 pm)
6 GC: Agilent Technologies 7890 GC Agilent Technologies
MS: Agilent Technologies 5975C MSD HP-5MS (0.25 mm i.d.x30 m, 0.25 pm)
7 GC: Agilent Technologies 6890N Agilent Technologies
MS: Agilent Technologies 5973 HP-5MSI (0.25 mm i.d.x30 m, 0.25 pm)
g GC: Agilent Technologies 6890 Agilent Technologies
MS: Agilent Technologies 5973N HP-5MS (0.25 mm i.d.x30 m, 0.25 pm)
9 GC: Agilent Technologies 6890N Agilent Technologies
MS: Agilent Technologies 5975B DB-5MS (0.25 mm i.d.x30 m, 0.25 pm)
Phenomenex

10 Shimadzu GEMS-Q2010 ZB-1 (0.32 mm i.d.x30 m, 0.25 pm)

4 FE&&H
VR OT 7 3 — iz oNT, FAZu~ W77 78BONiHC X 25 ERIEZ R L

A, RORERNELNT.

1) T7a3F Y —LOBERIE 0.002~3.0 ng OHiPH T A A 85 EHRMEEZ R LTz,

2) ZHMETA VUL — Yy VWO E S OMREIT ol L T A, IO B EIT 120
mL Tho7z.

3y 7rUVAA— Yy VRBEOEES OMREZITo7T28 25, WHEEOME &L 15 mL T
HoT-.

4) 4FEEHOWWE (A=Y ~A, TAT 7NV T 7nA, FELY =~ ORI 2—F T TR
A bwvr—) ZHWVWTC, 773}y —& L 7T0.5mgkg & 30mgkg FHY &ML, FHIMNEING
B FihE U 72, EHIEICRIL 87.7~99.4 %, T ORI U IZH = HEF 2 (RSD) & LT
82% LA T DR RZE BT,

5) AREICEDT 7 ar Y —LroER FIRIZ 0.5 mgke, B FRIT02mgkg &5z bl

6) BUTIEIZ X0 IINENNGER 2 Fhi U 72/ 2R, BUTIEIC L 2 @& 0 EIRIE, Smekg & B2 bhiz.

7 HHE (A=Y A K ORT T —~A) [T T aF Y —)b& LT 20mgkg 4 &% M L7
BHERWT, 10 BREICB W TARIEIC X 2 AR A Fhi L7z, ZOfEE, 4 — Y~ A1 OFH[H
IERIE 91.5%, & O EE PRI UK BE J OV [ F BURS P2 132 02 AU PR HE IR 22 (RSD, X% UF RSDR)
ELT58%M1N9.7%TH Y ,HorRat (£ 0.94 Tho7-. £, TF ¥ — A OFHENLEIL 93.5%,
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Z OBENMHK URSE K OV E M HEREEIXZN 0 RSD, LTV RSDg & LT 3.1% 4T 9.0%TH 1,
HorRat 1% 0.87 T&H - 7~.
PLEDOFER G, BIATIET Smg/kg X TilBHZI DWW T, RKEZEHT LI NE LB 60T,

M
KFRFBRICBML TNV lZWeT vy b 77 7o —KRASH7 7 ) r—rva vkt ¥ —,
A EER A TR e v & —, thFEAN B AR ARG S B R Bt v 2 —, EIEA
H ARSI o 2 —Z B IEET K OV E B 2 W RS 5 2 0 Mk o 2 — OB = D & 71T K
WoOoEERLET.

X M
1) fEENEN B AW E BEmE - B Y R 7 v 7 2005 AR (BGETHK) , fEFEAN B A
M2 (2005).
2) C.D.S. Tomlin. ed.: “The e-Pesticide Manual: A world compendium Version 4.0 2006-07" , 14th Ed.,
British Crop Production Council (2006).
3) BARER: B, IINWEORMENE", BT 34 412 H 28 A, BAKERE 370 & (1959).
BIE : “Bdh, MIIWEOBEEED —HAET 247, SR 17THE 1L A 29 B, EASEEE
RES 499 & (2005).
4) FHILAES, BT fEMFZTEE, 30, 7(2005).
5) BEMOKPERHEE - ZEREEM . RO EEORIEICOWT” , FERR 2044 A1 A, 19
255 14729 =5 (2008).
6) MENEANBARESOH & — PR I8 EEFRBI RO EWHEEREEEZRET DD
PrikBi g i O & FE~DBATHEL LR EFB T O EWEFOIIEORYE, X (2007).
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6 EEfRHPOTY/ A UFRN)DL, EoTaATRAUF RN
OL, T3V, ERXRVOVUFTMIDALRUIZIYARFR)DLDE
RKoOOI NS OBEPWETICEKEI—BFHEEEE

We#F ORPET, iE WS

Simultaneous Microdetermination of Salinomycin Sodium, Semduramicin Sodium,

Narasin, Monensin Sodium and Lasalocid Sodium in Formula Feeds by LC-MS

Daisaku MAKINO" and Miho YAMADA"
(‘Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office)

A simultaneous analytical method for microdetermination of five polyether antibiotics
(salinomycin sodium (SL), semduramicin sodium (SD), narasin (NR), monensin sodium (MN) and
lasalocid sodium (LS)) in formula feeds using liquid chromatograph-electrospray ionization-mass
spectrometer (LC-ESI-MS) was developed.  These antibiotics in formula feeds were extracted
with acetonitrile.  The extract was filtrated with a filter paper.  After the filtrates of 25 mL
were evaporated to dryness, they were dissolved in hexane-ethyl acetate (9:1). The whole
solutions were applied to silica-gel mini column.  The solutions were washed with hexane-ethyl
acetate (9:1), and then eluted with hexane-ethanol (4:1) and subjected to LC-ESI-MS for
determination of antibiotics. The LC separation was carried out on an ODS column
(Phenomenex Gemini 5 p C18 110 A, 2 mm i.d.x150 mm, 5 pm) using acetonitrile-5 mmol/L
ammonium acetate (4:1) as a mobile phase. = The determination was performed in a selected ion
monitoring (SIM) mode. A recovery test was conducted using three kinds of formula feed
added with each polyether antibiotic at levels of 0.5 and 5 g(potency)/tons.  These resulted in
the mean recovery of SL of 89.7~98.8%, and the relative standard deviations (RSD) of within
2.9%. These values were 80.0~90.0% and 10% for SD; 83.0~89.7% and 13% for NR;
104~109% and 1.5% for MN; and 85.2~94.5% and 4.5% for LS respectively. A collaborative
study was conducted in eight laboratories using formula feed for layers added with each polyether
antibiotic at 0.5 g(potency)/tons. = The mean recovery of SL was 95.0%, and the repeatability
and reproducibility in terms of the relative standard deviation (RSD, and RSDg) and HorRat were
2.7%, 6.4% and 0.36 respectively.  These values were 98.6%, 2.6%, 8.0% and 0.45 for SD;
88.5%, 3.5%, 5.7% and 0.31 for NR; 101%, 3.6%, 5.0% and 0.28 for MN; and 93.3%, 3.8%, 8.2%
and 0.46 for LS respectively.

Key words: HLAEWE antibiotics ; A Y =—7 /L RFLEME polyether antibiotics ; ¥V /<
A > >F b U 7 A salinomycin sodium ; £ 7 =27~ A > F U 7 A semduramicin
sodium ; 77 3 ¥ narasin ; EX > 2> F b U 7 A monensin sodium ; 7w N
kU 7 A lasalocid sodium ; BlA Akl formula feed ; Ik v~ b7 7 7' EE/55HEF
liquid chromatograph-mass spectrometer (LC-MS) ; =L 7 ka2 7 L — A1 4 ik
electrospray ionization (ESI) ; #:[FIFUER collaborative study
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1 %

PV )~ F RV A (SL) , BT aTgvAfrF U TLA (SD), 77> (NR) ,
EFRVUFTRI T LA (MN) KO TH ey R R oA (LS) X, AYZ—T LV ROFAEWET
HY, Prarz v MERAKOY T AGYEE O I T A EEEEZ R T 2 En D, WENER
LTWDRERS OB RMAOREZ Ak L L CEEmmIciEE "shTns.

INDEETZ N TE DGR ORE L ORI, k& OEHRING O Ry RS2 5
BB ESHTEY, MR ETHEEUNADOERNTIIE A TIZAR L2,

BIE, #V /) ~A v F NI UL BT a4 F NI DA, FIvy, x0T b
U AROTHay RF ) 7 A0BEAEFOEREE LCE, MAeEDRNERE DR OKE
sua~< b7 7E"IRBESNTRBY, 2hba ke L ERENFE T R 'OICit# S h T
W5,

MEEEEE L, EAFEETICER LEMEOT) J~vA v RU DA, BRI U R
U LARORTHaY R MY T LEASAL I A =TT 7280 ERT D DR i
NHE SN TWDD, 16~24 B DR Z LD 720, MBI R ERNH D, 2, BT ad~vA v
YFRUTARDYT T AN T, MEEEETIGEGE STz,

VAR, BT EOEREIFICER LR =7 VR FUEME O ERE L UL, Bk O E
YOBLEND, Wik~ 77 7EBSFEZAVEZFEDBRRESh TV 5.

ZZTHER I, B OB T R EICINE ST WAL F A — 7T 71k DO REHRIR O
WHEZZEL LT, ke~ N7 7 7EEGERANTEY ) ) ~A 0 F RV U LA, BT
2TvA VT RNV UL, IV, BRI FTMITDARRT Yy P R U AO—FihE
EREEZRHFNLEZOT, TOWMELRETS.

il

2 EBAE
2.1 HBoFH
MEEME ZE 72 0TTROEASEFEEZZ N2 1 mm OS5 \WERIEBT 25 E THikL, £
NENCY Y <A rF B U o A8E (100 mg(A1ih)/g, BB , T aT~A
T R U LA (50 mg(Jifl)/g, = —F AbLFR) T o Al (100 mg(fi)/g, HAA
— A4V U —KFE) , TR rF bU T LA (200 mg(Fiff)/g, FHEFEEEMFZERFTRD) KT W
2y R U U ARH (150 mg(Jifi)/g, BHFEEBFEFR) 2i/mL, 4V / ~A> v FhI o
L, BT adgwAv T NI TN, FIVY, BERXUVUT MITDAKOR TR R R Y
LELTENEN 0.5 KOS gyt MY EE2EHT 2620 L7,
WINEGRER I Wil Ak (BREEEH, RKIEEHEOCRHAFIEER) ORAHA&IE,
Tablel DBV THD.
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Table 1  Compositions of the formula feeds used in this study

Kind of ' Group of Ratio Ingredients
formula feed ingredients (%)
For layer Grains 59 Corn
Oil meals 25 Soybean meal, Rapeseed meal, Corn gluten meal
Animal by-products 1 Fish meal
Brans 1 Rice bran
Others 14 Calcium carbonate, Calcium phosphate, Paprika extract,
Feed additives
For finishing  Grains 78 Corn
pig Brans 9 Wheat bran
Oil meals 8 Soybean meal
Animal by-products 3 Fish meal
Others 2 Calcium phosphate, Calcium carbonate, Salt, Feed additives
For beef cattle Grains 63 Corn, Milo, Barley
Brans 18 Wheat bran, Rice bran, Corn gluten feed
Oil meals 10 Soybean meal
Others 9 Alfalfa, Molasses, Calcium carbonate, Salt, Feed additives

2.2 FRERAE

) VU ~ATrF b T AEAERK
WYY )~ A vy (ER R OB BRI O o ST 584 (R 51 4524
B35 5) MIERE 2 D6 ONTHET HHHEERZ WS LIFE U, ) @ &2 BE T (0.67
kPa LLF) , 60°C T3 KEEIHZEE L7, 20 mg(MMMHY &4 EMEICEYD 100 mL D& T 7 A
AR, AZ = NVEMATHENPL, BICFEEEAERE TN TEERREZRAR L (2
DWW ImLIE, YV /~A> > F RV UAELTO02mgMiNEEETH. ) .
2) BT aT~wA vt MY U AERERR
WHEEE T 27 <A 22 20 mgUJMi)ME Y &2 EMEICEY 100 mL ORET 7 X 3T
A, AZ =N EIMZATEN L, BICFEEE AR E TN TEERKZHR L2 (20K 1 mL
X, B Fagd~vA v F U vAL LT 02mg & HTH. ) .
3) TV U AEAERR
RS Z 20 20 mg(JIMY B4 EMEICEY 100mL OERET I 2Aaic A, A% ) —
VEMZTENL, BICFAFEEZERE TN CEEFRKZRE L2 (20| 1 mLix, +7
vrELTOo02mg I EERETH. ) .
4) ERVUFT MY U AERER
HHEREET R 2 20 mg( AN Y &4 EMEICED 100mL ORET 7 A2 AN, AFX )/
—NVEMZTENL, FICFAEEAZERE M CEEFREREZFAR L (0] 1 mL X, €
Xy RV uALLTOo2mgiff)EEaT 5. ) .
5) ZH vy RF MU U AEARRT
HHEEZ o> R 20 mgMiMH Y &2 EMEICED 100 mL ORET 7 X 3T A, AF )
—NVEMZTENL, FIZFAEBEZERE M TEEFREEZFAR L7 (20| 1 mL 1%, 7
ey R PR TLAELTO02mg(EEHETS. ) .
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6) IRAIEUERK
BRHIZELT, YU/~ F MU ULAEERIK, BT a2a7~vA4 20 M) U AR
W, I ABEERK, T M) U LAEREFKRERT ey RN U SRR O
—EBEAERALTAY /= LV CTEMRICHRL, ImL PICEHAEME L LTEREH 0.1, 0.125,
0.25, 0.5, 1 X2 pg(Jifi) & &6 3 2 FiRAIEMER 208 L7
7y TER=NUN, AF = VROERKIE, BEZa~ N7 T7HERWZ, ~F R
FEfg = F 1%, FREEERBAZ AW, =& 7 —E, ik 99.5%% V7. Z oM, FFid
LTV 5 LA ORI, Rtz vz
23 HEROGE
1) Wik~ 777 BERER® Prominence
2) HEEoHEr BEREE LCMS-2010EV
3) ¥R F v I ALK —T—  HEHEFEE MU-4
4) m—H U —x R L —&—  BUTHE IR N-IN A
5) O BERY - B RUERTRL  SCTI1SB
6) Y UATNI=HT L Waters 8 Sep-Pak Plus Silica (F£ T A& 690 mg) (Z 10 mL ® Y #
—N—ZEFE L2 D
24 EBHIE
) fhoH
ST 100 g 2 B> T 200 mL DI =A 7 7 A2l A, 7 h= KU/ 100 mL 21 %,
30 M ZIRE T L7ctz, #hiHia A0 (5L A) TA L7z, AR 25 mL % 100 mL @
YT T A TIEFIC AL, 40°C OKIBTIE E A CHLET 25 £ CRIEEM L%, EFF A
ko THZE L7z,
AFH U —FEEE TV (9+1) 10 mL 22 CTEREWZVEI L, 7 DI 5 3 0BHA K
L7z
2) BT LR
PUATNI= AT LEASFYH L 10mL THREFL, o0 UOHEET MU v A (HK) 20
g E AN EI=HTADY F—N—F D LB
AREHRIR Z R -HZ A, WEATETAFIO EicET 2 £ THRTK F S, WEHAKRO A
STWERTHT T A% ~FH v —FifE=F /L (9+1) 5mL 32T 3 EBEHF L, FiRzIERK
EFITNZ, FARICH T S8z, BIZRFPhomgET s v Lz~F 3o —FgTF /1 (9+1)
SmL CHE L, FREICH FSE%, Wba 0L, ~F¥ 2 —FEi=F 1 (9+1) 10 mL
EI=0TNMINA, RELE
S50mLDORTIBET7 I Aa%I=AT LOFICES, ~FHhor—x2% /—/ (4+1) 15mL &
=T HTMATHHUEME 2 Sz, EHIKE 40°C OKIBTIEE A CHIET 2 £ TR
JEIRAE L2k, BRI A&k THL[E L7-.
A K =) 10 mL % EFEICINZ THREW E TR L ,mmmmmwom@)fs > T]aEE .00 4 B
L, bEBARREZERE v~ b7 7 7 EE&FFHC L D2AEICHT 25 HAR & LTz,
3) Wk v~ 7T TEESHRHC X DHIE
AREHAR M O IR AR S uL 2RIk v~ N7 7 7B ESWTFHTIEAL, B8R A 4
H (SIM) 7o~ F7 I L% ERL, E—ZmHBEXIEES LY, AP HiEME &2 H T
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L.
7k, EmEOBEZ Scheme 112, Ik v~ 7T 7 H &5 ORIE SN % Table 2 (2
RLTZ.
Sample 10 g
——add 100 mL of acetonitrile
stir for 30 min
— filtrate with filter paper (No.5A)
25 mL of sample solution
—— evaporate to dryness under 40°C
—— dissolve in 10 mL of hexane-ethyl acetate (9:1)
Sep-Pak Plus Silica (prewash with 10 mL of hexane)
—— apply sample solution
—— elute with 15 mL of hexane-ethanol (4:1)
—— evaporate to dryness under 40°C
—— dissolve in 10 mL of methanol
— centrifuge for 5 min at 5,000xg (10,000 rpm)
LC-MS
Scheme 1  Analytical procedure for polyether antibiotics in formula feed
Table 2  Operating conditions for LC-MS
Column Phenomenex Gemini 5 u C18 110 A (2 mm i.d.x150 mm, 5 pm)
Mobile phase Acetonitrile-5 mmol/L ammonium acetate solution (4:1)
Flow rate 0.2 mL/min
Column temp.  40°C
Injection volume 5 pL
Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas N, (1.5 L/min)
Heat block temp. 200°C
CDL temp. 250°C
Monitor ion m/z 769 (salinomycin), 891 (semduramicin), 783 (narasin A), 688 (monensin A), 608 (lasalocid)
3 BERUER
3.0 BRSBTS OB

RV —FT VROBFAEMBEDA kit LT L7 ha AT L —A A1k (ESI) EDIEA

FrE—RICEsbonmonTsy Y KESZOA F U AbEEZ AW THRE L.

V) )=A T F R NITA, BrTadvwAY I UA, TV, TRV FT R YD

LAROTH sy R ) Y 7 AFERERIZONT, RIEORERMFIZEIV AF ¥ F— FTHIEL
72& A, Fig LITRTHY AZAXRT FLRfEbLIE.

BRI D~ AART MLIZBWT, RbHREORTWE—27ZZENEN, YU/ ~A1v 0,

BT oAy, IV, BRIV UKROT e Y RTmiz 769, 891, 783, 688 KX 608
(TR_RTT vE=U L INA A2 [MENH,] ") Tho1-.
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32 WRikZ v~ b7 T 7 4 —OWESMEO R
1) EEERT =7 AR O FEO MG

AT ERYE I STV DA OY Y ) v AT NI DA, BT aTv Ay
YF RV TL, FIVURREFRY YT NI Y AOWRKs u~ 7T 7L bERE DY
TIX, WBEERIC A # /) — v — K —FEfE (940+60+1) BEH I TWD. F7o, ks~ 7
S EBRONEEZRWEERETIE, BBET v ES U ABKNRZHINTNWAEZ b, 21
HEEELT, WHHRE LTAX 7 —L—K (9+1) & A% /7 —/L—10 mmol/L Fifg7 > =1
LR (9+1) ZHRFTT 22 LIk 0, BT =0 ARKOEEIZ OV TR L7z,

ZORER, BT =0 AERE AW OIIH W R» o 56X 0 E— 2 BRIZRET
Hotelz, UBORRT CIIEIRT v T=v ARIRE SRR ZERT 52 Lic Lz

2)  PREFFRERE L OMEHINA A > O fEt

— RN SN AEBIBIE LTAZ ) — AV EOTE b= NI L%, F-HET =D
LI DPEFEIZDOWTIEL S KO 10 mmol/L & W CTHRET&1T - 7-.

FP, AX =V EANT, AX 7 —)L—10 mmol/L FEFRT > &= LAVEIE (9+1) M OVA X
J—)b—5 mmol/L B 7 =7 AIFIKR (9+1) ZRafLi-L 2 A, WIhbE=F—A 4
TR H0D, TRty T a7 vA VU ORFERHNPE OO TEFEL TV,

F T, REEMAELS T A0, BIRT L = U LIRIK OVEBER T O R 2 BN & 4
AL ) —/L—10 mmol/L Bifg7 v €& =0 LAFEHK (4+1) M O'AZ /—/L—5 mmol/L Fifg7 €
=7 LR (4+1) ERFTLEED, 2oL bbienoiz.

Wiz, 7B h=brUVEHWT, 7& b= KU/ —10mmol/L HFZ7T > & =7 LK (9+1)
KOT7+E h=hKVU)L—5 mmol/L Hifg7 »E=7 LMAEK (9+1) ZHRitLizE 2 A, KHEME
Eb, AZ =N EHWEGE LD RFIRFRS R o Tz,

T, REFMZELS T572, EEBRICLTTYE b= F U /L—10 mmol/L FEfE T > &
=7 LRIE (4+1) BT & b=k UL —5mmol/L FEfE T > & =7 MR (4+1) ZRatLiz s
A, WL E— 7 O HER IR ORI B W TR BRSSO, 22T, 7Tk
F=bF U/l —5mmol/L BT & =17 LK (4+1) ZHWTZHEIZBNT, VU /v 1T,
YT ATy, I, FERLUVIURRTHEY RO ARRY MICEIT bR
EORXWE—ZOMIAF L RETT vV EZ U AL F L TholoZ binh, BT v E=1
LR OREIT S mmol/L THp B x b, RIETITERMKEAZ 7 =KV /L —5 mmol/L ¥
fe7 =0 AR (4+1) 2352 kCLiz.

3.3 BREMOIER
22 D O)NIHE- T LI-IRGEEMERR A S uL 2RIk v~ N7 7 7 EBEOHFHICEAL, 556
NIZSIMZr~ 7T L6 E—27 @S THMBEZ RO TREMRZER L. ZORE, BEH
TV 0.5~10 ng(JI1f) O FEPH TEMRMEZ R L7,

34 =07 LORE
22 D 6Tt~ Tl L7 IR SRR 4, iR 5 HBLA fEHTZ 0.5 g/t AR 24 & asin L 723K
Bl O(LLF TP MaiatE] 0. ) 1I0oWnT, B EREEICINE STV DA 44— k
7T 7L HMEERE o T, REMEEZFRL, ZhEBEEARLEKE, 3.0 K132
THRETL72RIFIC T, k7 v~ N7 T 7EEGHGHIERA L7z, 2o/ER, V) ~A v T
NV DA, BT ad~wAv P NIDLA, 900, FEXV P NI TARR Ty R
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MU DA ELTORINERE, TALh 95.1, 121, 93.4, 102 X 73.4%Th 0, Ll Bif 7ok
RBGONTTD, ZOHEEZEEL L TEOROBF ZHEDT-.

LrL, "M FA— 777X DWEERETIE, BHESEZ 27 v kL —Fifg L
(9+1) ITHRYE L, YU DHF NI =H T LMCARTE, REETEE, ZBRlIC7rakrh— A%
J—=v (44+1) THEHSEDLZ LICL VBRI EIT> TV D, ITE, RESOAMRBL NirE
DREFRHE~OFEOBLR X BB EORAD R OMEZREEOHERZR# T2 2 EREENT
WD ED, EAMICEBEMHEN IR EIICERL, »oZueafRLazMH LN
Hikxat Lz,

1) AfT - Vel oGt

AREE LCTiat R 2 AL, Z7oohLh—FRR=F L (9+1) b LERE L

T, VEFALZ—T )V —FET TV (9+1) XY U —EEE= TV (9+1) ERETL7-.
ZORER, YFLZ—TFT N —FRTTF (9+1) AW EE, BRRSBRT Y hSv

R=H T AIEERET, AMGTSImB LR, ~FY U —FERBRo T (9+1) FHWZE
BT, R E LCIomL A 72%, FiZ 15mL iz CTh, HARDIZREES, 17 a1
RECX. 20 Enb, JaakiLh—FEBETFIL (9+1) 22T, ~F¥ o B
Fov (9+1) =HMAT L EIT L.

2) Ao mE

HBPE LTCT MR AL, Zoakih— A% 7 — (4+]1) 28D DA HEE
EREt L7z & 25, Table3 OfE RN LTz,

ZORERNOAXT Y~ ) — VBB LIZGE, BHRERBEONDEANH - 7.
I THRMEETH D Z =L OENDRNE BRES DIEHBN R0, 2385

EHERSBIEH LT RN EZ N2 0D, ~FHr—x X ) —)b (4+1) &R

A e LCRAT 2 &l L.

Table 3  Influence of eluent compositions on recoveries
(Recovery: %)

Amount of Kind of polyether antibiotics
Eluent

eluent(mL) LS SD MN SL NR
Hexane-ethyl acetate (9:1) 15 0.0 0.0 0.0 0.0 0.0
Hexane-ethyl acetate (4:1) 15 0.0 0.0 0.0 0.0 0.0
Hexane-acetone (9:1) 15 0.0 0.0 0.0 0.0 0.0
Hexane-acetone (4:1) 15 293 0.0 79.0 9.4 0.0
Hexane-acetone (1:1) 15 63.5 74.8 84.6 82.5 55.9
Hexane-ethanol (9:1) 15 106.8 73.1 89.2 91.8 93.9
Hexane-ethanol (4:1) 15 86.3 76.3 88.2 91.3 94.9
Hexane-ethanol (1:1) 15 74.3 76.7 86.0 89.9 93.0

3) WK EORE
VUNTNI =R T APLOEBIERELE LTy —xo X ) —)L (4+1) 2BAT D&
L, WICHEHIREORTEITH 720, BELE LT PEmREARBZEHRAL, YU 5=
T LD HIKZ 3 mL Z &I E L, FE B IOV TARIEICHE > THIE L RN 2
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K-,

FTOFERIE Table 4 DE BV THY, V) I)~Avy, BovTad~vAvy, 770k
FER VAT OWTIHEHEED 0~6 mL THEH L TWA 3, 788 v RIZ2OWTiE 0~12 mL
THEHLTWEZ D, e CHREREIT1SmL £ 352 &1L,

Table 4  Elution pattern from silica-gel mini column
(Recovery: %)

Fraction volume Kind of polyether antibiotics
(mL) LS SD MN SL NR
0~ 3 81.1 55.7 91.0 87.1 82.8
3~ 6 5.8 38.2 4.8 1.7 1.5
6~ 9 1.0 0 0 0 0
9~ 12 0.03 0 0 0 0
12 ~ 15 0 0 0 0 0
15~ 18 0 0 0 0 0
18 ~ 21 0 0 0 0 0
21 ~ 24 0 0 0 0 0
24 ~ 27 0 0 0 0 0
27 ~ 30 0 0 0 0 0
a) Trace

3.5 ARBHREIUE OB
21 THELZABO S b, ARFREHREGEHZYY /~( T VUL, 2T 27
AT RIUL, TV, ERX VT R ULARO TR R R T LLLTO05g()
filiy/t 2 BTN L 72 sEHZ DWW, 2R 5.0, 7.5, 10, 15 KTV 20g Z8-H L, LLFARIEICHE
S THEIREZ R D, FEHEIRE DM 21T > 7z
ZOFRERIT Table 5 D LY 5~20 g O TR R RENEEZHGLH Z LN TE o), Kik
TIEZOHRETHD 10g B EETDHZ LT L.

Table 5 Comparison of the effect of different sample weight
(Recovery: %)

Sample weight
50¢g 75¢g 10g I5¢g 20g
LS 93.1 95.4 90.5 94.0 88.5
SD 108.8 107.7 93.0 101.7 101.9
MN 107.8 103.2 103.9 101.0 100.8
SL 104.5 100.0 91.2 97.3 94.5
NR 92.6 107.5 95.7 86.5 90.5

3.6 WiEWE OB
BAIE, V) )~wATF NI TA, BoFaTdwAdryF NI TN, 520, BRIV UF
M) AEOTH sy Kb U o ALUSMIEERIMICHEE SN TW D AW E L 14 B (R
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R RTUy, TEIwA VY, 7R b~ vy, ZTIvA4 Ty, TAXNAVERNIATFLT
VEZY ANV TEEXUT NI ATV, sanT NI ATV, BT AT, T
ARSTATUA, JUNTHEAR, R=V=2T <Ay, Baf~wfvy, 7I9RT7 A7+
R—Jb, WEa ) AF RO Vg iusvy) , EEAaREANL 7B E (7r7rl) vL,
T RNRXR—|F, JZUBBET LTI, ANT 77X/ FH VY, Taxx—h, FTAIANT UK
O 7Y ) VRYRAF LU AAKRUBINALTTL) 5.

TAUD OFEYES, & & 2 Bedil IR AR LT t%, A X/ — & W TR U 7o iR e & ik s o
a~ N7 7EEGHIFHCEAL, EEBEHTOIE—VVORBEHR LA, EY—T1F
PO LRI T,

F7o, MilkoRGEE (BBEFEEHN G ) , AKREEH, S FEH, Sharmif
AR, WHAREEMN 2 ) KOILHFEEN) 2Hv, KB L0 i U7z sUra il 2 ik
Kom~ 77 7EESIFICEAL, EBZHITOIE—V OFELER LA, HEL—
IR ool

7B, EMWEORFNTHELNZSIM 7 o~ s 7T 5O —f#l% Fig. 2 IZ/R L7z

Intensity/arb.units

{x]almmww
4.9—:
3.0
] 1 MM
, I}: 15L

e e N N S
ZMK_HM“_._MMM_W_H_JL%
0.0 25 50 G 1o 125 Retention time/min
Fig.2  SIM chromatograms of sample solution of typical formula feed for layer (not spiked)
LC-MS conditions are shown in Table 2.

3.7 EONEU SR K O H R IR
2.1 THELL72 0.5 O 5 g/t 20N L7z ikl (Bl& &k 3 ) &2 MV, ARIEICK Y 3[E
MO UERL, [EUE LUK URSE 2 st Lz
ZOREFIL, Table6 D LBV, U /)~ A >F bU T AZONTIE, FHEITE 89.7~98.8%,
Z DMK UKEE 1L, MAHERERZE (RSD) & LT29%LUL T, BT ad~A > F U TAICD
WU, FEEEILER 80.0~90.0%, Z Ofdi LIEE X, RSD & LT 10%LL T, 77 ¥ 2 20T,
SEHEIL S 83.0~89.7%, Z Ok UKSFEIL, RSD & LT 13%LLF, Exv v MU vAlZon
TUX, FHEIER 104~109%, Z O UIEE X, RSD & LTI15%LLF, ey RPN oA
[ZOWTIE, FHIEIER 85.2~94.5%, O LKL, RSD & LT 4.5%LL FORMRAENEF S
2. 7B, WNEGRER T 57z SIM 7 u~< k7 F 5D —44l% Fig. 3 (227 L7z,
PLEDFER D, RIEX, BEFONRA A4 — 77 7EOBRE TR TH 23EH 0.5 g(Jifii)/it
Y EZREFAEETHDL LB LN,
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Table 6 Recovery tests in formula feeds

(%)
) Kind of formula feeds
Added level Kl.n d O.f for layer for finishing pig for beef cattle
(g(potency)/ton) antibiotic

Recovery’ RSD" Recovery” RSD” Recovery’ RSD”

LS 91.6 ( 2.8) 914 ( 14) 852 (3.8)

SD 89.5 (0.7 84.6 (0.9 88.7 (1.4

5 MN 104 (19 105 (0.8 108 ( 1.1)

SL 96.2 (1.9 984 (2.0 98.8 ( 1.3)

NR 86.8 ( 1.6) 883 (23) 89.7 ( 3.6)

LS 945 (2.1 86.0 (4.5) 89.4 (2.1

SD 89.4 (1.2) 80.0 (10 ) 90.0 (3.9

0.5 MN 109 (1.1 104 (0.9 104 ( 0.5

SL 95.0 (24 955 (23) 89.7 (29

NR 88.9 (7.6) 83.0 ( 6.6) 834 (13 )

a) Mean recovery (n=3)
b) Relative standard deviation

(4 Intensityfarb.ounits
g pgte10,000)

M <

7.0 .

f. 0 o
] =

5.0 & .
E i /\

40gd
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I

= Tl ¥
i rﬁx — 2 s ;ﬁk____
1.DE*__“_=h_‘___ Kx___ -

o .
(B3 Intensityfarb units i
B0 10, 00m)

L
. =
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5 ! JAN
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f—— /
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.
=
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1

Fig.3  SIM chromatograms of standard solution and sample solution
LC-MS conditions are shown in Table 2.
(A) Mixed standard solution (The amount of each antibiotics are 0.6 ng(potency))
(B) Sample solution of formula feed for layer (added each antibiotics at 0.5 g(potency)/t)
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3.8 JL[AIEAER

REOHBIEE #MET D720, WHEFAETHEAEEHZTY) /~A > F NI DA, BT
TIATV T RIOA, TV, EX VT R AKRO TR R MY D LELTHAO0S
g( I/t FH 4 B 2 RN U 72 SEil ek &2 N C, R o 5 i B VE AT 0 A 5 0 S 2350 BT R
TV T uY— R E T AV v a vt 2 —, EEREEDRMASES ST
o2 —, HENEAN B AR SR PR o ¥ —, MEEANB ARG OTTE 2 —2%
FERIFZERT, MNTATEOE N MK EY & 2 it o 4 —IBfa ke S, ety 2 — K]
Ff Ao # — KIKEBETT (8 RBRE) ICBWT, ARIEICHE > THFIH 2 Fhi L7z,

ZORER, Table7 D LBV, MHBHATHEAEEIFR O Y 2 ~A 2T U U AOFYEIE
1% 95.0%, & OO UK K OVE B BUEEIL, MHExE¥EF 2= (RSD, KON RSDr) & LTZENE
N 2.7%K% N 6.4%TH Y, HorRat 1L 036 ThHoT2. BT 2T~ A v FU o AOFEHAENLER
1% 98.6%, & DK UK K OVEFB H IS IX, RSD, X RSDy & L TENZI 2.6% K% TN 8.0%
ToH Y, HorRat 1 045 Tho7-. 7T 2 OFHEINRIT 88.5%, F DM UK K OV R 81
FEEETX, RSD, XM ONRSDg & L CTENEI 3.5% 4N 5.7%TH Y, HorRat 1% 0.31 ThHho7z. TR
T N U AOEEEIERTT 101%, EOMuR UREE &K OV=H B & X, RSD, X OF RSDg &
LTCENEIN3.6%LTN5.0%TdH Y, HorRat (X028 TH o7z, ¥y Kb hU v LD FEEEIYL
HIE 93.3%, T DMK UK R OV M 3RS £ 1T, RSD, X OVRSDg & L TENZH 3.8% & T 8.2%
T&» Y, HorRat L 0.46 Th-o7=.

Z ZC, HorRat 3 J_T 0.5 % FlE|>TWDHZ EIZHOWTIE, ARIEZEE T A ICIE S 1
TWANAFA— N7 T IR DMEMTFHERELZ R IR LI L0 n, RIEPBEFEOE&E
EEHEU Lo EEIC > TR Y, FRBRESBIEICERAL WD ZERFRRO—2EEZDL
ni-.

B, BEORY, FRBRECHA L7 LC-MS OfE% % Table 8 [Z/R L7-.
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Table 7  Collaborative study results

(ng/kg)
Lab. No. SLY SD¥ NR?
1 532 486 465 426 465 468
2 480 480 489 488 464 482
3 437 425 504 491 415 444
4 497 499 530 518 439 441
5 511 504 441 427 460 426
6 467 477 487 479 436 462
7 449 442 529 550 394 406
8 461 451 534 527 425 451
Mean value® (ng/kg) 475 493 442
Recovery” (%) 95.0 98.6 88.5
RSD,® (%) 2.7 2.6 35
RSDR? (%) 6.4 8.0 5.7
HorRat 0.36 0.45 031
Lab. No. MN? Ls¥
1 510 522 504 466
2 500 556 478 496
3 501 485 409 401
4 530 533 487 458
5 524 490 451 402
6 501 491 476 470
7 506 504 523 516
8 477 452 464 466
Mean value® (ng/kg) 505 467
Recovery” (%) 101 93.3
RSD,? (%) 3.6 3.8
RSDR? (%) 5.0 8.2
HorRat 0.28 0.46
a) Added at 500 pg/kg
b) n=16

¢) Relative standard deviation of repeatability
d) Relative standard deviation of reproducibility between different laboratories
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Table 8 Instruments used in the collaborative study

LC column
Lab. No. Instrument (i.d.xlength, particle size)

| Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (2.1x150 mm, 5 pm)

) Waters Agilent Technologies ZORBAX Eclipse XDB-C18
micromass Quattro Micro (2.1x150 mm, 3.5 pm)

3 Waters Kanto Chemical Mightysil RP-18 GP Aqua
micromass Quattro Micro (2.0x150 mm, 5 pm)

4 Shimadzu Phenomenex Gemini 5 p C18 110 A
LCMS-2010EV (2.0x150 mm, 5 pum)

5 Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
Agilent 6410 (4.6x150 mm, 5 pm)

6 Agilent Technologies Kanto Chemical Mightysil RP-18 GP
Agilent 1100Series LC/MSD  (2.0x50 mm, 3 pm)

7 Shimadzu Phenomenex Gemini 5 p C18 110 A
LCMS-2010EV (2.0x150 mm, 5 pm)

3 Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
Agilent 6140 (2.1x150 mm, 3.5 pm)

4 FEH
FLEfEIFICEE L CWAY Y ) ~A v NI DA, BT a9, NIUA, T

v, BRIV FRNY T ARRTY Y RF R U AO—FMBEREICONT, Kk a~< T

T IEBSNEERS LTI 25, ROFENME LN,

) AFMiEE LTV b X7 L—AF 1k (BSD & (EAFE—F) , E=F—AF
LT, YU I~ Avy, BT ag~wlfvy, TV, FRUVUORRT Y RICHOWNWT,
ZIEN m/z 769, 891, 783, 688 KN 608 (F_XTT > E="7 AIIA A2 [M+NH,]") ZifH L
T ZARMICHIEN R TH-T-.

2) wHEKE L TTE h=1FY/L—5 mmol/L BEfE7T »E=U AfEHK (4+1) ZEH L7 & 2 AR
WZHIENFRETH > 72,

3) FEARE 0.5~10 ng(F1filh) D% BRI Z R Lz,

4) V)ﬁﬁw‘%ﬁ7A%%%Tﬁ%%ﬁ5%é®%@ﬁZA##V*M%E%W(%D,%ﬁ
WIiZ~FHr—x& 7 — (4+1) 15mL ZHW &L ZARMFIZAENAIREETH - T2,

5) AREBHERIUEX, BREOME100g28HATLHZ L.

6) BIE, WV /~Av T NI UL, VT aTdwA v NIDA, FTUY, BERUVUT
N AKROZ Y RF N U ADSMIEREHRINICIEE SN TW A HAYE 14 FBEEKOE
RRPTEEA] 7 FEEE NS B AR 9 FREHIC DWW, TRAHIT A~ OFREHR L= Z A,
EY— 7 X LN ho T

7)) ARBEIZ X DEMMENGRER A Fhii L7/ HR, U 2 ~A > F MU U AIZHOWTIE, FHEIE
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T 2545 %y ML BENPORT SBYHEEK-ABEDELE

B AFyET, EER

Assessment of Enzyme-Linked Immunosorbent Assay Kit Detecting Ruminant Protein

in Pork Meat and Bone Meals

Yoshihiro SEKIGUCHI" and Toyoko KUSAMA"

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

After the detection of the first case of bovine spongiform encephalopathy (BSE) in 2001, the
use of animal protein for production of animal feed was prohibited in Japan. = However, since
April 2005 the use of meat and bone meal (MBM) of pig origin (pork MBM) and MBM of pig and
chicken origin (pork and chicken MBM) has been allowed for the production of some animal feeds.
The Food and Agricultural Materials Inspection Center (FAMIC) is engaged in the analysis of feed
samples for presence of animal protein using three methods: polymerase chain reaction (PCR)
method that detects animal origin DNA; microscopic method that detects MBM directly; and
enzyme linked immunosorbent assay (ELISA) methods that detect animal origin protein.
Commercially available ELISA kits use polyclonal antibodies and detect milk and dairy products,
which are not prohibited materials. = Considering the fact that most pork MBM contains milk
and/or dairy products, an ELISA kit that is capable of detecting bovine MBM only and not milk
and dairy products was required. We assessed ELISA Technologies’ MELISA-TEK, a
commercially available ELISA kit that is claimed to be capable of detecting only bovine MBM
(and not milk and dairy products).  Specificity of MELISA-TEK was assessed by testing 45 feed
materials. Good specificity was obtained. MELISA-TEK detected bovine meat meal
contained 0.15% in a pork MBM and in a chicken meal respectively. A collaborative study was
conducted in 16 laboratories using pork MBM and chicken meal containing bovine meat meal.

All laboratories detected bovine meat meal contained 0.15% in pork MBM and in chicken meal.

Key words: FHEHAIRANSE bovine spongiform encephalopathy ; fil¥l feed ; M 3& 60 I E L
ELISA ; &/ 7 v —7F /LK monoclonal antibody ; A7 %% > + MELISA-TEK ;
K39 8 HK7= A HE ruminant protein ; 24FPJ'E ¥ bovine meat and bone meal ; K

A'E ¥ pork meat and bone meal ; 7% > I —/L chicken meal

[
HATOHFURRINIE (BSE) OFAEICID, fMEHIHWD Z LD T 28 k- A B8 IXF
HEARONTNDEZAER, Fk 174 4 A 1 B X 0EATHEOK - BIEEHES RSB,
BRI TOHOERE LTHEATES L5122 D2,

il

T OMRNEATECE N BERROK BE I B 2 A v & — IR AR A
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Ak OB E k- AP BEORHEE Ui, BB A B CEBERS T 2 BEMEEE, Bh
>k DNA Z 3 2 PCRIEXROEMW R A HE Z 3 2 BRIl ERE (ELISA) O 3 D E
HHITWD. ELISA [IZ2W T, VK 18 4 3 A £ Tid ELISA Technologies # ELISA-TEK il
TAREHERIF >~ ~ (4) ) (ELISA-TEK) & ZRKAEREHEFTR T U 7 T IMBSLE Ak 2 o]
JERExXy M (FVFHxy b)) ORIV Z7e—FAfiikzH0TE ZoOEEH* Y FBED L
NTWE D FHEEZAAETH-ThH, AHBICOWTEFEBMARRD BN TWST-0, M
g CHRE A B VTR CHE SR L& SN2 HGE, HLENICILE S RE T 2 ATtk
N5, ZhzFEEE LIZKABEKH%E% ELISA-TEK UIE VY FHXy FTHT 5L, 4Ek-
AMEERRRE SIS Z ENH Y, FLEMITIES LW ELISA v B ME L 7p o7z,

ELISA Technologies ! TMELISA-TEK RUMINANT KIT for MEAT & BONE MEALS and ANIMAL
FEEDS| (AT A4 %X k) 1E, BHMHFT O Troponin 1 (Tnl) EFFERMICKIGTHE S/ 7 a—TF L
FikzHOWTWSEEAX Y hTHH Y. 2005, Mg, ¥IF %5388 T, K158
WHRNEHORZRIETED EHFBINEZZ D, KAETHE~OBEAO G EZHHT5 2L
Lot

Alal, FEHEEFE 45 SAEHWT, A 74 %y NORRMELERT S L L BT, ELISA-TEK &
FVFHXy bW EITo7. £, KNEBETOFNEBROBRIH TREZ 7.

B, ATAY Xy POFEBESZLZHAOLNNIT 720, 16 RBR=EIC XL 2@ 2 H iz
LR A FEE LR, BORBERAGEON O TEOMELRETS.

2 EBAE
21 AT7A4%¥*v b
TMELISA-TEK RUMINANT KIT for MEAT & BONE MEALS and ANIMAL FEEDS] (ELISA
Technologies #) Z i L7-.
1) # Rk
i HHEAAN Yy 77— (1 L/ax3 a)
i BEBEOGHEMEE= Y he—r (10%) (4, K, ¥4 4mL)
iii HiKEE~A 702 LEY2—L @U/W/ARN v X122 Y v )
iv Ve 10 f5IRAERR (100 mL)
v EATF AR EEB M RESUA (2 mLx3)
vi TEVU-EERESKK (6 mL)
vii TMB %% (6 mL)
viii SO E IR (6 mL)
F v MM SN TV EREESEZ Fig. 1 ITRLT-.
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Fig.1 Components of MELISA-TEK (ELISA Technologies, Inc.)

22 OB

BEHT W2 R ECE R OBLIR A B, B REEENDOAFL, L2BAZL, REED
Bk o il FRE . OVEIR A B EHIEEHG 150 g 2 L — TR | mm FEEIC72 5 £ THIREL,
ZOMO b OIFFHKEFITHN. FHEDOL D EZHRLEENE, BABKHEICH-> TIRT 58
PHR DNA REENTVWRNWZ & &, TRLUANAD L DIZH - TIEFHK DNA RAEERL TV
WZ EZPCRIEICIVER LD EZ W,

LB AW @R I L T o X S IR Lz, FREZMN<AA, A— 7 L—TT
133°C, 3 5JET 30 /pMIBVLEE LU7=. A — b7 L—7WER U724 Z o 050 Bl LTIy &2 Br2:
L7t4, 80°C THAMEL I NI —THLIbOEFRHmE Lz, FHEFEEDEEN TN
BAEMERTFF I —LE~v bl v 7 2L LTGEY, ZULIZFEREZ 0.15%& 0 0.75%I272
DX DICHSETRA L., 2ME3IBE (0%, 0.15% K% 1 0.75%) OHmilel 4 2 250 g &
FEERR L, KRB ERIE—ESHrcXb&T 2/ L. Mg LB L2 50 o 8
H &Y —MMRA L LTI A aicdkE i Lz, k& L=k %4 MELISA-TEK T 5 &)
KAV ABEOEREERLILE Z A, FRBTIREHI DWW T T XTHETH Y, BIRMER
BHZOWTIZTRTRMETH 720 T, B—MIZoWTIEMERZRWE LT, & 2ZnEh
T U L2 KT oA RBREICEAm L.

FRBERBIEEHNL, =X N7V TEFANER AR 1 mm £ THIELZ S O %2 ALK TKA
FHERALTEALE.

22 O
1) ELISA Technologies & MELISA-TEK RUMINANT KIT for MEAT & BONE MEALS and
ANIMAL FEEDS
i flH R
v MR ST LKA Ny 77— 1 A2 K 1 LICHE» LTtk e Lz,
i fEtta s ho—Lig
F v MBI SN TV LR EBWEOH MM = > Fr—r (10%) (K) &R,
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it 0.05%M O 1%t = > b e — /LK
¥y MR SN TV L REIMREOMH MM = > b — (10%) (4%) 100 pL & HhH
# 900 pL ZEE LT 1%MmE=a s e —jk e L, 1%ME= > e —/ig 50 pL & fafE=
v hE =L 950 uL & ZIRA LT 0.05%5ME = hr— ik & L7z,
iv PUREFEE Y 2 —
Xy MM ENTWAHREE~S A 72y 2 LEY 2 — L& -,
v UEHIR
X v MR STV 5 Bk A 10 f5IRHM IR 100 mL & 788 7K 900 mL & #iRA L C o
we Lz,
vi A TF AL PURIK
v MM ENTWD B4 F AT E B REHTIA %2 V7=,
vii 7BV VBREAIRIK
¥v MBI ENTWET BV - BEEEARKZ iz,
viii  AH TMB &
X MR EN TS TMB R = -,
ix  BOGEIE
X v MR STV D RONE IR 2 -,
2) ELISA Technologies ! ELISA-TEK N TRAFEHIBIF » b (4)
3) FRAKAEREUIRETR U S AMBLEL AR o B o R
4) Advanced ImmunoChemical # Troponin I, bovine skeletal muscle
0.01 mol/L ¥ T 5 pg/mL IZFHAR L72%, ~A 7 vy MZEY MK CERBEARELIT-

7.
23 HEROEGE
1 I H¥— DR PEFERL TFM-300DG
2) A—hsL—7 TR IT-2322
3)  HLIERE D RPERERTRL FC-612
4) e O : 47 v 7% RECIPRO SHAKER SR-2W
5) Ly BERR MK TR MX-300
6) vfM7u/L—hJ—H— : TECAN #  Sunrise Rainbow Thermo
7 T —hUt v Tr— 7y A~y 8 {96 )T L — R
8) YV I NFxrrN~vA <y L BIOHIT # m1000 (100~1000 uL)
9) 8F xRN ~vA 7 rENY I : Eppendorf !  Research M (30~300 pL)
24 HREBRFE
) AZ7A4%xy hoRRFIE
i #ho

IINTEREH 150 ¢ Z IV — Tt Litk, £D 5.0 g2 E->T=MA7 7 A2 Ak, il
HI 50 mL 20z 20 SRRV RS Tt L=, Sz Kisdh < 15 Sy L 7= % ki L,
3,300 rpm (1,000xg) T 5 ZrfHiEL0BEL, A# (5 FE A) TAELE. AIREEHIC
10,500 rpm (10,000xg) T 10 ZrfliE Lo BEL, EEAKRE ELISA BAEICHET 2 30BHATR &
L.
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ii ELISA #{E

FUBHAHR, 0.05% K% Y 1%5ME= v e — ik, BifEa sy be— LR OHHK (77 >
7L Li=.) 4 100 pL %, FUAEAHILEY 2 —MIZENEN 2 Y=L THO AN, RET
20 RIS ST, U VRO ZSERICERE L, Peifik 300 uL 245 7 = /LI 2 T 4 0]
Ve L7,

WIZ, EFF ALHIRIE 50 uL $ 2% %7 = VI Z T, =E T 20 MG S ¥ 7%,
Uz VINDIR & 522 ERE L, PeiiK 300 pL 24 7 = LIZN 2 T 4 [mlYeiE L7z,

W, TEYVUBEEAIRRKR 50 pL $o%2%& 7 = LI T, =T 20 oMKsS 7
%, Uz VNOWRZFERIZERE L, YK 300 uL 24 7 = /LI T 8 [\l L7z,

RIZ, FEE TMB i 50 pL $o%2 %0 = /LTI T, FEiLT 20 oS S E2tk, UG
fE1EHE 50 pL 22K 7 = VTN A CHRISEEIESE T, 15 3UNICE T = /LD 450
nm ([ZBTARNEE~ A /7T L— R N)—FX—THIEL, £V VORNLE[ENDT T
JROWIE DFEIEE 2 LW A2 JEMR L Lz,

it ABRAL SR

1% = > b v — LI ORIEE O EEIMEA 1.000 LLETHY, BEiEay ha— ol
EEOFEIMEDS 0.100 K TH Y, D 0.05%5ME = > b v — L3R R E fiE 0O 4= 1 g 72 23
0.100 LLF TH D% E IZiBRpoNL & L7z,

iv A &

AEHRIR ORI EM O EHED 0100 L ETH Y, »hoEttay ha— L oREMD 2 %
UEThHoTeGE2 KT 58MBRI-AREEZREE L, TSN E R & HE LT
AR 1EDOMEEL % Scheme |2, SOSME ISR D225 & LT Fig. 2 IZ/R LTz,

2) ELISA-TEK K, (NE U F 4% v ORI
ELISA (2 X 2 ikt P oMk 7= A B E OB L > Y OBk 20 4 4 A 1 BT TEEHT
HAE UL V) TS & L7
¥, —EOREHT B W TR A T XTI L TLE VW, REHEIR ORI N7 & on
boTeh, ZTHHIZ DWW TEREHEIRE IR EAZ AT 35 Z LIk 217> 72
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1% PC 1% PC
0.2% PC 0.2% PC
0.05% PC 0.05% PC
NC NC
Blank Blank
Blank Blank

(A) Before adding stop solution (B) After adding stop solution

Fig.2  Result of MELISA-TEK
PC : positive control, NC : negative control, Blank : Extraction solution

Sample 5.0 g
add 50 mL of Extraction Solution

shake for 20 minutes

heat in a water bath for 15 minutes

allow to cool

centrifuge for 5 minutes at 1,000xg
— filtrate with filter paper (No.5A)
centrifuge for 10 minutes at 10,000xg

ELISA

add 100 pL of sample supernatants, 0.05% and 1% positive controls,
negative control and extraction solution (as blank solution) into the
antibody coated microwell module

stand for 20 minutes at room temperature

wash the wells 4 times using Wash Solution
add 50 pL of Biotinylated Secondery Antibody into each well
stand for 20 minutes at room temperature

wash the wells 4 times using Wash Solution

add 50 pL of Avidin-Peroxidase into each well

stand for 20 minutes at room temperature

wash the wells 8 times using Wash Solution
add 50 uL of TMB Substrate into each well
stand for 20 minutes at room temperature
add 50 pL of Stop Solution into each well

Microplate reader (450 nm)
Scheme  Procedure of MELISA-TEK assay
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3 HRRUEBR
3.1 R EVERERR

T PEER LR 22 5%, EVPEREHECEE (KT 2 BB RER 2 B v b o) 19 48, FHEd
REER (KT oBWmkERZE 20 0) 2 8, LML 2 SEAOFREREHRHNTA T A
Fxy MZEVRBZITY, ZORFEMELZMR L. £, F—oREHZ DWW T ELISA-TEK &
w%U%ﬁ#yk*i@ﬁ%%ﬁmm@tt#%%kalmﬁbt

AT AFFy T, FEDPEEEHEUENE QN #08, BEHROF X =V EDOKT ) EHY
DAL LY EES YT S ,?AT&@T%ot.it,#%%%fﬁ??@%m%t EREPAY IS
Hanzn, LS THIPEMILLOTER T —con TRt SnT, F&kbGHEkos ) 7
2 —F PRI LD REREORm I D HRTE

ELISA-TEK TiE, v B THEEE Y, LBEO S LoWmBERZ—NEETh o7, £
TRy MIGEEE 725 BN L, Z 7 ANV =B N yEra Y, FER, X RN
T RO R OEEREE KRR, BWNEH RO - KEEHEGREK) 12 S TIET X TA
PECThote. Fio, RN REZAKME TV T b S,

L7eo T, FREEARHIH T D2REMEIIA TSy MR RLEL, BREBTOXT 58
HR7-ABBEORIMICIE, A4 FFy FEHWLZ ERWEH EEZx bk,

3.2 M TR

AT7AY Xy OB TREZTARDL720, MREHEOT X I —VIZERNENFRB %
0.15% K% DN 0.75% M L 73k Bt 2 L, 2T A4 %y b TRBRZITo72. £ OFERIT Table 2 O
LBy ThHoT.

BRABREORTF I —LDELLIZONTH 0.15% U EodulmzREcE. AWK
0.15%IMFEELD O.DAX, ATA Xy by A TE (KT 9 Bk A AE R H OHE
FAEL 72 DT 0.1.) LD EREEHN 0394, T2 I —L0 1.566 & 0720 @EWMET
HDHZEND, 0.15%E D HLEWFRHEINE CTOLREATEL B2 5Nz, ok, FHEBIRNE
DRI THOHEATMICHERTFX I —ADFHD, OD.BEWIERENGELNTZN, T 20 TiE
~h NV I ADEBILLIbDEEZ L.
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Table 1  Specificity of various feed materials and bovine meat and bone

meal (bovine MBM) using MELISA-TEK assay"
(+/—: Detected/Not detected)

MELISA-TEK ELISA-TEK” Morinaga®)

No. Sample D B) B)

Result O.D. Result O.D. Result O.D.

1 Corn, flaked - -0.003 - 0.022 — 0.024
2 expanded - 0.025 - 0.029 + 0.098
3 Barley, flaked - -0.002 - 0.021 - 0.028
4 Wheat bran - -0.002 - 0.026 - 0.014
5 Rapeseed - 0.001 - 0.021 + 0.055
6 Rapeseed meal - 0.004 - 0.022 + 0.165
7 Soybean meal, dehulled - 0.000 - 0.022 - 0.029
8 Soy sauce cake - 0.002 - 0.023 - 0.025
9 Toasted soybean flour - 0.002 - 0.022 - 0.016
10  Soybean, flaked - 0.001 - 0.022 - 0.017
11 Soybean curd residue - -0.003 - 0.019 - 0.019
12 Beet pulp - 0.000 - 0.021 - 0.029
13 Cotton seed - 0.011 - 0.040 - 0.025
14 Rice bran - 0.003 - 0.040 - 0.029
15 Corn gluten meal - 0.000 - 0.023 - 0.047
16  Gluten feed - 0.001 - 0.022 - 0.020
17  Grain sorghum - 0.001 + 0.149 - 0.012
18 Cacao husk - -0.003 - 0.022 - 0.023
19 Palm kernel meal - 0.002 - 0.023 - 0.019
20  Dry brewers grain - 0.001 - 0.023 - 0.017
21 Paprika extract - 0.000 - 0.020 - 0.021
22 Dextrin — -0.002 — 0.017 — 0.018
23 Mixed feed - -0.001 - 0.017 - 0.021
24  Formula feed — 0.000 — 0.021 — 0.013
25 Crab meal - 0.000 - 0.018 - 0.015
26  Fish meal - -0.001 - 0.017 - 0.019
27  Shell meal - -0.001 - 0.021 - 0.018
28 Pork meat meal - -0.002 - 0.021 + 0.055
29 Pork MBM 1 - 0.025 - 0.022 + 0.086
30 2 - -0.004 - 0.019 + 0.042
31 3 - 0.022 - 0.023 + 0.080
32 4 - 0.011 - 0.023 + 0.141
33 Pork and chicken meal - -0.003 - 0.022 + 0.045
34 Pork and chicken MBM 1 - -0.005 - 0.022 + 0.053
35 2 - -0.005 - 0.018 + 0.042
36 3 - -0.005 - 0.020 + 0.080
37 4 - 0.003 - 0.022 + 0.141
38 5 - 0.053 - 0.024 + 0.154
39 6 - -0.001 - 0.021 + 0.075
40 Chicken meal 1 - -0.001 - 0.022 - 0.031
41 2 - -0.001 - 0.022 - 0.026
42  Feather meal 1 - 0.002 - 0.028 - 0.043
43 2 — -0.002 — 0.021 — 0.044
44 Dried skim milk - 0.000 - 0.110 + 0.695
45  Dried whey - -0.001 + 0.240 + 1.155
46 Bovine MBM +7 Liog +% 0355 +7 607

1) n=2 (No. 1~43), n=1 (No. 44~46).  2) Product of ELISA Technologies, Inc.

3) Morinaga ELISA kit against a heat-treated bovine protein is a product of Morinaga Institute of Biological Science, Inc.

4) Cut-off value is O.D. 0.1.

5) Cut-off values are O.D. 0.126 for No. 1~10 and 12~21, 0.160 for No. 5, 42 and 43, 0.151 for 22~41, 0.144 for No.44 and
45, 0.082 for No. 46.

6) Cut-off values are O.D. 0.066 for No. 1~3, 6, 7, and 12~15, 0.034 for No. 4, 8, 9 and 16~21, 0.032 for No. 5, 10~11 and
22~27,0.027 for No. 28~31, 33~36, 0.075 for No. 32, 37~43, 0.075 for No. 44~46.

7) Equivalent to a concentration of 1% bovine MBM in a sample.

8) Equivalent to a concentration of 10% bovine MBM in a sample.
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Table 2  Results of MELISA-TEK assay on Pork MBM and Chicken Meal
containing Bovine Meat Meal at different levels"
(+/—: Detected/Not detected)

Contamination level Pork MBM Chicken Meal
of bovine meat meal Result Mean O.D. SD? Result Mean O.D. SD?
0% - -0.001 0.001 - 0.001 0.003
0.15% + 0.394 0.041 + 1.566 0.166
0.75% + 2.249 0.197 + 3.487 0.045
1) n=8

2) Standard Deviation

3.3 H:[AEER

ATAY Xy MIE2ABIEOBBRKE ZREST 5720, el X 2 2L FER 4 FEhi L 7-.

KA B R OF % o L= 2 0.15%K% T 0.75% 800 L 7 30k K OV IR GURE 2 U,
h IR R B AR  t S E PRAERS, A N BR B A W RO 26 0T, IMETE AN B AR &
V=T IERT, MENEN B ARG A SR SRR o 2 —, HENEN B AR E W
SEMEAESNTE 2 —, HEIEN B AR PR, 2 E R RS A S 8RS PE T L
ZeET, AEREEWRFHGES SO ¥ —, B ARBELA RSt e, BAOKES
By, MNATBOE NIES B AR (Bl Oh) BWKEHELZ2EINE 2 —) K, F
LIRS (B Rt 2 —), EMlaEEr (3 Fiietsr 2 —), R4 HBRFEER (B
FAa R % —), FARREFEER (B [FE & —RRFEGIT L OFEERFESET (B [F
@2 —) O 16 REREIZIBWT, RKIEITHE-> CILFERBRZ FE L7,

Z OFERIL Table 3 DL FBY T, TXTORRENT X TORBHIOWTRT S @k A
HEOAELZIEL < HETX, RpEM, B, Accordance M TN Concordance L7 XT 100%,
COR b _T 1 &5 RWVFRMNGEL T,

B TIROBE T 0.15% K VARV FRBIRINE TH BT & & 2 b2 ny, FRK 0.15%
BINERE B Tl 16 REBRE D O0.D.OfK/IMEN 0.103 &y FA7E (0.1) LV bFickEn
HTHoTZ b, MBREMONTY X LEB LA TAPXy POKH FIRIT 0.15%F %
LEZORNTZ.

723, Accordance, Concordance }2 O} COR %, Langton |Z X YV $&M8 S dL7= @M #T 0 I [E 40Ar
WEEROFT- I REERE " Ch Y, Accordance BEBRENOFER D —E %, Concordance 733AER
EMO—-HELZEWL, TNENEESTICBIT 2ENBIK URBE ESMBREEICHTZD.
Accordance M ' Concordance 13 100% (2 T WM I1E & FE 25 % <, COR % Accordance & OV
Concordance 2NEMELSHTOBEIZ LV HELZZITT NI &b, ZITEEZZITIZ W
ERoTHEY, LIZEVEIZEREN G,

Z2ZOD, FRBRETHEMLEZT L=+ vy vy —L 7 b — M) =X =DK% % Table
41ZRLT.



ATA WXy MR DEET O 9 B k- A B E DR A

Table 3  Collaborative study results of MELISA-TEK assay
(+/—: Detected/Not detected)

Contamination level of bovine meat meal

Pork meat and bone meal Chicken meal
Lab. No. 0% 0.15% 0.75% 0% 0.15% 0.75%
1 - - +, + +, + - - +, + +, +
2 -, - +, + +, + -, - +, + +, +
3 - - +, + +, + - - +, + +, +
4 -, - +, + +, + -, - +, + +, +
5 - - +, + +, + - - +, + +, +
6 - - +, + +, + - - +, + +, +
7 - - +, + +, 4 - - +, + +, +
8 -, - +, + +, + -, - +, + +, +
9 - - +, + +, + - - +, + +, +
10 - - +, 4 +, 4 - - +, + +, +
11 -, - +, + +, + -, - +, + +, +
12 - - +, + +, + - - +, + +, +
13 - - +, + +, + - - +, + +, +
14 - - +, + +, + -, - +, + +, +
15 - - +, + +, + - - +, + +, +
16 - - +, + +, + - - +, + +, +
Specificity (%) 100 — — 100 — —
Sensitivity (%) — 100 100 — 100 100
Accordance (%) 100 100 100 100 100 100
Concordance (%) 100 100 100 100 100 100
COR 1 1 1 1 1 1
O.D. Mean 0.002 0.250 1.195 -0.001 0.908 2.637
Min -0.011 0.103 0.548 -0.010 0.211 0.930

Max 0.016 0.622 2.266 0.006 1.608 3.547
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Table 4  Instruments used in the collaborative study

Lab. No. Plate washer Microplate reader
! Cw Molecular Devices
Vmax KINETIC MICROPLATE READER
5 o Nalge Nunc International
IMMUNO-MINI NJ-2300
3 o TOSOH
MPR-A4i
4 o BIO-RAD
Benchmark Plus
5 o BIO-RAD
Model 550
6 o BIO-RAD
Benchmark Plus
7 BIO-RAD TECAN
Immunowash Model 1575 SUNRISE RAINBOW
g TRICONTINENT Molecular Devices
MultiWash 11 VERSA max
9 BIO-RAD BIO-RAD
Immunowash Model 1575 Model 550
10 o Thermo Labsystems Multiskan JX
and COLONA ELECTRIC MTP-120
1 Thermo labsystems TECAN
Wellwash 4MK2 SUNRISE CLASSIC
12 Thermo labsystems TECAN
Wellwash 4MK2 SUNRISE CLASSIC
13 o TECAN
SUNRISE RAINBOW THERMO
14 Thermo labsystems TECAN
Wellwash 4MK2 SUNRISE CLASSIC
15 Thermo labsystems TECAN
Wellwash 4MK2 SUNRISE CLASSIC
16 Thermo labsystems TECAN
Wellwash 4MK2 SUNRISE CLASSIC

"' Wash using a washing bottle.

"2 Wash using a multichannel micropipette.

3.4

PR EBE STV Y,
b0) AV, FREH TOREREZH~7-.

3 Wash using a multichannel dispenser.

e K PR R OO AR R E Y O R
A T4 WXy ME, Myers HIZEVEEEEFOFREBRICOWNTEHMEN RSN TEY, BE
2T, ENEEOEEMEGE (KT 2 Bk 25 £ v

RRER, JFEHREEREE (KRAEH L F X

S—AERALELD), FXUI—AKRNT 2P —I— T, FRNEFENFREHDE 0.25%,
0.5% K DM 1%IRM LR 2L, 2 T4y N TRBEIT- 72,
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AR OFERIL Table 5 D LB TH Y, 6 AEH 1 RED 0.25%RMAEL 2R E, T~ THH

THIENTE., LIEB-T, 274 FFy MIEMEEE T OFRERORHEE LT,
RAEGHICHEAT 201+ REEEZFELTNWD EZx 6T,
Chen HiIZk D e, AT7A4 Xy MTHVWLNTWSE /7 2 —F AHiiKIE 5.0 ng/mL @ Tnl %
HTExp s Tnd Y. RRICHNEFRETHICONT, A4 ¥ Xy hTTnl DEHE
ZHELZEZABLZE 50 mgkg Thol-. LIEN-T, A4 %Fy MIKWEKED 0.1%
DR EHORENATRE L HH SN D .

mE, PR LB L THEATHOMRE TRAREWHERERoT20E, BOEHENELL
1L Tnl G ARITFADT 272D EEZLND.

Table S  Results of MELISA-TEK assay on six samples of
pork MBM containing bovine MBM at different levels
(n=1; +/—: Detected/Not detected)
Contamination level of bovine MBM

Kind of pork MBM 0% 0.25% 0.5% 1%

Result O.D. Result O.D. Result O.D. Result O.D.

Pork meat meal - 0.017 + 0.104 + 0.225 + 0.427
Pork MBM - 0.060 + 0.180 + 0.324 + 0.544
Pork and chicken MBM 1 — 0.005 - 0.086 + 0.179 + 0.318
2 - 0.010 + 0.133 + 0.240 + 0.476

Chicken meal - 0.005 + 0.118 + 0.214 + 0.436
Feather meal - 0.004 + 0.121 + 0.218 + 0414

4 FED

ATAYXy ML BERITOKT SEWH KA BHEDORHEIEICOWNWTHRE LIZEZ A, RO

FEREST.

1) HEPEEEHECRE 22 5, T O B SRR & & e W BV R REECEE 19 R, R3O B ok
R ZE & E WA HEIRAEE 2 8, ARG 2 AEOVFEREMEH W TREZITo7 2 A, A
OB ZZ T TICFRNER AR T 52 N TE .

2) BABHMEOTFF I —ZZNZTNFAmZ 0%, 0.15%% O 0.75%RIN L 72508k 2 v T
MTREZRH~RTZEZ A, KATHEROFAH TO0.15%EE 2 b,

3) BAEHMEORT X I —ZENENFRBE 0%, 0.15%K Y 0.75% %M L 7230k 2 v 7o 4k
AR ER DOFE SR, FrEME, KJE, Accordance M U8 Concordance I£9-XT 100%, COR 4T 1T
ol
UEDFRERNS, 274Xy MIKREREOEBMMEEE T O T > B h k- A AEOKH

EELT, BEREM - RHBEE L ORESICERT 201+ BEE2BA LWL EBX 6T,
B, ATAYXy MIARNOBREZEE 2T, Fk 1843 H 17 BT e 0B h

ki PEomE (203)] L LTHIESN Y, FRL20 44 A 1 BIZIE ELISA-TEK XV Y

FH X b &SRB AT RTINS iz O
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#H O
F[RIFRERI T ) & W T2 IO T 1 [ SR U AL S B PR AEED, R vA A £ G BRI A A B = U
P, MENENRAARRM DN % — TR ERT, WMHIEA B ARG EE MR SAERARE ¥
, HEEAN B AR ERE RS RS EEST o Z—, HEEN AR RS, 2ERERF
n‘ﬂma_mxﬁ?ﬂ*ﬁﬂljﬂilﬁnfﬁ EEERERBFRMSESS O 2 —, AARRG SRS
HIRBETERT, BRMOKEER BRI OSICE#HOFE LR LET.
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BTy

BFHFOH-ABREORBEERICEDEEZIDR LR
IR R, R BT, Sk BT, BA BIT, AR BT, g ET
Method Validation for Determination of Crude Protein in Feeds by Combustion Method

Toshiharu YAGI'', Yoshinari SAKAKIBARA ", Susumu YOSHINAGA ™, Yuji FUKUMOTO?,
Eiichi ISHIKURO™ and Akemi YASUI >
("' I.A.A. Fertilizer and Feed Inspection Service, Headquarters
(Now Food and Agricultural Materials Inspection Center, Nagoya Regional Center),
"2 LLA.A. Fertilizer and Feed Inspection Service, Headquarters
(Now Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office),
" LLA.A. Fertilizer and Feed Inspection Service, Headquarters

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

* LA.A. Fertilizer and Feed Inspection Service, Headquarters (Now Japan Food Research Laboratories),

" L.A.A. National Agriculture and Food Research Organization National Food Research Institute)

The combustion method was compared with the Kjeldahl method for determination of crude
protein in feeds. Three formula feeds and six feed ingredients were analyzed by the combustion
method (using two instruments) and the Kjeldahl method (manually and using instruments).
The results were subjected to t-test of Welch. A significant difference was observed between
the results obtained by the combustion method and those obtained by the Kjeldahl method except
for the results obtained for cattle formula feed and poultry formula feed. = The mean values on
all samples were 32.2% for the combustion method and 31.7% for the Kjeldahl method, indicating
the combustion method tends to produce a result slightly higher than the Kjeldahl method. A
collaborative study was performed in eleven laboratories to evaluate the reproducibility of the
combustion method.  The participant laboratories analyzed the aforementioned nine materials
combined with hydrochloric acid L-lysine. = The relative standard deviations of repeatability and
reproducibility (RSD, and RSDg) were from 0.4 to 1.0%, and from 0.5 to 1.6%, respectively.
HorRat was from 0.2 to 0.5.

Key words: fiil#} feed ; #l7= A FI'E crude protein ; #ABEILE combustion method ; 7 /L &% — /L
1% Kjeldahl method ; 3L[RIFAER collaborative study ; %24 Ef#EFE validation

TOMSTATEOE NEEEHREFTATS, B ) BAOKENEL SNt — AR A —

*

2

*3

*4

*5

(i) JEEPEHRAEFTALS, B () BHOKEHEE L et 7 — 1t 2 7 — KRR AT
(i) MEfEHRAATAES, B Oh) BEAMOKPEN R L ekl o 7 — REE L AL

(i) JEETEHRAEFTAES, 3 MEEN ARSI 2 —

() fR3E - R ahPE SR BANHe & W FERERS R e S AT JE BT
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1 #% 5

BE, SEYOHEAREDERIEL LT, PAX—NVENLEL AL TWDS., L H—
JVIEORE BT <, 100 FELLERTICHE SN THEMNER LN, BETIEZZVE —LiEICL S
yRIEE L AENRE - HEEBEAMAGDODEAMONTEBEEZHBH T2 HES RN TH D.

BRBEYE T d % Dumas #13 AOAC 11" ed VI2HI T & 72, AOAC 16" ed ¥ Ti% Dumas ¥
775 Combustion IRICAFNEH END & L HICHALWE &1L, AOAC 18" ed Iz W\ TIdiH
AL EEOIE BB L OMRERE 1, ARV GICHBERAESL TS, £z, 1SO £ TH
Dumas JEICIES < RBEIENEIH, T8, Mk Lo, WEE FEROFERTERASA TS Y.
WRBEIR T v & — Vi b el U CRBh o0 4 iR AL B IE (S IR R BRSO R R SR 2 (Al L 22 W 72 O BRI
~OBEEPR DIV, EEMENSCT AT T U RAREG R, ORI AN 5~10 4 &
RIEITHHMGE SN D 8%, BRLTWDENREZ.

FHOMNETIEERI O T, ZOBRBEEOSHENEALTEY, EHEMNRERSI ORIz W T
b, ZOBBEEOT =2 EHT I ENEZLRoTnAD. L LAERDL, DB ETIIREEE
T EROL I RFEZ/RELRENO L, AESTIBCHRA STV Rholz. A1, AENITIE
ELUTEBI O EYE Y~ORAOEERSHEE LNTT20, Gk~ R OB L 7
=ik, WaHHEOZERIZOWTHREF L, RS, REEICLZ2HZABEOEREEDORY
MHERLIToTZOTHET S,

2 EBRAE
2.1 & B
AR OBLA R (B SR, ARSI, BHEGEE) KOEEREE (57 F, v A1
o, KEM»T, RELD, ALY, TL77 07 7A) Z2ZRENEEN 0.5 mm D5
DB T A FE TR L THWE.

22 B &
Sweeney VZ LB &, MBEEICLDHIEAAEERD OO BN ER & LTIIKRD 1 15
4 DENEZATLLONRLETHDHELTHEY, AOAC 18" ed VIZbAEOZH A SN TN S,
1 M7 (RIS 99.9%D) BER T A CRE 2 BN 2720, IR 950°C OEAEIRE % fRr
TELOBRBEFZ DT L.
2 BRERHEBICLDERT ADOPED DI, WS NTZERET A Z MM ORBEAERD I 55y
BECE DV AT BB DT L.
3 EHFMLY (NOY ZHERHTA (Ny) ITEHBT M, HH 0 EEFEE NO, & LTHIETE
D E O k.
4 TEHESHREAEELZHAOCTHRKLIELEZ L EOEZEO EHMEE O ERZEN —E
(0.15%LLF) O#HPENTHD Z L.
ZOD, FHEOIL, LRLOBAEN-T BB pHTEE 2 BEfE (NC-1000 & U NC-220F, {1k
STty Z—M) AL CREETo .
—J7, TIVE =B L BT O W TR Y YD~ 7 a sy L — L EofIc, L
Z—)VHE TSR 1 R (T ey 7 INEEE - DK20 AY, VELP #) (ZE#-ME%EE 1300
A==l v, 77Xy 7)) 2EHL TRFEZIT- 7.
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23 Ak
BRBEIE L, ZHREEITE U TOMRE 100~500 mg # EREICEY, EFE (AHE) ok
BEIZAI, STEEZFEISEERTAOBRME Y — 27 2457, FRIC, BRERIEMRHARELE LT
EDTA 721 DL-7 AT XU Wi EfMEICED, EEICAN, EFTAORBEY—2 %257, &
bR E—7 O EEEZ RO THREREZIFEKRL, AT OoEREELZRHML LK, EFRE&E
12625 %/ UCHIZABRER (%) ZRDT.
~ 7 B E = ETIEONTRE 2 ¢ &, X — VHBIGTEE TIXONEE L g 22T
AVIEREICE Y ST T o 7.

3 HERUEER
30 RBEER O L — RIS K BRI A VR O R
PRIEIRIC K B A VRO Re ke, B BTS2 BERRZ IV, & % ORBHTHE LT 10 [
B U EAT 57, 35 BRI 5 LT Grubbs MBEIT X o TAAUEZ IS L=, T8
R O LS % R o7 (Table 1). HABE: 0 @3 LK I 12 XHE HfR 2 (RSD,) & LC
0.07~0.79%T&H > 7=.

Table 1  Quantitative values of crude protein by combustion method

Instrument A * Instrument B ®
Estd. protein  SD  RSD, 0 . Estd. protein SD  RSD,
o N Outliers o o
(%) %) (%) (%) (%) (%)

Sample N® Outliers

Formula feed for cattle 9 1 13.07  (0.06) (0.46) 10 0 1328 (0.04) (0.31)
Formula feed for swine 10 0 18.81  (0.10) (0.53) 10 0 18.88  (0.15) (0.79)
Formula feed for poultry 10 0 18.92  (0.08) (0.43) 10 0 1931 (0.10) (0.50)
Wheat bran 10 0 1609 (0.06) (0.40) 2 1597 (0.08) (0.47)
Grain sorghum 10 0 9.13  (0.06) (0.62) 1 9.16  (0.03) (0.38)
Soybean meal 10 0 5027  (0.11) (0.22) 10 0 4974 (0.12) (0.24)
Fish meal (domestic) 10 0 6345  (0.13) (0.21) 10 0 6277 (0.12) (0.19)
Fish meal (imported) 10 0 68.65  (0.16) (0.24) 10 0 6741  (0.04) (0.07)
Alfalfa hay 10 0 17.97  (0.12) (0.69) - -

a) Model NC-1000
b) Model NC-220F
¢) Number of determinations

TNE—EICE DA BEDERIL, ~ 7 a8 VE— VROV v E— v H 8oy i3 &
VY, &2 OFEHIR LT 10 BlI#IR Lot 21T > 7. £ b7z E &EIZx LT Grubbs D
BN K o THVIE A BRA LT t%, SEXME K OV RS B 25k 7= (Table 2). /v & — Lk D
W UKE XA HE R 7= (RSD,) & LT 0.18~1.24% Th > 7=.
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Table 2 Quantitative values of crude protein by Kjeldahl method
Analysis method C Y Instrument D
Sample N Outliers St protein - SD U RSDe ) ) g Etd: protein SD - RSD:
(%) (%) (%) (%) (%) (%)

Formula feed for cattle 10 0 13.15 (0.10) (0.78) 10 0 13.23  (0.07) (0.52)
Formula feed for swine 10 0 18.57 (0.07) (0.37) 9 1 18.76  (0.03) (0.18)
Formula feed for poultry 10 0 19.12 (0.12) (0.64) 10 0 19.09  (0.06) (0.34)
Wheat bran 10 0 15.82 (0.15) (0.95) 10 0 15.74  (0.07) (0.42)
Grain sorghum 10 0 8.97 (0.11) (1.24) 10 0 9.12  (0.07) (0.78)
Soybean meal 10 0 48.93 (0.30) (0.61) 10 0 49.73  (0.16) (0.32)
Fish meal (domestic) 10 0 61.95 (0.48) (0.78) 10 0 62.16  (0.26) (0.42)
Fish meal (imported) 10 0 65.89 (0.66) (1.00) 10 0 66.57  (0.24) (0.36)
Alfalfa hay 10 0 17.67 (0.10) (0.58) - - - - -

a) Macro-Kjeldahl method (manual)
b) Model DK20 and 1300 Super Kjel
¢) Number of determinations

7 VE DRI UK E DA IR YR 72 (RSD,) Z L7l 254, oIHEIRIZIER%E Th -7z,

3.2 W EM O g

Table 1 O Table 2 OFMEE T HIEICLIEERMBEEZZENEN T — L L, BREER O VL
—NELE L TOYBEEZ RO Tl FEDOLEK 21T 72, ZOfER % Table 3 12/~ L7-.

Table 3  Comparison between the Kjeldahl and combustion methods

Sample Combustion Kjeldahl Difference
Mean protein (%) Mean protein (%) Comb.—Kjel.(%)
Formula feed for cattle 13.17 13.17 0.00
Formula feed for swine 18.85 18.66 0.19
Formula feed for poultry 19.12 19.10 0.02
Wheat bran 16.04 15.78 0.26
Grain sorghum 9.14 9.07 0.07
Soybean meal 50.00 49.33 0.67
Fish meal (domestic) 63.11 62.05 1.06
Fish meal (imported) 68.03 66.23 1.80
All mean protein (%) 32.18 31.67 0.51

ZREHZOWT Welch @ ¢t REZ B EAKAE 5% TITo72 & 2 A, FHELAEE & 5 A A Ak
DA CIEm HiEM TIRAEBEAERRD b, ZhidEE LT, @07 VE — ik Tidikeh
DIEFEREE R DOSEREINN TERNWD, BRBEETIIERL L TERETE LD, Z0ENE
nNzboLtEZONT.

F7o, 3 HEOBAFEEOT THEENRD LKA G GEEL, iR
LTWLHEEDLRTWAHEMEZEAL T\ ThHL EEX LT,

WIZ, BRBEEIC L DA AEORFEBE L 7V — VB L D Pz L& 25

0y

E-E R AG¥ )

b
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PRBETEC X DHL- A VB OREBEAEL 051%@VMERE SN, A, EH 5P HRFHIH
mkﬁﬂ@@ﬁ&a?ﬂ&é@f%ﬂﬁw@if%&mﬁ,m@w@@ﬁ%%kmﬁbfhé
&, Sweeney?lZ & BB IT Y 0.24%, Sweeney & T X HfERIZ TS 0.19%, Bicsak®lZ k%
FEFIT 0.05% & Wi A Bl O REHE R & FARICRBEIEIC L D E&EN 7V H —WEIC &
HEBMEDEWFERE oo T,

LibXv, REoMEEICH X2, BREEZHCCHEZAVAEO EREEROIZHAICITM
LT, P —EICEDERMBELY b REL RDIMEAN S D720, Bk, HEEEREDI
TANAZBEEEZLIKEOMIERVLETHD Z ENEZX LN,

3.3 JL[AEEER

BRBEIEIC X D EBIEOZ Y2 MR 5720, dmilkhic X 2 AR E2 £ L=, 11 Bk
FWZBWT, ENTRIESN TV HE O HrEEE 8 M4 vy, BUBHIEDmET THWZ b o
ERUCHDIT, W L-U P2 A TG 10 3Bk 2 IR L TRREE 20 #BHZ W T, 4 3
EHE 21T - 7. 15 b3 BRAE 725 IUPAC O3EFRBR O 7o 2L P2 %#(2 L, Cochran
J% OF Grubbs DAREIZ L o THAUEZ BRI LT, #ES % Table 4 IZR L7

Z D%, MFEE &R UK & OV R BURS L O FSHR R 22 2 H i L, E1E Horwitz X
19" 738 HorRat K72, Zi 5 Z 3B Table 5 ICF & D7~



96 fREHIFZEE S Vol. 33 (2008)

Table 4  Interlaboratory study results for determination of crude protein in feeds

by combustion method

(%)

Lab. No. Formula feed for cattle Formula feed for swine

1 13.2 13.2 13.2 13.2 13.4 13.4 18.8 18.9 19.0 19.1 19.1 18.8

2 133 13.3 13.4 133 13.4 133 18.9 19.0 19.0 18.8 19.0 18.8

3 13.3 13.4 13.3 13.3 13.4 13.4 19.0 19.2 19.0 19.2 19.1 19.1

4 133 13.4 13.3 13.3 13.3 13.4 19.2 19.0 19.2 18.9 19.2 19.2

5 138 ® 13.6 ® 137 ® 139 ® 139 ® 137 ® 19.5 19.9 19.7 19.8 19.6 19.7

6 13.7 13.3 13.4 13.4 13.4 13.6 193 @ 19.0 ¥ 19.9 @ 19.6 ¥ 195 9 200 ¥

7 13.8 13.8 13.9 13.5 13.4 13.7 195 202 % 203 %[ 200 2009 20179

8 13.2 13.4 13.3 13.2 13.3 13.3 19.1 19.2 19.0 18.9 19.1 19.2

9 132 @ 134 135 159 @ 135 @ 135 @ 18.8 19.1 18.8 19.2 19.2 19.1

10 13.2 13.3 13.4 13.2 13.2 13.4 19.0 19.1 19.1 18.9 19.0 19.1

11 13.6 13.6 13.6 13.4 13.5 13.5 19.4 19.3 19.2 19.1 19.2 19.4
Lab. No. Formula feed for poultry ‘Wheat bran

1 19.3 19.4 19.4 19.3 19.4 194 15.9 15.9 16.0 15.7 16.0 16.1

2 19.3 19.4 19.3 19.3 19.3 19.3 15.9 16.1 16.1 16.0 16.0 15.9

3 194 19.4 19.4 19.5 19.5 194 16.1 16.1 16.2 16.2 16.1 16.3

4 19.7 19.5 19.4 19.4 19.4 19.6 16.0 16.0 16.2 16.0 16.2 16.1

5 199 202 200 2] 2009 2009 199 ® 168 ® 16.7 ® 16.7 ® 165 » 16.6 ® 16.5 ®

6 19.7 19.4 19.8 19.7 19.8 19.6 16.5 16.2 16.6 16.4 16.3 16.3

7 202 % 204 % 202 %[ 204 % 201 % 206 Y 174 @ 16.6 ¥ 173 @ 17.5 @ 18.1 @ 175 @

8 19.2 19.2 19.2 18.8 19.2 19.2 16.1 15.7 15.7 15.8 15.8 154

9 19.5 19.4 19.5 19.9 19.2 19.6 16.1 16.2 16.2 16.0 16.3 16.3

10 194 19.3 19.4 19.4 19.3 19.5 15.9 16.0 16.1 16.0 16.0 16.2

11 19.4 19.6 19.6 19.5 19.6 19.6 16.2 16.2 16.3 16.1 16.1 16.2
Lab. No. Grain sorghum Soybean meal

1 9.2 9.1 9.3 9.2 9.3 9.3 50.2 50.0 50.0 49.7 50.0 49.9

2 9.1 9.3 9.2 9.2 9.2 9.2 49.9 50.3 50.1 49.9 49.9 50.0

3 9.3 9.3 9.4 9.4 9.4 9.3 50.0 49.9 50.0 49.8 50.2 49.9

4 9.2 9.1 9.2 9.3 9.3 9.3 50.4 50.4 50.4 50.4 50.3 50.2

5 9.6 9.8 9.8 9.7 ® 9.7 ® 9.4 9 507 ®  51.1® 509 ®| 511 ®  51.0% 506 ®

6 9.5 9.3 9.3 9.4 9.4 9.6 50.3 49.8 50.6 50.1 49.7 50.1

7 9.8 @ 104 @ 10.6 @ 10.1 @ 10.1 ® 103 @ 512 9 50.7 50.6 ® 51.0 ® 50.9 50.8

8 9.1 9.1 9.2 8.9 9.2 9.2 50.2 50.2 49.7 50.0 50.4 49.7

9 9.3 9.1 9.3 9.3 9.3 9.4 50.5 50.4 50.7 50.5 50.3 50.4

10 9.2 9.1 9.3 9.1 9.1 9.3 49.8 50.1 50.4 50.0 49.9 50.5

11 9.7 9.8 9.8 9.4 9.4 9.4 50.2 49.8 50.0 49.8 49.8 50.0
Lab. No. Fish meal (domestic) Fish meal (imported)

1 62.6 63.0 62.8 63.2 63.0 62.9 67.8 67.7 67.9 67.8 67.9 67.8

2 63.1 63.0 63.3 63.1 63.1 62.9 67.9 68.0 67.9 67.7 67.6 67.7

3 63.4 63.3 63.5 63.5 63.6 63.3 68.0 68.1 68.1 68.3 68.4 68.1

4 64.1 63.6 63.6 63.4 63.6 63.6 68.4 68.3 67.9 68.1 68.1 68.2

5 63.0 63.8 62.9 63.1 63.1 63.4 67.1 68.0 67.0 67.8 67.8 67.6

6 63.0 62.7 63.4 63.1 62.8 63.9 67.5 67.3 67.6 68.2 67.6 68.5

7 63.4 63.2 63.1 63.2 62.9 62.7 68.4 67.4 68.3 69.1 68.8 68.7

8 626 » 625 ® 623 9| 622 629® 620Y 664 ¥ 663 Y 663 Y| 6809 685 679 9

9 63.4 63.3 63.5 63.9 63.5 63.5 68.4 67.8 68.1 68.3 68.0 68.6

10 63.0 63.2 63.7 63.0 63.0 63.5 67.8 67.6 68.1 67.5 67.6 68.0

11 62.7 62.8 62.4 62.9 62.6 62.9 67.8 67.8 67.8 67.6 67.3 67.2
Lab. No. Alfalfa hay L-lysine-HC1

1 18.2 18.1 18.2 17.7 18.1 18.0 95.9 95.9 95.9 95.9 95.8 95.6

2 17.8 18.0 18.0 18.1 17.9 17.6 96.1 95.0 94.8 96.0 94.9 94.8

3 18.1 18.0 18.1 18.0 18.0 18.1 96.5 96.5 96.7 96.6 96.5 96.4

4 18.2 18.1 18.0 18.1 18.2 18.0 96.3 95.9 95.8 95.8 95.8 95.9

5 183 18.8 18.5 18.7 18.9 18.7 95.2 96.0 96.2 96.2 96.0 96.2

6 18.1 18.1 18.4 18.1 18.0 18.2 94.1 93.5 92.8 93.4 93.4 92.9

7 194 ® 19.7 ® 19.6 » 192 ® 19.7 ® 19.7 ® 93.0 92.6 93.1 93.6 92.9 92.8

8 17.0 17.8 17.4 17.8 18.1 17.5 933 93.7 93.7 93.3 93.5 93.7

9 19.1 @ 18.0 ¥ 18.0 @ 18.1 @ 182 18.1 @ 95.5 95.7 95.0 95.6 95.7 96.2

10 18.2 18.1 18.2 18.1 18.1 18.3 95.4 95.4 96.1 95.4 95.2 96.2

11 18.2 18.3 18.3 18.2 18.3 18.3 95.8 94.9 94.9 95.4 94.6 94.7

a) Outlier by Cochran test
b) Outlier by Grubbs test
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Table S Results of collaborative study

Number of  Number of All average

Sample valid labs  outlying labs eStd'(gf;’tein RSD,” (%) RSDg” (%) HorRat”
0
Formula feed for cattle 9 2 13.4 0.7 1.1 0.3
Formula feed for swine 9 2 19.1 0.7 1.2 0.4
Formula feed for poultry 9 2 19.4 0.7 0.9 0.3
Wheat bran 9 2 16.1 0.8 1.2 0.3
Grain sorghum 9 2 93 0.9 1.5 0.4
Soybean meal 9 2 50.1 0.4 0.5 0.2
Fish meal (domestic) 10 1 63.2 0.4 0.5 0.2
Fish meal (imported) 10 1 67.9 0.4 0.5 0.2
Alfalfa hay 9 2 18.1 1.0 1.6 0.5
L-lysine-HCI 11 0 95.1 0.4 1.2 0.5

a) Repeatability (relative standard deviation)
b) Reproducibility (relative standard deviation)
¢) HorRat is calculated from modified Horwitz formula

Table 5 D & 3BV, A OMOR UK E & OV ] 5 BUR B XA cHE R 2 (RSD, KUY RSDg)
& LT 04~1.0%% T 0.5~1.6%, REFRGEIZE < HorRat (X 0.2~0.5 OHIPHIZH VO, HHriED
FMERFEREINT. 2k, R L-Y VU O ERMEIL 95.88% T, AIEEHE T 5=
X722 o7 11 HBREOHF T 3 HBREIOCCRWERMEAE R LTz,

Bicsak ¥ 5 TIT K T 23 O UK Je OVSE 1) B BLRG 2 1M 6P A ¥E R 7% (RSD, 2 Y
RSDr) & LT 0.77% K TN 1.24%, ~ A 7 ORI UKE R K OVE [ FR B0 B I3 FE SR MR 2= (RSD;,
Je OV RSDg) & LT 2.57% K Of 2.84%, Ml L-U ¥ > OMER UKL & OVER [ 75 BLRS FEE (30RR b A2 v
fiiz= (RSD, X' RSDgp) & LT 0.38% &N 0.75% CTH v, EHDLOBRFHER SIZIZFEEOMKE T
HoT.

LA FABR T SV BRBEIEIC K D M7 AV A EE R D T2 O B #4rHr24E % Table 6 127 L7z,

Table 6 Instruments used the collaborative study

Model
Vario MAX (Elementar)
Rapid NIII Nitrogen-Analyzer (Elementar)
Flash EA 1112N/P (THERMO ELECTRON)
JM3000N (J-SCIENCE LAB)
NC-220F (Sumika Chemical Analysis Service)
NC-1000 (Sumika Chemical Analysis Service)
Tru Spec N (LECO)

FP-2000 (LECO)
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4 FEH
AR O = A AEIC OV TREEEZ AW ERBEEZRM LI E 2 ARO R 257,

1) BRBEIEIC K DM 72 AV E O RO UK EIIFHE $ER 2= (RSD,) & LT 0.07~0.79% T
HY, FNF—)EIC KD A BEOE & OMR USRS E X SRR A= (RSD,) & LT
0.18~1.24%TdH > 7=.

2) BRBEIEIC X DM AREOERMEIZ I NE — VRIC X B ERMICK L TEE 0.51%E <, REE
BTN — VB X DR UK, MR R Z (RSD,) Ztb#k L72fE R, ZIEFR%E Th
> 7.

3) AREHZDOWT Welch @ ¢ EZ HEAKUE 5% TITolc b 24, FMBLGE R & 3RSk
LIS Gl H LM I A B AN b,

4) HEIOFHEIZH L 58, BEEEEZHWTHIEABEDOERMBERDTZLGAICIIM LT, Fry
—VEIC LD ERME D b REL RDEMADH D70, BIE, MREEERSEOEAARHRELE
LK EDORENRMETHDL Z ENB LN,

I, ARHEO—EHIL ARSI FRESAFES (2005) IZBWTHEKR SN, £z, RETBIT

OfFRE I IEHE VI S h T\ 5.

# &

ARFRERICER L, 1S 2 W7 inic8l, MSIATBIE NS « R b PE € BN i & I FE RS £ dn i & Ak
JERTYE & S TR T~ =y PRICEHOFEEZRLET. £, FERBRIZIH IV
EWEHRARtET 7 % v 7, RAEHT b=, RStV = A - 1= X - T8, BRASHAER
i 2 —, LECOY ¥ N HA&th, BART A AT —lat, MEEANB ARG
T Z = R ORGSR TS ORREORLITEHOEZ R L ET.

x M

1) Official Methods of Analysis of AOAC 11ed (1970).

2) Official Methods of Analysis of AOAC Int.16ed (1995).

3) Official Methods of Analysis of AOAC Int.18ed (2005).

4) ISO/FDIS 16634 (2005).

5) BEMOKPEE GER KB . BB O EEORIEICHONT , Fk 7411 AISH, 7% B
% 1660 5 (1995).

6) Sweeney, R. A.: J. Assoc. Off. Anal. Chem., 72, 770 (1989).

7) Sweeney, R. A. & Rexroad,P.R.: J. Assoc. Off. Anal. Chem., 70, 1028 (1987).

8) Bicsak, R. C.: J. AOAC Int., 76, 780 (1993).

9) Horwitz, W.: IUPAC Protocol for the design, conduct and interpretation of method-performance
studies:Revised 1994, Pure and Appl. Chem., 67(2), 331-343 (1995).

10) M. Thompson.: Analyst, 125, 385 (2000).

11) BEMOKEREE - wemRiEm o ST L EOHIEIC OV T” , FR204F4 10, 1978
H 147295 (2008).
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By

2 HBEHRMICLSEHFTDOHRDOHRBFHERIZONT
& AmT

1 B i
FEOKPEE DO ED - EFDEDOY =, TR« T=F Y TIZEHTHHA FT A Dok
T, ¥ —_A TR E=Z Y T OFREREFHN « AKT HITH T T, lHx DoHEICZD
W, NP, EEIRA, MHIRA, EERINENREOFHEREH LN T L
WRO LTS,
FARE AT HAE DICUE K AL TV B DO SHTIEIC SN T, LRIERBRIC L 5 Y M N T LT
WMo Tz, FD, A%, WO TEBLIEZO TEOREERETS.

2 S
18R 0 T S L 2 SR B OMRBHECRE (RUB) % TR 24U 1 mm ORBS DV & 88T 5 % THEEL,
BEBRARRLE L7,

3.1 ik
OIMPIEIT BRI ST IR VESS 4 2255 1 &1 17 1Sk o7, 7272 L, KEYERE M OCEHATR O BRI 2 &
by 570, EEROFRICIE, KTE2R< 1 mol/L HEEZ V7=,

3.2 BT
FRREIZBWT, REZR S TICRAT LR 25BN L, 2h2h 2 SO0MToir
IR LT, I, SR OWTITERBGENRD bt (5 0.6 mg/kg) 728, SRIEMERKR 2 U0
L2 WEEBHZ DWW T b RIBRIC 2 S To0r &2 50 L=, 7o, BWHEAGEEHT DWW CTIX ARG Y
DBD Lo (B TIR (0.2 mg/kg) Ai) .

3.3 Sy Ik I
KR 1944 H 9 A~F 1945 H 18 H

3.4 oy FEH R =
MNTATBOE NEMOKETH B et o & — Bk 2 amasss, Rt 22—, it
H—, WL EE ¥ —, FfEE s ¥ —KRIRFEEIT R OFEERE 2 — (G 6 =)

4 HHRE
B A BT g & L C 3.0 mg/kg AR Y B A& RN L 72 3UERIE QN R K OVS % aicen & LT 3.0
mg/kg MY B AR L72lB 2 VT, 6 B =1c B CHL[RIRBR 2 3206 L 7.
ZORRIIR 1 OLE0 T, BHEAFEOTRMBEEIOWEMR (2RBEOFHME. LLFRLT.)
1% 3.02 mg/kg (BMNENXEFR L LT 101%), £ Ol UK EE K OV [ FFBURS B2 3R e IR 4B R 72 (RSD,

T OSTATEUE N EBHOKEN R L 2N 2 — Bk vy —, Bl FELIRE 2 — /MBS ET
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JTYRSDR) & L TZENZEN 2.7%K% T 3.4%, HorRat |% 025 Thotz. £, AHOEGEMAE D
HEAEIL 0.607 mg/kg, & D RSD, O RSDR 1T Z4LE I 18% % T 29%, HorRat X 1.7 TH Y, fHfy
OEIMEE O WP EAEIE 3.47 mg/kg GRINENLER & LT 95.4%), = @D RSD, & O RSDR IZZ N E 41 3.1%
% 5.5%, HorRat |% 0.41 ThH-7z.

gna I L= EHC BV TiE, WY HorRat 28 0.5 2 FlEl-> TV e, ZORKEE LT, Y&
VH—DERBRENARGIECHEL TNDZENB I B,

Z2EZEDS, FRPECTHEA LI TR EHOEER NNy 7 7T 7 v REET k% #
212~ LTz.

1 FRRABRER
(BAT : mg/kg)

AR B %5 BL A Akt ok () faky ()

1 3.01 3.14 0.641  0.496 3.39 3.44

2 3.09 2.97 0612  0.559 3.56 3.68

3 3.11 2.94 0474  0.501 3.56 3.47

4 2.99 3.04 0.525  0.476 3.22 3.14

5 3.06 3.18 0.540  0.632 3.50 3.83

6 2.87 2.87 1.07 0.753 3.42 3.42
A 3.02 0.607 3.47
FIELEE Y (%) 101 95.4
RSD,” (%) 2.7 18 3.1
RSDy © (%) 3.4 29 5.5
HorRat 0.25 1.7 0.41

a) FHIE (n=12)
b) AR URSEE (b oH 12 YE IR 22)
o) ERHBREE (FHXHEERZ)

#2 EERBRICEM LR FBOOEER R OMES

R E R JiR RS R O R4 FliIE 7
1 Thermo Elemental®. SOLAAR M5 D,7 v 7 HiIE
2 HSZ8ERTHE Z-5010 Ryt —~ AHIE
3 EHERERTRL AA-6800 D,7 v IHHIE
4 HSZ8EpTHE Z-5310 Ryt —~ UHHIE
5 Thermo Elemental® SOLAAR AA D,7 v 71k
6 Thermo Elemental® SOLAAR 969 AA D,7 v 7 HiIE

x
1) BEMKEANEE - ZRFEEM : T —_A, TR« 2= Y T OFME « Elii & O RO
i+ AFRICBAT D244 KT A4 2] OFIEIZOWT?, FRR 17446 H 7 B, 17 HEE 2330 5 (2005).
2) EMOKFEEEE - ZRREEM - FEOTEEORIEIZOWT, FRL2044F 4 A1 H, 19
14729 B (2008).
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[HffLAR— |

3 BMHPDIZIHA M) —RUPAASAARTHAA T =D
BRIEOOT RIS 72T LREEENNHICKARKBEEZEICERD
AMERRFOEERUVHLEAHBICL S EARABRDOBERICONT

INR T

1 %

~7HA MU= (LT IMG) &), ) I1E, MEOAREFERTLEMIINY 7z=L A X
YR LTI ORAICHEM SN TV S, Tk, FEEEZTRL, KEICBOTAD ERHOTA
P L LT STV, FE, BRAENRR SN TERY, BastrgbhTtng V. £
7o, aAfa~J A4 7V —r (BLF TLMG) w9, ) 1E, MG BNEKRRNTELSINTEL AR
WY THD.

E N TR EO M E R Z e S B A EE S FRFHA O —MBEIC L v, BE, 2
TORMKERIWICKT L TOMHANELES LTS,

JEMOKPEB D3I L7z TRk 18 FERFFWE ) A7 FHERHAEFE) 2B VT, MG KO
LMG IZ X 2B OGN HA LI ZATHY, 2o X5 RiGYfmmifarts LTHEHR I, &
IZMG KNLMG BT 52 L Dnk ), RAICE=F2 Y 72T 50BN H ST,

fAEF D MG KON LMG O HTEIZOWTIE, S E R E LB HE R 2 x5 & Lz ot
HE LT AR 2S5 E L~ T DA N7 )= BRONNEOBMLEICONT) CFK
1842 11 H 21 BAFT 18 {HZE 9224 S IEMOKFEEA WL « ARG KEL REHMEEE) 1N E
IZED HAILTWER, ZOHEICOWT, A A &) &K O ERE A S EHI LR Uz B Cfa
ST RYEICINGR T 2 720, & OUWINENTEE AR D s @ & 2 JLRFER & F2 0 L 7= D
T, TORREBRET D

il

2 EBRAE
21 &g
MR D EEHFRE (Faky) R OBLA SR (FZEWERA, B3 9 T L O IKE RHBLA B
EENEN 1 mm OS5\ AT 5 E THRL, HEEEE Lz,
22 ERGE
IOMTEITEEI M D 8 WA 2 i 1 I K o 72
23 KELOHE
) &7 a~ N7 77827 AREESHTEE (LC-MS/MS)
LC 5 : Agilent Technologies # 1200 Series
MS B : Agilent Technologies # 6410 Triple Quad LC/MS
2) AT YT A Y — : Hsiangtai #  HG-200 (fif FHf[E1#5%% 15,000 rpm)
3) LI X AT v LT a2 —H—SR2W

T OMRNEATECE N BERROK BE I B 2 A v & — IR AR A
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4) O HERR - ARERERTR 8410
5 m—%J—xz/NRKL—%—: BUCHI # R-200
6) NUBUANF= AT o YA Y TV =0T 5 (500 mg)
Varian #  Bond Elut SCX (VU #—/3—% & 3 mL)
7 AT T 74 F— BEE bR HLC-DISK 13 & #-% (PTFE )
23 |
1) EHEEHRAH MG (3 = UBRHL) : Sigma-Aldrich 8, i 97.2%
2) FEVERGRHEH LMG : MRAiSE TR M 99.9%
3)  PAEAER IR 22 E RN IR TRk MG (MG-ds) (3= UERHE) MM T 268, HlFE 94.6%
4)  PNAEEAE TR RN 4 E RALAA T E R LMG  (LMG-de)  : MRl T35, S 99.9%
5) VEEEEGREA T2 = UL BE{EFE, LC-MS A

3 HRRUEBR
3.1 MEfR & OVE R RIR
MG ¥ O'LMG & LT 1 mL #2025, 0.5, 1, 2, 5, 10, 20, 50, 100 }21*200ng # &AL,
o, ZEFNAITCFEIEH, MG (MG-ds) K OVZERIGLACFEIERR LMG (LMG-ds) & LTZENRE
NSng 58T HFIRAEERZFHMUL, b0 5uL % LC-MS/MS IZIEA L, fFohiz
MRM 7 B~ k77 L6 MG KTNLMG & MG-ds X O LMG-dg D &' — 7 i fE b 2 R & TR &t &
ERk L7z, T ORER, MERIT, MG R OLMG & LT 1.25~1,000 pg O#iFH CEEME 2/~ L7z,
ARIEORRERROEMFEF S, FAEREHSIRICEH T 2 €& FRIX, MG XY LMG & LT 200
ng/mL THDH. H~->7T, 200 pgkg ##8 %2 T MG XL LMG # &8 T 2 EHZ DWW TIE, IEHER
MER NEKEREE ENENHES L TOMMEIT ML ERL D EEZ DT,
3.2 WiEWE OB
Kk OEAEE (EBAM, BHALOKEA) 2OV TAKEICES>TMRM 70~ 7T L&k
L, MGKONLMG DERZIETHE—7 OAELZBRT Lz, ZO/E, MG KO LMG OE
BAEGETHE—7FBO LN,
3.3 IINENREER
ARVEIT K B [EUHE K O U KRS FE & e85 2 7o ISR RN ER 4 S0 L 7-.
MG K NLMG & LT, S KOS ZZ4 5 KO 100 pgkg HHY &S Z RN L 72
BHZOWT, RIEIZHES T3 EISGHT 1TV, 2 OENEE K OER UREE 4 R 7.
ZORER, X1 DO LB, MG OFHIEULEIE 73.7~90.5%, 2 O UKE FE 13 AH RHE HEF 72 (RSD)
ELT24%LU T ThH -T2, Fiz, LMG OFHEIERIT 77.1~99.0%, E O LIEE T RSD & L
T3 7%U T Tholz.
¥, 3ELLT, WEREL LTI ZERMEEH MG I22WT, E— 2 HE»HRD
T2 BT EO RN O TEME L O RSD 1X, £ 53.5% 4 N 45% Th-o7-. [k, BE
[FINLARIERR LMG 122V T, £ Eh 62.4%K N 33% Th o 7-.
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&1 WRINENERE R

(%)
WA S “’;fggi% THEEED R UK

5 78.1 2.4

ﬁl"\
by 100 81.4 1.2
F72OVF B S Ak 100 73.7 1.6
MG N U 5 87.9 1.8
99 BRAE A R 100 842 07
5 B B A 5 85.6 1.4
T E RSB A R 100 90.5 L6
5 85.0 3.7

Sy Y\
b 100 77.1 2.6
F 2 WE B A R 100 93.9 1.9
LMG R U, 5 94.5 1.9
99 B RAE A R 100 952 16
b A 5 98.3 1.1
T K E R A BC A G 100 990 31

a) n=3

b) AHIR e 22

3.4 JL[ERAER
KEOBBEEZHET 2720, AHEOCFKERHAREAEEIZ MG XN LMG & LTZENE
2 ng/kg Y A RN L7 0@ 5ek &2 vy, RIEICHE - THRERBZ 52 L=, SINERB=ET,
TV T uP— AT S r—va v F—, EEREEDFEHAES ST
oy —, WHIEANRSEEBRA SRR, HEIEAN A AR 2SR SRR R e o
Z—, WMHENB RSS2 —Z e, WMEIEN B AR BEE R A SRRt o
Ho—, PSIATBUE N EMOKEM B 2 it o % —IRE RN SRS, R & O R =
=D IRBRETHS T
MG OHEFFBROMERIZIER 2 O LBV THY, LM IT 2 EHEILEIL 86.1%, <+ DENM
UG FE K OVER T UK B (A A e 22 (RSD, 2 O RSDg) & LT 3.9% &% " 7.4%, HorRat |
034 Tholo. iz, THKERMELAFEHII T 5 FHEILERIT 93.8%, ZiLH D= NMEGR UK
JFE K VR FE LS E 13 RSD, 2 OV RSDg & LT 4.0%% () 5.4%TdH Y, HorRat i% 0.25 ThH -7z
F72, LMG OHEFERBEOMEITIRIDOLEBY TH Y, MMIZBT 5 FHEIEEIT 91.3%, D
SR PR RS FEE e OV [ i BURS BE (3R AP YE 4R 22 (RSD, X N RSD) & L T 4.6% K UF 16%, HorRat
1074 Thotz. Fiz, FHKERMHBEAEEHCIS T 2 FEHEIEIL 100%, L6 OENMIEK L
i FE R OV R P BURS FE 1 RSD, S OV RSDg & LT 3.9% % 10 6.1% T ¥, HorRat [ 028 TH o7
B, BEORYD, FRBRETHEH L7 LC-MS/MS OFE% 2K 4 (TR LT-.
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#2 MG DILFEREHEE

(ng/kg)
M fak” TIRE AL
1 1.60 1.76 1.79 1.97
2 1.50 1.66 1.79 1.78
3 1.90 1.98 2.01 2.04
4 1.68 1.66 1.81 1.88
5 1.63 1.64 1.96 1.89
6 1.66 1.60 1.78 1.79
7 1.71 1.70 1.73 1.89
8 1.79 1.93 1.76 1.93
9 1.80 1.79 2.02 1.95
WS 1.72 1.88
BN R (%) 86.1 93.8
RSD,” (%) 3.9 4.0
RSDy @ (%) 7.4 5.4
HorRat 0.34 0.25
a) WINPREE : 2 pg/kg
b) MK UK (FHXHEYERZ)
c) EMIFFBIRE (FHRHEE(R )
# 3 LMG OFRRBMER
(ng/kg)
B e fp? TR A B
1 1.70 1.46 1.73 1.98
2 1.76 1.86 2.18 2.04
3 2.46 2.51 2.19 2.23
4 1.89 1.91 1.96 2.07
5 1.70 1.78 1.99 2.00
6 1.55 1.53 2.00 1.98
7 1.67 1.50 1.81 1.93
8 2.03 2.01 2.01 1.99
9 1.71 1.85 2.01 2.05
AN 1.83 2.01
IR (%) 91.3 100
RSD,” (%) 4.6 3.9
RSDR @ (%) 16 6.1
HorRat 0.74 0.28

a) WSIREE : 2 pg/kg
b) MK UK (FE e MR 22)
c) EMFHIEE (FHxHEERZE)
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#4 FERRRICHER S 7z LC-MS/MS ##8%

0 - . - LCH T A
SRER S g o~ - L LT BN
uﬁ%ﬁ% (1511$7 ]\ 7 7 & PAR A=Y= -\ *ED‘I’ (Wfﬂ:xﬁ é *J )
A P I
Agilent Technologies Applied Biosystems *Dtﬂ% *
b 1100 Series APT 4000 Wakosil-Il SC18 RS
(2.0 mmx150 mm, 5 pm)
Agilent Technologies
,  Waters Waters . ZORBAX Eclipse XDB-C18
Alliance 2695 micromass Quattro Micro
(2.1 mmx150 mm, 5 pm)
; - . . i T2
3 B ERT Applied Biosystems T’S:lfjfi%l 5C¥1 8 RS
LC20 AD )
APT4000 (2.0 mmx150 mm, 5 pm)
U—mx )L A
Waters Waters i . datad
4 Alliance 2695 micromass Quattro Micro Inertsil ODS-3
(2.1 mmx150 mm, 5 pm)
. . . . Agilent Technologies
Agilent Technologies Agilent Technologies )
5 . . ZORBAX Eclipse XDB-C18
1200 Series 6410 Triple Quad LC/MS (2.1 mmx150 mm, 1.8 um)
. . . . Agilent Technologies
Agilent Technologies Agilent Technologies )
6 . . ZORBAX Eclipse XDB-C18
1200 Series 6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 m)
. . . . Agilent Technologies
Agilent Technologies Agilent Technologies .
7 . . ZORBAX Eclipse XDB-C18
1200 Series 6410 Triple Quad LC/MS (3.0 mmx150 mm, 5 m)
Agilent Technologies
g vaters Waters . ZORBAX Eclipse XDB-C18
Alliance 2795 micromass Quattro Premier XE
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
Waters Waters .
? ACQUITY UPLC micromass Quattro Premier XE ZORBAX Eclipse XDB-C18

(2.1 mmx150 mm, 5 pm)

4 F&&H
fA kb O MG K ONLMG DK 7 v~ s 75 7 % 7 KRV BNTFHC X 2 RIFFE &I O W T,

FOMEL R, 4 LRSS ICAR DR R O FRBR I L 2 B H B E OMREI T2 L ZAHKRD

FERPF O, KRB, AHEKOESEREGFREHCEATREZ X bR,

1) MG KUNLMG & LT, fafkOBLAEEHZ 5 LT 100 pgkg FHY EZRML, ARIEIZ ;Eof%
IR ERER 2 FEhn L 725 5, & O EBEIERIZZ N E I 73.7~90.5% K T 77.1~99.0%, % DK
FEEE I S YR 22 (RSD) & LT 24%LL F LD 3.7% UL FCTh > 7=,

2) AL OFKERABEAEEIC MG X OVLMG & LTENT 2 ng/kg Y &2 TN L 72ilkl 2
AT, 6 BEICB W TARIBICL 2 HFARBRZFEM L2, TORE, MG oW TTAamIcE
T 5 EEENLER T 86.1% Td V), & DS NMHR UG K& OV [H] FFEURS B 1R e YR 2= (RSD, &
O'RSDg) & LT 3.9%K&TN74%CTH Y, HorRat 13 0.34 ThHho7=. 72, THKERARSEEHC
BT DB ENLFEIL 93.8% TH Y, ZiL o OENMER UK & OV M 5 506 1T RSD, & U RSDg
ELT4.0%M54%THY, HorRat (£ 0.25 ThH-o 7.

TIZ LMG IZOWTIFHAMRICEBIT 2 FHEIEIL 91.3% TH VD, OB UK E K =M
FFBUREEE 1X RSD, LUV RSDg & LT 4.6% &N 16%TdH Y, HorRat 1L 0.74 Th o7, iz, THKE
R A B 381 2 S HIEICRIE 100%, D O S NMEGR UKEE & OVER [ B ELIRE 1% RSD, &
'RSDg & LT 3.9%M&N6.1%TdH Y, HorRat |%0.28 Th-7z.
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3) AL, ERK 20 44 A 1 BAHT T ICHTE S iR R R I S s, Aeds, mR O
(AR 2R e LIz~ T A M) =S5 iEORBHLEICHOVWT] (B 18 4
11 A 21 BT 18 {HEH 9224 B RMKIELEE - KR/EKEZREHBRRIE) X, A
RIS T,

B i
R I HTENET L b - T 7 ) nP—lASt, SEEEEREMSESS, MH
EANERBREREN S, EHEANB AR ZHFEHG S, MEEANB AR SO 2 — kO EEA
AARGHENRERESORREOSZNMICEHFOELRL 7.

x M
1) ANWZEEZES  “BRMEESEFMOEROBHICONVT” , FR1THE 11 A 24 0, FEE
1140 5 (2005).
2) RKEZHEE - ZeRE®EM . “GEOTEEOHIEICOWTY , SERL204 4 A1 H, 19
THZHE 14729 5 (2008).
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[T LAR— |

4 ES3ATLVRFFI—RTLAUY Y aTILHEDOKSDRIE
IERICN

1 #&

EIDBLAZLVAFT—XT VLAY U a7y (LLF IDDGS] (Distiller’s Dried Grains with
Solubles) 9. ) 1X, £9bAZLNL RIAINFRICIVBREIHT Vv a— a2 AET HilEfe T
R HREIFEMTH S V. DDGS 1%, KENCZBT B3 A& ) —VAEFEDHRICHEY, 24 - AR
BHZT TR K - BAMEHCLHERAEIND L9128 >TEY, S%BAE BV T HEEFH O
FIAERTWS V.

FRLBFHR DKSY DIHTIEE, FTEM AT HYE DTN T 135°C, 2 BRI ETE (UUF M135°C 15
EWVH ) KON 105°C, 3 R ORZEEEETE (LT 1105°C i) &) ) BEHEINTWS. Fik 20
o4 A 1 BRI CHZICHIE S D RTO R RHE VTV CiE, 105°C o A#RHIZ Y v v =
VU 2 TG EE, BEEWAEEIEIR O LT 7 40— REBESTEY, DDGS 121X 135°C {£736
HanszZ bt boTu

—J7, KESETERS (AFIA) TiX, 135°C {ETIERKG KRG S5 & LT 105°C E2HESE
LT3 Y F7z, ENORAFEHLEREE 1T, 135°C IETIRIES T b REL<ARDELT, E
EROMERHEED T2 DDGS 12 105°C EAEAT 5 I LA BEINTW L ZATHD. ko
&6, DDGS DK ORNEEIZ 105°CiELZHEHT 5720, EONHREZHR LD THET H.

il

2 9WmAE
2.1 phraket
5D DDGS CKEE) 122\ T, 1 mm DS WAWIET 2 ThthkL7-b D& A,
22 & B
TEIREZ R © W S RYERTRL NS-111S
23 ik
SINTRREL 2~5 g Z I EREICE > TT AR = 20O H BRIl (HO UL TES 2 EfElc o
TEWZH D) IZAf, 135£2°C T 2 Iff] (135°C 1£) & 105+£2°C T 3 Fffi] (105°C %) #zfd L,
Ty — =T, BESAZIEHRICED, R oKsEEZRL L.

3 HBREER
5 FE O GHTEHIOWNT, 105°C I EK TN 135°CHEIC R 0 2 7 mfHMTor &2 £l L7z, Z O
FiX Table | LBV THY, WTHOREHZIBNTDH, 105°C 1EIZ X 2K OREMIX 135°C £ X
HHPEME VK 2%K0 -T2, Fio, TRENOMSK UKL, fHxHEREFZE (RSD) & LT 105°C ik
T2.0~3.8%, 135°C {5 T4.4~75%ThH Y, 105°CIEOHNREMDIZHOE Nl nEEz b,
Fio, HRREA 105°C LN 135°C ICERE L, EAVETURLEERER 2 28 2 CHLEl & OHER 2 fifgsd L

" OMNTATBOE N EOK BEW B2 A i v & — AR AR A
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7o, TORERITFig. 1127378 THY, 105°C TOREEEIL 3 M TRBLZHEEICEL TS L
EZ BTN, 135°C TOREKET 2 FEf CIIEREIZEL T RWnWZ ERHLNTH - T,

LoD Z Ene, DDGS FOKGOREIZBWTIE, 105°CEREIVELTND EB LT,

105°C 1KUY 135°C {EO M TRIEMIZZENE U FIRIIC DWW T, DDGS ([ZE#kT /v —L, HLR
VRS O LRI S O B W E S G E D FIREMENE 2 BT,

Table1  Moisture in DDGS determined by two loss-on-drying methods

(%)
Method of drying
Sample No. 105°C,3 h 135°C, 2 h
Moisture” RSD” Moisture® RSD "
1 9.79 ( 2.0 11.90 (54
2 11.73 (3.1 13.94 (44
3 11.88 (32 14.04 (7.1
4 12.07 (32 14.11 ( 6.5)
5 11.28 (3.8 13.40 (75
a) Mean value (n=7)
b) Relative standard deviation of repeatability
Time of drying/ h
0 1 2 3 4 5

© (o]
ﬂ(

NS
D F N
S 10 §> o—=o o
© - l ! Ail
é "o VA'* l Tk
n
S 12 R %
13 L%
14

—e—DDGS a(105°C)
—o—DDGS b(105°C)
--& - DDGS a(135°C)
- -~ - DDGS b(135°C)

Fig.1  Variation of loss-on-drying with time and temperature
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BEFTIZ, EEDOI L 2 FEEOONRENCOWT, B 22 2 T 105°C {EK DN 135°C ikl L 5 7
MOMT O 20 KL, SONZHEMIZOWTHEINT 21T 7=. TOFEEIL Table 2 D EBY TH
v, BRI HELE HNDELE OIZIE, RBREOEWC L A ZERITRO Lo 7.

Table2  Intermediate precision on trial days

Sample No. 1 4
Statistical Results Method of drying Method of drying
105°C,3h 135°C,2h 105°C,3h 135°C,2h
Moisture (%) * 9.66 11.59 11.54 13.82
Between-day variation (%) 0.149 0.91 0.070 0.44
Within-day variation © (%) 0.045 0.28 0.118 0.61
Variance ratio ¢ 3.3 3.3 0.59 0.72

a) Mean value (n=21)

b) Standard deviation of between-day variation

¢) Standard deviation of within-day variation

d) Between-day variation/within-day variation ( F(2, 18; 0.025)=4.56)

4 FLo
EIBLAZLVAFT—RT LA VY 27 NHFOKSORIEREIC 105°C, 3 HF O w7 5 4
M35 Z L2 oNW T, HBEMRROOORERZ FM LR, UTOER SN,
1) 5 FEOGHTFEHI DOV T 105°C {EKL TN 135°C {EIZ K 0 K Z2HIE L-fER, T X ToREHZ B W
T, 105°CIEIC X BDHIEMED T MBI 2%IK<, FiEb & b ehotz.
2)  HMREERD A X2 CHAERE A E LoAER, 135°C CHMEL7Z35E, 2 B CIXEEICE L /v
Mo Tz.
3) RBRHAZZZ THON LA OENEIREEICOWTIE, 105°C L 135°C k& TERIIRD LR
o7,
728, VK 20 4F 4 A 1 BT THIZICHIE ShZf R EYE 22T, L9 bAZ LY RFT
— X7V A VY 2T NHRDOKEDORIEICONTIE, 105°CENEHAINLZ L ERoT-.

X ik

1) JEE, B . DRENCB T 2B =% 7 — VO AFEILR DGR O TR ~5 2 D58
BPEDEH [MESMR] Tk 18 45 10 A% (55204 %) , 50 (2006).

2) JRMOKEATHE - KERREM . WSROI EEOHIEICSOWT” , k2044 H 1 H, 19H%L
%5 14729 = (2008).

3) BRMOKEAEERREM . “FETEEOHIEICOWTT , PR T 11 15 B, 7% B #1660
5 (1995).

4) American Feed Industry Association: “Evaluation of Analytical Methods for Analysis of Dried Distillers
Grains with Solubles”, AFIA Sub-Working Group Final Report and Recommendations, February 2007.
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5 fA¥lPo s OS LDz Za—-)LOEEIOR NI S DA UTLEES
PMEHCK D EEE (FEHRE)

A s’

1 #% 5

7 8a g N7 x=a—)LiL, Streptomyces venezuelae MK DJNEIPH AT ML OIAMETH Y,
HE TIMEEARIEIC L » TLENARRER TOA TS V. LaLAaens, ZORIERE LT,
B OEMEREICEEEZRIEL, BAERBERMSE2FRTLAEEND D V20, BAETIIA
AT AR S B EEICB VTR E SN BRSOy Lo T D, Fiz, RN
TR E SN AEEME TRz, fEFR SIS oK gEE s kv, mEHCE %
nNTEZELRVnEEINTND.

PR 18 FE O ARMREIZEBWNT, XENFTLAEOA T (KOZOMTMH) , =8 (AZED
MTE) EOA FaUns, Z7aJh7x=a—RRfEhs.

BfE, 707 A7 x=a—VOEREL, BEFBEOERSIE (RIKZ e~ N7 T 7 HESS
Wratick 2 5B Snbo, MEHcB T, B NCL2BIEMALEZTS L Lz ik (kiks o
~ b7 T 7IC L BHE) BMEREEMHTERE DICNE S TWD. T TEEIL, %E OB T KT
BBEIC, BB ROAREGORAEE~OWEHOIER R WNEK Y o<~ 757 % 05 WG RSy
Hrat (LC-MS/MS) Z#HWbH Z Lk bV, KVIKRETOEED JHRIZHOWVWTHEF LD TE O
WrRET 5.

2 EBAE
2.1 OB
BEHZ W2 EREAK, AR & OB A R (ALK B A R e OV E A ST ERH)
X, TN 1 mm OMSDL VAT 5 E THfL, fEEEE LT
22 O
1) 787587 x=a— L fERER
707 57 x=a—) (C;H;,CL,N,Os) EEHES (Ftflisk T3EHR, i 98.0%) 20 mg % iF
fEICE->T200 mL ORETZ T A2ZAN, T =M AEMATENL, BITERE T
WAz CrmI A7 c=a— UEHEREZHR L (2O I mLiZZr A7 x=a—
NELTOImgaEHT5H. )
FEHICEL T, EHEREO—E&EZ 7 =) L—K (1+1) TEMRIZHRL, 1 mLFIiz
0.005, 0.01, 0.025, 0.05 X N0.lpg % EHTH7 0T L7 2 =a— ) EHERAEFHRL7-.
2) YUBFL
BT hru<w 7T 7D AL (Silica gel 60, Merck H, Kifk 63~200 um) %, 110°C
T2 WREERLEE L7z,

T OMSIATEUE N EMOKPEN B L AN v 4 — B v & —



Rt OB A7 2= a— VORI av N7 T 72 T WRVERSHEHC L D ERE (hH®RE) 111

3) Wtk m~ N7 o772 T ARBEEGHFIICHWS T F= MUV KROUKIE, miEkEs 7
~ N7 T7HEMEHA L., ZOMORIE IR EZ .
23 HEEROGE
1) WK ua~ k2777 : Waters ! Alliance 2695
2) X7 KRUVEESIHTEE - Waters B! Quattro micro API Mass Analyzer
3) ¥/ RXF v I AE—TF—  HEHEEE MU-4
4) n—FY—zNRL—F— 2 AT v H REI2I
5)  mEEE Oy BERs o B ZSUERTRL SCTI5B
24 TERFIE
) #hoH

SIHTEEE 10.0 g 28> T 200 mL O =7 7 2 3|2 Ak, BE#E=F /L 100 mL Z /1,
20 Sy ERETHIH L7, A8 (5FEA) TAHAL7ZZ. A 50 mL % 100 mL O 7238~
T AZAI, 50°C OB TIEFE A EHET 5 F CRIERME Lok, BRI A& %o THIHE
L7z, Z7mauakR/bh s mL 2 CEREMERN L, BT7L57a~v 7T 7 0 —ft3 550k
WimE L.

2y WL uvw T TT 14—

SUBTNS gk aaRV AR SETH T AE (B 15 mm) 120 LiAA, i
TARD L3NG 3 mm O@ESICETL2E TR SE, VI 22 L. AR EZ T L
AN, Bfga/7mamdk/bs 5 mL T 2 BIGEHEL, WRANERS 7 22MA72%, 1 5HIiC
1~2 mL O S Tl &S, RIZ, Zeakibbh—2A% /7 —v (97+43) 30 mL &1z CREE
WS, BT LZ2WHLEE, SOmLDORIMT7 I 2227 5O TICEE, ZraiR
N —RAHZ ) —)v (743) 30 mL #Mz, 707 A7 z=a— LERHSEZ. WHEE
50°C ORI TIZE A CHET 2 E THIERM L72%, ERTAxE-o T L. 7& =
MU V=K (1+1) 1.0 mL & EfECINZ THERED 2L, 10,000 rpm (5,000xg) T 5 47
DBEL, REAEE LC-MS/MS (1 X 2 HIEIC T 230 EHATK & L7z,

3) LC-MS/MS I L 5 HIE

AR KL O 7 v 7 57 = =3 — VIR 10 pL & LC-MS/MS [ZHEAL, =V F 7L
V77 vareE=4)r7 (MRM) Z7ua~ h 7T hEEKRL, E—7HEIES L RE
MEERL, REbosn7 a7 c=a— LV EEHEHB L.

72%, LC-MS/MS Dotz 1 IR L.
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#1 LC-MS/MS HIE4$M

BT A ZORBAX Eclipse XDB-C18 (N#£82.1 mm, & X150 mm, HKifE5 pm)
717 LR 40°C
VAR A:10 mmolV/LEFFET &= LKIEK B: 7 h=RVU L

752k 04 (30%B) —15%r (30%B) —15.147 (100%B) —25%> (100%B) —
25.14y (30%B) —40%) (30%B)

Vit 0.35 mL/min
A A Akik L7 b AT L—A 4 Ab¥E (ESID)
T— R RAT 47

X7 TAYP—H A N, (600L/M)
a— R N, (10 L/h)
¥y b7V —&EE 3.0kV
TS =AYy miz 3212 (T h—Y—A42) , 1521 (Fua& s v FV)

3 BRRUER
3.1 & T ARVE BT RS O R
7 m T 5hT x=a— ) UEERICOWT, SEIOHEFRMFIZENTAF Y o E— FTHIEL, K
1 DY AZRY MV ERFTE. ZORRND, bA A VBEORE VD mz 3212 ((M-H]) 7L
H—H—AF L THEHHALE.

321.2

1004

Normalized Intensity/ %

o [

300 350
m/z

M1 7053 7xc=a—)LDOMS AT kL

W2, 78 h7z=a—1OFaXZ 7 hMFTLDMS A7 NARELZEZA, K20
LB, EhTvuX s hA A E LT miz152.1, 176.2, 1942 FTR2572 7R ENELNLTZ. 2D
RN, HbAFTVREORXT VVmE 121 2707 "4 LTEMA L.
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152.1

ER=T=T

176.2 257.2

194.2

150 200 250 300
m/z

Normalized Intensity/ %

o 1 |

K2 Z7usA7xz=a—LAD7FaXy hAZFLDOMS AT ML

32 K7 v~ 7T 7 ORESME OB
WEfE L LC, 10 mmol/L FEfe7 > E=vU MK —7T 8 = UV (7+3) , K—TE h=1H
U (7+3) , 10 mmol/L HEfE 7 =0 LAWK — A F /7 — )b (13+7) KK —A % J —)L
(13+7) ZMFtLiz. ZOfEE, 10 mmol/L FifRT v E=7 AR -7k h=1K U/ (7+3) ,
K=TERr=FU (743) ICBWTEENRLG Tholz. WFIX, BELROE—ZBRIZEN
TRERZTROONRMM TN, A A MR EZZRE L, 4 EIIEREK % 10 mmol/L FFfR T
FoUABEE—T M= UL (743) LT HZ LITLT.
3.3 BREMOIER
22 D DIZHE-> TR LR 2024 10 pL 7725 LC-MS/MS IZIEA L, 55472 MRM
70~ NI APLE—7HBXIIEmSEZRO THREREZER L. TOME, REHIX
0.05~1 ng O HiPH CEMMELZ R LT,
3.4 WiEWE OB
EFEMAE 2 FE¥) , WAL 2 ) KOEAEE (Fea 7 —BEZMA, 1LY TK
BRALOEALSTERA) 2RV, KRB0 R LU 7ZRENERE LC-MS/MS IZIEAL, &
BEHTOE - OFEEHER LI ZA, BEV—JITZO LN,
3.5 IINENREER
AVENZ X 2 B J OIR UKS JE 2 fesR 3 2 72 0 IR BN ERBR & S0 L 7=
AR EOEEGEE (IZAMFRERALOELR) I, /7rT L7 z2=a—LE LTEAEN
2 rON 5 pg/kg Y EIRMNL, ARIEICHES T 3 BT EITVY, ZOEIEE K O UK E 2R
7.
ZORER, 2 0BV, ruI AT x=a—LOYEEIET 93.3~113 %, Z DMK LK
JEIZRSD £ LT91%LLFCTHoT-.
72Es, REUEWR M O INENGER T b2 Mic 8175 MRM 7 2~ b7 7 50—l %X 3 12
T~ L.
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&2 HIMEIHUERRS R

(%)
SEL O TR e A FAHTIEER  EASTEH
’ R WARD Uhimomi e
hne-
R OIWEEY RSD® Y RSD® JyiffEY RSD® /(i RSD”
2 ngkg 93.3 (8.1) 993  (9.1) 102 (1.5) 113 (1.0)
5 ngkg 108 (3.6) 105 (8.5) 948  (62) 108 (5.5)
a) n=3 O FHaly =R
b) FH XA HE R 7=
2 | 2| ®
c [
=} =}
g g
& &
> >
5 ®
§ g
5 £
e 9 12 15 5 9 12 15
Retention Time/ min Retention Time/ min

X3 WINENRBRTELNTZ MRM 7 2~ k7 F 50—
(A) HEHERR (/a5 L7 ==a—L & LT 250 pg F24 &)
(B) FEHAMR (fky, B S peg/kg 24 &IRN)

3.6 E&E FREORH TR
RIEOEETRE O TREZ#ERT 5720, 0 2 pgke M4 EOTIMENEERIZ BV TH
S5N7-MRM 7t~ R 7T LICBITHE—2 D SN HERDT-.
ZORER, Hohizv—27 0 SN X, AKEKREEGEEIZEWTHTRY 10 BETHST
O END, KEZBTLERFIRIE, fEH T2 ugke &EEZXON. £, BHTRIL,
SN EE3 3 LR DPRED D, B T 0.6 pgkg & RFES biLT-.

SHDOBREIER
FRoEBY, KEOEETRIL, fAEHF T2 pgkeg THY, BiTICH BEEL LB HEE
(BAETFBEDRRLTODLEMOSITEELRE L~V (0.5 pgke) ) BELNRNoT-.
IO ENDL, LVKBEOTEENAREL 25 X 5 7% LC-MS/MS i1 St O et & O R %
WA B L LW = 7 D EOBEANEZHBFIZANDILENH D EB X LT
A%, MHEN BRSSOV Z —BRat LIESE Q2 3B IR 205 FTETH 5.

X ik
1) HEFER, FAIBUER : FUAEMERE [ 4 M)] , 160 (1995).
2) Kurylowicz (IR EERER) « HUEWER, 154 (1978).
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3) EBMED - CETEH R OETRHI N Oy A F T 285, W SLAE T H 24 B, BARES
% 35 5 (1976).

4) B T GBS, 29, 60 (2004).

5) BEMKEE NS - ZRREED . ‘WS EEORIEIZONT” , FRR0F4H1H, 191H%
55147295 (2008).

6) (M) BARMGITEL Z— ¥l 19 FEFABHCEENDLIYTIHNA RV =V RTPr A 2~
THA NIV = OEED~DOERBICET 2RELCFE @O~ T A VTV —2FDSy
HriEoB3E) , 21 (2008).
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6 DDGS A 5@ DNA I IZD ULV T
AR, A

1 % B

DDGS (Distiller’s Dried Grains with Solubles) 1%, FvEra v ZFEEE L TREIHTZ % 7 — L
N FxTH ) —)) BEETDIEICAECIEIEMTHY, KE, 1574, BU ETIE, k15
FE e LTSN TE .

B DA ARG O b, HERIERRALE R E L TCOMLAREIN D ORBEZBEEN S AL F T F )
—NVOEPERPENML, FEETHL FvEravOMfERH LI RoTETWDS. 20D, A
[ Ti%, DDGS OfEH~OFHITHEV Ronh-o720, hrvEravofBRzEEE LTS
BEENBRDL O LB LN, BWKELEER, HE - ZE2RER EEZ2 D HEZRIC
WT CER204 1 H) | ickiiE, kES O DDGS O A&I1E 2006 121X 42 F o Tho
=H DM, 2007 FEEITIL 88 T b e TRLTWS Y. 72, KEIZ #6DME@EFE
12006 12 8.6 B 5 F o Tho7hy, 2010 X336 B i b e TRILTWD

DDGS (%, HFEBHDONA A2 ) = VEFEDRIEM TH LD, ZTOREIE 2D hUEr a il
OWVWTEXLTLHEH - fMEtHOMENER SN2V ARRER S D, FFiC, BTz hvER
TANTOWTIE, B XIIERE B2 0, HERENTET D L5 RIIEE 2L, Ko qF
T )= VAEREIZHE LT GREE) OIEHBAIREETH L7290, FIHAMERTH2b0EE25N%.

—F, B FUEr oW TE, T4, Btl0, Event32 ZEDOZE SRR I/
RO FEBERHEHE L TN D. ik,*lu%f@@m%mmx&mﬂm¢%@%%%@h_
STEBY, 5B AROLEMNER Y AT DR O EF N S 72 DDGS 23 A S5 il RENE
Ndb.

Z D7, DDGS 7°5H DNA Z i3 2 Hik kO O DNA % W ClE{s 7/ 2 123 2
mfl GR#T) M TE 209G LT,

ARBRIT, EMOKEEG I TR L ORI O Ry S S IS+ 285 O — 2 IET 54845
LEORATIZOWT] BIR3  fH#Lz DNA HifSHER oA E 22, FUER L (Btl0) O
BAEHEY (T @Mk 0o, ) ICHECTHEM L.

2 HEBRAE
2.1 R
KI[EE DDGS # B i x h v Ew 2 L[EERIC 0.5 mm @S2 WERET DL D ITHkEL
2. =1L, Bt 2BIITRRESRE 0o Tz

TOMNZATBOE NEBMOKPEM B R At v 4 — IR R ARAE R, B RlAE e 4 —
O EMOKPEM R SN 4 — T v Z — KRS



DDGS 7>5 @ DNA itz oW\ T 117

22 A ¥
1) 7K
A, MK (FERHUE 17 MQ-om L BIZHER L7726 0) % 121°C T 15 3 & HE 2R KR
L7zbo.
2) fhF > b
DNeasy Plant Maxi Kit (QIAGEN i)
3) DNAKRY 27 —F
AmpliTaq Gold (Applied Biosystems %)
4 TI7A4~—xf
FrEnaNESERRFH bryEraNEM DNA Zein 4 X7 45 K (Zein n-
5&3, =vRyY—r8 (318-05671) )
Btll %1/ GM b v w2 R#AI DNA Btll-3 4V 2 X7 L4AF K (Btll 3-5 & 3/, =
v AR T — (319-05461) )
cp4 epsps A Y EPS011-5" (5'-gee teg tgt cgg aaa ace ct-3") KUY EPS011-3" (5'-ttc gta teg
gag agt tcg atc ttc-3) % TE FEEHE T 50 umol/L IZAH N L7 D EHEERAE LD (HHk
L5 0T 34 FITHRIH)
5y A4 YT usx)— (k)
6) =X /) — (Fpk)
7) TAE #&f#i#k (pH 8.0)
50 % TAE (=vy AR v—rM) Z@EHAKT S0 FICHR LIS 0.
8) 7T Hm—2RA
THAa—=2AFNS (=vRry—r8) 3 g% TAE @R 100 mL (21 %, MR L THEML,
50~60°C IZHEI 712, FIVDE SN 3~4 mm (2725 K 9 FOVRRIBELICHE Uik, b S+
7.
9) DNA ¥ A X~—71—
100 bp DNA Ladder (FliEH) 2 Hu 7.
10) RAb=F T U ARFK
TF VU LT a~vA FERK (10 mg/mL) (Bio-Rad Laboratories #) % TAE #&#&{Z T 10,000
FIZHR L= 0.
1) va—F7 4T R_y 75—
100 bp DNA Ladder (EiFiEdd) [ZfEO & D2 W .
12) Proteinase K
Proteinase K (>600 mAU/mL) (QIAGEN #) % 7z,
13)  RETE 55
AP1Buffer, RNase A, AP2Buffer, AP3/E Buffer 2 O} Buffer AW /& » ~iZ, 10xPCR Buffer
II, dNTPs (2 mM each) MU MgCL AR (25 mM) (X DNA R VU X 7 —FIZAED b D % fif
L.
14) TE FEMEK
=Ry — 8 A .
15) PCR SR
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i) Zein XO'Bt10 : 1 7 v®H7-V, /K 13.24 uL, 10xPCR Buffer II 2.5 pL, dNTPs 2 uL,

MgCL &K 1.5 L, 77 A ~—%f 0.6 uL, DNAKR YU A7 —F 016 uL Z{EAL7=H D.

i) cpdepsps : 1 7=V, /K 15.875uL, 10xPCR Buffer I12.708 uL, dNTPs2.167 pL,

MgCL A% 1.625 uL, 74 ~—%F 0.5uL, DNAKR U A F—+F 0.125 )L ZEAE LT H D.

22 HEBRGE
1) DNA filifH]

AEF10 g & 15 mLAY 7oL rflFo—TICR’Y, T 65°C [ZHNE L7z AP1Buffer 5
mL, RNase A 10 pL & OF Proteinase K 60 pL Z ELZHEIMN L, LLUNEEEICHE > THIHEAE
%S L7,

2) PCR Jis

D) THI L7z DNA i HFIRICOWTIREZRJIE L, K CTEMIZ 10 fFICAmRLZER (UUF

[x10 7AW L5 . ) KOVDNA JRE 10 ng/ul OFERZHRM L, PCR KSIZHWS T 7 L
— k&L ZOFT>7L— & bUvtoarNEEBERT (Zein) KO Bt EDOHEAILS
uL, cp4 epsps BRATDOEAEIZIE 2.5 L % 100 uL O 77 A F » 7 8T 2 — 712 A7z PCR s
HIZIN % T PCR SUBMZH T 25808k & Uiz, 7z, FFEZ, 77 L — MZ Zein DEHITIE
FEB v L L7z DNA &R (10 ng/ul) , Btll AMOGAICITE s Lz b v E
7 23 Btll Rk B L7z DNA &K (10 ng/ul) & cpd epsps FRFANDIGEITIX cp4 epeps
BETFPEAAENTWNDL Z ERWALNREETHIEX hUEra )6 L7 DNA &R

(10 ng/pl) ZMZ7=ISEERB U= be— (PC) &Lz, 7o 7L —FoRbY
WAKEREMZTZSDOROEMEa Y ha—VORISEFO T 7 A4 ~v—xt 2 KICEZ L T-H O
EENEN/—T 7L —bharbrn—i (NTC) KO/ —7F A ~—= ha—/ (NPC)
L7z,

FHEL L 7=3BHK, PC, NTC KO NPC %% —~ /L4 27 7 — (Applied Biosystems H Gene
Amp PCR System9700) (2t v b L, BLTFORISSM T PCR K% e L7-.

PCR )i 51t

Zein KON Btll %24 : 94°C, 10 47ffl— (94°C, 25 FbfHl—62°C, 30 FbfHl—72°C, 45 FbfH)
(40 B 7 v) —72°C, 7 47[H
cp4 epsps : 95°C, 10 4rffl— [95°C, 30 F0f]—60°C, 30 Fofl—72°C, 30 #0f]) (40 1
7 V) —72°C, 7 57
3) ERIKE), Yeta Kk OER RN
WEIEICHE » THEE L 7=,

3 BRRUEBE
3.1 fhHEORE
DDGS 725 ® DNA flilZ Y72 o TEH W), BEENRZOEFEHATE LD TIERWNEEZ,
BANZATF L7z DDGS 2 JUZ DWW THANEIZIEVWIE L7z e 25, R 1 ORERBIGFLN.



DDGS 7>5 @ DNA itz oW\ T 119

R 1 EROFHIEIC X % DNA HhHE

e PN 260-320)/ 260-320)/ I g Wit

#H TPK(H?;) ((280—320)) ((230-320)) (rfgﬁ/i) HEXTR (ng)
19XA-1 1.02 1.963 0.815 66.25 3312.5
19XA-2 0.97 2.000 0.679 47.50 2375.0
19XB-1 1.03 1.875 0.259 18.75 937.5
19XB-2 1.02 2.250 0.209 11.25 562.5

BENETIE, i TE7ZDNA &AL, BHRELRI 2o 7.

DDGS X hUER AT DT U T TN a—ARKELTT Va— L aiH LIZEETH D DT,
MR IR, HEERNDRIZURTIENRSZNEBXOND. ZOX U RTENREZNT &
23 DNA B L TWAAREENE X N0, HIIDOA o F 22— K DOFEIZ Proteinase
K60 puL Z¥MLCHIH L7z L 24, K2 0ENEGELNT.

#2 HBEEIC KD DNA #iHE

e PN 260-320)/ 260-320)/ I g Wit

wRH TPK(H?;) ((280—320)) ((230-320)) (rfgﬁ/i) HEXTR (ng)
19XA-3 0.98 2.157 2.146 1011.25 50562.5
19XA-4 1.00 2.178 2225 1913.75 95687.5
19XB-3 1.02 2.199 2.066 1575.00 78750.0
19XB-4 1.02 2.194 2.059 1791.25 89562.5

F7, ENENOHH DNA IEIR DN R AT ML OB 2 XIZR LTz,

0.3

Absorbance/ arb. units
Absorbance/ arb. units

0 ; - : : - 0

200 Wavelength/ nm 320 200 Wavelength/ nm

X DDGS ® DNA K DEEATIEZ 27 L Df
(A) TERIEIZ L 5 DNA BiHE, (B) thBikIZ L 5 DNA fli ik

#2 KUK (B) D&Y DNA OfiHE L OHRE S RIif Cho7clow, MU HiEZ R RIE
ELTCUSERBREERT LI &L

72%, Proteinase K ORMEIZOWTIE, F— B2 HWT 15 LT 30 pL (2250 T H ik x
FEhi L7228, 60 pL OFA L KRERFIR SN0 -7-. LL, DDGS OFEIZANT Y F K
TN ERHLNTNADTYD, SHIORBRTIEIRHRE L THRMEZ 60uL £ 9T52 L& LT,
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3.2 PCR i

fhiHi L7z DNA T PCR UG FARETH 2 0% i T 572, b U ER a2 VNIEMER T Zein
e OVK[E T LRI — IS RS S LTV 2 RS | IR D e & B 2 BB B T 2 b
7E T 2y Btll ZHICOWT, PCR KSEFEM L7, £, Btll ZHAKM S e n o 72508
[Z2W T, NK603 ARFFEKETESHEINTWDL EEx DN BB T hyEr a3y
WZEHEAZINTWD cpd epsps BART IO T PCR Kk % Ff L 7.

F7-, BANETIE, DNAJRE% 10 ng/pL ([ZFH % L 72 DNA %k 4 T PCR Rt % E i %
ZlloTDA, DNA BNHEE LWL L TS AREMENRE 2 b=, i L7z
X5, KT 10 fFICHRUZEKICOWTY PCR b aEETH 2 L Lz, TOMEEE 3
IR L7z,

%3 DDGS #iH DNA ® PCR Xt 3

s e k7 E R 3 CNTEMEREE T BR TR AR D BB T
BIn % ,
Zein Btl1 cp4 epsps
Aokt 10 ng/uL 10f5ABR 206547 10 ng/ul 1054 20547 10 ng/ul  10F5A R 20/5 78

19XA 2/2 - - 0/2 2/2
19XB 2/2 - - 0/2 172
19XC 2/2 2/2 - 0/2 0/2 - 2/2 2/2
19XD 2/2 2/2 - 2/2 2/2
19XE 2/2 2/2 - 0/2 0/2 - 172 2/2
19XF 0/4 1/4 2/4 - 0/1 0/1 - 1/1 1/1
19XG 12 2/2 - 0/2 0/2 - 12 2/2
19XH 2/2 2/2 1/2 1/2

T ZRosBIE, SREPERLEREE, dF RS ERBE£RL TS, 112 ORE,
2AFERL I A snicZtazRL WD, T— 1F, MBRERFERZEL NS,

ER% 19 FEBEICUNEE U7 K EBE DDGS ICOW T RIEIC I Vi L, PCR Sz FEh L= & =
A, Zein IZOWTTHBR L7z 2ToRBI TRt 22 &nT&e. 72720, B 19XF 12201 T
X, W2 ST TN EEM LZE 25, Zein R TE A7/, HE 2 Stz %
fEL7zE 2 A, 1A 10EMREE CHRETEZ. ZoMHE T 7-HH DNA Fikix, Btk
Mol b DI ER DR, MOMFHEIZLDBELZE L ONTID, KT 20 5124
WLELDICOWTHHERMLIZEZA, 4 5 2 STHRIETEE (BHETEZ 2 A% 1 450F 10
EAPRER THORILTE . ) . 2ok, DBRORBRIEL, B ShZEE CREDE W %2 H
WwWanrzZekLzz.

Btll ZHICOWTIE, 8 M 4 TR TE 7. 723, DNA EE 10 ng/ul OEIR T, 8
P2 RTLIABRETE o7,

cp4 epsps BIZTIZOWTIE, Btll ZMPMH TE o7 4 JIZHOWTERL, & TTHRH
THZENTE.

YL EDFERD G, K[EE DDGS 7206 DNA Zfifitl L, PCREIZ XV B M2 IR 28T
ERHT LI ARETHLEEZ LN, L L, NEMBLE IO KL TEENIERLT
DOEHPNER LD BFEL, DNADBKESELEL D008 H L Z L bR IShiz.
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A B OB IR X RITIR DAL, ZEMEPHERINTOVRVWRRICELI, T b ITFHK
FIZLVBREPICHHSIWBEICHEETA2HADITEAETHS. HlxiE, Btlo ZHOLGED
B TR 0.05%RE L S TEBY, EBEREICHEHATIHAICIE,. FICKBEOLOORKREN
AREL 72D L H1C, SO0 KMXIE PCR IGSHRAREZRWMT T OREE LT 2 LENH D
ELEZLNT-.

x B
1) EEARIKPEAHP © www.maff.go.jp/j/council/seisaku/tikusan/bukai/02/pdf/datas.pdf - 2008-02-04
2) KREZBWHZHP : http://www.grains.org/galleries/DDGS%20User%20Handbook/ 01%20-%20
Introduction.ERE%20draft.pdf

3) BRMOKERLERE < KETRE®@MA © “SE & OSBRI O 5oy RS ICET 28 50—
MAEWET 2EBTEORITICONT” , FRISHFE4H1IA, 1445585985 (2003).

4) Matuoka, T., KURIBARA, H., Takubo, H., Akiyama, H., Miura, H., Goda, Y., Kusakabe, Y., Isshiki, K.,
Toyoda, M. and HINO, H.: J. Agric. Food Chem., 50, 2100-2109 (2002).

# o
ARELOIEIC T HTEW ., FBRGERER OBRICHEERLET.
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(i LAR— |

] AvEa—42—--JOJSL%FALE, EHOEMERET SIS
A4 X—DRF

TEH AT, HEOMOKEST, B ST

1 #

FWEMEOKT DB KT A B EOZEEREERA~ORANL, BRI IS < ooy ik %
HAa Nk EEsnTn5.

B39 @ B R B D i~ DR AN O F HE 2 i 9 2 A E IS, BIMEEEE L, ELISA EK
PCRIENH YV, Z D H 5 ELISA ¥ K& U PCR IEIT MK ES A E R @M YIciE# Sh Tz
PCR IEIZBWT, T4 ~—I3FE OB K DNA % S ISR LikB 4 272 o O f b
RRETHY, ThETHREMGRE LICETNENDO T T A ~—2B% D VS, BRESHTICHEA
SNTERL., L2PLAXE, KT 58WAk DNA 24577 A4 ~—%F [rumicon52,
rumicon32] 1%, ¥IEDTDT Hu— A7 )& HWESIKE) L7ZEED PCR HiE/ N> RO Toh
L, fhoBEm K DNA 2725774 ~—& PCR G U FIRFIZ PCR XS %AT
AW EEORERDH Y, TNDHIZHOVWTHENRKNELEZ LN

Fex3HiIlchlB LicaryYa—¥— - 7u s 7 5% L T, Eogmrsmtl+s774~
—Z R T D HEEMENL L, EHE LT, KT oW, Y Y, YXEROT X HEK DNA
EENTENRERNICRHTA2EEO T 74 ~—%2M% L. Z0oh, KT 58 HEk DNA i
7 Z A ~—5%t [rumicon5D2, rumicon3D5] 22D\ T, ZDOHHEME, PCR MEIE/ N K OYREE K O
HEELAHEBE LI 25, BREFREENREONTZOT, ZOoOMEZHRETS.

il

2 A &
2.1 &K
HROEREE SR, SEREE (R—27 =1, K= FFI—N, FFxI—, 7=V
—I—, LHHAZL, ) KOFREHMEZNEN 1 mm OMSDWAEIET 5 F THAE
LCTHW-.
728, B TROBFEICHWZEGEE OB EGHEGEZE 1 ITR L.

#1 RRIAVWEeFAEORGE S

Bl 5 LR o> FEE JFERTELD K5y #HE (%) R4
WHAIEE H % H 39 MBGF L 56 A2 L, ~Afu, Lk
Bl 5 FHIZHH 43 A= TNT T 44— R, KLQNHENT,
KEnd, S5TF
FEP I 5 11 Ak A /N
z O 7 B, REBEHILTN EEIL, IFRTL

MSTATBUE N RMOKPETH B 2 il v & — BRI A S
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22 RABRJE
[PCR I L Ak 0@k DNA OR#AE] YIS %, ImtDNA =% A 5 27 #—CT
v b Rtk T3 ) ZH W THI L7 DNA 288 & LT, LT O T PCR 21T7-7-.

# 2 PCR ¥ (20 pL/tube) DFEAR

IEREREREIVIN 4.7
PCR#%f#% (PCR Gold buffer (Applied Biosystems#) ) 2.0
2 mmol/L dNTP mixture (Applied Biosystems i) 2.0
25 mmol/L ¥ifk~ 7%+ 7 & (Applied Biosystems#) 1.2
2 umol/L 5'7° 7 A ~ — ¥k 4.0
2 umol/L 3'7" 7 A ~ — ¥k 4.0
DNA )& %5 AmpliTaq Gold (Applied Biosystems ) 0.1
BRI DNAVAIK 2.0
e 20.0 (uL)
3 & B

31 avbta—H— - 7ulI7hILD7 T ~—DkE

Fex OPI¥E L7z GSPRIMER L\ 9) 702/ F Ak, PCR OFH L7 T A ~—0 3 KiE L HIE
WZHGTHZ L ZFMALT, EWEMOMRAMELZ 3RMEEmS T 5 L3k, FFENFEICHT S
BRMMEEZ AT TEL, 7I9A4A WGz AT v 7 T80 THD. HlzIEKT 58tk
DNA #H 75 4 ~— DL, KT 287 r—7 (4, HAE, 1%, B5% 20 ) & 20
oEEI V-7 (B, K, B, B FNE14HE) OI b2 FU 7 DNA O42kls% GSPRIMER
TRET 5 Z LICL > TH LR, PCR GHRMICOWTIE, @ YIcifis T aho 77
A ~—xt (A, 4, &, LALCHEY) LFELT (95°C, 9 4rffl— [92°C, 30 #R—-55°C, 30 #
fll—72°C, 30 B[] (45 %4 7 v) —72°C, 5 /ofl) IZLiz. 7 m 77 Aol hiciks%, K
TOEM), BV, YXFROTZHK DNA 2 REMICKRIET 2774 ~v—2Zh RN LTz

T 7T AR, TR OE RGNS W THERLE#RE T 5.

32 TIA~— DR RN

31 TEBELLEE T 74~ —XTHoWT, v (EREMME, BEMME, SAVRAZA 2, T
R), ¥, =V, VY, vX, v b, Uv, 7% (LW D oM, I=7%, XX
VHUNTVAE YT, N—=J vy, HEA—I Ty, Tarvy I KRT RL—R), UHF,
Ty b, xURA, 2TT, =URNY, UXZ, TATE, VI, hvA, T, 2T, PN, B
VR, SURRAR, AT, wATY, ABEITTFAVY, InFvTa, rh=, 7THY, =t
AAKN N TET 2 OHE DNA 2 HWT, RFRMEZHEE L.

ZORER, KT T4 ~—xNIEAEH O DNA 48 RAICHE L, T2l Shizir
B2 PCR g N> RO SN, 70, ENEmLSt ot DNA T, miizgi®E+ 5
PCR g N> RIZA LN o7, BB LT 74 ~—ORBREROFEMIC WV TIIBLEHE
T5.
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33 KT Oo@EPHEDNAKRME T 7 A4 ~—12>NT
1) FpEME

R TR INTZXT 2 Em DNA 7 F 4 <~— [rumicon5D2, rumicon3D5] I3,
32 oo, vy (BEME, BEME, SVAZA 2, TUTR), ¥H, =J
J1, BV VRO X O DNA TiE 201 bp OALEIZ PCR #ElE/NY RE/R L, ZOMofhH
DNA TI% PCR ¥l N> R3S S e o 7.

F7-, FHEAEE (6 ), F¥rI—n (1 fFEH), 7o —I—n1 @), K—7
FX I —v (3 fEE) RO (6 ) omiRfEE (K7 5 @8hWmkEEZE8 £k
D) ITHOWTRBRDOTER Z LToAER, T 5 5l k DNA Ofth 2 15 9 2 IR A 72 PCR
g Rt Sz o7z,

2) M TR

I bz RU T DNA HiRZARL, PCR RGN 20 uL 729 10.0, 1.0, 0.1, 0.01,
0.001 % T*0.0001 ng DI b2 RUT DNA2EAT 5L L, PCRIIGEIT-72. £
DOfER, 77 A4 ~—% [rumicon5D2, rumicon3D5] %, PCR ¥ =—7 %721 0.0001 ng ® DNA
EECHRIFATEETH T2,

F7o, FHEAEE, WKAEH, Bk EI> LA LICFREBEZZENZI 1.0, 0.1,
0.05, 0.01 KT 0.001%&H SEiketz AT, T2 2 ST a1y, M TR
R L. Z0O8E%, 774 ~—% [rumicon5D2, rumicon3D5] DO FIRIXAEEHIRM L
ZARER L LT0.05~0.01 %K TH - 7=,

3) HEEER

FAEHR O KT 5 i Sk DNA fHE O BELRS E 2 MR 5720, JLmalp 2 v 72 LA
BaEiT-7-.

2.1 TR LEAHEESER N BRSBTS, FHRERZ TNT 1%L 0.1%FN L 7=
B CMERIN O E 2 S8 L7z DNA iRz & LT, 77 4 ~—xf [rumicon5D2,
rumicon3D5] % 72 PCR % S WBR=EICB VT 2 [MfT o 7. ZOREE, X ToORBR=EICE
W, FREHEZILEI 1%KL O 0.1%300 L7230k s & il L 72 DNA &1 Tl 201 bp DAL
|2 PCR HlE/ N> RV S, FREHZ BRI OFE2 G Al L7z DNA % Tl PCR
gAY RIS n o7z,

X1 KEIEEH (I H>EWE>E DNAKBRHE T 7 A4 ~—%F [rumicon5D2, rumicon3D5])

M1 2 3 4 5 6 NM RZENAREESEEe s F L7y~ IRy ey Gy
—— —— 2: BE R % 1%EN U 7 B A f sk

3 AFAE Y A 0. 1% L 7= Bl & Rkt

4: B K % 0.05%00 L 7= Bl A ek

5: 2BV A 0.01%7F50 L 7= Bl & fal B

6: ZFEFY % 0.001 %40 L 7= Bl & i ks

TRtk ha—L (k)

M: DNAY A X~ —H —

201 bp— § (% H1 5 234 81100 bp Ladder)
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4 E =
AHFIE T, BEEOBWERHT 5774 ~—%hROICERT 2 HEE2ML Li-. FRk 17 4
2 HOBSYIE VIC X0 IRAE S OB~ S —E RS R o7 K 91, 4% b BSED U
IR O MNCRDICONTHEI SN 2BWREIIEESND AR S 5. Fx 0FEE, BllSh
HREOEFICEIICKE L, BENOHRNZA T ) —= TRTTA~—%HRETL2DICHEHT
H5.

5 F&EOH

1) BB L= w27 A GSPRIMER ZHIH LT, OB ERIET 2774 ~—%%)F
B BRFE 3 2 L& feSr LTz,

2) REFLEKT 584, BV Y, PEXROT X HEKDNA BT 7 A4 ~—I122\T 40 FEOBEHEY
T DR 2R LI 25, BEREENMEONIZ.

3) X3 o @WK DNA Mt 77 A4 ~—%f [rumicon5D2, rumicon3D5] (Z-DW\TlX, 40 FEOH)
RN 2 TH AL A Bk OB BB EHI R 2 Rp I 2 MR L2 & 24, RIAFRFRNE S
iz, £7=, oM FIRIZDNA TO0.1pg, FHETO0.05~0.01%TH 7.

4y 7' Z7 A ~—%t [rumicon5D2, rumicon3D5] % H 7=kt O 5 Bk DNA LD
B 2R T 5720, 5 BBR=ICEW @R el 2 AW LR 21T - /R, B R
NE LT,

AKWFFE TR L2 9 B sk DNA it H 7° 7 4 ~—%F [rumicon5D2, rumicon3D5] 145k 20

4 H 1 BT CHIE Sz T R i S . £, A7 74~ =20 T, Bk

20 4E 1 HICHSTATBOE N B2 A M G IRRT 22T & SE R CE MK O % I LT,

x
1) EARES  EEE R OEEHRIN DR B EICBET 2857, WA S14E7 A 24 B, BRHRES
%5 35 5 (1976).
BIE  EMOKEA S R OEHRIN) O B ST 28050 —MERWETH2E 5”7,
Rk 17 422 H 28 H, r%é % 15 5 (2005).
2) BAMOKFEZAERE®EM  “FER O m k- A BBEEOREECZONT?, FEk 14 £ 4 A
9E,M$§%mrv@mn
WIE  BMOKEANE - ZeRmE@A - “THEEHRo@ ko A BEEORIEIZSWT) Ok
IEIZDWT”, SERR 1843 A 17 H, 17 1HZE5 12305 5 (2006).
BEIE AR 20 4F 4 H 1 BATCEIEM BT R YE DI S, AmaTpE L ST,
3) T.Kusama, T. Nomura and K. Kadowaki: J. Food Prot., 67, 1289 (2004).
4) PPk, RIS fREFIFEERE, 30, 52 (2005).
5) BEMOKER S ERREEM RO EEOHIEIZOWT, R 74 11 A 1S H, 75 BH
1660 5 (1995).
WIE  EMOKERHE « wRRRIEH R EEORIEICOWT?, EAL 2044 H 1 H,
19 {54255 14729 5 (2008).
6) FrET o “EMHCR DNABMAH 77 A4 ~—B A7, R 20 421 H 25 B, %7E 2008-14900 (2008).
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1 FRI9FEAMOHEBEAMICEKDIAMBEEICONT

B ORETET, FE R, Rk BT, B RET,
IR MBS, B BN, EE W

1 H iy
fREHIR A PR A B, AR - SBHARIN R, M MBS 2 eh G SRR o @ BUBHT & 5 4y
Prifi e 24T\, 0T M O E B DR B2 XY, fFE TordE2 R L, e o IE 7 i)
HEROEE RO ERICET 5.

2 HEHHONE

Ak 3 5 B R B A B R

B ik} B

C #kt 5 7 A DR ORI SR}
D &8 THERAT LI v A

3 HHoAR

3.1 HAEOFREEH R Rk 1947 H 6 A

3.2 RS (M) FEARAKPETY B2 it v & — IR EH R 2R A

(1) A#RE
MeL7-%%, 1 mm Q#5552 S Eiedd 5 BB AR 100 kg 2 HWNT, LLTFO
FIEIZ L 0 B2 R L7z,
REEZLCIRAELEZIENL, TOHND 4 XKEZH-> TRAL 455 L CRICET. 2
DOEEZFR 1 OIRGXERIZEY 7TEEERV IR L7212, FREXIYD—EETHOLED, 18470
180 g A0 R 450 E A FHRLL 7.

X1 RBREXKER

[T I I 11 v \Y% VI VII
7 9 7 8 3 1 9
4 8 3 6 4 9 3

X B2

REES ! 6 9 2 5 7
2 5 1 5 8 2 4

OMSTAT B N MK E Y B 2 A T v 2 — R A2 A A

TR BEAMOKENEL AT v 2 — i v s —

DO EHOKEWETRZ AN 4 ety —, Bl R E R & — KECEB T

OO EMOKEMERL RNt — 4R, B R4 —

TOOh) EMOKPEM B AN v 4 e v 4 — KIREBAT, B RS 2 — R
O EAMOKE B T 4 i v A —
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(2) B#RE
B L721%%, 1 mm OS5 5\ &l S H 7208 100 kg 2 FHWT, A REE RO EIEZ 1T
VY, 1485720 59180 g A OFEL 450 fE &2 FHEL L 7.
(3) C &kt
BB ORMEW 2 RE L, MBS UM LT-tk, £ 2 2B 2 9 MEOFEE (BE 100
kg) D9 HLELAEIGD S%ARMOFEE % PRELES L. ®IZ, PHESGLIZHLOLETXTOR
B2 R 2 OBAFIE TCESEAG LI, AR EFROBIELZITY, 1457204 180 g AV
O FE 450 il & FHRL L 72
4) D#E
FTHEERHAZT LI v 7 2100 kg & L<IRAE L%, AREERBEOBIEZITY, 184720
#1180 g A0 DFEL 450 {2 FHEL L 7.

&2 CHREOEEEVEGEE

" e e " Bl & EIE
ook A& %) BB A& (%)
EobAZL 25 R Llig 10
K& 20 o 10
K K 10 U RV 3
K 10 I 2
AYb eV VN 10

4 HMEEEERUVERER
(1) ZHr#EEsEA
A BUBE- - Ky, M ARE, MBS, MERKE, MUK, Ao ns, UUROYY A
TR UL
Bakl - - - KSy, HIEABE, MK, DRITVLAKRO= hFF
C#El - « - 9D RO/ A EI A OHEE
DBl - - -8, WL UBET TV
(2) FEH
M55 32 [mlfi ket o LmaEHT X 2 /o il E M) (152 X—) 12X 5.

5 HEKREONTYXRAE
A B, BB OV D BB E RO 2 4547 H 25U T Thompson 5 ¢ harmonized protocol 1
ESXWEMHERT A N &21Tol2. T A LTHRER-72 10 BOPITHONTOFRERIZE 3 0BV
ThHY, ZORREKND—ILRLE D BT, BWEMHROTLOOFRELITo e/ RITFR 4 DL BY
THY, WTIHREHER ONT Y XX - 7.
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#3 A, BEODRBOHITEE

ARE} ARE} Bkt Bkt Dkl Dl
M- A BE LUK 5y WA BEE HUK 5y il [iiikia
(%) (%) (%) (%) (g/kg) (g/kg)

runl run2 runl run2 runl run2 runl run2 runl run2 runl run2

1 1820 1897 6.86 6779 62.14 6202 21.02 21.19 2396 2324 2688 2721
2 1834 1843 6.76 6.82 6197 6141 21.20 21.24 23.76 2397 2793 27.93
3 1826 1858 6.79 678 61.14 61.11 21.06 2092 2392 2399 2829 2841
4 1828 1829 6.80 6.72 61.15 6138 2135 21.08 24.10 2479 27.52 28.84
5 1823 1856 6.84 6.72 61.06 61.63 2087 2130 24.06 2447 2782 28.17
6 1824 1827 6.77 673 61.05 61.78 2091 2046 2433 24.15 28.12 28.69
7 1829 1819 6.79 670 6158 61.77 2099 21.01 2396 2425 2796 28.50
& 1821 1821 693 6.86 6135 6132 21.05 20.68 2438 2392 28.14 28.57
9 1831 1827 6.83 6.77 6137 61.06 2089 2096 23.55 23.77 27.65 27.29
10 1843 1832 6.85 6.75 61.57 62.07 21.15 2126 23.51 2420 2722 27.79

£4 A, BEUODREOANTYXFRE

e [ MG BHE SR ol S./g
S 7] |4 F,
# OB R4 02243 9 0.0249 0.60
M7zABaE SHEzZEE 04177 10 0.0418 -9
ABEL b T 0.6421 19
A 0.0359 9 0.0040 1.43
oK oy E 0.0280 10 0.0028 —
T 0.0639 19
A 1.6749 9 0.1861 232
M- A AHE E 0.8009 10 0.0801 —
B3tk T 2.4758 19
A 0.5353 9 0.0595 1.79
K oy E 0.3319 10 0.0332 —
T 0.8672 19
A 1.3603 9 0.1511 1.47
ki E 1.0270 10 0.1027 —
D} T 2.3873 19
A 3.8124 9 0.4236 2.61
[N E 1.6250 10 0.1625 —
T 5.4374 19

a) o DfEIX Horwitz DX» HROIIFEHERETHY, S =\/(A-E)/2 <H 5.
b) — LELE D4y B M T B Fy < F(9,10,0.05)=3.02 D BA1FZ A O R E I T b
o T,
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(1) %k 271
2B ERHEELR 179
FAEHR I BELR 21
A% 30
R SRR - 41
(2) FERIZ N FERREK
A G262
B #lft---258
C k155
D 5113

T DEERBERUVHERER
(I 5 #r

ERBIOS AR 5 LBV THY, AR TARZK 1~16 DL THDH. TOMNT
FERIIRSDEBY THD. 2B, IITROLEBVIToT.

TINTEE DFEATIX, RO LBV AR NMEIZEDITo72. 112XV NIQR (BEHEDY /37 &6
—normalised inter quartile range — RHER IR HER ) 2RO 7%, 212KV, HHWARED -2
a7 wROT.

NIQRzM ............... 21
1.349
a: RS OfE
c: FUUSALOME

x @ & EBREDOSHTAEE
b HHAE

o, REMEBIOND 22237 OMIMAEN 3 LLEDOOITEZFEA L2, FHED 95%[5
XM Z KD 7.

2 # &
AN, 9 FEOFEZRAFHE L -REHC W T, i Lo & RAEE0HE 4
Fhi Lz, FORBIIRILTI0DEBY THoT-.
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K5 SOHEE (1)
AEL
l* Koy H7-AHHE RLRET T FIRZS TN T A PINg SL G - 70—t vz vaz) | SL (HPLC » /34 A7 v A)
L No. z-score R No. z-score i No. z-scon STAE No. z-score ST No. z-scor SHTAE No. z-score SHTAE No. z-score i No. -score SHTAE z-score
(%) (%) (%) (%) (%) (%) (%) (a(fliy) (aOhffiy) — ~
1 1290 1 057 18.52 4 044 416 1 067 6.69 1 -0.17
2 12.68 1 -026 18.69 1 129 6.52 2 -1.70
3 12.80 1 0.19 18.40 2 -0.14 563 1 971
4
5 12.54 1 -0.80 18.80 1 184 405 1 -025 6.56 1 -1.34
6 12.80 1 019 18.76 1 164 409 1 008 645 1 233
7 1290 1 057 18.40 1 -0.14 583 1 -1.91;
8 12.11 1 -2.46 16.50 4 -9.64 630 1 -3.68}
9 11.82 1 -3.58 18.30 2 -0.64 453 1 379 6.57 1 -125
10 12.61 1 053 18.55 4 0.59 426 1 151 6.58 1 -1.16
11
12 12.61 1 -0.53 18.40 4 -0.14 433 2 210 6.63 1 -071 1.38 3 0.00 0.58 2 -8.09:
13 12.87 1 046 18.66 2 114 404 1 -033 2.78 2 -0.09 6.63 1 -0.71 1.35 2 -0.67 071 1 067
14 1289 1 053 18.43 2 0.0 396 1 -101 2.61 2 -0.65 6.81 1 089 1.38 2 0.00 072 1 134
15 13.18 1 1.65 18.47 4 019 3.89 2 -1.60] 357 2 247 6.90 1 1.70] 1.16 3 -4.94! 0.70 2 0.00;
17 11.85 1 -3.46 18.17 2 -129 399 1 -075 240 2 -133 6.94 1 206 1.37 2 -0.22 0.70 1 0.00
18 1291 1 o061 17.50 2 -4.64 385 2 -193 6.70 1 -0.08
19 12.88 1 050 18.41 4 -0.09 395 2 -1.09 2,62 3 -0.61 687 1 143 1.36 1 -0.44 0.70 1 0.00
20 12.88 1 050 18.50 4 034 416 2 067 3.06 3 081 6.67 1 -035 1.37 2 -0.22 0.69 1 -0.67
21 1279 1015 18.58 4 074 3.57 2 429 332 2 165 6.77 1 053 1.28 1 -2.24 0.71 1 067
22 1280 1 0.19 18.34 4 -044 4.08 1 0.00 3.10 3 0.94 677 1 053 133 2 -112 0.69 1 -0.67,
23 1299 1 092 18.43 4 0.00 3.88 2 -1.68 3.10 3 094 6.65 1 -053 1.38 1 0.00 073 1 202 50.40 3 0.66
24 1204 1 273 1873 2 149 396 2 -1.01 249 2 -1.04 677 1 053 1.36 2 -0.44 0.69 1 -0.67
25 1293 1 0.69 18.38 4 -024 4.04 1 -033 286 2 0.16 6.74 1 0.6 1.36 2 -0.44 0.70 1 0.00; 4720 1 -l16
26 11.58 1 -4.50 18.32 4 -0.54 381 2 -227 253 2 -091 6.65 1 -053 1.35 2 -0.67 0.67 1 -2.02i
27 1298 1 088 18.42 4 -0.04 410 1 016 320 2 126 6.83 1 1.07 1.39 2 022 073 1 202
28 1271 1 -0.15 18.47 4 019 433 1 210 290 2 029 6.86 1 134 144 2 134 071 1 067
29 12.62 1 -0.50 18.43 4 0.00 386 2 -185 317 3 117, 6.65 1 -053 141 1 067 072 1 134 48.70 2 -0.44
30 1295 1 077 18.56 4 0.64 415 1 059 2.85 2 013 6.86 1 134 1.47 2 202 072 2 134
31 12.87 1 0.46 18.43 4 0.00 4.17 1075 3.15 2 1.10; 6.77 1 053 1.37 2 -0.22 0.71 1 067, 49.61 1 0.00
32 12.75 1 0.00 18.53 4 049 390 2 -151 335 3 175 6.66 1 -0.44; 1.35 2 -0.67 0.70 1 0.00;
33 1270 1 -0.19 18.55 4 059 408 1 0.00 2.81 2 0.0 6.78 1 0.2 1.34 2 -0.89 0.69 1 -0.67
40 12.80 1 019 18.51 1 039 405 1 -025 2,62 2 -061 6.76 1 044 1.34 2 -0.89 071 1 067 4790 3 -0.28
51 12.56 1 -0.73 18.53 4 049 4.10 1 0.6 2.83 2 0.6 6.52 1 -1.70] 132 2 -1.34 0.71 1 067,
52 12.64 1 -042 18.49 4 029 6.70 1 -0.08 1.39 2 022 072 1 134 4837 3 -0.10
53 1240 1 -1.34 634 1 332 1.35 2 -0.67 0.70 2 0.00
54 13.14 1 150 18.38 4 -024 401 1 -0.59 6.57 1 -125
55 13.14 1 150 18.10 4 -l.64 421 1 1.09 3.08 2 087 677 1 053 1.40 2 044 0.70 1 0.00
56 1245 1 -L15 1822 4 -1.04 423 1 126 2.81 2 0.00 6.65 1 -053 1.31 2 -157 0.70 1 0.00 47.00 1 -126
57 12.22 1 -2.04 18.50 4 034 446 1 3.20¢ 6.68 1 -0.26]
59 12.64 1 -042 416 1 067 3.58 3 250, 6.57 1 -125 0.76 1  4.04i
63 11.80 1 -3.66 18.40 1 -0.14 635 1 -3.23!
65 12.52 1 -0.88 20.03 1 799 435 1 227 356 1 243 597 1 -6.65; 1.39 3 022 072 2 134
66 12.50 1 -0.96 1838 4 -024 4.03 2 -042 6.82 1 098
67 12.65 1 -038 18.44 4 004 410 1 016 298 2 055 6.64 1 -0.62 132 2 -134 0.70 2 0.00
68 13.06 1 119 18.49 4 029 4.04 1 -033 6.65 1 -053 133 2 -112 0.68 1 -1.34 4920 1 -0.19
69 1272 1 -0.11 18.47 4 019 404 2 -033 292 2 035 6.65 1 -053 1.39 1 022 0.70 1 0.00 48.60 1 -0.49
70 11.17 1 -6.08} 18.85 4 2.09 431 1 193 6.11 1 -539
71 12.55 1 -0.77 18.57 4 0.69 4.00 2 -0.67 251 2 -0.97, 677 1 053 133 1 -112 0.71 1 067, 5047 3 0.69
73 12.99 1 092 1824 2 -094 413 1042 2.81 2 0.00 6.80 1 0.80 1.39 2 022 0.70 1 0.00
74 1241 1 -131 18.50 4 034 410 1 016 294 2 042 6.85 1 125 1.32 2 -134 071 1 067 4740 1 -1.07
75 12.75 1 0.00 18.74 4 154 4.03 2 -042 297 2 052 673 1 017 140 2 044 0.69 1 -067, 4990 1 0.4
76 12.82 1 026 1873 4 149 404 1 -033 2,69 2 -0.39 6.81 1 089 1.36 1 -0.44 071 1 067
77 12.50 1 -0.96 18.52 4 044 429 1 177 259 1 -071 6.57 1 -125 1.41 1 067 0.75 1 337
78 12.85 1 038 18.50 4 034 421 1 1.09 6.61 1 -0.89]
80 1242 1 -127 18.72 4 144 6.50 1 -1.88
82 1280 1 019 1833 4 -049 404 1 -033 3.00 3 061 6.66 1 -0.44 1.36 2 -0.44 0.67 1 -2.02
83 12.61 1 -0.53 1871 1 139 4.18 1 084 675 1 035
85 12.50 2 -0.96 18.30 2 -0.64 4.10 1 0.6 6.70 1 -0.08
86 12.96 1 0.80 18.25 4 -0.89 417 1075 2.61 2 -0.65 6.70 1 _-0.08 1.29 2 -2.02 0.71 1 067 48.99 1 -0.30
87 1289 1 053 17.94 2 244 4.06 1 -0.16; 6.67 1 -035
88 1338 1 242 1838 2 -024 393 2 -1.26 319 3 123 6.63 1 -0.71 141 2 o067 0.70 1 0.00; 46.50 3 -0.82
89 1280 1 019 18.59 4 079 431 2 193 6.78 1 0.2 1.38 2 0.00 0.67 1 -2.02 48.10 1 -0.73
90 1212 1 242 18.70 4 134 410 1 0.16] 6.66 1 -0.44
91 1278 1 o011 18.28 4 -0.74
93 12.59 1 -0.61 18.61 4 089 401 2 -0.59 329 3 156 6.59 1 -1.07 1.39 3 022 0.69 1 -0.67 4560 1 -194
96 1277 1 007 1823 4 -0.99 396 1 -101 245 2 -117 677 1 053 1.44 2 134 072 1 134 45.86 3 -1.06
97 1229 1 -1.77 1844 1 0.04
108 1238 2 -1.42 1833 1 -049 413 1 042 298 2 055 6.86 1 134 1.41 2 067 0.70 1 0.00 49.90 4 047
110 1291 1061 18.48 1 024 4.04 1 -033 2.99 2 0.8 6.66 1 -0.44 1.38 2 0.00 0.71 1 067
111 1322 1 181 18.09 4 -1.69 417 1 075 340 3 191 6.10 1 -5.48 1.40 2 044 073 1 2.02
112 1256 1 -0.73 18.68 2 124 409 1 008 337 3 1.8 6.59 1 -1.07 1.57 2 427, 0.69 5 -0.67
113 1255 1 -0.77 18.28 4 -0.74 410 2 016 2.51 3 -097 6.62 1 -0.80 1.40 2 044 072 1 134
115 1292 1 065 17.93 4 -249 411 1 025 351 3 227 692 1 188 146 2 1.79 0.69 1 -0.67,
118 1286 1 042 18.42 4 -0.04 4.08 1 0.00 292 3 035 677 1 053 145 2 157 0.69 1 -067 46.30 3 -0.89
119 12.65 1 -038 18.31 4 -059 4.02 2 -050 296 3 0.48; 6.59 1 -1.07 1.39 2 o022 0.77 1 472 49.60 3 036
120 12.56 1 -0.73 18.51 3 039 411 1 025 3.05 3 078 6.69 1 -0.17 140 2 044 0.69 1 -0.67, 4790 2 -0.82 45.60 3 -l.16
120 18.37 4 -029
121 1293 1 0.69 18.16 3 -134 408 1 0.00 249 1 -1.04 6.69 1 -0.17 132 2 -134 0.67 1 -2.02
122 1298 1 0.88 18.52 4 044 4.19 1092 1.77_ 2 338 6.66 1 -0.44i 0.70 1 0.00; 49.40 1 -0.10
123 12.54 1 -0.80 18.51 4 039 400 1 -0.67 3.06 2 081 6.72 1 0.8 1.35 2 -0.67 0.67 1 -2.02
124 1274 1 -0.03 18.42 4 -0.04 401 2 -0.59 6.88 1 152 1.44 2 134 0.69 1 -0.67 5270 2 149
126 13.09 1 131 18.04 2 -194 417 1 075 274 2 022 639 1 -2.87 4470 1 -2.38
126 18.60 3 084
128 1292 1 065 18.60 3 084 409 2 008 3.02 3 068 6.83 1 1.07 1.30 2 -1.79 072 1 134
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£S5 HFEE (2)

AEL
l* Koy H7-AHHE RLRET T FIRZS TN T A PINg SL G - 70—t vz vaz) | SL (HPLC » /34 A7 v A)
TV (o ol VT (od PP (e b e e b b P (ot OPTIE seone
(%) (%) (%) (%) (%) (%) (%) (g(Jl/t) (g(JIl/) _

129 1252 1 -0.88 1871 4 139 460 1 438 290 2 029 6.67 1 -035 1.47 2 202 0.70 1 0.00

130 1279 1 015 18.42 4 -0.04 409 1 008 2.63 3 -0.58 6.68 1 -0.26 1.37 2 -0.22 0.67 1 -2.02

131 1269 1 -0.23 18.77 4 1.69 447 1 328} 277 3 -013 6.67 1 -035 137 2 -022 0.70 1 0.00;

132 12.65 1 -038 1836 2 -0.34 416 1 067 2.86 2 0.6 677 1 053 1.39 1 022 0.69 1 -0.67 5125 1 079

133 13.05 1 115 18.49 4 029 412 1 033 689 1 161 141 2 o067 0.69 1 -067, 50.00 1 018

134 12.62 1 -0.50 18.45 4 0.09 424 1 134 248 2 -1.07, 6.63 1 -0.71 139 2 022 0.71 1 067, 48.70 1 -0.44

135 12.50 1 -0.96 18.40 4 -0.14 4.10 2 0.6 290 3 0.29 6.70 1 -0.08 1.00 1 -854 0.60 1 -6.74 5460 1 242

137 13.10 1 134 18.50 4 034 394 1 -118 271 2 -0.32 631 1 359 140 2 044 0.71 1 067,

138 12.70 1 -0.19 1826 4 -084 396 1 -1.01 351 3 227 688 1 152 131 1 -157 0.71 1 067, 4821 1 -0.67

139 12.80 1 0.19 18.43 1 0.00 4.19 1092 891 1 198 6.70 1 -0.08 0.76 1 4.04

140 12.63 1 -046 1834 4 -044 3.87 2 -177 2.88 3 0.22 6.78 1 0.2 1.37 1 -0.22 071 1 067

141 1279 1 015 18.35 2 -039 590 1 -7.28

142 1248 1 -1.04 18.19 4 -1.19 412 1 033 2.06 2 -2.43 6.72 1 0.08 1.33 2 -112 0.69 1 -0.67

143 1290 1 057 18.01 4 -2.09 405 1 -025 290 4 029 6.72 1 0.08 1.41 2 067 0.67 1 -2.02

144 13.18 1 165 1833 2 -049 3.89 1 -1.60; 246 1 -113 6.76 1 044 1.38 1 0.00 0.70 1 0.00

144 18.53 3 049 243 2 -1.23

144 18.48 4 024

145 1238 1 -1.42 18.45 4 0.09 415 3 059 259 2 -071 6.81 1 089 1.40 2 044 072 1 134 46.50 3 -0.82
146 12.63 1 -046 1820 4 -1.14 422 1 118 324 1 139 6.61 1 -0.89 1.33 2 -112 0.70 1 0.00 4940 1 -0.10

147 12.63 1 -0.46 18.71 3 139 4.07 2 -0.08 3.55 3 240 6.82 1 098 1.40 2 044 0.70 1 0.00

148 1224 1 -1.96 18.67 1 119 4.16 1 067 673 1 017 1.79 2 921 072 1 134

149 1276 1 0.03 18.19 1 -1.19 407 1 -0.08 2.82 2 0.03 6.65 1 -053 1.40 2 044 071 1 067

150 5280 1 154

151 12.89 1 053 51.00 1 067

152 13.00 1 0.96 1872 1 144 391 1 -143 293 2 039 673 1 017 142 2 089 0.69 1 -0.67.

154 13.00 1 0.96 17.39 1 -5.19 4.00 1 -067 6.05 1 -5.93;

155 1231 1 -1.69 18.96 4 264 398 1 -0.84;

155 12.74 2 -0.03

156 12.59 1 -0.61 1871 4 139 420 1 101 2.80 2 -0.03 6.56 1 -1.34 1.38 1 0.00 0.68 1 -134 4870 1 -0.44

157 18.68 3 1.24 5.57 2 -10.3]

160 12.08 1 -2.58 1838 4 -024 394 2 -118 274 2 -0.22 6.85 1 125 1.44 2 134 0.70 1 0.00

161 13.02 1 104 18.48 4 024 414 1 050 3.61 3 260 6.32 1 -3.50; 1.48 2 224 0.67 1 -2.02

162 13.01 1 1.00 1845 4 0.9 3.57 2 429 344 3 204 6.52 1 -1.70) 1.35 2 -0.67 0.70 1 0.00

163 1272 1 -0.11 1828 2 -074 4.00 1 -0.67 325 2 143 695 1 215 141 2 067 0.74 1 269

164 1292 1 065 19.94 3 754 373 2 295 2.17 2 -2.08 6.63 1 -0.71 1.13 2 -5.62 0.70 1 0.00;

165 18.52 3 044

166 18.76 2 164

167 1294 1 073 18.74 4 154 399 2 -075 3.15 3 110 677 1 053 1.31 2 -157 071 1 067

168 1280 1 019 1877 1 169 390 1 -151 3.63 2 266 6.04 1 -6.02! 1.38 2 0.00 071 1 067

169 12.82 1 026 18.55 4 0.59 4.04 1 -033 2.65 2 -0.52 6.65 1 -0.53 1.39 2 022 0.70 1 0.00

170 13.08 1 127 18.57 4 0.69 401 1 -0.59 2.81 2 0.00 6.69 1 -0.17 1.36 2 -0.44 0.70 1 0.00

172 12.19 1 215 19.11 1 339 6.11 1 -5.39i 1.32 2 -1.34 0.70 2 0.00;

173 12.75 2 0.00 18.41 3 -0.09 6.70 2 -0.08

175 1272 1 -0.11 1845 1 0.09 4.08 1 0.00; 252 2 -0.94 6.55 1 -143 1.40 2 044 0.70 1 0.00

176 13.01 1 1.00 1848 1 024 4.05 1 -025 0.70 1 0.00;

177 1320 2 1.713 51.50 1 091

178 5140 4 1.05
179 18.45 2 0.09 390 1 -151 2.87 2 0.19 6.13 1 -5.21] 146 2 179 0.69 1 -0.67,

180 1299 1 092 18.66 2 1.4 348 1 505 220 1 -1.98 6.63 1 -0.71 0.70 1 0.00;

181 48.60 3 -0.01
185 1290 1 057 18.50 3 034 412 1 033 2.84 2 0.09 6.65 1 -053 1.38 2 0.00 0.70 1 0.00

187 1271 1 -0.15 18.68 3 124 401 1 -059 290 2 029 6.56 1 -1.34 1.40 1 044 0.69 1 -0.67

190 1273 1 -0.07 1823 4 -099 409 2 008 343 3 201 6.64 1 -0.62 1.34 1 -0.89 0.70 1 0.00

191 13.05 1 L15 18.42 4 -0.04 3.89 2 -1.60 3.05 3 078 6.86 1 134 1.39 3 022 0.70 1 0.00 46.09 3 -0.97
192 12.86 1 042 1825 4 -089 4.06 1 -0.16 296 2 048 675 1 035 133 2 -112 0.68 1 -1.34

193 12.54 1 -0.80 1827 4 -079 4.16 1 067 379 4 3.8 644 1 242 141 1 067 0.75 1 337 42.60 1 -3.40

195 13.15 1 154 18.43 4 0.00 392 2 -1.34 632 1 350 1.37 1 -022 0.67 1 -2.02i

197 13.05 1 1L1s 1822 4 -1.04 3.92 2 -134 3.18 3 1.20 6.76 1 044 1.38 2 0.00 0.70 1 0.00 4410 3 -1.74
197 47.10 4 -0.59
198 13.04 1 111 18.29 2 -0.69 4.03 1 -042 3.07 2 084 6.84 1 116 1.41 2 0.67 0.70 1 _0.00

199 1270 1 -0.19 1825 2 -0.89 405 1 -025 298 2 055 640 1 278 1.36 2 -0.44 071 1 067
200 1293 1 0.69 18.17 4 -129 421 1 1.09 245 2 -117, 672 1 0.08 1.10 2 -6.29! 072 1 134
201 1297 1 084 18.08 4 -1.74 414 1 050 2.68 2 -0.42 6.82 1 098 1.37 2 -0.22 0.76 1 4.04i
202 12.67 1 -0.30 18.04 4 -194 4.09 1 008 346 2 211 6.80 1 0.80 1.47 2 202 073 1 202
203 12.57 1 -0.69 18.77 4 1.69
204 12,66 1 -0.34 17.88 4 274 395 1 -1.09 253 2 -091 6.89 1 161 1.46 1 179 0.70 1 0.00
205 1326 1 1.9 18.44 4 004 412 1 033 2.83 1 0.6 6.57 1 -125 071 1 067
206 12.56 1 -0.73 18.16 4 -134 418 1 084 270 2 -0.35 6.78 1 0.2 1.50 2 2.69 0.70 1 0.00
207 1292 1 065 18.40 4 -0.14 384 2 202 293 2 039 6.76 1  0.44i 141 2 o067 0.78 1 539 4620 3 -0.93
208 12.79 1 0.5 18.46 4 0.14 4.00 2 -0.67 695 1 215 146 2 179 0.76 1  4.04 48.40 1 -0.58
208 5070 2 052
209 12,66 1 -0.34 18.51 4 039 397 2 -092 3.10 3 094 6.73 1 017 1.41 1 067 0.70 1 0.00 48.10 3 -0.21
210 13.07 1 123 18.46 2 0.14 6.76 1 0.44!
211 13.05 1 1L1s 18.13 4 -149 410 2 016 6.61 1 -0.89 1.34 2 -0.89 071 1 067 49.80 1 0.09
212 1294 2 073 18.03 4 -1.99 4.10 5 o0.16 6.94 2.06; 1.44 1.34 0.72 1.34
213 1297 1 084 1832 4 -0.54 4.08 1 0.00; 2.81 2 0.00 6.83 1 1.07 1.41 1 067 0.70 1 0.00 47.80 3 -0.32
214 13.07 1 123 18.42 4 -0.04 4.15 1 059 287 2 0.9 6.58 1 -1.16] 1.55 2 382 0.69 1 -0.67, 50.00 3 o051
215 13,12 1 142 1827 4 -079 413 1 042 2.04 2 -2.50; 675 1 035 145 1 157 0.71 1 067, 47.10 1 -121
215 1292 3 065 18.82 5 194 4.01 3 -059 299 4 058 1.83 3 101 0.69 2 -0.67
216 12.62 1 -0.50 18.14 4 -144 2.88 2 0.22 6.69 1 -0.17 0.61 1 -6.07 51.90 1 111
217 1290 1 057 1820 1 -1.14 426 1 151 254 1 -087, 677 1 053
218 1290 1 057 1873 2 149 401 1 -0.59) 249 2 -1.04 6.73 1 017
219 1297 1 084 18.33 4 -049 4.10 1 0.6 6.62 1 -0.80;
220 13.19 1 1.69 1892 2 244 3.69 1 328} 6.34 1 -3.32 1.35 3 -0.67 081 2 741
221 1272 1 011 18.75 4 159 388 2 -les) 0.70 2 0.00

H
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K5 OHEE (3)
AEL
l* Koy H7-AHHE RLRET T FIRZS TN T A PINg SL G - 70—t vz vaz) | SL (HPLC » /34 A7 v A)
T o ol VT ( od DT (e T P T N (- NN N [ (- NN B [ NN B 1 [ seone
(%) (%) (%) (%) (%) (%) (%) (g(Jl/t) (g(JIl/) _

222 18.06 2 -1.84 396 1 -101 2.67 2 -045 6.68 1 -0.26 1.40 1 044
223 13,12 1 142 18.13 2 -149 390 1 -151 679 1 071
224 17.92 1 -254 425 1 143 1.82 2 321 6.96 1 224 1.27 2 247 0.68 1 -1.34
225 12.55 1 -077 6.68 2 -0.26]
226 1247 1 -1.07 1892 1 244 6.67 1 -035
227 1320 1 1.73 1820 4 -1.14 4.10 1 0.6 3.10 2 0.94 6.70 1 -0.08 146 1 1.79 072 1 134 5070 1 052
234 1281 1 023 18.63 1 099 402 1 -050 224 2 -185 6.82 1 098 1.40 2 044 0.70 1 0.00 51.00 4 089
246 12.85 1 038 18.36 4 -034 4.03 2 -042 253 2 -091 682 1 098
247 13.17 1 1.6l 18.31 3 -0.59 4.11 1025 2.81 2 0.00: 6.53 1 -1.61 0.63 1 -4.72
248 10.76 1 167, 18.61 1 089 677 1 053 1.48 2 224 0.67 1 -2.02
249 1230 1 -1.73 1832 4 -0.54 3.92 2 -134 272 1 -0.29 677 1 053 145 1 157 0.69 1 -0.67 51.60 2 096
250 12.67 1 -0.30 18.36 4 -034 4.00 1 -0.67 280 2 -0.03 6.70 1 -0.08 127 2 247 0.64 1 -4.04 5290 3 162
251 54.60 1 242
252 1289 1 053 6.74 1 026 5240 1 135
253 12.76 1 0.03 18.44 4 0.04 4.04 2 -033 277 1 -013 6.71 1 0.00] 1.35 2 -0.67 072 1 134 49.40 3 028
254 1278 1 o011 1847 2 019 406 1 -0.16 275 2 -0.19 6.82 1 098 1.40 1 044 071 1 067 5040 1 038 49.90 4 047
255 13.07 1 123 18.59 4 079 410 1 016 2.78 1 -0.09 6.69 1 -0.17 1.38 2 0.00 0.70 1 0.00
256 12.68 1 -0.26 1828 2 -074 4.16 1 067 6.87 1 143 145 2 157 0.71 1 067,
257 12,66 1 -034 18.60 2 084 399 1 -075 298 2 055 6.64 1 -0.62 1.42 2 089 0.70 1 0.00
258 12.15 1 -231 16.48 2 -9.74 509 1 85l 2.79 1 -0.06! 20.60 1 125
259 12.76 1 0.03 18.30 4 -0.64 4.02 1 -0.50 311 3 097, 677 1 053
260 12.82 1 0.26 18.50 4 034 3.54 2 -455 295 4 045 688 1 152 1.58 1 449 0.71 1 0.67; 51.00 3 089
261 1246 1 -L11 18.59 4 079 449 1 345 235 2 -1.49 6.70 1 -0.08 1.30 2 -1.79 0.70 1 0.00 49.60 1 0.00
262 12.88 1 0.50 18.47 4 019 405 1 -025 296 2 048 675 1 035 1.35 3 -0.67 0.67 1 -2.02 50.80 1 057
263 1279 1 015 18.46 2 0.4 436 1 236 245 2 -117 6.69 1 -0.17 130 2 -1.79 0.69 1 -0.67. 49.00 3 0.13
264 12.67 1 -030 18.08 1 -1.74 6.68 1 -0.26!
265 12.14 1 235 18.59 4 079 3.57 1 -429i 672 1 0.08
266 11.05 1 -6.55 17.90 4 -2.64 278 2 -110
267 12.87 1 046 18.68 1 124 420 1 101 2.66 1 -0.48 6.76 1 044 1.40 2 044 0.70 1 0.00
268 12.15 1 -231 18.54 4 0.4 4.06 1 -0.16 2.82 1 003 6.92 1 188 139 2 022 0.68 1 -1.34 5242 2 136
269 1229 1 -1.77 17.97 2 229 252 2 -0.94 6.82 1 098 1.50 2 2.69 071 1 067
270 1274 1 -0.03 18.42 4 -0.04 412 1 033 3.08 2 087 6.67 1 -035 1.42 2 089 0.67 1 -2.02 50.10 3 055
271 12.71 1 -0.15 18.61 4 089 421 2 1.09 688 1 152
272 1279 1 015 18.40 4 -0.14 4.06 1 -0.16 287 2 0.9 6.84 1 116 144 2 134 0.70 1 0.00;
273 1271 1 015 18.87 4 219 452 1 370 2,69 2 -0.39 6.79 1 071 1.38 2 0.00 073 1 202 5030 1 033
274
275 12.55 1 -0.77 18.48 4 024 395 1 -1.09; 245 2 -117, 679 1 071 122 2 -3.59; 0.71 1 067, 5040 1 038
278 1255 1 -0.77 18.62 4 094 420 1 101 298 1 055 6.74 1 026 1.39 2 022 0.67 1 -2.02
290 12.10 1 -2.50 18.62 4 094 378 2 252 2.75 2 -0.19 6.78 1 0.2
291 12.39 1 -1.38 1832 2 -0.54 3.93 1 -126 2.55 1 -0.84 6.70 1 -0.08 1.40 2 044 0.64 1 -4.04!
294 1199 1 -2.92 17.83 4 -299 435 1 227 338 3 185 6.05 1 -5.93

300 1285 1 038 18.56 1 0.64 428 1 168 270 2 -035 6.73 1 017 1.50 2 2.69 071 1 067 4940 1 -0.10

301 12.75 1 0.00 1839 2 -0.19 435 1 227 236 2 -1.46 6.65 1 -053 1.34 1 -0.89 0.69 1 -0.67,

302 1203 1 277 18.59 4 079 377 2 261 2.56 2 -081 693 1 197 1.34 2 -0.89 0.64 1 -4.04

303

304 12.60 1 -0.57 18.12 4 -1.54 426 1 151 293 2 039 6.75 1 035 1.51 1 292 071 1 067 4940 1 -0.10

305 1273 1 -0.07 1875 4 159 406 1 -0.16 292 2 035 6.88 1 152 1.35 2 -0.67 072 1 134 48.70 3 0.01
306 12.83 1030 18.41 4 -0.09 426 1 151 322 3 133 6.71 1 0.00 1.51 2 292 073 1 202

307

308 12.83 1 030 18.52 1 044 6.75 1 035

309 1241 1 -131 18.28 2 -0.74 6.60 1 -0.98

310 12.55 1 -0.77 18.52 4 044 429 1 177 285 1 013 6.58 1 -1.16; 1.38 1 0.00 074 1 269

311 12.55 1 -0.77 18.49 4 029 4.04 1 -033 2.66 1 -0.48 673 1 017

312 12.53 1 -0.84 18.35 1 -039 432 1 202 6.88 1 152

313

314 12.18 1 -2.19 20.09 1 829 3.61 1 -3.96 286 1 0.16 6.57 1 -125 123 1 337 0.66 1 -2.69

315 12.69 1 -023 18.51 1 039 411 1 025 6.78 1 0.62

316 1269 1 -0.23 18.50 1 034 4.00 1 -0.67 276 2 -0.16; 6.80 1 0.80; 145 1 157 0.70 1 0.00;

317 1227 1 -1.85 18.72 4 144 370 1 -3.20; 6.61 1 -0.89;

318 12.50 1 -0.96 1822 4 -1.04 403 1 -042 298 2 0.55 6.58 1 -1.16 1.35 2 -0.67 0.68 1 -134

319 1280 1 019 18.44 2 004 442 1 286 2.81 1 0.00 6.59 1 -1.07 1.51 1 292 0.70 1 0.00

320 13.10 1 134 18.58 2 074 4.09 1 008 2.52 2 -0.94 673 1 017 145 2 157 0.70 1 0.00; 49.70 4 040
321 1242 1 -127 1836 2 -0.34 412 2 033 238 2 -1.39 677 1 053 1.36 2 -0.44 0.70 1 0.00 5117 1 075

322 1295 1 077 1834 4 -044 394 2 -118 2.79 2 -0.06 629 1 -3.77! 1.36 2 -0.44 0.70 1 0.00 5270 1 149

323 12.63 1 -0.46 18.24 4 -094 384 2 202 2.57 2 -0.78 6.70 1 -0.08 1.38 2 0.00 0.70 1 0.00;

324 13.18 1 165 18.48 4 024 415 1 059 6.80 1 0.80 1.37 2 -0.22 0.70 1 0.00 47.80 1 -0.87

325 1239 1 -1.38 18.36 2 -034 411 1 025 6.84 1 1.16]

326 12.78 1 o011 18.18 4 -124 4.16 1 067 673 1 017 135 1 -0.67

327 1280 1 019 1834 4 -044 405 2 -025 3.08 2 087 6.82 1 098 1.47 2 202 0.70 1 0.00 47.60 2 -097

328 12.48 1 -1.04 18.31 4 -059 4.54 1 387 2.75 2 -0.19; 6.73 1 0.17 1.32 2 -1.34 0.76 1  4.04 47.50 3 -0.44
329 12.72 1 -0.11 18.40 2 -0.14 392 2 -1.34 264 2 -055 682 1 098 141 1 067 0.67 1 -2.02

330 13.11 1138 1836 4 -034 416 1 067 235 2 -149 6.73 1 017 1.40 2 044 072 1 134

331 1281 1 023 1820 4 -1.14 406 2 -0.16 2.65 2 -0.52 6.72 1 0.08 1.33 2 -112 0.70 1 0.00 4820 1 -0.68

332 12.55 1 -0.77 18.11 4 -1.59 396 1 -1.01 1.81 2 325 6.55 1 -143 127 2 247 0.69 1 -0.67, 4390 3 -1.81
333 1290 1 057 18.62 4 094 399 2 -075 2.63 2 -0.58 6.80 1 0.80 1.34 2 -0.89 0.70 1 0.00

334 1278 1 o011 1821 2 -1.09 412 1 033 271 2 -032 6.73 1 017 132 2 -134 0.81 1 741}

335 12.50 1 -0.9 1833 4 -049 408 1000 2,68 2 -042, 6.65 1 -0.53 139 2 022 073 1 202 49.00 1 -0.29

351 12.00 1 -2.89 18.82 4 194 439 1 261 330 2 1.59 699 1 251 147 2 2.02 1

352 1191 1 323 1834 2 -044 440 1 2.69) 2.56 2 -081 6.73 1 017 132 2 -134 0.70 1 0.00

353 12.96 1 0.80 18.35 4 -039 4.04 2 -033 3.02 3 0.8 6.65 1 -0.53 1.37 1 -0.22 0.69 1 -0.67,

354 1280 1 0.19 18.18 4 -124 390 2 -151 4.01 3 3.90! 675 1 035 135 2 -0.67 0.71 1 067, 50.50 2 043

356 1279 1 015 17.97 4 229 413 1 042 2.68 1 -0.42 6.79 1 071 1.37 2 -0.22 0.68 1 -134

357 1220 1 211 18.60 4 084 410 1 016 2.60 1 -0.68 7.00 1 2.60 144 2 134 0.68 1 -1.34

358 12.06 1 -2.65 17.78 4 324 405 1 -025 2.81 2 0.00 6.71 1 0.00

359 12.10 1 -250 428 1 168 634 1 -3.32]
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AREL
l* Ry H7ZAHHE RLRET T FIRZS TN T A PINg SL G - 70—t 722 vaz) | SL (HPLC » /34 A7 v A)
T (o el OPTIE ( d PP (b e e T e i seone
(%) . (%) (%) (%) . (%) (%) - (%) (eOfifyD (e(fily) e
360 12.83 1 030 18.78 2 174 423 1 126 273 2 -0.26 6.71 1 0.00 1.49 1 247 0.70 1 0.00
361 12.85 1 038 18.38 3 -024 420 2 101 251 2 -0.97, 643 1 -251 137 1 -0.22 0.71 1 067,
362 12.85 1 038 18.67 2 119 6.80 1 0.80; 46.00 1 -175
364 1286 1 042 6.63 1 -0.71
365 1323 1 185 1833 3 -049 424 1 134 325 3 143 6.69 1 -0.17 139 2 022 0.70 1 0.00 4593 3 -1.04
366 1247 1 -1.07 6.82 1 098 132 2 -1.34 0.70 1 0.00
367 12.14 1 235 18.57 2 0.69 3.63 1 :3.79 644 1 242
368 1248 1 -1.04 1823 4 -099 4.07 1 -008 6.99 1 251
369 12.62 1 -0.50 18.54 3 054 387 2 -177 2.68 3 -0.42 6.65 1 -0.53 149 2 247 0.67 1 -2.02
370 12.80 1 0.19 1831 4 -0.59 4.00 1 -0.67 2.76 2 -0.16 6.67 1 _-035 1.33 2 -L12 0.70 1 0.00
372 12.87 1 046 18.70 4 134 4.01 1 -059 3.84 2 3.34 6.66 1 -0.44] 1.33 2 -112 0.70 1 0.00; 56.25 1 322
373 12.82 1 026 1827 3 -0.79 409 1 008 3.18 3 1.20 6.76 1 044 1.37 2 -0.22 0.70 1 0.00
374 1217 1 223 18.57 1 0.69 4.07 1 -0.08 649 1 -1.97 1.68 1 66.1
375 12.82 1 0.26 18.44 1 0.04 6.69 1 -0.17 46.30 2 -1.60
376 1264 1 -042 18.49 2 029 420 1 101 6.86 1 134 141 2 o067 0.70 1 0.00;
377 1252 1 -0.88 1826 4 -0.84 3.80 1 -236 2.57 2 -0.78 677 1 053 1.46 2 179 0.68 1 -134 5208 1 119
378 1299 1 092 1830 4 -0.64 410 1 0.16] 3.00 2 o061 673 1 017 1.33 2 -112 072 1 134
379 1240 1 -1.34 18.10 4 -1.64 3.60 1 -4.04 6.80 1 0.80]
380 13.05 1 115 1822 4 -1.04 4.02 1 -0.50 275 2 -0.19 6.74 1 0.6 141 2 o067 0.71 1 067, 49.80 3 044
381 12.77 1007 18.61 4 089 435 2 227 226 1 -178 6.81 1 089 1.42 2 089 0.71 1 067
382 12.83 1030 18.67 4 119 407 1 -0.08 3.10 3 094 635 1 -323 117 1 41 072 1 134 51.08 3 092
383
384 12.64 1 -042 18.66 2 114 412 1 033 3.01 2 065 6.61 1 -0.89 1.37 2 -0.22 0.70 1 0.00 49.80 1 0.09
385 12.72 1 -0.11 1831 4 -059 4.17 1 075 276 1 -0.16; 6.48 1 -2.06]
386 1298 1 088 4990 1 0.4
387 12.57 1 -0.69 17.46 2 -484 4.66 1 489 3.04 1 0.74 6.81 1 0.89] 0.70 1 0.00!
388 12.59 1 -0.61 18.30 2 -0.64 405 1 -025 262 1 -061 673 1 017 1.34 1 -0.89 0.69 1 -0.67. 53.00 1 1.64
389 12.85 1 038 1834 4 -044 400 1 -0.67 274 2 -0.22 6.71 1 0.00 1.41 2 067 0.70 1 0.00 4925 2 -017
390 1270 1 -0.19 18.45 2 0.09 4.08 1 0.00: 275 2 -0.19 675 1 035 1.38 2 0.00 0.70 1 0.00 50.30 4 0.63
427 13.12 1 142 18.50 4 034 4.04 1 -033 2.67 1 -045 6.74 1 026 1.39 2 022 0.71 1 067 5090 2 0.62 48.50 4 -0.05
1L : z-scoreDARIZ FHRE A Lz b DL, #xHED3 ETH D LD
2 FEONo AT, kA RT, NI T LB ThD,
K5y Wiz A g ARG HLigkAE HUK Sy N VY

No. St liik No. 7p#fJiik — No. Z3#r No. /3 /iik No. St liik No. st liik No. /3t iiik

1 VR HT 1 il 1 fkk 1 s FALRH AT A | YERUmBTY ek oy B B
e WL 4 e s e E= Ak e
2 ApWER 2 po 2 HEBSHE 2 Ak 2 zoft 2 JEERRE S 2o
3 Zofh 3 BRBEE 3 Zofh 3 BHEHHE 3 Zofh 5 AH
4 ABOHHE 5 AH 4 Zofh

5 Zofh
AUV &2 (7 all NUR VN
No. Z3Hi 51k
1 EBROTIE
Ja—ArVxl
vavik
3 HPLCik

2

4 SAFT A
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x5 HHTEHE (5)

Bk} Dt kL B
L K5y H-ABE HUK Sy HRIT A E N k] i JIXUBET TV
LR T, el IV b T T T T T
(%) (%) ) (%) (mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg)
1 9.01 1 098 61.21 4 042 2098 1 -053
2 888 1 018 60.88 1 -0.16] 2083 2 -143
3 870 1 -091 5840 2 -459 19.15 1 -115
4 6120 1 041 2130 1 137
5 9.10 1 153 60.90 1 -0.12 2121 1 083
6 9.08 1 141 61.05 1 0.14 2094 1 -0.77,
7 8.90 1 030 60.65 1 -0.57, 20.71 1 215
8 8.19 1 -4.04 51.83 4 -163 20.87 1 -1.19
9 8.08 1 -4.72; 59.38 2 -2.84 2099 1 -047
10 9.01 1 098 61.19 4 039, 21.11 1023
11 9.16 1 1.90 61.09 3 o021 2112 1 029
12 875 1 -061 61.01 4 0.07, 2126 1 113 21.83 2 273 28.17 2 -1.69
13 893 1 049 60.73 2 -0.42 2091 1 -095 113 1 0356 5250 1 -1.67 2244 1 -1.67 3063 1 074
14 890 1 030 61.42 2 080 21.08 1 005 1.01 1 -0.78 2271 1 -121 2859 1 -127
15 9.05 1 122 61.05 4 0.14 21.01 1 -035
17 825 1 3.67 60.67 2 -0.53 2130 1 137 1.00 1 -0.89 23.00 1 -0.70 30.10 1 o021
18 8.62 1 -141 58.90 2 -3.69; 20.73 1 -2.03
19 8.85 1 0.00] 61.07 4 017 21.12 1 029
20 896 1 067 6144 4 083 2122 1 089
21 8.86_ 1 0.06 61.45 4 085 2094 1 -0.77
22 8.83 1 -0.12 60.75 4 -0.39 2133 1 155
23 891 1 036 60.76 4 -037 21.03 1 -023
24 8.64 1 -128 62.04 2 191 2131 1 143
25 8.83 1 -0.12 60.74 4 -041 21.14 1 041 2329 1 -0.20
26 8.10 1 -4.59; 60.47 4 -0.89; 20.85 1 -131
27 898 1 0.79 61.09 4 o021 2099 1 -047 2338 1 -0.05 3023 1 034
28 872 1 -0.79 6121 4 042 21.07 1 0.00 2344 1 005 2875 1 -L12
29 871 1 -085 60.97 4 0.00! 2091 1 -095
30 895 1 061 61.19 4 039 21.10 1 017 2321 1 -034 2946 1 -041
31 8.86 1 0.06 60.99 4 0.03 21.01 1 -035 2327 1 -0.24 30.06 1 0.7
32 9.04 1 116 60.95 4 -0.03 21.15 1 047 2291 1 -0.86; 2840 1 -l1.46
33 879 1 -036 61.57 4 1.07 21.08 1 005 1
40 894 1 055 6135 1 067 21.10 1 017, 0.99 2 -101 59.70 1 -0.76 2332 1 -0.15 30.05 1 0.16 16.70 1 028
51 873 1 -073 61.61 4 1.14 21.06 1 -0.05 2338 1 -0.05 3047 1 058
52 876 1 -055 60.95 4 -0.03 21.04 1 -017
53 876 1 -055 21.08 1 005 1.13 1 056 2332 1 015 3295 1 3.04
54 9.10 1 153 61.06 4 0.16 2132 1 149
55 9.10 1 153 60.30 4 -1.19 20.78 1 -173 2341 1 0.00 3174 1 184
56 8.72 1 -0.79; 60.84 4 -023 20.84 1 -137 23.19 1 -0.38 2949 1 -038
57 8.54 1 -1.90 61.24 4 048 21.03 1 -023
59 875 1 -061 21.04 1 -017
63 790 1 -582 60.60 1 -0.66; 21.10 1 017
65 877 1 -0.49 62.12 1 205 20.52 1 -3.29! 0.66 3 -4.72 26.55 2 543 21.01 2 -8.79
66 9.10 1 153 61.25 4 0.50; 21.14 1 041
67
68 8.88 1 0.8 60.76 4 -037 21.08 1 005
69 8.85 1 0.00] 60.90 4 -0.12 21.14 1 041
70 8.17 1 -416 61.24 4 048 21.01 1 -035
71 887 1 012 60.95 4 -0.03 2091 1 -095
73 8.96 1 0.67 60.81 2 -0.28 21.11 1023 22.17 1 -2.14 31.38 1 148
74 8.64 1 -1.28 61.08 4 0.19 21.14 1 041 2332 1 -0.15
75 887 1 012 6145 4 085 2094 1 -0.77 1.06 3 -0.22 24.17 2 131 2949 2 -038
76 897 1 073 61.15 4 032 21.07 1 0.00
77 873 1 -073 60.51 4 -0.82 2125 1 107
78 879 1 -036 61.41 4 078 2096 1 -0.65
80 851 1 -2.08 6197 4 178 20.98 1 -0.53
82 876 1 -0.55 60.87 4 -0.17, 21.15 1 047
83 8.88 1 0.8 60.53 1 -0.78! 20.84 1 -137
85 8.70 2 -091 60.80 2 -0.30 21.06 1 -0.05
86 9.05 1 122 60.70 4 -0.48! 21.10 1 0.17 21.71 1 -2.94
87 8.83 1 -0.12 60.81 2 -0.28 2094 1 -0.77
88 9.17 1 196 60.55 2 -0.75 21.03 1 -023 1.02 2 -0.67 23.03 1 -0.65 3027 1 038
89 8.84 1 -0.06; 61.12 4 0.26 2098 1 -0.53
90 9.11 1 159 61.10 4 023 21.19 1 071
91 888 1 018 60.71 4 -0.46
93 8.65 1 -1.22 61.25 4 0.50; 2120 1 077
96 891 1 036 60.47 4 -0.89 2093 1 -0.83 1.06 2 -0.22 55.15 1 -134 24.04 1 1.08 30.57 1 0.68 1540 1 -0.96
97 8.28 1 -3.49; 60.88 1 -0.16]
108 9.03 2 110 6138 1 073 21.08 1 005 1.10 2 022 71.00 1 067 23.68 1 046 3182 1 192 15.00 1 -1.34
110 895 1 061 61.07 1017 21.08 1 0.5 23.62 1 036 2831 1 -1.55
111 895 1 o061 60.39 4 -1.03 20.87 1 -119 0.79 5 -326 2274 1 -115 30.08 1 0.19
112 8.83 1 -0.12 61.64 2 119 21.22 1 0.89] 1.16 1 089 20.28 1 -5.41 3244 1 253 1345 1 284
113 857 1 -171 61.40 4 0.76 21.13 1 035 122 1 57 2624 1 489, 31.10 1 121
115 895 1 o061 59.93 4 -185 2123 1 095 1.56 1 539 23.69 1 048] 3072 1 083
118 9.00 1 091 60.83 4 -0.25 21.10 1 017 0.88 1 -2.24 2296 1 -0.77 2934 1 -0.53 16.70 1 028
119 8.86 1 0.06; 61.16 4 033 21.08 1 005 16.40 1 0.00
120 8.82 1 -0.18 61.68 3 126 21.14 1 041 63.50 1 -027 23.14 1 -046 29.64 1 -023 15.70 1 -0.67
120 60.86 4 -0.19
121 8.84 1 -0.06] 6195 3 175 20.89 1 -1.07 2327 1 -0.24 15.06 1 -129
122 9.09 1 147 61.36 4 0.69 21.07 1 0.00;
123 8.81 1 -0.24] 61.34 4 0.66] 21.06 1 -0.05
124 895 1 o061 61.55 4 1.03 21.11 1 023 093 2 -1.68 2329 1 -0.20: 30.65 1 076
126 891 1 036 60.30 2 -1.19 21.19 1 071
126 63.68 3 4.4
128 9.01 1 098 62.10 3 201 21.24 1 101




SRR 19 4RO Jid

BN & 2 T eIz ST

135

£5

SrtTEiE (6)

B kL Dk} .
L K5y H-ABE HUK Sy HRIT A E N k] i JZUBET LTIV
L T AN NI T T P oL M T X
%) g (o4) . z-score () e ke el (k) s A s B scor (wke) . z-score
129 876 1 -0.55 61.77 3 142 21.18 1 065 112 1 044 66.10 1 0.05 2341 1 0.00 2896 1 -091
130 883 1 -0.12 60.74 4 -041 21.02 1 -0.29 2245 1 -1.66] 29.66 1 -021
131 8.81 1 -0.24 61.61 4 114 21.19 1 071 1.01 1 -0.78 66.90 1 0.5 22,16 1 -2.16 28.18 1 -1.68
132 8.90 1 030; 60.75 2 -0.39 2097 1 -0.59
133 887 1 012 60.85 4 -021 2136 1 173 2330 1 -0.19 29.88 1 0.00
134 8.86 1 0.6 61.23 4 046 21.03 1 -023 1.07 2 -0.11 72.10 1 081 2395 1 093 30.67 1 078 1740 1 096
135 8.80 1 -0.30; 60.40 4 -1.01 2120 1 077
137 9.11 1 159 61.44 4 083 2094 1 -0.77 1.12 2 044
138 888 1 018 60.53 4 -0.78 21.11 1 023
139 9.02 1 1.04 60.92 2 -0.08; 20.83 1 -143
140 872 1 -0.79 60.46 4 -0.91 2128 1 125 39.45 1 -3.34! 2343 1 0.03 29.10 1 -0.77 1729 1 085
141
142 875 1 -061 61.11 4 025 2098 1 -053
143 9.02 1 1.04 60.30 4 -1.19 2130 1 137 2342 1 001 2930 1 -0.57
144 9.04 1 116 6091 2 -0.10; 2122 1 089 5840 1 -092
144 62.06 3 1.94
144 61.22 4 044
145 856 1 -1.77 60.70 4 -0.48 2121 1 083 1.06 3 -022 81.70 1 2.03 23.83 2 072 28.05 2 -1.81 15.60 1 -0.77
146 870 1 -091 6031 4 -1.17 21.10 1 017 1.06 2 -0.22 5720 1 -1.08 2353 1 020 3012 1 023 16.40 1 0.00
147 873 1 -0.73 60.74 3 -041 2139 1 191 2445 1 179
148 8.65 1 -1.22 61.26 1 051 20.83 1 -143 124 2 179 2223 1 -2.04 2840 1 -146
149 892 1 042 60.81 1 -0.28 21.19 1 071 1.08 2 0.00 23.05 1 -0.62 29.64 1 -023 15.70 1 -0.67
150 69.60 1 049 23.69 1 048 3111 1 122 1720 1 077
151 892 1 042 66.43 1 0.09 2230 1 -1.91 3043 1 054 16.00 1 -038
152 899 1 085 61.41 1 078 21.15 1 047 .11 1 033 22.62 1 -1.36 28.65 1 -122
154 10.60 1 107 59.54 1 -255 20.70 1 221
155 875 1 -061 61.44 4 083
155 895 2 06l
156 895 1 o061 61.63 4 117 2092 1 -0.89i
157 61.54 3 101 20.02 2 -6.29!
160 8.16 1 -4.23 60.22 4 -1.34 2143 1 215 1.13 1 056 7630 1 134 2355 1 024 29.88 1 0.00
161 9.02 1 1.04 61.62 4 116 2086 1 -125 0.88 3 -2.24 60.40 1 -0.67 20.97 1 -421 26.17 1 -3.67! 1530 1 -1.05
162 8.89 1 024 60.60 4 -0.66! 2094 1 -0.77 1.06 2 -022 23.53 1 0.20 2999 1 0.0
163 891 1 036 60.96 2 -0.01 2136 1 173
164 8.61 1 -147 62.17 3 214 20.69 1 -2.27
165 63.19 3 3.96
166 6242 2 259
167 898 1 079 60.89 4 -0.14 2131 1 143 1.13 2 036
168 897 1 073 61.71 1 132 20.77 1 -1.79 1.06 2 -0.22 2323 1 -031 2927 1 -0.60
169 8.89 1 024 61.67 4 125 20.97 1 _-0.59 1.10 1022 17.50 1 1.05
170 9.07 1 134 61.82 4 151 21.11 1 023
172 8.63 1 -1.34] 60.19 1 -1.39; 21.05 1 -0.11 2287 1 -093 2731 1 254
173 894 2 055 61.31 3 0.60 21.08 2 0.05
175 8.79 1 -0.36; 60.67 1 -053 21.15 1 047 1.08 2 0.00 23.00 1 -0.70; 3039 1 0.50;
176 892 1 042 61.82 1 151
177 9.40 2 337 4880 1 -2.15 2330 1 -0.19 2990 1 o001 1550 1 -0.86
178 2324 1 -0.29 2899 1 -0.88 1590 1 -048
179
180 897 1 073 62.04 2 191 2096 1 -0.65 099 2 -101 2295 1 -0.79, 29.61 1 -0.26
181 2430 1 153 3025 1036 16.50 1 0.09
185 9.07 1 134 61.44 4 083 20.90 1 -1.01 1.10 1 022 57.60 1 -1.03 2370 1 0.50 2949 1 -038
187 878 1 -042 6139 4 075 20.88 1 -113
190 8.83 1 -0.12 62.29 4 235 20.85 1 -131
191 9.03 1 110 61.13 4 028 2120 1 077 126 1 202 69.94 1 053 21.71 2 -2.94 29.00 2 -0.87 16.40 1 0.00
192 875 1 -0.61 61.10 2 023 2090 1 -101 1.00 2 -0.89 2336 1 -0.08 28.78 1 -1.09 15.10 1 -125
193 8.60 1 -153 61.22 4 044 20.74 1 -1.97
195 9.09 1 147 61.72 4 134 20.87 1 -L19 69.20 1 044
197 9.04 1 116 60.87 4 -0.17! 21.02 1 -0.29 125 1 191 66.00 1 003 23.19 1 -0.38! 2931 1 -0.56 21.10 1 452
197 097 2 -123
198 9.00 1 091 60.65 2 -0.57! 21.16 1053
199 8.77 1 -0.49 60.38 2 -1.05 2086 1 -1.25 29.30 10.2;
200 8.85 1 0.0 60.79 4 -0.32 21.17 1 059 23.07 1 -0.58 3145 1 155
201 896 1 067 59.67 3 -2.32 21.19 1 071 096 2 -1.34
202 8.63 1 -134 60.02 4 -1.69 21.17 1 059
203 8.69 1 -098 62.27 4 232
204 8.81 1 -0.24 59.30 4 -2.98 2093 1 -0.83
205
206 856 1 -1.77 60.61 3 -0.64 21.18 1 065
207 893 1 049 60.95 4 -0.03 20.76 1 -1.85 62.00 1 -047 2462 1 2.09 29.61 1 -026
208 898 1 0.79 60.35 4 -1.10 21.18 1 065
208
209 871 1 -085 61.07 4 017 2093 1 -0.83 1440 1 -1.92
210 899 1 085 6128 2 055 21.14 1 041
211 9.07 1 134 60.42 4 -0.98; 20.80 1 -le6l 2356 1 025 3224 1 234 1580 1 -0.57
212 9.09 2 147 59.87 4 -1.96 21.22 1 0.9
213 9.03 1 110 60.80 4 -0.30; 21.17 1 059
214 9.06 1 128 60.82 4 -0.26 21.10 1 017 097 1 -1.23 64.20 1 -0.19 27.11 1 639 34.84 1 491 16.60 1 0.19
215 893 1 049 61.03 4 o0.10 21.16 1 053 28.50 2 8.0 17.60 1 115
215 8.61 3 -147
216 8.54 1 -1.90 60.07 4 -1.60 20.97 1 -0.59i
217 888 1 018 60.57 1 -071 21.03 1 -023 1.05 -0.33
218 8.89 1 024 61.53 2 1.00 2135 1 167
219 9.09 1 147 61.00 3 0.5 2094 1 -077
220 9.01 1 098 6091 2 -0.10; 20.72 1 -2.09

221





























































