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Development of Fumonisin Determination Method in Corn Silage and Whole-Crop Rice Silage
by LC-MS/MS

NAGAKUBO Shinpei*! and YAMAGAMI Yohei 23
(*! Fertilizer and Feed Inspection Department, Food and agricultural Materials Inspection Center (FAMIC)
(Now Fukuoka Regional Center, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC,

*3 Institute of Food Research, National Agriculture and Food Research Organization)

We have developed a quantitative determination method of fumonisin concentration in corn silage
and whole-crop rice silage (WCRS) using a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS).

Fumonisin was extracted with methanol-water (3:1), and the extracted solution was filtered. The
filtrate was then purified with a solid phase extraction column (Oasis MAX, Waters Co.; Milford,
MA, USA), and injected into an LC-MS/MS to determine the fumonisin concentration. LC
separation was then carried out on an ODS metal-free PEEK column (InertSustain C18, 2.1 mm i.d.
x 150 mm, 3 pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 % formic acid aqueous
solution and 0.1 % formic acid acetonitrile solution as a mobile phase. In the MS/MS analysis, the
positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on corn silage and WCRS. Corn silage and WCRS was added with
3.111 mg/kg of fumonisin B;, 1.111 mg/kg of fumonisin B, and 0.267 mg/kg of fumonisin B3
respectively. The resulting mean recoveries ranged from 64.7 % to 66.2 % for fumonisin By,
58.0 % to 65.8 % for fumonisin B, and 61.8 % to 67.0 % for fumonisin B3. The repeatability in
the form of the relative standard deviation (RSD;) was less than 4.5 % for fumonisin Bi, less than
2.5 % for fumonisin B, and less than 2.2 % for fumonisin B3. This method was considered in need
of improvement, because the mean recoveries were out of target.

Key words: fumonisin; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); corn silage; whole-crop rice silage
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Chemical formula R; R, MW CAS
formula

(2s,2'S)-2,2'-{[(5S 6R,7R 9R ,11S ,16R,
18S,19S )-19-amino-11,16,18-trihydroxy-5,9-

Fumonisin B, dimethylicosane-6.7-diylbis [oxy(2- OH OH  CyHgNO,5 721.83 1136355-83-0
oxoethane-2,1-diyl)] }disuccinic acid
(2R,2R)-2,2'-
{[(5R ,6S,7S,9S ,16R ,18S ,19S )-19-amino-
Fumonisin B, 16,18-dihydroxy-5,9-dimethylicosane-6,7- OH H Cy4H5NO;, 705.83 116355-84-1
diyl]bis[oxy(2-oxoethane-2,1-
diyl)]}disuccinic acid
2-[[ (5R ,6R,7S 9S ,11R 18R ,195)-19-
.. amino-6- (3,4-dicarboxybutanoyloxy)-11,18-
Fumonisin B dihydroxy-5.9-dimethyk-icosan-7- H OH C3H5NO,, 705.83 116379-59-4
ylloxycarbonylmethyl]butanedioic acid
Fig. 1  Chemical structures of fumonisins
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3) TE=U LV B R
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3) AT VRS AEMYE =AU —N-E= o) RUEREAKI =T A
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L7z, 7 =KV =0k (1+1) 8 mL ZIEFEIZINZ CEEWMEZENL, AV T T T 4V
—TAi L, LC-MS/MS IZ X 2 HIEICHT 5 30EHAK & LTz,

3) LC-MS/MS (T L % HlE
UBHA K R A S HEE 4 5 uL & LC-MS/MS (21 EA L, BIREJSHE (LLF TSRMJ &0
9. ) ru~ 7T LEG. WESRME Table ] KM 2 2R LTZ.

Table 1 Operating conditions of LC-MS/MS

Column InertSustain C18 metal-free PEEK column (2.1 mm i.d. x 150 mm, 3 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — 0.1 v/v% formic acid acetonitrile solution (7:3)
— 15 min — (1:9) (hold for 5 min) — 2 min — (7:3) (hold for 3 min)

Flow rate 0.2 mL/min

Column temperature 40°C

Detector Quadrupole mass spectrometer

lonization Electrospray ionization (ESI) (Positive ion mode)

Nebulizer gas Air (2.5 L/min)

Drying gas N, (5 L/min)

Interface temperature 250 °C

Heat block temperature 500 °C

Desolvation line temperature 150 °C

Collision gas Ar (270 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier  Qualifier energy
(m/z) (m/z) (m'z) (eV)
. 352 — 36
Fumonisin B, 723
— 334 42
. 336 — 37
Fumonisin B, 707
— 318 40
. 336 — 39
Fumonisin B, 707
318 39

4) i &
SoNiz SRM 7~ 77 AL E—7 X IIE S 2RO THRERZIERL, REF D
BTE=VUBEAFEHEBLE. B, 3713 — 7 HETOM R L.
B, TEEOMEL Scheme 1 1278 L 7.
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Sample 20 g (500 mL Erlenmeyer flask)

added 200 mL of methanol-water (3:1)

shook for 30 min

——filtered through a filter paper (No. 5A of JIS P3801)
Oasis MAX

pre-washed with 5 mL of methanol and 5 mL of water

transferred 1 mL of filtrate into 3 mL of 28 v/v% ammonia water (1:19)
loaded sample solution

washed with 10 mL of methanol

eluted with 5 mL of formic acid-methanol (1:49)

evaporated to dryness under 40 °C and dried with nitrogen gas
dissolved in 8 mL of acetonitrile-water (1:1)

filtered through a membrane filter (0.45 pum)

LC-MS/MS

Scheme 1 Analytical procedure for fumonisins in corn silage and whole-crop rice silage (WCRS)

2.5 FEHERINEIZ L 2159 O & & 51k
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TANLE— 7 EHEERD, E— 7 WELOEIMEE (BRMEEHZ DWW T 0 mgkg) Z AW
THREMREIER L, RERZINR L ZRINEE OB F 6 EREZ R L.
2.6 EINENEER
22D 2D~ MDOEIEMERZ T =M UL —/K (1+1) TIEMIZARLEIMCHWE.
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mg/kg FHY fE (Fi&RlEHAR T C 87.5 ng/mL) , 7E=3 By & LT 1.111 mgkg tHY & ([F
31.25 ng/mL) , 7E=3> By & LT 0.267 mg/kg FHY & ([F] 7.5 ng/mL) % T ZENEHRMNE K<
BAL, —R&EE LIRS 24 1ICH-> TERL, FHEICGE R OWE UK E 2RO 7. BILET
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ELT25mgkgiYE, 7E=2B3E LT0.6mgkgf4BETHY, FWPEE~OHRREIL,
JE o e NREE R DK EAEREE 60 %L N0 % EBELT, i OkDEaE 60 %) ke
=iz OKGERE10%) FIRE 225 ORIz L viTo 7
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3.1  Hh B & O R
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Fig. 2-1  Selected reaction monitoring (SRM) chromatogram using InertSustain C18 column
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Fig. 2-2  SRM chromatogram using InertSustain C18 metal-free PEEK column

3.4 MEMR
22D 5K VIR L7 IRAEYERS 5 uL 2 LC-MS/MS IZIEAL, S5 SRM 7~ k2
TLADOE— 7 K OE S AW THRERE Bk L7,
B o N mEMRO —FIE Fig. 3-1, Fig. 3-2 X' Fig. 3-3 D BV THY, 4% 1~100 ng/mL (&
A& LTO0.005~0.5 ng FHY &) O CEMMELZ R LIZ. ok, YEMREROREHAIL, %
TE=T V% 0.08~8 mg/kg EH T D T FHEE & ARJEICHE VIR U 72 BB IR T 0% 7 £ =



fAEHIFSE S Vol. 49 (2024)

VREHRPRICHE TS,

800000
, 700000
' 600000
-2 500000
[
3 400000
= 300000
S 200000
&
100000

y =6651.9x - 7578.9
R2=0.9991

0 A T T T T ,
0 20 40 60 80 100
Concentration of fumonisin B, / [ng/mL]
Fig. 3-1  Calibration curves of fumonisin B
12000000 1
# 10000000 -
z y = 96321x - 80648
=} -
& 8000000 - R?=0.9992
S
S 6000000
o
©
< 4000000
()
o 2000000
0 T T T T \
0 20 40 60 80 100
Concentration of fumonisin B,/ [ng/mL]
Fig. 3-2  Calibration curves of fumonisin B2
10000000 -
9000000 4 y = 87485x - 73979
(2] = -
28000000 - R2 08994
S 7000000 -
< 6000000 -
S 5000000 -
£ 4000000 -
x 3000000 1
2@ 2000000 A
1000000 A
0 T T T T \
0 20 40 60 80 100
Concentration of fumonisin B3/ [ng/mL]
Fig. 3-3  Calibration curves of fumonisin Bs

3.5 WiEWHOR

[e)
o
o
o
o
)

its
-
o
S
S
S

y =698.53x - 775.64
R2=0.9994

t/arb. u
A U o
S o ©
S S o
S S ©
S & o
P

[=)

‘@ 30000

e

é 20000

& 10000
0 -

20 40 60 80
Concentration of fumonisin B, / [ng/mL]

100

by peak area (left) and peak height (right)

1400000 1

@ 1200000 -
y = 11608 - 13680

R2=0.9992

1000000 4
800000 A
600000 4
400000 A
200000 1

0

Peak height / arb. uni

0 20 40 60 80
Concentration of fumonisin B,/ [ng/mL]

100

by peak area (left) and peak height (right)

1200000 -

its

1000000 4

y =9854.9x - 11793
R2 =0.9987

800000

600000

400000

200000

Peak height / arb. un

0 T T T T
20 40 60 80

Concentration of fumonisin B3/ [ng/mL]

100

by peak area (left) and peak height (right)

EIDBLAZ LY A L—T 2 IR WCRS 2 Bk Z vy, AR¥EIC L 0 RR L 7=k 2 LC-
MS/MS IZIHEAL, 5N SRM 7 0~ N5 AEHERLUIERER, EEBEZTAE—27 138D 5

VAN A RN

BB, L9obAZLYA L= T7E=V 8 A URERRIIZ, WCRS (7= B, &

[ CPRFFRFEICE— 7 338 bz,

INHDOE—=ZIZOWT, EEBAL Y LiERA LT D%
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Fig. 4 Typical SRM chromatograms of fumonisins in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2.  Arrows indicate the peaks of
B1: fumonisin B, B,: fumonisin B and Bs: fumonisin Bs.)
A, B: Standard solution (1 ng/mL: 5 pg as fumonisins)
C, D: Sample solution of corn silage
E, F: Sample solution of WCRS
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36 ~ MU v AFhROMHR
240 DDICLVRAKLIZE > LA LY A L=V KT WCRS O 7 7 > 7 BRI 7 &
=L LT 64mgke Y E (REMEHEK T C80ng/mL HHY&E) ML~ MY v 7 ZfE
HERIZOWT, 2.2 D ) 3NTHE > TS L 7= R E O & > OV HER (269~ 5 & — 7 Hiff b
ERERLToE 2 A, Table 3 oL B0, bt~ MU v 7 ZOWEME~DOBHE 2 BIXRO b v
Mmolz. ¥, B~ M) v AREEROE — 7 WRRITERE 7 7 7 OFH Y — 7 mEEZE LT
WTCHEH L.

Table 3  Matrix effect study
Concentration of mycotoxins

Matrix effect”

Mycotoxin Samples Matrix standard Sample? o
solution (ng/mL) (mg/kg air-dry matter) (%)
. Corn silage 80 6.4 112
Fumonisin B,
WCRS 80 6.4 116
o Corn silage 80 6.4 107
Fumonisin B,
WCRS 80 6.4 103
. Corn silage 80 6.4 102
Fumonisin B,
WCRS 80 6.4 100
n=3

a) Converted from the concentration in matrix standard solution

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

3.7  WANENNERER

2.6 IZXVIFIMEGRERZFEH L=, ZTOMRIT Table 4 DL, 7E=2 B IZ2OWTIX
EEENHRIL 64.7 LT 66.2 %, £ Ok UREE I xHEHERZE (RSDy) & L T42%LLF, 7%
=V Bl W I E BRI 58.0 TN 65.8%, RSD, X 2.5%LLF, 7E=32 B3lZ2W\ T
A ENER 1T 61.8 L TY67.0 %, RSD: X 2.2 %L F DA B Ay, B3 T FEHERIHE 2 D FAER
EOZUWEMRTA RT A4 D (LUT T2UMEERTA RTA) E0nD. ) IZED LA B
il (EEE 0 70 %LL 1120 %LA T, FSEE @ 3.111 KON 1.111 mg/kg Tid 16 %LL T, 0.267 mg/kg Tl
22 %UUT) O bEEOBEMAZHZET, SIMEOURPALETHLEBEZ LN, i,
BFONTZ SRM 7 u~ 77 5D —f% Fig. 5 IR LTz,
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Table 4 Recoveries for fumonisins

) Corn silage WCRS
Spiked level
. -, Natural d Natural §
Mycotoxin ~ (mg/kg original .y Recovery? RSD,” .4 Recovery? RSD”
matter)? contamination contamination
(mg/kg) (%) (%) (mg/kg) (%) (%)
Fumonisin B; 3.111 0.438 64.7 1.2 ND 66.2 4.2
Fumonisin B, 1.111 0.0671 65.8 2.5 0.141 58.0 0.68
Fumonisin B; 0.267 0.0215 67.0 2.2 ND 61.8 14

a) The mycotoxins were spiked to air-dried samples one night prior to extraction. The spiked levels
were 7 mg/kg as air-dry basis for fumonisin By, 2.5 mg/kg as air-dry basis for fumonisin B, and 0.6
mg/kg as air-dry basis for fumonisin Bs, respectively. The levels of mycotoxins as fed basis were
calculated with following equation on the assumption that the moisture content of samples was 60 %
for fed basis and 10 % for air-dry basis.

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

b) Natural contamination was measured in standard addition method when it was higher than one tenth of
spiked level. Natural contamination was measured in mean of the five samples, when it was lower
than one tenth of spiked level.

c¢) (mean of the five samples — natural contamination) / spiked level x 100

d) Relative standard deviation of repeatability

ND: Not detected
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Fig. 5 Typical SRM chromatograms of fumonisins in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of Bi:
fumonisin By, B,: fumonisin B, and Bs: fumonisin Bs.)

A, B: Standard solution (25 ng/mL: 125 pg as fumonisins)

C, D: Sample solution of corn silage (spiked at 3.111 mg/kg as fed basis of fumonisin B; (as 87.5
ng/mL in sample solution), 1.111 mg/kg as fed basis of fumonisin B2 (as 31.25 ng/mL in sample
solution) and 0.267 mg/kg as fed basis of fumonisin B3 (as 7.5 ng/mL in sample solution))

E, F: Sample solution of WCRS (spiked at 3.111 mg/kg as fed basis of fumonisin B (as 87.5
ng/mL in sample solution), 1.111 mg/kg as fed basis of fumonisin B> (as 31.25 ng/mL in sample

solution) and 0.267 mg/kg as fed basis of fumonisin B3 (as 7.5 ng/mL in sample solution))
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Development of Simultaneous Determination Method of Cystine, Lysine, Methionine and
Threonine in Formula Feed for Pigs by Automatic Amino Acid Analyzer

DOI Yugo™!, YAMAGAMI Yohei?? and SHIOTU Momoko ™
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Sendai Regional Center, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC,

"3 Institute of Food Research, National Agriculture and Food Research Organization)

We have developed a simultaneous quantitative determination method of the concentration of amino
acids (cystine, lysine, methionine and threonine) in formula feed for pig using an automatic amino
acid analyzer.

Amino acids in a sample were oxidized with a performic acid solution, and the sample solution was
hydrolyzed with hydrochloric acid. The sample solution was then concentrated under the reduced
pressure, and diluted with sodium citrate buffer. Then, amino acids in the sample solution was
determined using an automatic amino acid analyzer. Amino acids separation was carried out on an
AApak Na-LG separation column (6.0 mm i.d. X 50 mm, 4 pm, JASCO Co. Inc.; Tokyo, Japan) and
an AECpak Na-LG ammonia removal column (4.6 mm i.d. x 35 mm, JASCO Co. Inc.) with a
gradient of Amino Buffer Na-LG 1st, 2nd, 3rd and 4th. The amino acids were then colored by
post-column reaction with Amino Reagent Na-LG (Hypo Reagent and OPA Reagent) (JASCO Co.
Inc.).

Recovery tests were conducted on formula feed for piglets and fattening pigs. Formula feed for
piglets was added with 0.448 % of cystine, 1.57 % of lysine, 0.448 % of methionine and 1.12 % of
threonine. The resulting mean recoveries were 90.2 % for cystine, 105 % for lysine, 83.7 % for
methionine and 102 % for threonine. The repeatability in the form of the relative standard
deviation (RSD;) was less than 1.2 % for cystine, less than 1.4 % for lysine, less than 1.0 % for
methionine and less than 1.7 % for threonine. Formula feed for fattening pigs was added with
0.336 % of cystine, 1.12 % of lysine, 0.336 % of methionine and 0.672 % of threonine. The
resulting mean recoveries were 98.9 % for cystine, 78.8 % for lysine, 105 % for methionine and
92.1 % for threonine. RSD; was less than 1.7 % for cystine, less than 1.9 % for lysine, less than
2.1 % for methionine and less than 1.5 % for threonine.

Key words: amino acid; cystine; lysine; methionine; cysteic acid; methionine sulfone; threonine;
automatic amino acid analyzer; formula feed for pigs
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NH, 0 O
HO S _OH
N
HO S
S OH N
O NH, NH,
DL - Cystine DL - Cysteic acid
2,2-Diamino-3,3-dithiodipropionic acid 2-amino-3-sulfo-propanoic acid
CeH12N204S2  MW: 240.30 CAS No.: 923-32-0 C3H7NOsS MW: 169.16 CAS No.: 498-40-8
O NH,
NH, @ ~
HO S
NH, OH
DL-Lysine DL - Methionine
2,6-Diaminohexanoic acid 2-Amino-4-(methylthio)butyric acid
CsH14N202 MW: 146.19 CAS No.: 70-54-2 CsH11NO2S MW: 149.21 CAS No.: 59-51-8
NH, OH @)
O
O // OH
S
VRN
OH O NH,
DL - Methionine sulfone DL-Threonine
2-Amino-4-(methanesulfonyl)butanoic acid 2-Amino-3-hydroxybutyric acid
CsH11INO4S MW: 181.21 CAS No.: 820-10-0 C4H9NO3 MW: 119.12 CAS No.: 80-68-2
Fig. 1 Chemical structures of cystine, cysteic acid, lysine, methionine,
methionine sulfone and threonine
2 EBRAE
21 OB

BEEEHIENENERE 1 mm ORA 7 U — 2358 Lo e L, ot ElEkE L7z,

7B, mEphZHWIZE A AL %2 Table 1 (27~ L7=.



BEHEBAEEIR DY RAF o, UPv, AFA= RO ML A = ORK7 a~ 7T 712 X 2 RESHEDORZE 17

Table 1  Compositions of the formula feed

Proportion

Formula feed types  Ingredient types %) Ingredients
For suckling pigs  Grains 58 Corn, heat-treated corn, heat-treated soybean
Oil seed meal 18 Soybean meal, linseed meal
Animal by-products 6 Dried whey, fish meal, skim milk, swine and poultry by-product meal
Others 18 Confection, calcium carbonate, animal fat, calcium phosphate, salt,
fructooligosaccharide, silic acid, cultured paenibacillus, yeast for feed,
citric acid, tartaric acid, lactic acid, malic acid, sepiolite, feed additives
For piglets 1 Grains 74 Corn, rice
Oil seed meal 20 Rapeseed meal, soybean meal, corn germ meal
Others 6 Confection, calcium carbonate, animal fat, salt, calcium phosphate,
vegetable oil
For piglets 2 Grains 75 Corn, wheat, rice, milo
Oil seed meal 21 Soybean meal, rapeseed meal
Brans 1 Wheat bran, distiller’s dried grains with solubles
Others 3 Animal fat, calcium carbonate, calcium phosphate, salt, licorice root extract,
stevia, feed additives
For fattening pigs 1 Grains 73 Milo, wheat, rice, cassava, barley, heat-treated milo
Brans 7 Rice bran, corn gluten feed, wheat bran
Oil seed meal 6 Soybean meal, rapeseed meal, corn germ meal
Others 14 Confection, calcium carbonate, molasses, calcium phosphate, salt,
bakery yeast, feed additives
For fattening pigs 2 Grains 80 Corn, rice, wheat, milo, barley
Oil seed meal 15 Rapeseed meal, soybean meal
Brans 2 Rice bran, corn gluten feed
Others 3 Calcium carbonate, calcium phosphate, animal fat, salt, betaine, vegetable oil,
yucca extract, quillaja extract, silicic acid anhydride, vermiculite
For fattening pigs 3 Grains 72 Corn, milo, wheat
Oil seed meal 21 Rapeseed meal, soybean meal, corn germ meal
Brans 4 Corn gluten feed, distiller's dried grains with solubles,
Others 3 Animal fat, calcium carbonate, salt, confection, vegetable olil, silicic acid,
calcium phosphate, molasses
For boar pigs Grains 64 Corn, rice, wheat, milo
Oil seed meal 19 Rapeseed meal, soybean meal
Brans 12 Wheat bran, corn gluten feed, distiller's dried grains with solubles, rice bran
Animal by-produts 1 fish meal
Others 4 Molasses, calcium carbonate, calcium phosphate, salt, lignocellulose,

alfalfa meal, feed yeast, lactobacillus, dry yeast cell wall, bentonite,
saccharomyces cerevisiae yeast, ascophyllumnodsum, diatomaceous earth,
milk thistle extract, chicory extract, animal fat

2.2
1

~

e S

KEEALT b U D AR OMSER LK F AT IR 2 F o, PRI R (&5 % 98 %)
MRV ZHRET Y U MTFER R (B L7 A L AR MEER) 2o, 20 %HEE
BB (L7 A4V AREMEEED) 2 MWz, 7=/ — 37 2 VBRASSIH (8+
TAVLFINEHMEERL) AW, pH22 7 =T MU U ARENRITEEA IR (E L7 A1
LR R & w2, JKiE Milli-Q Integral 5 (Merck Millipore $2) (2 & v K58 L 7= @8 #tik
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(JISK 0211 @ 5218 IZ/EFK I AL/ @MiA) Z iz,

2) KT X EEIEAER,
L-V ATV, L-VATA VR, -V —ERE, L- AT A=, L-ATF A= AR UK
W L- b LA =2 OEUESIE, Table 2 128 L7z iG 34, MEO LD Z AW,

Table 2  Amino acid standards used in the present study

Amino acids Manufacturer Purity (%)
L-Cystine FUJIFILM Wako Pure Chemical 99.4
L-Cysteic acid FUJIFILM Wako Pure Chemical 99.8
L-Lysine monohydrochloride  National Institute of Advanced Industrial Science and Technology 99.8
L-Methionine FUJIFILM Wako Pure Chemical 100.0
L-Methionine sulfone Thermo Fisher Scientific 99.0
L-Threonine FUJIFILM Wako Pure Chemical 99.9

3) TR BRI
L-V AT A VIR, L-AFA =2, L-AFA = AR KON L- b LA = =S4 200 mg,
L-U o — R REE L 250 mg A B> CTENEN 10 mL DR T T AT AL, pH2.2 7=
VT R U AREIR AN TENL, BICERET pH 22 7= 8T Y U SRR 20
ZTCHT X BRI AT L7 (ZOW 1mLIiE, &7 I /BELT20mg #5H) .
L-v AF UL 100mg 2 &> C SmL O2E T 7 A2 A, 1mol/L KT~V 7 AR
WaEM2 TEMNL, FITHEMRE T 1 mol/L KE{LT MU U LK EZ A Ty ATF AARREFIK A
PR (Zof ImL %, YAF & LT20mg2ahH) .
4) T BIRAEEER
L-Y AT AU, L)Yy, LLATFA = AR KON L b A = R 1 mL % 100
mL ORET 7 AZEMICANTIRAL, TITERETpH 2.2 7 =8 b U U ARER %
MATT R/ BBIRAIEEFRIRZRE L (2O ImLiE, £7 I /8BELT200ug 25H) .
ERICEE LT, 7V BIRAEERIKO—#% pH 22 7 =) U U AREK CIEMEIC
HIRL, 1mLHIZ&7I/BBELTEREN L, 25, 5, 7.5, 10, 12.5, 15, 17.5 XX 20 pg
EERTLT X BRIRGEEREZRR L.
5) R AR FE K — FEEEIK
MR (LK E K 10 mLIZF B 90 mL A 1 %, #te L C30 Mk L=, 305 MET (0~4°C)
(CERE L CRRRL L 72,
6) 7=/ — VI 6 mol/L Mk
20 %% 350 mL IZ&H 577 U 60 °C DK T LT 7 =/ — 350 L Mz, K <ES
L Cilifd L7,
7) 0.1 mol/L ¥ifi&
K 1180 mL (2 20 %¥E /2 20 mL 2%, L<EAL THE L.
8) TRHEIK
Amino Buffer Na-LG 1st, 2nd, 3rd & OV4th (HAE®, IR sty , 12nd) , [3rd] X
O T4th) w9, ) A L. BEREROMAEKIZ DU Tl Table 3 1273 L7z,
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Table 3  Compositions of the mobile phase

Mobile phase names Substance names Pro(ri)zr)tlon

Amino Buffer Na-LG 1st  Ultrapure water <80
Ethanol 15
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1

Amino Buffer Na-LG 2nd  Ultrapure water <90
Citric acid monohydrate <5
Trisodium citrate dihydrate <1

Sodium perchlorate dihydrate <1

Amino Buffer Na-LG 3rd  Ultrapure water <95
Citric acid monohydrate <1
Trisodium citrate dihydrate <1

Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 4th  Ultrapure water > 98
Sodium hydroxide <1

9) KGR
St A & LT, Amino Reagent Na-LG (Hypo Reagent) (HARZE#) %, KIS B & L
C, Amino Reagent Na-LG (OPA Reagent) (HAZ3EH) 1000 mL 12, =% / —/v (HADK
B, OB 99.5 %) 10 mL TEMN LA R Z X AT AT K (ARG, M 99.0 %) 500
mg xREMA THB LD EFER L. KIGRIZHER L7380 IZ DU TlE Table 4 12
RLTC.

Table 4 Compositions of the reagent used in reaction solution

Reagent names Substance names Pro(plzr)tlon

Amino Reagent Na-LG (HYPO Reagent) Ultrapure water > 95
Boric acid <2
Sodium hydroxide <1
Sodium hypochlorite <0.1

Amino Reagent Na-LG (OPA Reagent)  Ultrapure water > 05
Boric acid <2
Sodium hydroxide <1
Brij-35, 30 % Solution <0.5
3-Mercaptopropionic acid <0.5

23 REKAOER
1) Byfet © ZM 200 Retsch 8 (HB&E 1 mm 227 U —>, ffKFEIEEL 14000 rpm)
2) EEEIEEHE  US-02 = A=XT ¢ H
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3) AT T2 7 40— Millex-LH ({Lf2 0.45 pm, [E£ 25mm, #HKME PTFE) Merck
Millipore %4
4) 7R ERABHHTEE | EXTREMA  H A LR
2.4 EEFIE
1) & FERER{L
TRt —ER (BFR L L TI0mgHYE) &> T200 mL DRTET 7 X2l AR,
WERLAKFE K — FEER 10 mL 2z TEe L, BERAH L TEIRE®E, Wi (0~4°C)
IC—HEE L2, ZhiC HlififET FY 7 A% 084 gz, 50MFTEYIRET.
2) KGR
DT 7 7 A7 = 7 —/ViRRIN 6 mol/L % 50 mL # %, WHE AT, 115°C O
U = i T 24 BERDINEL L TopfiR L7zt ium Uiz, e 250 mL D& 7 7 X 2T A
i, PRUBHEI S A - T2 200mL D727 7 A % 0.1 mol/L Ml 30 mL T L, Wik%
FDOERET T AZAN, TITERETOImol/LIEREEZ ML, A/ (5FEA) TAHlLE. =
N ZEMEC 2 mL o> T 50 mL OB 7 7 XA 22 A, 40 °C OKIBTIEE A LAY 5 E
TR L=, BEREH AL LS THE L. pH22 7= ) b ¥ AEEK 2 mL % 1F
MelZnz, BERAH L TREMERN LK, A7 707402 —=TABL, 73 /KA
A g o eI & LTz
3) TR /MHEBSITIEEIC LD HE
ABHAR K O T X IR GRS 10 uL 27 XV BEHE TR EICEAL, 7r~ S
7 hxfglz. BIESM % Table 5 (278 L7z,
Table 5 Operating conditions of automatic amino acid analyzer
Detector Fluorescent detector (excitation wavelength: 345 nm, fluorescent wavelength: 455 nm)
Separation column AApak Na-LG (6.0 mm i.d. x 50 mm, 4 pm), JASCO
Ammonia removal column  AECpak Na-LG (4.6 mm i.d. x 35 mm), JASCO
Mobile phase Ist (hold for 1.5 min) — 0.5 min —1st—2nd—3rd (44:5:1) — 1 min —
2nd—3rd (24:1) — 11 min — 2nd —3rd (41:9) (hold for 8 min) — 10 min —
2nd—3rd (1:1) — 5 min — 2nd —3rd (1:4) — 5 min — 3rd (hold for 5 min) —
0.1 min — 4th (hold for 0.9 min) — 0.05 min — 1st (hold for 21.95 min)
Reaction solution Solution A—solution B (1:1)
Solution A: Hypo Reagent
Solution B was prepared by adding 500 mg of ortho-phthalaldehyde dissolved in 10 mL of
ethanol to 1000 mL of OPA Reagent.
Flow rate Mobile phase: 0.5 mL/min, Reaction solution: 0.5 mL
Column temperature 60 °C

4)

i A

/o7~ NI ALY -7 HEEZRO TREREZERL, EHh0ET I /BE
FRIM L. ok, RIETIE, YAFUROBAT A=V BENETNERETICOAT A VLD
AF A=V ANVKRNCEBREND DV AT A VEBEBROATF A= ANVK L ELTERL, v
ATA VR OATFTH = AR BIZENEI 0.7103, 08234 2 U CV AT U KNAT A
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=UBICHBE L.
7k, TEEOWIES Scheme 1 [Z/R L 7=,

A fixed amount of sample (200 mL evaporator flask)

——added 25 mL of hydrogen peroxide-formic acid (1:9), plugged evaporator flask

—— left overnight (0~4 °C)

——added 0.84 g of sodium disulfite and stirred for 5 min

——added 50 mL of phenol added 6 mol/L hydrochloric acid, plugged evaporator flask with cooling tube
——heated for 24 hours in oil bath (115 °C)

Rinsed sample solution with 0.1 mol/L hydrochloric acid after cooling (250 mL volumetric flask)
——filled up with 0.1 mol/L hydrochloric acid

——filtered through a filter paper (No. 5A of JIS P3801, receiver: 300 mL Erlenmeyer flask)
2 mL of sample solution (50 mL evaporator flask)

——evaporated to dryness under 40 °C

——dissolved in 2 mL of pH 2.2 sodium citrate buffer

—filtered through a membrane filter (PTFE 0.45 pm)

Amino acid analyzer

Scheme 1 Analytical procedure for methionine assay in feed (non-spiked sample)

2.5 WINENEER

22D ND L-VAF L, LYy, L-AFA= U KON L- b U = UBERERR A RNV .
WL, THE AR OCRKIEE A FEHC DWW T, B ORXNERKICED b REA
PRI A BB O /N & D 2 (FRRE D& & Uiz,

FTHERABREGEE 1 IV AFy, VPy, AFA=U KRN A= LTEREI 0448,
1.57, 0.448 Jx OV 1.12 %FHY & (R i&aUEHAIR T C© 2.4, 8.4, 2.4 V6.0 ng/mL) , AWIKIEE HE
HAERL3 I ATF Y, VUV, AFA=V KRN LA =0 E LTENER 0336, 1.12, 0336 K&
N0.672 %FH4E ([ 1.8, 6.0, 1.8 X(N3.6 ng/mL) ZiFEMELISIBEAL, —H"EHELZKIZ24
> CERL, FHREINRE MR LEEZRD 7. £72, BIERITRE T 7 v 7 %= L5
WCHEH L.

¥, FRYERURIRMEEHZ DWW T RIEE O Hif K OREHAK O E # MmO FAN & 35
72, 24 O DOBIEDO—HIZOWTUTO TMRAO LBV 2B T AAOFEREZETL, KK
HOBMEE BN L CTEE L7,

HORTIET 7 A2Z7 =/ — VIR 6 mol/L ¥ 50 mL 2%, WHAE 215, 115°C D
U = e T 24 RERIINEN U Corfi L 7o hm Lz, 3% 100 mL O &7 7 X 2|2 A4,
ABHAI S A > T2 200mL D723 /E~7 7 A 2% 0.1 mol/L ¥t 30 mL CT¥eye L, B E o4
' 7 AACAN, BICEMRETOImo/LIEREZME, A/ SFEA) TAWML7E. T ZIE
WC3mL o T25mL DERET 7 A AN, FIHERETOImol/L MAZMA T, T % 1Bk
\Z2mL B> T 50 mL ORTHT 7 AT AL, 40 °C OKIBTIE L A EHLET 5 £ CRUTE IR
L7oth, BHEHALES>TEHFE L. pH 22 7 = U8EF N W AEEIKR 2 mL % EMEICIN 28BS
WALBE U CREEMAERN LTIZtk, AT 740 0%—TAIBL, 7 /BESHrEEIC T
LEBHATR & L.
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3 BWRERUEBE
i
22 D HITEORMB LA T I BIRAEERS 10 pL 27 I/ EBA BT EE
bilzrn~ 7T A0 — 7 EHZE AW TRERZERLT-.
SONT-RERIL Fig. 2 DB THY, 1~20 pg/mL GEAEE LT 0.01~0.2 pg FHYNE) @
HPHCHEMREEZ TR L. B, YEREROBEEGMIX, AT, VYV, ATFF=KO
LA =2 B FNEN 0.0398~0.796, 0.0560~1.120, 0.0461~0.922 K& T* 0.0560~1.120 % & A3 % 347
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MRE 2 ARIE IOV U 72 SR UBHR IR h 045 77 X BRI FEREDHIC AR 75 .
2500000 - 3500000 -
y = 173505x + 16582
y = 108990x - 45226 3000000 - R2 = 0.9999
., 2000000 - R2 = 0.9990 o
] & 2500000 -
3, 1500000 - 2 2000000 |
= o
8 L 1500000
& 1000000 - ©
x w
] & 1000000 -
g a
500000 500000 1
o 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 25 5 75 10 125 15 175 20 0 25 c 5 7'5_ 1?| _12'/5 /15L 17.5 20
Concentration of cysteic acid / [ug/mL] oncentration of lysine/ [ug/mL]
3000000 - 8000000 -
y = 142084x - 25011 | y = 382114x - 50971
2500000 R? = 0.9998 7000000 R? = 0.9999
3 & 6000000
0 t/)
. 2000000 -
< <, 5000000
5 =1
s 1500000 A " 4000000 -
g <
Z S 3000000 -
% 1000000 - %
& & 2000000 1
500000
1000000 -
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 25 5 75 10 125 15 175 20 0 25 5 75 10 125 15 175 20
Concentration of methionine sulfone / [ug/mL] Concentration of threonine / [ug/mL]
Fig. 2  Calibration curves of cysteic acid, lysine, methionine sulfone and threonine
3.2 WiEWHE OB
KA BLA R 7 Bk Z vy, KB DR U723 Z2 7 X BRE BT EIZIEA L,

GBon-ro~ NI LR LIZEZA,
A= NHERI N0, V¥ —27 ZTEIZHE Lﬁ?*“@”“ﬂ
VDOUVEDR ML A =0C

DUWTILE

mBEEGTHE—7
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THZLELE. VAT A U,

FIALA\&) ’Bﬂfcﬂz))’) 71;-

nk, BHohlra~x 77 AO—Fl% Fig. 31T LTz,
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Fig. 3  Typical chromatograms of standard and sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 5.  Arrows
indicate the peaks of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine.)
A: Standard solution (20 pg/mL, A-2 and A-3 are enlarged views of portions of A-1.)
B: Sample solution of formula feed for piglets (B-2 and B-3 are enlarged views of portions of
B-1.)



24 fAEHIFSE S Vol. 49 (2024)

3.3 OFATHS B e 3R AABR
FIRB R AEGETE | KORKIEE A GRTE 3 2 24 ICt> CTERE L, MIELEEE RO,
ZORERIT Table 6 D& BV, FKREBMBGE L 1 TIX, ¥ AF AT DV THER UK E 348 X
¥R (RSDy) & LT 3.1 %, Uiz oW T RSD, X 22 %, AF A =11Z2\T RSD; IE
32%, MLA=IZDWTRSD:IE 2.4 %, WKIEEMBELAEE 3 TiX, ¥ AF 22T RSD;
1227 %, VP20 T RSDIE2.8%, AFA=1220TRSDIE29%, FLA=2iZon
T RSD: 1T 3.1 %D RAE G H vz, TS IXETR T IERIHE 2 ORBRIE D Z Y iR A FF
A2 (AP TZYMHERTA RTA ] L), ) IZEDLNTZ DR D)OFHTHEE O HEEE %
W TRERThH T,
) KEE (FBRERARAEE 1) O AF L 48 %LUT, VI 4.0 %L F, AF4H=249%
DI, FLA=r44%LTF
2) KiE (ABRIEERRAEE 3) S AF L 48 %LLT, UYL 43 %UT, AF 4= 47%
LR, PLA=r44%LLF

Table 6  Repeatability of cystine, lysine, methionine and threonine

) . For piglets 1 For fattening pigs 3
Amino acids 5 b
Content? (%) RSD,” (%)  Content? (%)  RSD,” (%)
Cystine 0.278 3.1 0.305 2.7
Lysine 0.937 2.2 0.637 2.8
Methionine 0.255 3.2 0.344 2.9
Threonine 0.569 2.4 0.504 31

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

3.4 WINE SR
252X 0 IRMENGRER 2 Fh L7-. T ORI Table 7 © LBV, TIKE KA AR 1 Tl
YR HE K N RSDAZZNZE L, Y AF D3 902 %N 1.2 %, VU105 %N 1.4 %, A
FA=U N 83T %HO1.0%, hLA=228102%&L 1.7 %, AKRIES AEAEE 3 TIEEyE
WHRKRSDITENZEI, YAF U989 %KN1.T%, VTN T88 %M TN1.9 %, AFA4=
Y105 %KL TN 2.1 %, PLA=20 921 %K 1.5 %ORAENF O, TS IEZ Y R T
A RTAZED DBV D3)DOHEEKROGATHE O B EAZ R TR Th o 7.
1) EFE 70 %L E 120 %20 T
2) KEE (FHRBERABAER 1) @ v 2F 2 42 %LU T (E&ME 0.681 %) , U 3.5 %LUTF
(F257%) , A*FA=243%LLTF (J71 0.646 %) , LA =237%LLT ([d 1.72 %)
3) HE (AKREEHESEE 3) v AF 2 43 %LLF (EREE 0.646 %) , VT2 3.7 %LLF
(F157%) , AFA=242%LLF (A1 0.714%) , FLA=239%LLTF ([A 1.15 %)
nB, BHonleru~x 877 ADO—Hl% Fig. 4 IR LTz,
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Table 7  Recoveries for cystine, lysine, methionine and threonine

For piglets 1 For fattening pigs 3
Amino acids  Spiked Blank  Recovery”  RSD,% Spiked Blank  Recovery” RSD/,?
level (%) leveP (%) (%) (%) level (%) leveP (%) (%) (%)
Cystine 0.448 0.279 90.2 1.2 0.336 0.317 98.9 1.7
Lysine 1.57 0.914 105 14 112 0.680 78.8 1.9
Methionine 0.448 0.272 83.7 1.0 0.336 0.364 105 21
Threonine 1.12 0.583 102 17 0.672 0.528 92.1 15

ayn=1
b) (mean of five samples — blank level) / spiked level x 100

c¢) Relative standard deviation of repeatability
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Fig. 4 Typical chromatograms of standard and spiked sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 5. Arrows
indicate the peaks of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine.)
A: Standard solution (10 pg/mL)
B: Sample solution of formula feed for piglets (spiked at 0.44 % cystin and methionine (as
2.4 pg/mL in sample solution), 1.44 % lysine (as 8.4 pg/mL in sample solution), and

0.94 % threonine (as 6.0 pg/mL in sample solution). B-2 and B-3 are enlarged views of
portions of B-1.)

4 FEH
KRB AR O A F A =025 T, BFEmAUICL Y A F A= 2R CiBb L%, &
BN 53 8 % AT O 3 I iE D EIEM AT FE~DIEH O A IO TR T L &bz, v AF2, U
VUK ML A= EORIBEEREE LTOEAEZIMTL TR LIZEZ A, UTORERE LN
7=.



BHRE SRR O 2T, VO, AFA=U RN N A =2 OWIRT v~ N7 Z 7128 5 REBESHHEDBF 27
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3 BRBYARANTOEERABEEOBRIEDR

TR BT, OBOR FE—TL, P RREET?, ORE ERES, i AR, ASRH ERRM
Study of Fecal Coliform Detection Method for Pet Food

KONDO Masaru™!, SAIKI Masakazu*!, HIRATA Erika*?, OSHIMA Shinji*3,
NOZAKI Tomoharu™ and KUBOTA Eri*
(*! Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Sapporo Regional Center, FAMIC (Now Food Safety and Consumer Affairs Bureau, Ministry of
Agriculture, Forestry and Fisheries of Japan),
*3 Fertilizer and Feed Inspection Department, FAMIC, ™ Fertilizer and Feed Inspection Department, FAMIC
(Now Yokohama Office, FAMIC))

We have studied a detection method of fecal coliforms in pet food.

Having added 0.1 w/v% peptone salt solution to a sample and left at rest for 30 minutes, it was
blended by a stomacher for 5 minutes. The diluted solution (1 mL) after stomacher treatment was
inoculated into five EC fermentation tubes respectively and cultured at 44.5 °C for 24 hours. One
loop of the EC fermentation tube that produced gas was inoculated into an EMB agar plate and
cultured at 35 °C for 24 hours. One typical colony on the EMB agar plate was inoculated into a
lactose fermentation tube and cultured at 35 °C for 24 to 48 hours.  Similarly, it was also inoculated
into a standard agar slant and cultured at 35 °C for 24 hours. If the lactose fermentation tube
exhibited yellowing and gas production, and the colonies on the standard agar slant were identified
as gram-negative and non-spore-forming bacilli through gram staining, fecal coliforms were
determined to be positive.

A bacterial inoculation test was conducted using Escherichia coli NCTC 9001. The E. coli was
added at levels of 2, 6 and 18 CFU/g (1, 3 and 9 CFU/test portion) to six types of pet food. As the
result of the bacterial inoculation test, the estimated LODsg (level of detection at 50 % probability
of detection), was calculated to be 0.5 to 1.0 CFU/test portion based on ISO16140-3:2021. No
needs of improvement were identified for this method.

Key words: fecal coliform; pet food; estimated LODso; [ISO16140-3:2021
F—U— N EERKGER ; ZEWAEE ; eLODso ; 1SO16140-3:2021
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Table 1 Ingredients list of pet foods used in the present study (1)
Pet food types Ingredients
Lamb meal, wheat flour, sweet sorghum, chicken meal, chicken ail, corn,
chicken extract, sugar beet pulp, poultry meat, sunflower oil, peas, carrot,
Dry food for dogs pumpkin, tomato, vitamins (A, B4, B,, Bg, B4, D3, E, choline, niacin,

pantothenic acid, folic acid), minerals (Zn, K, ClI, Se, Fe, Cu, Na, I), methionine,
antioxidants (rosemary extract, tocopherol mixture, citric acid, BHA, BHT)

Dry food for cats

Meat meal, soybean meal, soy pulp, animal fat, cellulose, chicken meal, fish
meal, fish powder, mature tuna, meat (chicken), oligosaccharide, modified
starch, minerals (Ca, P, K, Na, ClI, Fe, Cu, Mn, zinc amino acid complex, Zn,
I, Co), vitamins (A, D, E, K, By, B,, pantothenic acid, niacin, B¢ folic acid,
biotin, choline), amino acids (methionine, taurine), antioxidants (rosemary
extract, tocopherol mixture)

Semi dry food for dogs 1

Grains (wheat flour, etc.), meats (chicken meal, chicken extract, beaf meal,
etc.), sugars, potatoes (sweet potato, etc.), vegetables (carrot, pumpkin, spinach,
propylene glycol, minerals (calcium phosphate, calcium carbonate, potassium
chloride, magnesium sulfate, sodium chloride, iron sulfate, zinc carbonate,
manganese carbonate, calcium iodate), thickening stabilizer (glycerine),
preservative (potassium sorbate), vitamins (choline, C, E, nicotinic acid,
pantothenic acid, A, Bg, B4, B,, folic acid, B;,, D), pH adjuster, amino acids
(L-lysine hydrochloride), antioxidants (sodium erythorbate, tocopherol mixture,
rosemary extract), food colors (titanium dioxide, food yellow no.5, food red
no.106, food yellow no.4, food blue no.1)

Semi dry food for dogs 2

Grains (bread crumb, wheat flour, corn, etc.), meats (chicken meal, chicken
extract, chicken breast powder, beaf meal, pork meal), sugars (isomerized
sugar, oligosaccharide), beans (defatted soybean, soy pulp powder), animal fat,
beer yeast, herb, vegetables (carrot powder, pumpkin powder, spinach
powder), seafood (dried small fish), propylene glycol, minerals (Ca, Cl, Cu, Fe,
I, Na, P, Zn), emulsifier, preservative (potassim sorbate), pH adjuster,
seasoning, food colors (titanium dioxide, food red no.106, food yellow no.4,
food yellow no.5, food blue no.1), vitamins (A, B4, B,, B, B1,, D, E, K, choline,
pantothenic acid), antioxidants (tocopherol mixture, herb extract)

Wet food for dogs

Meats (chicken, beef, poultry, lamb, pork, etc.), vegetables (carrot, spinach),
vegetable protein, dietary fiber, vitamins (B4, Bg, B1,, D3, E, choline,
pantothenic acid, folic acid), minerals (Ca, CI, I, K, Mg, Mn, P, Se, Zn),
polysaccharide thickener, EDTA-Ca- Na, color former (sodium nitrite)

Wet food for cats

Fishes (skipjack tuna, white fish, tuna extract, etc.), vegetable oil, vitamins (A,
By, B, Bg, By, E, K, choline, niacin, pantothenic acid, biotin, folic acid), minerals
(Ca, Cu, Fe, I, Mg, Mn, Zn), taurine, polysaccharide thickener, seasoning,
EDTA-Ca-Na, EDTA-Na
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Table 1 Ingredients list of pet foods used in the present study (2)
Pet food types Ingredients
Meats (chicken, chicken breast), wheat flour, processed soybean products,
bread crumbs, vegetable oil, sugars, defatted soybean, beer yeast, carrot,
spinach, sorbitol, minerals (Ca, Na, Zn, Fe, Cu, 1), propylene glycol,
Formed jerky for dogs 1 preservatives (sorbic acid, sodium dehydroacetate), vitamins (A, B4, By, Bg, B1a,
C, D3, niacin, pantothenic acid), sodium polyphosphate, smoked liquid,
baking powder, color former (sodium nitrite), food colors (titanium dioxide,
food red no.106, food yellow no.4, food blue no.1), pH adjuster
Meats (chicken, beef), modified starch, soybean protein, wheat flour, glycerin,
sucrose, spinach, carrot, propylene glycol, sorbitol, salt, glucono delta lactone,

Formed jerky for dogs 2 sodium polyphosphate, preservatives (potassium sorbate, sodium dehydroacetate),
antioxidant (sodium erythorbate), color former (sodium nitrite), food color
(food red no.106)

Dried jerky for dogs
(hard type) Deer meat
Dried jerky for dogs and cats . .
(hard type) Cod, preservative (sodium dehydroacetate)
Dried jerky for dogs Chicken breast meat, glycerin, sorbitol, corn starch, mineral (NaCl),
(soft type) 1 sodium phosphate, color former (sodium nitrite)
o Meat (pork heart), salt, glucosamine, chondroitin, a-linolenic acid (derived
Dried jerky for dogs I . . . .
(soft type) 2 from perilla oil), collagen, oligosaccharide, dextrin, glycerin, propylene glycol,
antioxidant (vitamin C), color former (sodium nitrite)
22 A 3K

1) AKIZMilli-QIX 7005 (A /L7 8) (2 X0 R L7 RK A2 vy, SZHZJSC, 121°C T1543
M EZRIRE LIREK E LTV, 2o, RBRUCHWERIEL, E%Ad 56 O Fk%
7z,

2) 0.1 wh% X7 hUinAEREAE K (LT IHRiK &vo. ) X7 b1 g ROHEAET b
Ui 85g - T/AK 1000 mL ([Z¥2 L, HEEE (1 mol/L) XIiF/AKEE{LF FYU U A¥HK (1
mol/L) T pH % 6.9~7.1 IZFH%E L7=%, 121°C T 15 [l EAKE L.

3) EC % EC 5l (/N—) L =7 EC B “RMF” , SRAMEFE) 37 g 27K 1000 mL (0
Z, MBLRNBENL, =T LEE2ANTHREBEEIC 10 mL $20F L%, 121 °C T
15 HEEAREE Lz, WEE, MAKTRaHmL, ¥ =7 28 ICREP A>T RN &%
R L7-.

4) EMB ZE KR EMB il (VS— L =7 EMB £ “S5ea” , Seifb2RE) 40 g 27K 1000
mL 2%, MR LN BENL, 121°C TISoMEERRBE L. Chiez 77 2F v 7 #l
WHEY Y — VIC—RRICIERA D X 912 20mL 0 L, AFICHEE L CRESE2%, fELThH
TEDTNCT B L, 37°C T 1 RFEEE L ChE RN & i S 7.

5) HAET A 3 UEEE O AT A I UM OS— a7 HNET A 3 U R b
ZH) 18 g /K 1000 mL (2%, MBE LR DEENL, ¥ —F LEZ AN T=HRBREIC 10 mL
TOE LM%, 121 °C T 15 @EERKIEE L-. WE%, MAKTEOL, ¥—T7 L8
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RIANBAS TVWRWNWT L 2R LT,

6) VU rERfEEABAEAK (LT [PBS) W9, ) PBS 3K (7% =7 4 7™ D-PBS (—)
MR, BEXAT T ) AT 7 ZAH) 9.6 g Z7K 1000 mL (Z¥E2>L, 121 °C T 15 oM &EEER
Wi LT,

7)  REAEFE KRR} RS HY PEMEFE R BE L (O N— b o 7 EEVESE R “RpF” , SRAMbH) 235
g Z7K 1000 mL (Zh1z, MR LZRNSWEN L. 2z FRBRE (2 10 mL 207 L7214,
121 °C T 20 o3 M m 2RI U, Rl g S w7z,

8) 77 LYK TxAN=G = AXA ) (BEXAT T ) AT 47 A%) OYMA]KR A

(27 MU TTN—) , Bk (B2 ) g =X 7 —ViR) AORAEKRB (7 7=) .

9)  KIGHE UK BIOBALL HIGHDOSE 10K Escherichia coli NCTC 9001 £ (& > k%5 8020,
10298.0 CFU, t4 A YU =—H) 1{f% PBS 7.6 mL CTI&fiE L, KBEFTMEKE Lz, KiGHE
WINER % PBS T3 %, 95 KON 27 {51/ R L, H#EE A 450 CFU/mL, 150 CFU/mL K& Of 50
CFU/mL 2 & 72 2 X 5 KIGE IR 2 78 L7z,

2.3 IEEK UG A

1) A K~ — :EXNIZER400 A /7 /%l

2) fEIR/KAE : NTT-2200 50 # (L gk U

3) A 2F a_X—%— : LTI-700E H 5T L 2hk

4) oM RERICHWESRED S B, 3k, AR OERICEMT 56 0%, WEEADOL O
W=,

2.4 RBRJTE
1) FEHE DR
IHTRRE 25 g B TA M~y I —WIC AN, R 225 mL ZNZ7=% 30 o REE

7. ZhaA b~y h—W0F (200rpm, 547 L, #lEHKkE Lz,
2) EC W& I L DH%

AEHE 1 mL ZIEEAD A AL~y T 5 KD EC BBEICENENM, HRAKEF T
44.5°C (£0.2°C) T22~26 Ff[fIER L7z, &%, SAKL X — T LFITH AEAIT X 5500
IR HALRNS DITFERKIGE AR S L.

3) EMB ZEREH#IC L 5538

EC ¥BEEIC L D158 %, ¥ — T LEICHAEAIC LV RIBNRD 5z ECHEEE NS 1 H

GHE LV, EMB % REHICEBREDE L, MHE LT 35°C T 22~26 Rk L7-.
4) HNET A 3 UREEE K OREERE R B S K D R5 4%

EMB XK HI TR &%, #ERKIGEFEOEMNERE (RAOSBIHRREITERA) %
I L, FLBET A 3 IR K OMEERE R R E -T2 L2 4 35 °C T 24~48 B} OY 35 °C
T 22~26 ARG L 7.

5) 7T LY

ATA KT T AT ) =)Vl —BLLEREL, N—F— TIPS, WELEL. To ki
WEAK 10 pL 2RI L, 4oL mEEM ECRELZEAZHE L, WEKb clREkLE.
WRTR, KREE LIoBHmICYER A ZHo0mL, 1 oREEE L. RaREs Kk,
R CY R A OFANETHI R R EThAa L., ez KE%, Bmicia
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B ZtoimmL, 1 oEEE L. REIKRZKER, ARTKRIEZSEEID, SGFHEME
THEIELE.
6) FEERKRIGEEEEOH E
HWET A I o HEEEICLDEEREL, ¥— T 2EICHRAEAICL D ZIANRBD b, BEAIC
EVHEELELO, POREERRFEEEH EOEN 7 7 AEMEOBFERREE ChH - -6, &
HRKGEIEMEE L, TOMOBEITEME & HE L.
7ok, REBRFTIEOME % Scheme 1 1278 L7z,

Sample solution preparation

weighed 25 g sample in bag for stomacher

added 225 mL 0.1 w/v% peptone salt solution and left at rest for 30 min
shook for 5 min using stomacher (200 rpm)

EC fermentation tube
inoculated each 1 mL of sample solution for 5 tubes of EC medium containing a Durham tube

incubated for 22~26 h at 44.5 °C

EMB agar
inoculated with a loop to a plate of EMB agar from EC fermentaion tubes observed gas production
incubated for 22~26 h at 35 °C
I
Standard agar slant Lactose fermentation tube
| inoculated a typical colonies with a wire to a | inoculated a typical colonies with a wire to
plate of standard agar slant lactose fermentaiton tube
incubated for 22~26 h at 35 °C incubated for 24~48 h at 35 °C
Gram staining Gas production
performed gram staining and observed under a
microscope

Detection of fecal coliforms
Scheme 1 Analytical procedure of fecal coliforms in pet food inspection method

2.5  KEGEIINFER
1) #BHER O 7R
2.1 OHHTEEL 25 g & o THEHEAA b~ v T—RICAN, BT OERED 2, 6 KO
18CFU/g (LAF, IKRE, FRELVEHEE LTS, ) 725K 0102209) TR L7 2714
AW, 9 fERINE O3 fEA RO KRG EIRINK Z 2T 1 mL RN L, #B0K 225 mL % iz 72
%, 30 R E L. ZhE A M~y —4B (200 rpm, 547f) L, EC REEEICHEMT 2
RIGERIMEREHR & L7z, <, KIBEEZRMLARWT Z o 73 EHR bR L7z,
7k, FBHE 10 AR U723 EHK 1 mL % 5 A0 EC HEEE ICHEMT 2 2 L h, EHcHE:
FEn 280 (LUF TRRBEAL, Lo ) TmoOmEREICHE GUEHPERE -10Xx5) +2
&L RRE, PREROCEREIZZNLZILL, 3 KON9 CFURRBRENL & 72 5.
2) BC WEFEIC X D580 b 38 R KNG W B O 1 E
KAGE IR EHR I AR E n=4, TIRE n=4 ROEEE n=1, 77> 7 XK n=1 TiBk
A FhE L7,
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B, 77 rREHEE AV BEC BEEEICL DERICBWT, HAREALALRWT & &2
MTEY, KBHETMRENKIT 24 © 2)F TEJi L, EC BEE COHAEADFMIZ X
DR O ZHE Lz, £72, &D7=® EC BEEE THRADELENRBRO LN DB
IR 1 REMAELICIRY, 24 @ 3) ~5)%FEMEL, EERKBEEOMIREZRTZ L 2R L
7.

3) estimated LODso (eLODso) D% [

) T & HE S 72 EHKIZ IS U T, 1S016140-3:20217 2> & Hg P L 7= Table 2 % & (Z

eLODso #H M L 7-.

Table 2  Determination of estimated LODso (eLODsp) based on the number of positive results
per level of contamination (excerpt from ISO16140-3:2021)

High Intermediate Low
inoculation level  inoculation level  inoculation level Blank level eLODs,
(9XLODsy/ (3XLODsy/ (1XLODsyf (CFU/test portion)
test portion) test portion) test portion)
/19 4/4 4/4 0/1 <1.0xLIL
11 4/4 314 01 =0.5xLIL
11 4/4 2/4 01 =0.7xLIL
m 4/4 14 0/1 =1.0xLIL
11 4/4 0/4 01 =1.5xLIL
11 3/4 414 01 =0.7xLIL
m 3/4 3/4 0/1 =1.0xLIL
m 3/4 2/4 0/1 =1.3xLIL
11 3/4 14 01 =1.7xLIL
11 3/4 0/4 01 =2.3xLIL
m 2/4 4/4 0/1 =1.1xLIL
m 2/4 3/4 0/1 =1.5xLIL
11 2/4 2/4 01 =1.9xLIL
11 2/4 14 01 =2.6xLIL
m 2/4 0/4 0/1 =3.7xLIL
11 1/4 4/4 0/1 Unreliable MPN result
11 14 314 01 =2.1xLIL
11 14 2/4 01 =2.8xLIL
m g 14 0/1 =4.0xLIL
11 14 0/4 01 =6.3xLIL
11 0/4 4/4 0/1 Unreliable MPN result
m 0/4 3/4 0/1 =3.0xLIL
m 0/4 2/4 0/1 =4.3xLIL
11 0/4 14 01 =6.7xLIL
11 0/4 0/4 01 =14.0xLIL

a) Number of positive results/number of measurement at level

b) LIL: Low inoculation level
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3 HRRUBE
3.1 FEHROFM Sk

FEHEARGEERREZREL O A @EAICB T, REHEROFR T EIL, 3B 25 g ([CE
RN UMMABREK 225 mL M2 CRIfrT 2 EHESHTEBY, —RIOIZIE, 71L& —X
A b~y h—HNTHELLLTND D,

RIEOFREHR O G R1E, BB A SRS ORAEIEIGER O £ FH L O LE 3 T ORBRIE
ERIBRO FEEBRA Lic. BARMICIE, A b~y b —ABEOFNIE O 30 4 HiE 3 25 REH
LU, ALy h—ABEORRILS S E Lz, £, EMEEYYy—F— (N—FKZX A7)
DI L, IR TERVERENIN G L Lz,

3.2 HBRIEOFEAMm L

— iz, EVERBROVEREREMIC IR TS E b 528, MAEDRBRICB O CUEREHF 0%
WA — Tl <, B GE N E ENDMEDRIBO AT ERD D728, HEFITH
HAHEZe FERMEZ RO 2 DITEHEL W E ST 5 9. 1S016140-2:2016'9 % TY 1SO16140-3:2021 T

%, AEDEERBEOVERERHTO 1 SOfE L LT, EEABRO 50 %035 E R oHETH
% LODso (Level of detection) 2A/rENTHKY, HEBHMBERIIINEZEIZ, FEITBWT
LODsy ZilBRIEDFHHIC VT WD . LLEZEE 2, RBFHIIB W TS, LODso Z mlBiRiE O RFh
WCHWH Z & e LT,

3.3 H—RBREIZHB T DAL (KIGEEINER)

ISO16140-3:2021 1%, H—BR=EIZB T o 0EE, FHERBIESF 2 G AT HBROMEFIEZ &
DA RTA L THY, HIRMAEBROFE RS estimated LODso (eLODso) % % H L CRlEAthi4
DFRIENRENTWD. 728, LODsy DR MHIEE R, BN D72 & 205 eLODsy (HEE
M7= LODsy) & EFINTUWND

R RN B RERBRIE O Z e H Bt~ 0@ B3 2 Tt & LT, 1S016140-3:2021
WS E 251X 0 KIGHETBINGBR 2 F0E L=, 7%, HEEMEEL, (KR T LODs & [,
R T LODso D 3 f5 X VSR EE T LODso D 9 fiF & 725 K 9 ITRRE L. ARBFHI W 2 # il R
KIGERERBRIED LODso ITAR SN TVRWNWI LD, Z D& ED LODs i% 1 CFU/RBRERNL &
7 LT,

FERIX Table 3 D B0 TH Y, 55172 eLODso 1% 0.5~1.0 CFU/GRBRENL TH - 7=.

ISO16140-3:2021 TlE, HH S472eLODsy 23, LODso D 45N TH D Z L #FRBA L LT
HEL TS, AMFHTIL LODs) % 1 CFU/RBRERAL & A 72 LT\ D Z & D, eLODso A 4 CFU/
BB LL FOSGAICHRRA 2RIz L Wb 2 e Ehs. EXD, RRABRICIYREEHINE
eLODso 13 Z OFF ARSI 2072 L Tz,
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Table 3  Number of positive results and eLODsp for the detection of fecal coliforms in pet foods

Inoculation level of test portion®

Pet food types _ High_ Irltermed_iate  Low Blank level eLODs _
inoculation inoculation  inoculation (CFUltest portion)
level level level
Dry food for dogs 1/1? 4/4 3/4 0/1 0.5
Dry food for cats 171 4/4 2/4 01 0.7
Semi dry food for dogs 1 11 4/4 2/4 0/1 0.7
Semi dry food for dogs 2 171 4/4 2/4 0/1 0.7
Wet food for dogs 171 4/4 1/4 0/1 1.0
Wet food for cats 7 4/4 14 0/1 1.0
Formed jerky for dogs 1 7 4/4 3/4 0/1 0.5
Formed jerky for dogs 2 11 3/4 3/4 0/1 1.0
Dried jerky for dogs (hard type) 171 4/4 2/4 0/1 0.7
Dried jerky for dogs and cats (hard type) 171 4/4 2/4 0/1 0.7
Dried jerky for dogs (soft type) 1 11 4/4 3/4 0/1 0.5
Dried jerky for dogs (soft type) 2 171 4/4 3/4 0/1 0.5

a) High inoculation level: 9 CFU/test portion, Intermediate inoculation level: 3 CFU/test portion,
Low inoculation level: 1 CFU/test portion

b) Number of positive results/number of measurement at level

4 F&EOH
FEARARKGEBERBIEOZ B AR ~OBEA O AT OV TRF L& 25, LLFOREEN

Bon, MEEOREDRLERSITRO RN T,

1) REHROFR G IEL, Z5cih AEEEOMRAEEICIE STV D AFEBE O LE R T DR
Brik L RO HEEZBRA L. £, EMRBEY vy —F— (h—FZA47) O b, YT R
W BHI &4k & L Te.

2) EInEAEIENC, KEBEZ 2, 6 XOV18CFU/g (1, 3 & U9 CFURBRINAL) & 72D X 9Tk
N UakER U725 2R, eLODso 1% 0.5~1.0 CFU/GRBRERAZ Td ¥, 15S016140-3:2021 THIE T 5 74 R
Rz LTz,
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Validation Study of Simultaneous Determination Method of Aflatoxins by LC
~Application to Whole-Crop Rice Silage and Ear Corn Silage~

YAMATA Seiko*!, SATO Takumi*?, ANDOU Chisaki*? and CHIHARA Tetsuo™
("! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Fertilizer and Feed Inspection Department, FAMIC),
*2 Kobe Regional Center, FAMIC)

We have made a validation study on the application of the simultaneous determination method of
four aflatoxins (B1, B2, G and G») to whole-crop rice silage (WCRS) and ear corn silage (ECS).
This method uses a liquid chromatograph with fluorescence (LC-FD) for formula feed, corn and
corn silage, and has been listed in the Feed Analysis Standard of Japan.

Aflatoxins Bi, Bz, Gi and G, (AFs) were extracted with acetonitrile-water (9:1), and then the
solution was centrifuged. The supernatant was purified with a solid phase extraction column
(MycoSep 226 AflaZon+, Romer Labs Division Holding GmbH, Getzersdorf, Austria), and the
eluted solution was concentrated to dryness. For derivatization, trifluoroacetic acid was added to
the residue, and the sample solution was injected into the LC-FD to determine the concentration of
AFs. LC-FD separation was then carried out on an ODS column (Shodex C18M 4E, 4.6 mm i.d.
x 250 mm, 5um, Resonac Holdings Co.; Tokyo, Japan) with water-methanol (3:2) as a mobile phase.

Recovery tests were conducted on WCRS and ECS. AFBi, G and G> were added at the levels of
0.0013, 0.011, 0.022 and 0.044 mg/kg, and AFB, was added at the levels of 0.00022, 0.011, 0.022
and 0.044 mg/kg for WCRS respectively. The resulting mean recoveries ranged from 79.8 % to
91.0 % for AFB;, 86.9 % to 98.2 % for AFB», 87.2 % to 112 % for AFG; and 93.8 % to 107 % for
AFG;. The repeatability in the form of relative standard deviations (RSD;) was less than 2.8 % for
AFB, less than 8.7 % for AFB», less than 6.7 % for AFG, and less than 2.5 % for AFG,. AFB,
and G; were added at the levels of 0.0026, 0.011, 0.022 and 0.044 mg/kg, AFB, was added at the
levels 0of 0.00044, 0.011, 0.022 and 0.044 mg/kg, and AFG, was added at the levels 0f 0.0052, 0.011,
0.022 and 0.044 mg/kg for ECS respectively. The resulting mean recoveries ranged from 78.6 %
to 100 % for AFB1, 78.1 % to 100 % for AFB,, 76.3 % to 108 % for AFG, and 82.3 % to 108 % for
AFG;,. RSD; was less than 7.6 % for AFB,, less than 4.2 % for AFB>, less than 6.5 % for AFG, and
less than 5.1 % for AFGo.

This AFs analysis method was thus verified to be applicable to WCRS and ECS.

Key words: aflatoxin; liquid chromatograph (LC); whole-crop rice silage; ear corn silage
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1 # B

ENEOBEAGER EOOOE SRR E LT, A L— % & TR o ERE S B o
B PESSH R N REBAICI T O TS D ZRSEEOY A L—U 0B 0FESRHE S D H4] DR
HO, YA L —VEONDNEFEDO Y AT EHREHED D LT, A L—ZFO0UEO SHTIEOFE
NRABE RS> TS, BUTOEEM T EERE DT, AHD YDPME LEEEEEE LR E > AL,
WS, @ED IR LIEZE I LA LI A L=V 2B E LT 77 2 o DiEik 7 o
~ 2777 (LLF TLCY &9, ) ICKDRKESHE (LT TIEE] Evwo . ) B ST
WAHA, FRFEEEMATEL (LT TWCRS) & W), ) KA 7T a—r ¥ A4 Lb— (LLF TECS) &
D) IFRBE LTV,

% 2T, A, WCRS XU ECS DIHIE~DEMA OIS L HE LD T, TOMELZRET L.
ZEIZT 77 & By, By, G MGy OREERSE % Fig. 1 1ZR LTz,

Aflatoxin B Aflatoxin B2
(6aR,9aS)-2,3,6a,9a-tetrahydro-4- (6aR,9aS)-2,3,6a,8,9,9a-hexahydro-4-methoxy-
methoxycyclopenta[c]furo[3',2":4,5]furo[2,3-h] cyclopenta[c]furo[3',2":4,5]furo[2,3-h [1]benzopyran-
[1]benzopyran-1,11-dione 1,11-dione
C17H1206 MW: 312.06 CAS No.: 1162-65-8 C17H1406 MW: 314.08 CAS No.: 7220-81-7

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

[1]benzopyran-1,12-dione [1]benzopyran-1,12-dione
C1i7H1207 MW: 328.06 CAS No.: 1165-39-5 C17H1407 MW: 330.07 CAS No.: 7241-98-7

Fig. 1 Chemical structures of aflatoxins B+, B2, G4 and G2
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2 EEBRAE
21 & B
WCRS &N ECS 1 60 °C T 6 Kl iztietz, HICENICHE L CREZLE. Zha B E 1 mm
DAY = EEE LD T 4 T INVTHREL, SRS LT,
22 A 3K
) A%/ —=MEILCH (BE7A VLRt HEER) 2 M. U 704 o fEE2T Reagent Plus
(Sigma-Aldrich ) ZH\\7=. ZOMORKITHERHKLEZ H 2. KiL Milli-Q Integral 5
(Merck Millipore #) |2 X 0 K58 L 728k (JISK 0211 @ 5218 [ZEF S z@hliAK) Z AW
7.
2) T 77 bFVUIRAERER
777 FFT 2 Bi, By, G KOG IRGAEHEKE (45 25 ng/mL, Supelco ) 1 mL % 50 mL
DEET T AAZAN, FIERETTEM=bMIAVEMZT, 777 bF T URGERER 1
ZWELE (W 1mLiX, 77T F%2 U B, By, GIKRUG & LTH05ug & 5H) .
EBIZ, 777 bFVURAERER 1O 1 mL %25 mL O2E 7 7 A3l A, EICERE
TT7EF=RIAEMAT, 777 FFXVURGEER2 ZA L (ZO® 1 mL X, 77
7 h¥T U By, By, G ARG LT 20ng 25 H) .
2.3 IEE KOG E
1) BHyT 427 3I)b:SM 2000 Retsch # (HBIE 1 mm 27 U—1, (i FRfEIEZEL 835
rpm)
2) {EVIREHE : MW-DRV EARHAFT3& (6 A RREI%K 300 rpm)
3) ZHEHE T A : MycoSep 226 AflaZon+ Romer Labs Division Holding GmbH
4) RBRAEERMEER  EB-303 7 XU Ml
5) LC : Prominence &8 {EpTHY
2.4 ERGIE
D #i W
IHTEEE 259 2 B> T H00mL Dt = A7 7 Xl A, T =KV -7k (9+1)
200 mL (ECS % 150 mL) #ANx, 30 4yflHE 0 IR Chivt U7z, il i 2 48 0 dhde i Do Tk B
IZAIL, 650xg T 5ol OmBE L, RBAMKE 7 MLERICHET 53 BHAKR & Lz,
2) 1T LALER
AEHANR 4.5 mL ZRBREICAN, ZHEDN T L2 P D LIAKR, FETAAKIZ@EE LT
Wi i & 3R A RO o i 2 BB & L 7=,
3) FHERCSUG
FEHANK 1| mL % 10 mL OREBRE IZIEMEIZ AL, 40 °C LLTFICERE L BRE R E °=
FH A Fo TIEMWE L. BEWIC N 704 ol 0.1 mL 2 EMECNZ, RBRE IR
Zhia L, RBREI X —CIOMRERY EEH%, 1SHMEHE L. BIZK—7% F (9+1)
0.9 mL ZRBREICIEMEICINZ, RBREIXV—T 10 PRERVREEL. Z0RE27I7A2AF v
7 Bl DR BE (R 1.5 mL) IZ AR, 5000xg T 5 2BhE OO EEL, EBRAREEZIEEKZ o~
N7Z 74—l 2 REHRR E LT,
FEFCT 77 PV U RAERER 1 (0.5 pg/mL) ZHVy, 2~60 pL OO SN T 7 F
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R U IRAERER 2 (20 ng/mL) Z VY, 2.5~25 L OO E TN 10 mL ORERE
(ZIEMEIZAZL, 40 °C DL FICERE Lo il BR B IR M2 8 CEBE N X & ko TRz E L7z, 7RH
WIZ N 7 A e iR 0.1 mL 2 EREICINZ, BL N IERUEHA IR & RERICEEL, 1 mL HicT 7
7 R¥T 2By, By, GiAONG, & LTENTI 0.05~30 ng Y B A2 EH T 2 & MmERIERHIR
BRI A TR LT
4) Wkrua~ 777 40—
AUBHARE Mo O R B AR E R IR A S HEWE 45 20 uL %2 LC IV EAL, Z7u~ b7 T L&z,
WE S/ % Table 1 (278 L7z,

Table 1 Operating conditions of LC

Detector FL detector (Ex: 365 nm, Em: 450 nm)

Column Shodex C18M 4E (4.6 mm i.d.x250 mm, 5 ym), Resonac
Mobile phase Water-methanol (3:2)

Flow rate 0.8 mL/min

Column temperature 40 °C

5 &
Bonlr7a~ N7 A0 - HBLROE I EZRO THREREZIERL, REth07T 75
F%T 2By, By, GIAUOGEZEH L. vk, 32KBKEEY—7EHMECTOMELTLH L.
e, EEIEOWE% Scheme 1 (/R L7z,

Under the light-shielding conditions

Sample 25.0 g (500 mL amber Erlenmeyer flask)
——added acetonitrile-water (9:1)
(WCRS: 200 mL, ECS: 150 mL)
——shook for 30 min
——centrifuged for 5 min at 650xg
——transfered 4.5 mL of supernatant into test tube
MycoSep 226 AflaZon+
——pushed MycoSep 226 AflaZon+ column into test tube
——transfered 1 mL of effluent solution through MycoSep 226 AflaZon+ column
to another test tube

10 mL test tube

'—evaporated under 40 °C and dried with N, gas
Derivatization (standard solution at the same time)
——added 0.1 mL of trifluoroacetic acid
—allowed to stand for 15 min
——added 0.9 mL of water-acetone (9:1)
——centrifuged for 5 min at 5000xg
LC-fluorescence detector

Scheme 1 Analytical procedure for aflatoxins B1, B2, G1 and Gz in
whole-crop rice silage (WCRS) and ear corn silage (ECS)
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2.5  IRINENREER
22D 2DT 7T MRV URAEERKEZ T b= MU LV TEMIZHRL, BSIMCHWE.
WCRS IZOWT, FMHE LT 75 F% 2 Bi, G &G, & LT 0.0013, 0.011, 0.022 &
0 0.044 mg/kg FHY & (B alBHAK T < 038, 3.1, 63 KON 125ngmL) , 777 F¥T VB,
& LT 0.00022, 0.011, 0.022 % TF 0.044 mg/kg FH2 & (A 0.063, 3.1, 6.3 X% 12.5 ng/mL) ,
ECS IZoWTC, FMHME L7 77 F¥T v By, Gt KU Gy & LT, 0.0026, 0.0052 (G DH)
0.011, 0.022 K O* 0.044 mg/kg FHY% & ([F 0.5, 1.0 (GoDH) , 2.2, 42 K83 ng/mL) , 77
7 FF¥ 2 By & LT0.00044, 0.011, 0.022 F T 0.044 mg/kg 24 & (A 0.083, 2.2, 4.2 X183
ng/mL) ZZNENIRMELIES L, —KFE LRI 24 > TERL, FHREIERD
MR UKSEE 25k oD 72
72%, WCRS ORFEYFEHI LT, 777 &% B, G KO G, &£ LT 0.003, 0.025,
0.05 X0 0.1 mg/kg fHY &, 777 ¥ 2 By & LT 0.0005, 0.025, 0.05 %O 0.1 mg/kg FH Y &
WD EoHmL, FEoHRE~OHEIL, FEHh Lk RREIT ORI EAEZ 60 %k T
10 % & BE LT, Y O EHEE 60 %) HiRE=EiY OKoEHE R 10 %) PIRE 2250
RIZEVITo72. F£72, ECSORFEMREHIR LT, 777 F*%2 2By, Gi&XUG, & L7T0.003,
0.006 (Go D) , 0.013, 0.025 K T*0.05 mg/kg tHY &, 777 h¥ 2 By & LT 0.0005, 0.013,
0.025 & 0.05 mg/kg FHY &EIZ72 2 X HICHML, FPHRE~OBEIL, it &k R T
DKZEREZ 30 %KX T 20 %L BEOLT, JHW OKODERE30 %) TRE=REGY Okoa
HE20%) FHEE1.14 ORI LVIT-o 7=,

3 BRRUBER
3.1l HAES I & o e
FRDBE > AT SR YERS 5 B 3 H 2 1THEV, fhHHEEAfERE L7z, Zrds, WCRS KUY ECS (TUL#HIE
DOE2IZFHHE SN TWDIRVIEE D Z & B3N & U, 3UBHREEZ 25 g ICE Lo
VAR EZ LD BLAZ LY A L—ERU 150 mL & L7284, WCRS Tl 23l i va it
WCEVEEL, IRVIBES Z EBRREETH 72720, A EE 200 mL (& L7Z. £/,
Mz R Z mH 57-®, WCRS, ECS & b2 =7 7 A aOF &% 300mL 225 500 mL (248
HLz.
3.2 WiEWE O
WCRS }OVECS 4% 2 #efk &2 vy, RIEIC L VR LB A LCITIEAL, fbhicrm
~ ST LEERLIZEZA, BRTOBIKTT 77 %2 B, G A G, O E— 7 HitklchE
v — 7 (BN R L TR K 0.0008 mg/kg FHY &) RO LNz, LarL, iEE—7 O
FIXS A OERE TR (0.003 mgkg) EMMELZE—ZHEED 1/3 R THY, FEHIHTHLUER]
M2 ORBUED R Y MMERITA FT A4 (LLT TRYMEMHRTA RTA ] &0ndH. ) ITEDD
BRMEOHFRFMANTH D Z 0D, DEOMFHIZEIZ WS O &l L.
kB, Fonlcrsa~ 87T AO—fl% Fig. 2 IZRLTZ.



777 bR UDIRIEY vnv N 7T 7T 8D RIREIIATIE D 2 2 PR 43

4800 1 4800
- [ l N
E 3800 € 3200 |
o AN
z l Z
2 3
$ 2800 @ 2800 -
8 ]
£ £
Y 8
< 1800 A < 1800 A
S 800 - S 800
E w
-200 . . . . . . ) -200 , , . . . . ,
6 8 10 12 14 16 18 20 6 3 10 12 14 16 18 20

Retention time /' min Retention time /' min

2 3
4800
wl Ll l
2800 1

1800 ~

800 -

Fluorescence intensity,/ mV

-200

e é 1'0 Retenlt'izon timgél/min 1'6 1'8 2'0
Fig. 2 Typical chromatograms of standard solution and blank sample solutions

(LC conditions are shown in Table 1. Arrows indicate the retention times of 1: aflatoxin G;
derivative, 2: aflatoxin B; derivative, 3: aflatoxin G, and 4: aflatoxin B>)

A: Standard solution (The concentrations of aflatoxins B, B2, G1 and G are 0.4 ng/mL
respectively)

B: Sample solution of WCRS

C: Sample solution of ECS

3.3 EANEIEER

252KV INENLERBR 2 F0hE L, = OfER% Table 2 (/R L7z, 7238, BMEIIGGRER O HRnE
FEX, SElOAFEYEOREEER VEBELHE DCORTERAFEHIBIT AR BIKNT 77 F v
> By DREYEE 0.01 mgkg WNTE H HAZ LORIHE 0.02 mgkg L ONZED 2 NS EERD XD
ICRRE LT, EE FROMIEIL, PEC—7D0EERVOEI LA LA L—VOERETRE S
FZ, WCRSIZBWTHEHFTT7 77 %22 By, G KNG 1%0.0013 mgkg, 777 h¥
B21%0.00022 mg/kg & 725 L 91T, ECSIZBWTHEMHFTY 77 hF T By, G LATUG21E0.0026
mg/kg, 777 FF T2 Bald 0.00044 mg/kg E 72D L OICEKEL. ECSOT 77 h¥T v Gl
HEHZ LV EE =7 ONRZ = ZEWRRO N2 LD, FEYH 0.0052 mg/kg %81 T:%
E L7z,

WCRS 2B T 257 77 & By OFHENLRIL 79.8~91.0 %, £ O UK EL I3 xR R
7 (RSDy) & LT28 %LUT, 777 bFv v By D FEHEIULRIL 86.9~98.2 %, RSD; (X 8.7 %LA
T, 777 &y G OFEHEILHET 87.2~112 %, RSD X 6.7 %LU T, 777 hF v G D
BIEIL R 1T 93.8~107 %, RSDIE 2.5 %LU FTH - 7=,
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ECS IZBIFT57 77 hx v B OFHEILHEIL 78.6~100 %, RSD: X 7.6 %L T, 777 h¥
v By O ERIL 78.1~100 %, RSD, IE 4.2 %LATF, 777 FF v Gy OB RN RIL
76.3~108 %, RSD, 1L 6.5 %L FTH-o7=. F7=, ECSI T 0.0026 mg/kg KM Y EATML7=T
77 bRy Gy OFEREUEDN 129 % &7V, ZUMWHARTA FIA4 VICEDONT-HEDH
BEAE (70 %LL 1120 %LA ) &AM LTZDY, 2 OO FE UL 82.3~108 %, RSD; (X 5.1 %LLT
ThHY, RUVEHERTA BT A VICED DIV EE R OOHMTREE O BAE (22 %L T) &
L.

7B, HBonl-ru~ N7 LDO—Hl% Fig. 3 O Fig. 4 (IR L7z,
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Table 2  Recoveries for aflatoxins B4, B2, G4 and G2 in WCRS and ECS
Spiked level WCRSL1 WCRS2 ECS1 ECS2
Aflatoxin  (mg/kg original  Recovery”® RSD,” Recovery? RSD,” Recovery® RSD® Recovery® RSD.?
mate®® o) @) k) %) k) %) (%) (%)
0.0013 79.8 0.8 84.8 2.5 - - - —
0.0026 - — — - 91.6 1.6 92.2 14
B, 0.011 - — 85.0 2.8 - - 100 7.6
0.022 86.7 2.3 — - 78.6 1.7 — -
0.044 91.0 1.0 — — 81.7 1.0 — —
0.00022 91.3 8.7 98.2 7.4 - - - —
0.00044 - — — - 100 4.2 86.4 2.2
B, 0.011 - — 86.9 13 - - 93.0 3.7
0.022 86.9 2.2 — — 78.1 14 — —
0.044 87.6 0.7 — — 79.4 1.1 — —
0.0013 93.6 1.0 112 6.7 - — — —
0.0026 - — — - 97.8 14 101 0.5
G, 0.011 - — 88.1 3.6 - - 108 6.5
0.022 87.2 3.5 — - 76.3 18 - -
0.044 99.7 19 — — 86.1 1.3 — —
0.0013 95.8 15 107 2.5 - - - —
0.0026 - — — - 129 1.2 101 14
G 0.0052 - — — - 95.0 0.4 - -
0.011 - - 94.9 2.3 - - 108 51
0.022 93.8 2.0 — — 82.3 1.2 - -
0.044 96.5 15 — — 86.3 14 — —
— not tested
In dark cell, mean recovery is more than 120 % (exceed the upper limit of the target value).
a) The aflatoxins were spiked to air-dried WCRS samples one night prior to extraction. The spiked

level were 0.003, 0.025, 0.05 and 0.1 mg/kg air-dry matter for aflatoxins B1,G1 and G2, and 0.0005,
0.025, 0.05 and 0.1 mg/kg air-dry matter for aflatoxin B, respectively. The levels of aflatoxins in
original matter were calculated with following equation on the assumption that the moisture content
of WCRS samples was 60 % for original matter and 10 % for air-dry matter.
The levels of aflatoxins in original matter (moisture 60 %)
= the levels of aflatoxins in air-dry matter (moisture 10 %) / 2.25
b) The aflatoxins were spiked to air-dried ECS samples one night prior to extraction. The spiked level
were 0.003, 0.006 (G2 only), 0.013, 0.025 and 0.05 mg/kg air-dry matter for aflatoxins B1,G1 and Gy,
and 0.0005, 0.013, 0.025 and 0.05 mg/kg air-dry matter for aflatoxin B, respectively. The levels of
aflatoxins in original matter were calculated with following equation on the assumption that the
moisture content of ECS samples was 30 % for original matter and 20 % for air-dry matter.
The levels of aflatoxins in original matter (moisture 30 %)
= the levels of aflatoxins in air-dry matter (moisture 20 %) / 1.14
¢) Mean (n =5)

d) Relative standard deviation of repeatability
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Fig. 3  Typical chromatograms of standard solution and spiked sample (WCRS)

(LC conditions are shown in Table 1.  Arrows indicate the peaks of 1: aflatoxin G
derivative, 2: aflatoxin By derivative, 3: aflatoxin G, and 4: aflatoxin By)

A: Standard solution (The concentrations of aflatoxins B, B2, G1 and G2 are 6.0 ng/mL
respectively)

B: Sample solution of WCRS (spiked at 0.022 mg/kg original matter of aflatoxins Bi, B2, Gi
and G; (corresponding to 6.3 ng/mL))
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Fig. 4  Typical chromatograms of standard solution and spiked sample (ECS)
(LC conditions are shown in Table 1.  Arrows indicate the peaks of 1: aflatoxin G
derivative, 2: aflatoxin B derivative, 3: aflatoxin Gz and 4: aflatoxin B>)
A: Standard solution (The concentrations of aflatoxins By, B2, G1 and G are 2.0 ng/mL,
respectively)
B: Sample solution of ECS (spiked at 0.011mg/kg original matter of aflatoxins B, B>, G| and
G; (corresponding to 2.2 ng/mL))

3.4 TEETFREUHE TR
775 h¥T 2 By, By G EOG OMEBROERENHERINTOAEEO Tt 725
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JEEE (WCRS ORELM T TlX, 777 F¥ 2By, G KNG IT OV TIX0.003 mg/kg FHY4 & (i
BN PR 038 ng/mL) , 77T FF T2 By ITOWTIE 0.0005 mgkg A& (IR 0.063
ng/mL) , ECSHTIX, 777 FF L2 B KGOV TIX0.003 mg/kg FH24& ([7 0.5 ng/mL)
777 hF T Bl DWW TIE 0.0005 mg/kg FHY & ([A] 0.083 ng/mL) , 777 hF T G llD
W TIE 0.006 mg/kg FHY & (A 1.0 ng/mL) ) OFINEIGREROFE RS, RiEOE & TR O
HTFRZRD. Fig.2 DBV, £T7 77 hFLrOE—7 DRIZBICBWTIHIEDEOE—7
MEBHFELTNDZ LD, EREOEERAD 10 5% 4.26 % (Student O - (FAI, A
HUKHE0.05, HHE4) D025 NOEEFREOBH TRZHEE L72L 25, WCRS ORI
HO7 77 X2 B, G KOG, OE R FRIX 0.003 mg/kg, i FFRIX 0.001 mgkg, 777
k22 B, OE R FERIX 0.0005 mg/kg, M FBRIZ 0.0002 mg/kg & & 2 b7,

F£72, FEEIC, ECS OREM T DT 77 bF > B LT Gy OFER FIRIZ 0.003 mg/kg, i
TBRIX 0.001 mg/kg, 777 FF T By DERE FIRIE 0.0005 mg/kg, i FRIZ 0.0002 mg/kg,
777 ¥y G OERE FIRIE 0.006 mg/kg, fH FRIX 0.001 mgkg & &z bz,

72%, Table2 IR Lol B0, YUiLER NRIZET 2 RMENGREBRGS IR TH o7,

4 F&EOH
WCRS (X ECS DT 7 Z h¥ > By, By, G KDY G IZoWT, WHEDOT 77 hF 0

LC {2 X 2 RIFFEEIE DA O A FIZOWTHF L& 25, WCRS OHFIEESEEZAH 5 2

ET, LUTOMERSEL, MHANARETHDL EEZLNT.

1) WCRS KUNECSH DT 77 FFx v Bi, GiRV G L, RIEZH-THOLNIZZn~ N7 T 4
WCEBZHT D=7 BRO NN, HUHEERTA RTA VITED D BREOFTF AN T
bolz. £, 777 "% B i, R~ TH LN~ N T ACEREHTLHYE
A S LYY (WA R oY

2) WCRS (ZxfL, JFE#HHICHE LT 77 &%+ > By, Gt KU G, & LT 0.0013, 0.011, 0.022
KON 0.044 mg/kg FHY &, 77T R 2 By & LT 0.00022, 0.011, 0.022 & UF 0.044 mg/kg #H4
WA, ECSIZxtL, FEMHFIZHELTT 77 h% v By, Gt XD G, & LT 0.0026, 0.0052 (G2
DF) , 0.011, 0.022 }%T*0.044 mg/kg fHY &, 777 &% > B, & LT 0.00044, 0.011, 0.022
T8 0.044 mglkg FEEBFIN L, AIEICHE- T 5 ST 2 £ L TR &K O UK %
RDT=L Z A, ZUVEMRB T A KT A NZED DIV B R OO TR E O B AEE % i 72 355 12
BFoni.

3) A{ED WCRS DT 77 hF¥ v By, G kDN G, DER FRIFEAZYH T 0.003 mg/kg, i
TRRIZ0.001mg/kg, 77 7 k¥ B DE R FIRITZEFZY H T 0.0005 mg/kg, A T FRIE0.0002
mg/kg EHEE Sz, ECSH DT 77 F¥ v By MGy D E & FIRIZE Y 5 T 0.003 mg/kg,
Rt FERIX 0.001 mg/kg, 777 KF¥ T B, OEE FIRIZEFZY) FC 0.0005 mg/kg, & H BRI
0.0002 mg/kg, 77 7 KF¥ I G, DER T IRITJEFZY H T 0.006 mg/kg, #H FBRIZ 0.001 mg/kg
EHEEINT.
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5 EmEBYRAGAMOU Y FRGOKSAEICERRIGERL T 4 LLDHR
B DRE

Ve BT, Ve T, MR AT, M AT
Study of Plastic Film Bags for Moisture Content Determination in Wet Pet Food

SATO Norihiro®, SATO Kozue®, AIHARA Kumiko® and IKEZAWA Akito”
(* Sendai Regional Center, Food and Agricultural Materials Inspection Center)
We have studied properties of plastic film bags to be used for moisture content determination of wet
pet food. We used four types of plastic film bags: normal type (currently listed in the Feed Analysis

Standard of Japan), high density polyethylene (HDPE) type, low density polyethylene (LDPE) type,
and nylon film type.

After weighing out diatomite to the plastic film bags, they were dried at 105 °C for 2 hours. Ground
pet food was then added, and mixed with dried diatomaceous earth in the bags. The mixtures were
thinly spread in the bags and dried at 105 °C for 3 hours. The moisture content was calculated
from the weight differences of the pet food before and after drying.

LDPE film bags and nylon film bags were found unsuitable for the method because of the lack of
heat resistance function in the former and the susceptibility to static electricity in the latter.

Based on the moisture content measured with normal film bags and HDPE film bags, the result was
statistically evaluated. HDPE film bags were found suitable for the method, because no significant
differences were identified between HDPE film bags and normal film bags when using metal shelves
to prevent bags from twisting or closing during drying for the former.

Key words: moisture content; diatomite; plastic film bag; high density polyethylene (HDPE); pet
food; wet type pet food

F—U—=R KRG 7 AY VL TIRF I 74V M I8 GEER) = F L EhiH)
YRR © v =y N

1 #% B

ZoiE B O B FICET 2485 VRO 1 o@)IzB\WT, THET 2MmEORTEN
B AR O G R BEE BT D28 - T, Yi%IGE A E W AR oKy OER
B 10 %EHR D EEIE, FOB L&Y YZKEHEREYHEROENORAT LD L
L, Yzl HEBHERIR ORGSO EREDN 10 %ICHZ2We XX, ZORETHEE
VA ZEIBYHGARORICNET 20T 5. | oD XD, B A ORS
HAE 2 Hlr 21289725 T, KOBEOHENEE L 7> TN5D.

FZECENVY B DK 5y ORE HIEIL, ZiE3hm AR EORAE D TED LILTWD. EhiH)
WREELD 5 6, KIZED 70~90 % ED ¥ = v MG DKL, Pk 22 FEEICARE D V3BR%E
LieoA Y LT 4 v AEREHIND. 74 YU LRN7 4 VAETIEIRI = F L7 o
NABIRAENT 5 2L L ERTWD R, STEORHBICHWS N (LI TBEFER] v

tOMSEATEGE N BMOKEEH R L a2t o 2 — et 2 —
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9. ) FEATRENTELT, BHICAFTERVWMERLRDH L. 207D, KEFTIEaMh
FoRFEMRE VL BB, RSN TWDLTTRAF v 7 74 VL8805 6, @Yl KRE IOEEE
AU xF LR (LUF THDPE &) L), ), REERY =F L 8-4E (LI TLDPE )
WS ) KOV A v EERTLHE (LUF IhaurdE) twnwo. ) 2HWT, BEFEEL O
SEEFHE LD T, TOMEERETD.

2 EBRAE
21 B
%%”&ﬁ%:,m%émfwék%Xi%%®W:yb@&%f%&&é@% FHEUERSINS
L, XL AZRE L Cofricfii Uz, ®REICHREN 300 g L EE 70D L5 BHE -
B&EL, 7— K7ty —TREDB— MRIZR D2 ETHE L TOTAREE Lz, ek,
T OSHTHEEHT, T v v 74 &7 I AN THIERRE LT
mE, BEHIHWEZ Y =y ML % Table 1 123 L7z,

Table 1  Ingredients list of wet pet foods

Sample Main Sample

No. ingredient type Ingredients

Meats (chicken, beef, chicken extract, etc.), starch (corn starch, etc.), animal fat,
Wet food grains (wheat flour, etc.), thickener (carrageenan), minerals (Cl, Cu, Fe, K, Mn,
for dogs Na, Zn), food colors (titanium dioxide), vitamins (A, B4, B,, Bg, By, D, E, choline,
niacin, pantothenic acid), color former (sodium nitrite)

1 Beef

Meats (chicken, chicken liver, beef, chicken extract), wheat flour, vegetables
(carrot,green pea, potato), animal fat, soy protein, xylose, minerals (Ca, Cl, Cu,
Fe, I, K, Mn, Na, Zn), glycerin, thickener, food colors (caramel, iron oxide),
vitamins (A, B4, B,, Bg, B1,, D, E, choline, niacin, pantothenic acid), color former
(sodium nitrite)

Beefand  Wet food
vegetables  for dogs

Meats (chicken breast, chicken tender, chicken extract, etc.), grains (rice, foxtail
Wet food millet, wheat berry, japanese millet, amaranthus), fish cartilage extract containing
for dogs chondroitin, thickener, mineral (K), vitamins (A, B4, B,, Bg, By, C, D, E, niacin,
pantothenic acid, folic acid), glucosamine

3 Chicken

Chicken ~ Wet food Chicken, chicken by-product meal, soybean oil, whey protein concentrate,

(high-fat)  for dogs medium chain triglyceride, sodium chloride, thickener
. Wet food . . . . L
5 Fish foer C;; Bonito, tuna extract, oligosaccharide, thickener, vitamin E, green tea extract
22 A K

A YU TIE, N TrA—="—t (BT AL LAFORMER) 2.
23 WEKUOGHE

1) € :Table2 DL FY.

2) 7—FRZukbyth— . MTEHREERN MK-KS0

3) RER  BERERE A 47+ % STABLO-AP
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Table 2  Compositions and specifications of plastic film bags

A Manufacturer . Thick-
Classification . Size?
of features Bag types or Material ness
wholesaler (mm) (mm)
) ] Current flmbag  Custom order HDPE (Hi-Zex) 80 x 130 0.05
pHo'glthdh‘;':::z Hi-zex fimbag  ASANUMA HDPE (Hi-Zex) 100 x 150 0.03
. HAKUBA PHOTO
HDPE
( ) Shoulex filmbag = oo HDPE (Shoulex) 110 x 150 0.028
Low density LDPE filmbag-1  Sansyo LDPE 80 x 150 0.03
polyethylene LDPE filmbag-2 SEISANNIPPONSHA LDPE 85 x 120 0.04
(LDPE) LDPE filmbag-3 ORDIY Linear LDPE (L-LDPE) 80 x 150 0.08
o . Nylon film bag Fukusuke Kogyo Nylon for retort and L-LDPE 130 x 180 0.075
Biaxially oriented ~ (type R)
nylon (Nylon) Nylon film bag Barrier nylon and L-LDPE
Fukusuke K . . 120 x 17 .07
(type S) UKLSUKE K.0gY0 with heat resistant 0 0 0075

a) Width x length

2.4 EEFE
EZIEY BRI EOREEE 3 FEDO 1 O 1217
1) RiLER
TAY LK 3 g 2R L TRICAN, EXCRZEE (DIT Tz 2vwo. ) NTL
THF, 105°C T2 RS E72. 7038, DBEOEEBE CORBITIBWTIE, RemBREr
TUITRDIZE W2 RBRE OB TR TR L. 72720, AR+ L0805
NTEBEDBH I R OTF A v e DB 21T 2O R TOHH Tk, WEhkoRA &
RIZSETHOT e REE TR AT o 7o, Wolth, WO % S mm BET O 3 BTV 72724, B A
7V w7 TROOZIED T, T —%—NT 15 pRKH L. gk, B2 0 v 7%
HLT, ¥4 YL EBoERL EMICHE L. 28, BEREE2 EMRICHET 28T, RES
EHWCHERIZRELTHELE.
2) IKGRIE
SHTREE 10 g A% Z DTHELZENICESEEE L, EE4 EMEICRE L. o %M
U, ROMUNGEHATHRE LA YT ERE—I2 5 TRMIE %, oMU T
AREEM LY T, WANHOEMY 2 %) —IZE IR 72, RO 0 2BV TR AL, 105 °C
THF IR L. 2k, EBTIT 1 RFFEICREZ R WU CHRBIREZ MR L, wEn
ML THIRIC R S TZIRF Z RO N EH L OS5 L THRRIC L, WgEEFiT 7=, & T#
X, MopnZ SmmBEET O3RN R, BA2 ) v TRoOEIED T, T —X—
WNT 15 ks Lie, BmBIcE L2 Y v 724 LT, B ESOEREZ ERICHIE L.
3) F A
OB O PR RE & R R O S, Bt oK EEREE L.
e, EEIEOBE % Scheme 1 (/R L7TE.
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Diatomite ca. 3 g (plastic film bag)

——heated at 105 °C for 2 h

——cooled to room temperature in desiccator for 15 min
——weighted accurately

——added 10 g of sample and weighted accurately
—— mixed diatomite and sample in the plastic film bag
——heated at 105 °C for 3 h in total

——cooled to room temperature in desiccator for 15 min
——weighted accurately

Scheme 1 Analytical procedure for moisture content in wet pet foods

3 BRRUBER
3.1 RO EE DR
ARIETIE 105 °C TOMBGLIRZ S 7120, T2 RITITMEERRD BN D, Z D7D,
Table 1 OFEE S 1 2 H T 2.4 OEAIEEITVY, Table 2 (278 L2 TR O O Mt EWE % 38 L 7-.
Z OREHR, LDPE RIINMNMBULH P IR O BB A 235 bitlz. HDPE KLU A v 48T
1%, WOEBEIIROONR»oTed, ZOBOMF TIIHDPERE O T A v o a2 Hn5 2
L.
3.2 HDPE &0 fiwt
BEAAAR KX OVfiflk @ HDPE $82 FIW T, ot HREI DKy % 2.4 1298 > THRIE L, #BHEIZBEAF
4% & HDPE B CTH LN K ORIEMZ AT Welch O -BEEITo 72, BFERENAE v
ZAROFERIL Table 3, BEFRE T a—L v 7 ZAROFERIT Table 4 D& BV THY, —HORE}
ICBWTAHBEAENRD b, BEAFR N 0% HDPE S ORI EMIC R & 22T 5, FHxE
Heffi 7= (RSDy) /NS Welo, AEZEVBHIEEBZZ N, £, HAEZENRD L7z HDPE
WROKSOWEMIL, BEARE BIRL R 2HAm N H > 7. #lEiEH C HDPE RO IREE & il
BE, WONMARITHKE > TO2FIe, BONHTI < OTNITKIEOREN RO NT-FNH
ST EMD, IBRFFOKIDHDICEFE Lol fEEnE 2 bz, ZOHEKNE LT,
MW7 HDPE RIFBEFE LD b A AN —[A D RESFM B HENZ L0006, ALEE LTV
WEBRT., ZOD, BEENROLNTZHAEHZ O WT, RO Z/MUIICH v IR LT, MR
Ny T AR RIS TOTTIREETHE T 21TV, DT Welch D t-lRIEZIT - T2 K8, AEZE
RO Lo Tz,
DL OFERN D, HDPE RIZ v = v MR OKSREIHERRETH D EEZ DL,
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Table 3  Comparison of moisture content (current film bags and Hi-Zex film bags) and
the results of Welch'’s t-test

Current film bag Hi-Zex film bag
Sample . Measured b) . Measured b) 1ue® Significant
No. Experiment value? RSD, Experiment value? RSD, p value™ e once
No. (%) No. (%)
(%) (%)
1 1 78.30 0.02 1 78.28 0.05 0.292 No
82.21 0.07 1 82.16 0.2 0.577 No
1 86.14 0.06 0.040 Yes
3 1 86.22 0.05
2 86.23 0.2 0.8%4 No
1 76.29 0.04 0.047 Yes
4 1 76.36 0.07
2 76.41 0.1 0.381 No
5 1 84.34 0.1 1 84.18 0.3 0.197 No

a) Mean (n =5)
b) Relative standard deviation of repeatability
c¢) Calculated by Welch’s ¢-test (The underlined value is less than 0.05.)

Table 4  Comparison of moisture content (current film bags and Shoulex film bags) and
the results of Welch'’s t-test

Current film bag Shoulex film bag
Sample . Measured b) . Measured b) 10e® Significant
No. Experiment value? RSD, Experiment value® RSD, p value™  itrerance
No. (%) No. (%)
(%) (%)
1 78.39 0.07 0.022 Yes
1 1 78.30 0.02 -
2 78.37 0.1 0.269 No
2 1 82.21 0.07 1 82.14 0.07 0.099 No
86.22 0.05 1 86.21 0.06 0.872 No
4 1 76.36 0.07 1 76.46 0.1 0.112 No
1 83.86 0.2 0.002 Yes
5 1 84.34 0.1
2 84.31 0.1 0.523 No

a) Mean (n =5)
b) Relative standard deviation of repeatability
c¢) Calculated by Welch’s #-test (The underlined value is less than 0.05.)

33 F A u BoE
AR TR O T4 v o 82 HWT, oFHBEEIOKSS % 2.4 120> THIE L, #HEHEIZEE
P8 L T4 1 VR THR D LK OREE Z VT Welch O -l EZ1T 72, BEfFREFT A1
 RASOFERIL Table 5, BEFSE T A vy SIEDOFEFRITI Table 6 DEFB Y TH Y, —FOREHT
BOWTHEENPRO LI, BONEZITo TCHObAEENRDOONTZ DN b o7, BEFREVDE T
A0 REOREMICRERETIR SN, RSD, W hSWEHIZ, AEENHELEZ LN,
Fo, TARVROBEREICEBWT, RESZHVWELGA TORBORRENLELSH
BN ONTED, TOERO—2 L L THEROEE DN, SRV r >
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R, FA RV ZF LoD 2Bz MMNOHERLINDI D THD. FHEXDHESN MNZLD L,
FA v AFXIEEM & H DB, —ﬁ?$)i%vyiﬁ%ﬁ%m05% IRV E S h
TWb., EXXOMWEZEFDS 2 EFMNPOREMRIND A0 FEXVEELEZLO LS
7.

HEXDOEEERE LS ZTHBEEOBAND, SRIOKRFHIH WA v U ABIAREICB Y
THEHMAT 52 LITHREEEE 2 bz,

Table 5 Comparison of moisture content (current film bags and nylon film bags (type R)) and
the results of Welch’s t-test

Current film bag Nylon film bag (type R)
Sample Exoeri Measured b) . Measured b) 9 Significant
No. periment value? RSD, Experiment value® RSD, p value difference
No. (%) No. (%)
(%) (%)
1 1 78.37 0.08 1 78.43 0.1 0.244 No
2 1 82.26 0.02 1 82.30 0.1 0.397 No
3 19 86.07 0.03 19 86.11 0.03 0.024 Yes
o9 84.59 0.02 o9 84.59 0.04 0.653 No
4 1 76.35 0.05 1 76.38 0.1 0.529 No
5 1 84.42 0.04 1 84.54 0.1 0.070 No

a) Mean (n =5)
b) Relative standard deviation of repeatability
¢) Calculated by Welch’s t-test (The underlined value is less than 0.05.)

d) Different lots were analyzed for each experiment number.

Table 6 Comparison of moisture content (current film bags and nylon film bags (type S)) and
the results of Welch’s f-test

Current film bag Nylon film bag (type S)
Sample Experi Measured b) . Measured b) 9 Significant
No. periment value® RSD, Experiment value® RSD, p value difference
No. (%) No. (%)
(%) (%)
1 1 78.37 0.08 1 78.54 0.2 0.100 No
) 82.26 0.02 1 82.32 0.05 0.033 Yes
82.34 0.05 2 82.25 0.08 0.032 Yes
3 19 86.07 0.03 19 86.17 0.05 0.002 Yes
o9 84.59 0.02 o9 84.60 0.1 0.923 No
4 1 76.35 0.05 1 76.84 0.7 0.097 No
5 1 84.42 0.04 1 84.51 0.1 0.138 No

a) Mean (n = 5)
b) Relative standard deviation of repeatability
¢) Calculated by Welch’s t-test (The underlined value is less than 0.05.)

d) Different lots were analyzed for each experiment number.
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4 FEH

ZHLEAEEIO T = v NG OKGUEETHWDL ZENRTE LT T AT v 7 7 4V AIEOH
amatLice 24, LTFOMERSG G, dilko HDPE IIAKRETHEMAIECTH L EEZ BN
7.

1) LDPE 483 105 °C TOMEMRIEIZ L 0 B0 AA 23580 b, MiEWEN 720> 7-. HDPE &K
O A v 81, MBBEEZR TCOAERENHERINT, MRS 7.
2) FEETPIZHDPE RO NV E LRV E S ICHEE L T 21TV, BEFR KLU HDPE R4 VT
BJE L 72 AKEIZ 20V T Welch O - E # 1T o 12 fEF, AEZITED Lol
3) T A RIIFERDOHLELRE ST DBIEMEOBAND, KECBHNTEMT 2 Z &I13N
LBz oNT.
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Validation Study on Monensin Sodium Determination Method for Formula Feed
for Cattle Containing Hay and Straw Cube

SAKAIDA Satoko®, NOMURA Masayo* and HASHIMOTO Yoshiyasu®

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

We have made a validation study to determine monensin sodium (MN) in formula feed for cattle,
containing hay and straw cubes, using the plate and liquid-chromatograph (LC). These methods
have been listed in the Feed Analysis Standard of Japan.

In the plate method, MN was quantified as following: MN in formula feed was extracted with
methanol-water (9:1), and the solution was filtered. The filtrate was purified with basic alumina.
Then MN concentration was determined by the 2-2 dose method using Bacillus spizizenii ATCC
6633 in F-22 medium.

In the LC method, MN was extracted with methanol-water (9:1), and the solution was filtered. The
filtrate was injected into a post-column derivatization LC equipped with a UV-Vis detector (520 nm)
to determine the concentration of MN. LC separation was then carried out on ODS column
(Mightysil RP-18 GP, 4.6 mm i.d. x 150 mm, 5 pm, Kanto Chemical Co., Inc.; Tokyo, Japan) with
methanol-water-acetic acid (94:6:0.1) as a mobile phase, and MN was derivatized by post-column
reaction with methanol-sulfuric acid-vanillin (95:2:3, v/v/w).

Recovery tests were conducted using four types of formula feed for cattle, containing hay and straw
cubes. Those materials were added with MN according to the following specifications: 15, 22.5,
30 and 45 g(potency)/t for the plate method; 15, 30 and 45 g(potency)/t for the LC method. The
resulting mean recoveries ranged as following: 102 % to 118 % for the plate method; 98.6 % to
106 % for the LC method. The repeatability in the form of the relative standard deviation (RSD;)
was as following; less than 4.5 % for the plate method; less than 3.0 % for the LC method. In the
plate method, if the sample collection amount was larger than normal, some samples showed the
sign that they were not adequately stirred with the extraction solvent.

Key words: monensin sodium; antibiotic; plate method; liquid-chromatography (LC); formula feed
for cattle; hay cube; straw cube

F—U— R EXL VYT N UL P ERIE R B R T 7 4 —
BAfR A Fa—T Abu—Fa—7

1 # B
RV UL, Streptomyces cinnamonensis DIEFIZ L VFELNDR Y = —T L RADOHEWE TH
D, WHOETIE, SERAEA L TWDRERSOARRAMOMREL AR9IZ, B 53 £IEEHR
e LTER T R UL (BUF TMN) WS, ) REEES .
MN i, 5 2T7uA 7 —2R<EMN G50 - 9T 5M) kO7vAa 7 —H (Fi# k0%

T OSIATBOE N BRMOKETH B L T v 2 — B ERENZ R A
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B EEHZ 80 g(ufiyt, M QEHLEH, WA KR OREEHE) &PEHT 30 g(Jiffi)/t N+ %
TERBOLNATWA., B, MLz~ T2 —7 2B T30 IEEHAERC S VT, B
HIZIREDIZK W EWHIBREND MN 25 A TIEe b0 E STV 2, fBHLEFEEL NS
IFIRAEINSS TREHOM EA B E 2 RE LAELZ I T,

T TEMKEANLDOEFIZLY, HELEZ~AA XFA be—F2—7 LAF InfFa—7
gl ) MADOHAEAEENCEIT A MNOERESE LT, BHKESSERE « KETE
BOEAGEE O3 E O D E B (WL ) I oW TR Y R A i LR, AR T
b5 LRSI, ZHAICED MN BEEHHICHEICEG SN Z L2 TRERLKOWWEERIZE
WTHER TE 2 FELICB VUL, ~A Fa—T7HEZFEE T2 RE WA MN 2iRN7 5%
ZENRRBOENDH LI,

FABLEEIEF O MN OF &L E L CiE, Bl E 1L O I EE 34T L UE 012 E O b7 ik
BOEER 7 v~ N7 Z7ERDD. LonL, SR HTEREICIE O 2 6 OS5 HEIC S\ TE, B
FIFIZAA T o2 — 7T EPEA SN HELE NI X2 2 Y EGRITIT DI TnZen 1.8,

ZIT, M Fa—TEREE SN REEEEN O MN TR D ERIER ONRIE 7 v~ N 75
TEOZUEEHR LT-DOT, TOMELRETS.

7238, MN |X MN-A, MN-B, MN-C ), 0! MN-D ODEAHTH Y, EHKDIL MN-A THDH. &5
(2 MN-A D&% % Fig. 1 IR LTz,

Monensin A

(2S,3R,4S5)-4-[(2S,5R,7S,8R,9S5)-2-[(2R,5S)-5-ethyl-5-[(2R,3S,5R)- 5-[(2S,3S,5R,6R)-6-hydroxy-6-
(hydroxymethyl)-3,5-dimethyloxan2-yl]-3-methyloxolan-2-ylJoxolan-2-yl]-7-hydroxy-2,8-dimethyl-1,10-
dioxaspiro[4.5]decan-9-yl]-3-methoxy-2-methylpentanoic acid

C36H62011  MW: 670.87 CAS No.: 17090-79-8 (monensin A), 22373-78-0 (monensin Na)

Fig. 1 Chemical structure of MN-A

2 EERAZE
21 #® OB
ANA ¥ 2 — T ERELS SV, PUEMERBHRINY % & £ 72 WAL G fRE 4 RO W T, &
NENHBE 1l mm OR 7 Y — 25 L ootz box AF L, SorHREEE L
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7=, 77, FHABRSER4IFERINEZETA T LT A, Fa2—TH2AFL, HBEZ 1 mm D
A V= BIEE LT DTl L, BREHTH W=,
B, BMEaHZHWIZE AL % Table 1 (277 L7-.

Table 1 Compositions of the formula feed

Formula feed Ingredient types Proportion Ingredients?
types (%)
For cattle 1 Grains 54  Barley (flake), corn (flake), corn, toasted soybean flour
Brans 27 Wheat bran, hominy feed, corn gluten feed
(Wheat straw Oil seed meal 4 Soybean meal
cube: 12 %) Others 15  Wheat straw (cube), bagasse (chip), alfalfa (pellet),calcium carbonate, salt,
feed additives
For cattle 2 Grains 36  Corn (flake), corn, off-grade wheat flour, barley, wheat
(Mixed cube Oil seed meal 16  Soybean meal, non-enzymatically soybean meal, rapaseed meal
(timothy hay and  Brans 13 Corn gluten feed, wheat bran
alfalfa hay): 18 Others 35  Timothy hay and alfalfa hay (mixed cube), bagasse (chip), beet pulp,
%) corn cob (pellet), molasses, calcium carbonate, salt, feed additives
For cattle 3 Grains 47  Corn, barley, off-glade wheat flour
Oil seed meal 20  Soybean meal, rapaseed meal, corn gluten meal
(Alfalfa hay Brans 19  Wheat bran, soybean hulls
cube: 4 %) Others 14  Beat pulp, alfalfa hay (cube), molasses, calcium carbonate, salt,
feed additives
For cattle 4 Grains 37  Corn (flake), corn, barley (flake)
Brans 21 Wheat bran, corn gluten feed, mixed barley bran
(Alfalfa hay Oil seed meal 8 Soybean meal, rapaseed meal, non-enzymatically soybean meal,
cube: 14 %) Others 34 Alfalfa hay (cube), beet pulp, alfalfa (pellet), pineapple bagasse,

calcium carbonate, molasses, salt, alfalfa concentrate, feed additives

a) Coarse crushed raw materials and heat-processed raw materials are indicated in brackets after their

names.
2.2 FAIE
221 K

1) ARITEIERAR A V72, KIZ AQUARIUS RFD240RA (RPEBUERTRL) |2 X v R L&
K (JISK 0211 @ 5213 ([ZEF£L SN2 RRK) 2V, KBS U T 121 °C T 15 rfFmER
S L7 D& Hvie.

2) AR

K—=RA %)= (743)
3) MN iREHER
WHEEET R VY 40 mg VL EZIEREICEY, AX ) —)VEIEMICIMZ THEML, 1 mg(/)
fliy/mL @ MN fEAEFE 28 Uz, BEHICER L C, BRERKO—E & % ARSI C EME IS A
WU, 2 pg(JMl)y/mL O & ¥ HERR K O 0.5 pg(JIAl)/mL DK AR ik 2 8 L 7-.
4) F-22 SH:Hh
£k = 2 X | Bacto Yeast Extract (Becton, Dickinson and Company ) , % > 7 /(% Bacto Agar
(Becton, Dickinson and Company #) Z F\>, BT EER 9 EHE 181 O A O 3)ITHE-> T
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TR 7.
5) Mk
B & U C Bacillus spizizenii ATCC 6633 Z V>, 1X10% {#l/mL Ok 2 i L 7.
6) FERFHR
I EARRWE L=, 49~51 °C (ZfRIE L7z F-22 BHEHC, farigZ 85 100 mL 12xf LT
0.05 mL FREMZ THAITHEIRY, 2O 10mL 2~ U ML (N 90 mm, & X 15 mm) (Z—
FRIZIRIS DRRIC 0 0E LT, AKEICERE L CREfE S, SPle Lz, ME&R THEZ AV, FEik
o2 25 mm O JE EOFEBET D& 2 ST LT 90° D IkE & 22 AALEIS, 4 8o P fE
(A 8 mm, N 6mm, /S 10mm, A7 2 L AR Z@En7z,
7) S
K—AK J—) (149)
8) MEKMET IS
BEAL Y"ORFHIESE, hT7L7u~ 77 7 HAEEMET VI ) (Aluminium oxide 90
active basic Art.1076, Merck H) Z #2512 C 130 °C T2 Rl L, K[UBRISIC AL, Hik
PETVIF 94 g IZLTAK 6 mL 12 CTLSIEM LA, —&EHE L, Brockmann A7 —
JVIOOTEMEEIT (K57 6 viw %) IR LT O ZMH L.
222 HEROEGE
1) Fo#etk : ZM 200 Retsch 8 (HBHE 1 mm 227 U —, {FHEERIERE 14000 rpm)
2) JHiR#F : ILES00 ¥~ MEMFHEINIE LTI-1001ED SO FE (b 2k
3) FHIEFIESEE : ZONE ANALYZER ZA-F Y AT LA = Al
223 TR
R M FEHESS O B8E 2§ 27.2.2 ICfE - 7=, 7B, EEFEDOHE % Scheme 1 (TR L7-.
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Sample 20.0~6.67 g (MN 0.3 mg(potency), 100 mL Erlenmeyer flask)
——added 50 mL of methanol-water (9:1)
——stirred for 20 min
——filtered through a filter paper (No. 5A of JIS P3801)
Column chromatography (packed 12 g of basic alumina to column)
——applied the extract
——discarded 5 mL of the first eluate
——collected the next eluate
Dilution
——diluted the eluate to 2 and 0.5 pg(potency)/mL sample solution with water and methanol-water (3:7)
——diluted the standard solution to 2 and 0.5 pg(potency)/mL standard solution with methanol-water (3:7)
r plate (by the cylinder-plate method)
——prepared by adding Bacillus spizizenii ATCC 6633 to the agar medium F-22
—filled up 250 pL of each solution into each cylinder
Incubation
——kept the agar plate at 9~11 °C for 2 hours
——incubated at 35~37 °C for 16~24 hours
Measurement
|—measured diameter of each inhibition zone by zone analyzer
Calculation (by the 2-2 dose method)

Ag

QO

Scheme 1 Analytical procedure for MN in formula feed (Plate method)

2.2.4  BINENNGRER

221 @ 3)O MN HEAEFHE 2 RISV, 223 It 28 A 0OEHEIZ, MN & LT 0.3
mg(IMFH Y EE SN TVWDH I D, £oiratkl4 20.0, 13.3, 10.0 X667 g =Y, =<
AU MN & LT 0.3 mg(fffi)fH Y & (50 ekt 15, 22.5, 30 M Of 45 g(ufi)/t #H2 &) A
g L <IREL, 22312 E> CERL, FHRITE K OHGR UK E 2 Kb 7.

225 WRIMNEGRER (A % 2 — 7 O FEGER)

2.2.1 D 3)O MN YRR 2 N Wz, 3B LT2LIC KV LT V7 7 v T 7oA
Xa—TEMHLEZ. FHEGEE 4 2 200 B LG GO a2 —TG5HETHD 28 ¢
Z®YD, MN & LT 03 mg(/ifli)fH4 & (FHABLAEIR 4 2 20.0 g FRELL 72856 OUSINRE 15
g1/t AHY &) ZHNE L <IRA L, 223 IZit-> T 2 SOHMTON A2 EM L, EHREIILER 2K
O,

23 WK v~ 7T 7k
231 A ¥
1) FRER TR, A% ) — V3R e~ 7T 7H (BL7 A 0 AREMEER) | Beigix
mHRE 7 n~ 777 40— (BRI, N=U 3SR (BERETR) 20T,
7K1% Direct-Q UV3 (Millipore %) 2 X 0 R =@tk (JIS K 0211 @ 5218 [ZEFR I L=
fliAk) RV,
2) MN FEHERR
22,1 O 3)THB L7z MNEHEFIRO —E&EE A ¥/ — /L CIEMEICAHARL, 1| mL i MN &
LT 0.2 mg(J)fli) #HY &ZEAT 2IRE7 o~ 7T 7EHO MN ZEHEREZFHR L. 5
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WL T, k7 v~ s 727 7 EMD MN BHEEO—FE&Z A%/ —/—K (9+1) TIEfEIZ
WL, 1mLHICMN &ELTO05, 1, 2.5 5, 10 XN 15 ug(FMIHY EZ2 G H T 54 MN =
ik 2 EL U7z
3) BOGRHR
e 10mL & A % /) — /L 475 mL IZ)ZRERD LIRAICMZ T8, =Y 15¢g %Mz T
WinLi-b 0% HrER L.
232 HEROEHE
1) A7 727 404 — : 13HP045AN (L% 0.45 um, [E£E 13 mm, PTFE)  HVFJEHLE
2) WiKZ7 v~ K277 7 : Prominence &R ERTHY
233 TR
BABH T R UESS 0 FEAE 3 Hi 1.2 IZfE 72, b, AMEIV— 7 mE COMRETH L. K
wru~ 777 OHESMA Table2 |2, EEIEOME % Scheme 2 (277 L72. MN-A, MN-B,
MN-C X O'MN-D ® 5 &, fEHRIME LTHRESNTVDHDIEMN-A X L5 ETHHDT
HY, B ONCEIEE 7o~ N7 T 7EICBIT S MN EBEOKG &R, KBHTiE,
MN-A ZEEWHE & L.

Table 2  Operating conditions of LC

Detector UV detector (wavelength: 520 nm)

Column Mightysil RP-18GP (4.6 mm i.d. x 150 mm, 5 pm), Kanto Chemical
Mobile phase Methanol-water-acetic acid (94:6:0.1)

Reaction solution Methanol-sulfuric acid-vanillin (95:2:3, viviw)

Flow rate Mobile phase 0.6 mL/min, Reaction solution 0.6 mL/min
Temperature Column 40 °C, Reactor 95 °C

Reaction coil 0.5mmid x5m

Sample 10.0 g (200 mL Erlenmeyer flask)

——added 100 mL of methanol-water (9:1)

——stirred for 20 min

——filtered through a filter paper (No. 5A of JIS P 3801)
—filtered through a membrane filter (0.45 pm)

LC

Scheme 2 Analytical procedure for MN in formula feed (LC method)

2.3.4  WINENNGRER
2.2.1 O 3)D MN EEHEFIR 2 I F W7o & Hralehic, MN & LT 15, 30 & U 45 g(71ff)/it
Y B (&I © 1.5, 3.0 KUY 45 pg(Hfli)/mL) ZZnEhintk L <iEA L, 233
> CTERE L, FBEIEE K O LR E 2R 7.

3 HERUER
3.1 FERRE
224 X 0 EmnElGRER A FEiE L7-. T OREIX Table 2 LBV, E4S D CHHAEGECEMN
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TLZLENBOOLNTWDIRE (UUT TaHKIRE] L), ) ToHD 30 g/t IT20\T,
FEIENERIE 104~108 %, # U EIZF R ERZE (LU TRSDy) &9, ) & LT 45 %L
TORBEI L.

T/, MO AameEr DEFRBRICEIMRE 15 RO 45 g/t iIZ oW T HIRET 21T - 724k
R, FEHIEULERIE 102~118 %, RSD: 1% 3.1 %L FOBGENE D, 7eds, IR 15 g(ifin
DO HAREAFE 1OV TIE, SHraEHI IR 2 0 2 7 BRI R OMEIRERE L <, 2 &
BENEFIATON N>, £, IRIEE 15 gyt © 9 5, FHAEEEE 3 KO 4 DA
IWENELS AN ONTZZ 0D, "M Fa—TOREBELHET H1-D, 2251280
BNENGRER 2 F2he L7z, E ORGSR, FHEIEERIT 106 % TholzZ Enb, ~MFa—7IT &
DEBTIIIRN T LR T 2.

RE, BEMOKEERSGERE - KETEEBEABRM OBV T, FEERIIMR D BKEE D 100
+25%E LTWAHZ LD, FOHMKIEED 75 %H4 Th 5 22.5 g(F1li)/t GUBHE 13.3g) |
WT%%MEW%%%%MLK.%@ﬁ%i,ﬁwﬁ@kkw,1%@%@@“34@%@%&
1% 3.0 %Ll N ORI S BTz,

Table 3  Recoveries for MN (plate method)

] Amount of For cattle 1 For cattle 2 For cattle 3 For cattle 4
(sggf:nfxtl) sample  Recovery’ RSD,”  Recovery’” RSD”  Recovery’ RSD”  Recovery’ RSD;
@ (%) (%) (%) (%) (%) (%) (%) (%)
15 20.0 Not extractable 102 29 114 31 118 2.1
225 13.3 109 3.0 109 11 108 24 103 24
30 10.0 107 1.7 104 4.5 107 1.8 108 3.7
45 6.67 104 29 105 11 107 1.9 104 0.7

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

32 tkrm~ N7 T 7k
23412 K0 IINENNGRER 2 Fef L7z, £ DORERIT Table 4 D & B0, SFHEILERIT 98.6~106 %,
RSD: /& 3.0 %Ll T OGRS av, Sl oA R AEERIAK 2 ORBRIE DY MR T A KT 14 (L
T TZUEERITA RTA ] ). ) IZEDLRTE 1) KON 2) OBEEKROPHTREE O B Z
BaEI-THRREChoT-. ok, HBohlcra~ 7T A0—f% Fig. 2 IZRLT-.
1) EE :90 %Lk 110 %LU
2) FEEE  USHREE 15 g(JMl)/ t: 9.6 %LL T, [Fl 30 g(Jifii)/ t: 9.0 %LLF, [A 45 g(Jifl)/ t:
11 %LL T
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Table 4  Recoveries for MN (LC method)

. For cattle 1 For cattle 2 For cattle 3 For cattle 4
Spiked level ) b) ) b) ) b) ) b)
(9(potency)/t) Recovery”  RSD; Recovery”  RSD; Recovery?  RSD;, Recovery”?  RSD;,
(%) (%) (%) (%) (%) (%) (%) (%)
15 103 3.0 106 2.1 105 0.8 98.6 2.1
30 102 2.0 101 1.0 103 0.7 99.1 21
45 105 1.2 106 2.0 103 2.0 102 14

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

| )

15500 A 15500 A
A B
13500 A 13500 -
5 11500 A 5 11500 A
< <
£ 9500 £ 9500 A
@ @
o o
& 7500 4 & 7500 4
2 2
2 5500 A & 5500 -
< <
3500 1 3500 1
1500 A 1500 4
-500 T T T T ) -500 T T T T )
5 6 7 8 9 10 5 6 7 8 9 10
Retention time/min Retention time/min

Fig. 2  Typical chromatograms of MN-A derivative in standard and sample solution
(LC operating conditions are shown in Table 2. Arrows indicate the retention times of MN-A
derivative.)
A: Standard solution (5 pg(potency)/mL of MN: 0.1 pg(potency) as injection amount)
B: Sample solution of formula feeds for cattle 2 (spiked at 45 g(potency)/t of MN: 0.09

ug(potency) as injection amount)

4 FL&OH
~A F 2 — T ERES SN EREAFEE T O MNIZOWT, SEH AT LI I STn %

WERONEIR 7 o~ 87T 7HEOZS M EHR LIZE 25, FRIECOOD TP OB R E N

%< b2 LIckY, HHEEZ M ZBICESEIC X0 s X RS A N 56 2R E, A

MAREL ZE 2 LN, k7 u~ N7 T 7HEICHOWTCIEHERD HEOET T CHANTRELZ 2 5N

7.

1) “FEWEEZHWT, MN & L CHHEAEENT 15, 22,5, 30 L TN45 g(Off)t M4 EARMNL, 5
ROMT AT 2 M L, BUCE R OWER LB 2R 72 & 2 A, FHRIEIT 102~118 %, RSD, I
45 %L FCTho7o. F7, 15 gUMIt Y EA TN L7256, EEIZ X 20X RED ER
AT DN WERE DD bz,

2) Wk a~ 77 7EEHNT, MN & L CHABLAEET 15, 30 KON 45 g(JJfl)/t #HY4 &%
WL, 5 ST 2 EM L, FICER UMK UEZRDI-E 2 A, ZUERRTA RTA4
VICED DN BEE R OO TR E O BIEE - TR’ G Oz,
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Study of Alternative Determination Method without Helium
(1) Simultaneous Determination Method of Pesticides by LC-MS/MS

FUNAKI Norio*! and KOBORI Takuya ™
(*! Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Kobe Regional Center, FAMIC),
("> Nagoya Regional Center, FAMIC)

We have examined a simultaneous determination method of the concentration of 64 pesticides in
feed using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-
MS/MS), instead of gas-chromatograph mass spectrometer (GC-MS).

Having added water to a sample, pesticides were extracted with acetonitrile, and the solution was
filtered. The filtrate was purified with GPC and three types of solid phase extraction columns
(Chem Elut CE 1020, GL Sciences Inc.; Tokyo, Japan, ENVI-Carb/NH,, Sigma-Aldrich Co. LLC.;
St. Louis, MO, USA and Sep-Pak Plus Florisil cartridge, Waters Co.; Milford, MA, USA), and
injected into an LC-MS/MS to determine the concentration of each pesticides. LC separation was
then carried out on an ODS column (Wakopak Ultra C18-2, 2.1 mm i.d. X 100 mm, 2 pm, Fuji Film
Wako Pure Chemical Industries, Ltd.; Osaka, Japan) with a gradient of 5 mmol/L ammonium acetate
aqueous solution and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In the
MS/MS analysis, the positive mode electrospray ionization (ESI+) was used.

Suitable measurement ion conditions were found for 48 out of 64 pesticides. Linearity of
calibration curve was confirmed in the range of 20 to 400 ng/mL for 47 out of 48 pesticides
mentioned above. Peaks that interfered with the quantification of each pesticide were not observed
in the chromatogram of formula feed, corn and alfalfa hay, obtained according to this method.
Under the measurement conditions that the peak intensity of each pesticide was the highest, 23 out
of 47 had a matrix effect range of 80 to 120 % in all samples. And no pesticides had a matrix effect
of less than 50 % in all samples.

Key words: pesticide; simultaneous determination method; gas-chromatograph mass spectrometer
(GC-MS); liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); feed

F—U— R B, —FoE IA 7~ N7 7EESNE Rk e~ N7 T T4
T DEEGHTE ; L7 bR AT L — A A ALl ik

1 # 8
MSZATBOE NRMOKEEE Z 2t v % —ClE, SBHUERELFITH L TIT 2 2 AREID

TOMNIATEOE NBWKERBR ZEERE 2 — ARy —, Bl Mt 2 —
2 PWNIATBUE NRMOKEEHE Z 2t v 2 - R 2 —
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TULE LT BN DT, fRH AT 2 DI S 72 3B L 0 3B A S5 L, 3U5E K OME A
L O FLAEN Iy O D~DOE AR AR L TV 5. BT EEINEED 5 5, BIK
WZOWTIEEICTARA I~ N7 T 7HEESHFHC L5 —FoiE (LT TGC-MS k) &wvw)H. )
WCEVRBREERL TWDEN, ZOHETIENIULEFERTLILERS S.

WA, BAETIEANY 7 ADAFERRERREAEYL L TEHY, 5% b ZEMA O RE LA
STWRVIRITH D, £ TAHE, GC-MS EDOMREIKIZHONWT, Wikrsn~ NFF7 7205
LEVEESHTEE (LAF TLC-MSIMS] W) . ) ICKDRFEEEOHESRM 2R LD T, %
O EZRET 5.

72¥, ABEE L7 3% Table 1 IR L7z,

Table 1
Compounds (Group A)

Target compounds in this study
Compounds (Group B)

Alachlor Deltamethrin Atrazine Fipronil
Aldrin Diazinon Cadusafos Flutolanil
alpha-BHC Dieldrin Chlorobenzilate Iprobenfos
beta-BHC Edifenphos Clorpyrifos Isofenphos
gamma-BHC, Lindane Endrin Clorpyrifos-methyl Isofenphos-oxon
delta-BHC Fenpropathrin Cyhalothrin Isoprothiolane
Bifenthrin Flucythrinate Difenoconazole Malathion
Bromobutide Heptachlor Dimethoate Pendimethalin
deBr-Bromobutide Heptachlor epoxide EPN Phenothrin
Chlordane Methidathion Ethion Phenthoate
(cis-, trans-) (E)-Methominostrobin Ethofenprox Phorate
Chlorfenvinphos permethrin Fenbuconazole Phosmet
(z-,E-) (cis-, trans-) Fenitrothion Procymidone
Chlorpropham Pirimiphos-methyl Fenthion Tebuconazole
Chlorthal-dimethyl Propanil Fenvalerate Terbufos
DDD Propargite (+Esfenvalerate)
(o,p™-,p,p*-) Propiconazole
DDE Silafluofen
(o,p"-,p,p") Trifluralin
DDT
(o,p-,p,p"™)
2 EBHHA
21 &R B

Ao fEl (WRIEERAEOEFGFHER) , EO2bAZ LEVEKE (TL77 07 71) 1%
TNENHEBRE Imm OARAY V= 235 LT E ol L, ofrARE S L7z,
E, WHEHIHAWZEA R OB A E A % Table 2 12x L7-.
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Table 2  Compositions of the formula feed

Formula feed types Ingredient types Pror:z)/:t)lon Ingredients

For piglets Grains 70 Corn, wheat flour, roasted soybean flour, rice
Brans 22 Bran
Oil seed meal 3 Soybean meal, corn germ meal
Others 5 Calcium carbonate, animal fat, calcium phosphate,

salt, garlic powder, molasses, corn steep liquor,
feed additives

For dairy cattle Oil seed meal 58 Corn gluten feed, potato gluten feed, rapeseed meal,
soybean meal

Grains 36 Corn, barley, rice, wheat flour
Brans 2 Rice bran, bran
Others 4 Molasses, calcium carbonate, feed additives

22 A 3K

1) 7 bh=hU UIFFEREEK - PCB RBEHEZH W=, A%/ — X LC-MS A (L7114
TGRSR 2 MWz, 1 %7 v T v ARKITESERE 7 o~ 797 (BL7 40
LFOEAMEER) Wz, FERT B =T AR ORES Y U MTRIERRE AW KX
Milli-Q Advantage (Merck Millipore #) 2 & 0 58 L 72 Hfik (JIS K 0211 @ 5218 IZEFE S 1
7HEHiAK) RV

2) A JV— BN SR

7V KU v, a-BHC, B-BHC, yp-BHC, 7 /L7 (cis 1K) , 7 a5 (trans 1K) , p,
p-DDT, T4V KUYy, = RY LV ROANTZ7mr (LT TA Zv—78EE] Ln
I. ) OFFEAESIL, Table 3 IR LGS, MEOLOE AW -

3) A ZV— BN S R

ANV —TBIMEEERENL 25mg &> TENEN S0mL ORET 7 A3 Z A, Tk b
VEMATHENL, BIERETTE RN EZMXTE A 70— 7 BINEEEAE R 2 R L
72 (ZNHD|EA 1mLiE, HEEELTOSmg 2 EAH) .

4) RIKEAEUER

A 7V — 7 BN SRR R4 4 mL & 200mL O2R T 7 A 3 ZIEMEICAN TRAL, ®Ii
THRETTE M ZMATAZ A —7BENMEEKEASEERREZAR L7 (20K 1 mL X, &
B LT l0pg 2 8H) .

Table 1 D A 7V —7 DRI (A 7V —7BMEIEITRS. ) 25T 10pug/mL O A 7 v—"7
R AEEERR (MM LR, 72 b3k, ) KO 10 pg/mL O A 70— 7B INEHEIR
AIEYEREAS 2 mL %2 20 mL O2®R 7 7 A 2 EMICANTRAL, BICERETTE =1
UNLVZEMATAZNV— 7 RIEEAEERAFAR L7 (Z0R ImL 1%, £REEL LTl srs
A) . Table ] ® B 7N —7DEEEET B 7V — 7 EBEBEAEREFR (MM TER, 7=
PR, ) ICOWTHRBRICEIEL, B 7 — 7 EREKIRASERER 2R L.

FHICE L T, FREKEAEERO —TEREE, 7 h=rV -k (1+1) TEMIZHRL,
1 mL $24& B L LTEREH 20, 40, 60, 80, 100, 200, 300 K% TX 400 ng # &A% 4R
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REFEERZH-E L.

Table 3  Additional group A pesticide standards used in the present study

Pesticides Manufacturer Purity (%)

Aldrin Accu standard 100

alpha-BHC Dr. Ehrenstorfer GmbH 98.6
beta-BHC Dr. Ehrenstorfer GmbH 97.5
gamma-BHC, Lindane Dr. Ehrenstorfer GmbH 99.5
cis-Chlordane Accu standard 100

trans -Chlordane Dr. Ehrenstorfer GmbH 99.1
p,p'-DDT Accu standard 99.5
Dieldrin Accu standard 100

Endrin Dr. Ehrenstorfer GmbH 96.5
Heptachlor Dr. Ehrenstorfer GmbH 99.0

2.3 IEEK UG A
1) ek
etk 1 (AR EOE S S AZ LA)
ZM-200 Retsch ! (HBHE 1mm 227 U —, fifi {EFEHR4% 14000 rpm)
sk 2 (RzB0s )
SM-100 Retsch ! (HBH&Z 1 mm 227 U — 2, [EHEEE (FEEE) 1430 rpm)
2) IRVEEH . Ly 7oy 2—Hh—SR2W XA 7 v 78 (i fARRE% 300 rpm)
3) 74 YD+ #HZ A ChemElut CE 1020 (20 mL)  Agilent Technologies ¢
4 I3 77A M=K/ T Fa AUk U WX VFERE I =H T L ENVI-
Carb/NH, (500 mg/500 mg)  Supelco %
5y 7w YY) A T A Sep-Pak Plus Florisil Waters (2 U ' — _R—ZHfE L= D
6) FNiRBE I/~ NS T 7 GPC VAT A il
7 AT T T 4 /0% — : DISMIC-25HP (L% 0.45 um, [E£& 25 mm, Bl/KPE PTFE) H{EIE
LY
8) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters i
MS/MS #6 : ACQUITY TQ Detector Waters
24 EREFGIE
D # M
SRR 10 g (BEARELIE 5 g) 28> T 200 mL Ok =/ 75 2 2|2 Ak, K 15 mL &1
Z, 30 MEER, W7 h=1FU /1 100mL 20012, 30 43M4E Y B CTHH L7=. 300 mL
DRTIET T Aaz7 7=} FIZES, iz A8 (5 7 B) TWSl Al L7z, %
D=7 7 AaROEESFIAKRTE h=1FU /L 50mL THHF L, FERICKSIAE L. A%
40 °C LA FOKIET 15 mL LA F £ CHULIRME Li=th, » 7 A0t 250HRE & LT,
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2) T LB

BB 2 A Y O+ T DT AR, EHAIRDO A > TWe T 7 7 A3 %K 5 mL T
WL, WikE A Yot h7 52N, 5 5ikE%, 300mL ORTETZ T A% H 7 L5DTF
WEE, BRBHRIKOAN> TWeR TR T 7 2 az T /L —~F % (1+41) 20 mL §>°T
3 [EEE L, WRANRR A 7 A2z, WEAFETAHRO EIIET 5 F T F Lk, B
FEfg = F L —~FH 2 (1+41) 40mL 207 Mz, FEECEDSE72.

WA 40 °C LN OKIBTIEE A CRET 5 £ CRERM L2k, SR T AE2E-> T
B L7z, vZa~dHhr—78 K (441) 10 mL % ERECINZ TEREMZEML, 10 mL O
mOEEE IS AN T, 1000xg TmboliL7-%, LBREEA VT T 7 402 — (FLE
0.45um) TAi L, GPCIZHtT 23R & L7z

3) GPC

AEHA# 5 mL Z GPC IZTEA L, E&T 2HFERFENEHT 2453 % 200 mL DRI 7 7 X
AL, F—N—L LTV F LTV a—n—Tk by (1449) | fZMz, 40 °C LA
TOKBTIEE ALEHET D E CRIERME L%, ERTAZ2Eo THRELL., BFE=F /L 2
mL Z X CHEREWERENL, BT HLE I 2 0ehAR & L.

4) BT ALE I

T7775A4 NI—R /T 770V Vb VSNV ERBI =07 A& F iR T
10 mL THE L7z, REHEIRA I =5 7 A A, WREAFR TAKO EEGIZET 5 E Tt S
H. S0mLOLET7 T A% I =T LD TICES, BEHRKOA-> TWeRT K7 7 A2
ZEETF /L 2 mL §O T2 BIWEE L, WREZIERI =07 22, RS FTAHID ik
ICETDHETHRR F L%, BICHBR=F L 4mL 20 7 A2, RRICEHSEE.

WHKICF— "= LTV F Lo a—L—T% by (1+449) 1 &Mz, 40 °C LAF
DKW TIE L A EHLET D E TRIERME L7, EFTAZzXko Tl L7z, ~FH o —7F
Fy (7+3) 10mL (BzFIEL SmL) N2 CTEREWEZED L, 7 H0E AT 2 50BN
e L.

5) 7T AALER I

7YV I =T RPN T, TR SmL ROASNFH 2 5 mL TIEK
B Lz, BBEHATE 4 mL Z1EfEICEL > T = 7 A AN, WRENFETAHK O ESGIZEST 5
FCWMHESEL. S0mL DEET T ATEZI=HTLADOFICESE, ~FHor—T8 L (743)
6mL ZNx CTHRIELEH ST,

WHIKICF ==L LTV F Lo Ya—L—T% b (1+449) 1 &Mz, 40 °C LAF
DKW TIE L A EHLET 2 E TRIERME L72%, EFTAzXk-o Tl L7z, 7 h=FU
—K (1+1) 2 mL ZMx TEEMEENL, AT I 7 0% — (4L 045 ym) TAEL,
LC-MS/MS IZ X 2 HlE i3 5 3kkaik & LTz,

6) LC-MS/MS I L 2 HlE

FRBHATE B OV S SRS e 4 2 uL & LC-MS/MS IZ7EA L, BIREUSHH (LLF TSRMJ &

Wo. ) va~ T LB WESME Table 4 123 L7z,
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Table 4  Operating conditions of LC-MS/MS

Column WAKO pak C18-2 (2.1 mm i.d. x 100 mm, 2 um), Fujifilm wako pure chemicals

Mobile phase 5 mmol/L ammonium acetate aqueous solution- 5 mmol/L ammonium acetate methanol solution
(85:15) (hold for 0.25 min) — 0.25 min — (40:60) — 8.5 min — (20:80) — 9 min
— (1:9) (hold for 15 min) —3 min — (1:99) — (hold for 5 min) — 0.1 min (85:15)
— (hold for 3.9 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector

lonization

lon source temperature
Desolvation gas
Capillary voltage

Cone gas

Collision gas

Collision energy

Quadrupole mass spectrometer

Electrospray ionization (ESI) (Positive ion mode)
120 °C

N, (600 L/h, 350 °C)

3.5kV

N, (50 L/h)

Ar (0.4 Pa)

10eV,20eV,30eV, 40eV or 50 eV

7 i R
Hohr
PR L.

SRM 7~ N T AN E—7 HEEZRD THREREZIEMRL,

B 00 4 S

eF, EEEOWE% Scheme 1 (TR L7z,
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Sample 10.0 g (5.0 g for grass hay) (300 mL Erlenmeyer flask)

——added 15 mL of water and allowed to stand for 30 min

——added 100 mL of acetonitrile and shook for 30 min

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

——evaporated to the volume of 15 mL under 40 °C

Chem Elut CE 1020 (applicable sample volume 20 mL)

——placed a receiver (300 mL evaporator flask)

——applied sample solution

——washed the evaporator flask with 5 mL of water and applied the solvent
—allowed to stand for 5 min

——washed the evaporator flask with 20 mL of hexane-ethyl acetate (1:1) and applied the solvent (3 times)
eluted with 40 mL of hexane-ethyl acetate (1:1)

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

—dissolved in 10.0 mL of cyclohexane-acetone (4:1)

——centrifuge for 5 min at 1000xg

—filtrated through a membrane filter (0.45 pm)

——applied 5.0 mL of sample solution

GPC

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

——added 2 mL of ethyl acdetate

ENVI-Carb/NH, (500 mg/500 mg)

——washed with 10 mL of ethyl acetate

——placed a receiver (50 mL evaporator flask)

——applied sample solution

——washed the evaporator flask with 5 mL of ethyl acetate and eluted (twice)
——eluted with 4 mL of ethyl acetate

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

——dissolved in hexane-acetone (7:3) (grass hay 5.0 mL, others 10.0 mL)
Sep-Pak Plus Florisil (6 mg)

——washed with 5 mL of acetone and 5 mL of hexane

——placed a receiver (50 mL evaporator flask)

——applied 4.0 mL of sample solution

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

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

——added 2 mL of acetonitrile-water (1:1)

—filtrated through a membrane filter (0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for pesticides in feed

2.5 MS/MS HIE St DR 71k
BOICTPIHHEE LT, a2 Va oz X —%30eVICEEL, 23— FE% 10, 20, 30,
40 XX 50 V B ERL S SRMHIEEZITH 2 & T, 7V I—Y—A A RO Trx s K
A A DMABEDERIT, E—7 ORFERH, BREMESREZE L. B, U —H
— A F R OT LT AT DRBEDEITONTIL, LC-MS/MS D4 STk )-19% % 552
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WELZ. PHEMEDOKERENS, ROoEICT=—A 4% 2~11 FiE®EN L, =2—FE% 10,
20, 30 XiX40V, 22U g RxAF—% 10, 20, 30, 40 XiL 50 eV & ZNENE(L S CTH
ELT. 7ok, a—2EE 50 VIZOWTH, TIHHERICE — 27 2R LR o T2 ilm 3% h
ST DRI LTz,

3 BRRUBER
3.1 B O R
TER=RFIAEFTE =PV =K (1+1) THRL THRE L7Z 100 ng/mL EIKREAIEAE
WOBEKTIZHONT, E—IBREMEFRELZ B LA, B2PICBNTTEN=1Y
=K (1+1) OFNRBRGFThoTZ b, ZO®ROMFTIETE =M -k (1+1) %
HwnwpzZ bl 7u~ 77 20—f% Fig. 1 IZ/R LTz,
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Fig. 1  Typical selected reaction monitoring (SRM) chromatogram of
pirimiphos-methyl (100 ng/mL) by different solvents
(Precursor ion > Product ion (m/z): 306 > 108, Cone voltage: 30 V, Collision energy:

30 eV, Solid line: acetonitrile-water (1:1), Dotted line: acetonitrile)

3.2 ESRMFDFS

2.5 OFPHHEICB W CTHEEREIEE, ERICTFORIEEDOA A VB RWIEER o T2/l
(A ZNV—7: 7KV, BHC, 7 a/LZ— )L AF ), /L5, DDD, DDE, & (/v
KUY, =22 R, AT EZ IV ONTHZ a2 RlRE K, BZL—7 7L UL
— MEOTBrYI RY) ZROWESKEIICONT, TV =Y —AF RN Ta X7 b F D
MAGDEZEN L, 100 ng/mL BEESEERICOWTa—ryEBELXYa) Vg rmxrX—
Z 10 Z A CFREE L CHE L, #2103 L EOfE S EEAS 5 AL/ I E S/ % Table 5 & OY 6 12K
L7=. 7238, DDT IZOoW T+ REFBRENGEONTZEOD, AF & U CHEREMENERE I
TV % DDD & O DDE ORESRMEN RN TEE e d o 72728, SRIOBRG S IZERIM LT,
SEPELE A ZNAN—TD 345055 18 kB Z/v—70 30 (53D 56 27 43I
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DNT, ENENT VI —P—AF LU RO Ta X7 b A ORAEDLE 2L ETHaRER
PN DI, EREA TV ROHERA A & L TRETE D AMENRRINT. "B, AL
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THABRBEEN GO,

Table 5 Confirmation result of MS/MS conditions (compound group A)

Cone  Precursorion  Collision  Retention Cone  Precursorion  Collision  Retention
Compounds voltage  >Product ion energy time Compounds voltage  >Product ion energy time
V) (m/z) (eVv) (min) V) (m/z) (eV) (min)
Alachlor 20 270 > 162 20 8.2 350 > 97 30
440 > 165 50 Fenpropathrin 20 350 > 125 10 15.2
Bifenthrin 10 440 > 166 40 20.4 367 > 125 20
440 > 181 10 . 469 > 107 50
Flucythrinate-1, 2
312> 119 20 20 469 > 157 40 14.4
312>194 10 (Not seprated) 469 > 199 20
Bromobutide 10 e 7.9 e
314> 119 20 285> 191 30
314 > 196 10 (E) -Methominostrobin 20 285 > 196 10 5.2
>
deBr-Bromobutide 10 fre b 10 6.9 285 > 238 10
234> 119 20 303 > 58 30
. 359 > 155 10 Methidathion 20 303 >85 20 5.5
Chlorfenvinphos-1 = ELSEael)
(Z orE) 20 359 > 170 40 9.5 320>85 30
361> 172 40 Permethrin-1 408 > 168 40
_ 350 > 155 10 erme 10 408>183 20 183
Chlorfenvinphos-2 — (cis or trans) ===
(Z orE) 20 359 > 170 40 10.1 410> 183 20
361>172 40 . 408 > 168 50
214> 154 20 Permethrin-2 10 408>183 20 195
Chlorpropham 20 = — 5.0 (cis or trans) = '
214> 172 10 410> 183 20
504 > 172 30 306 > 108 30
506 > 93 50 Pirimiphos-methyl 30 306 > 125 30 10.5
506 > 172 30 306 > 164 20
Deltamethrin 521> 172 30 218 > 127 20
(Metabolite of 20 521> 181 50 16.5 Propanil 30 218> 162 10 6.3
tralomethrin) 521 > 279 20 220 > 127 20
523> 172 30 368 > 57 20
523> 181 40 Propargite 20 368 > 107 30 14.6
523 > 281 20 368 > 175 20
305> 93 40 . 342 > 69 20
Propiconazole-1, 2 Y
305> 97 30 30 342 > 159 30 9.4
. (Not seprated)
Diazinon 30 305> 125 20 9.7 344 > 161 30
305> 153 20 426 > 59 40
305 > 169 20 Silafluofen 10 426 > 168 40 22.5
311 >109 30 426 > 287 10
Edifenphos 20 311>111 20 9.2 Trifluralin 30 353 > 236 20 10.9
311>173 20

Double line: The ions that achieved the highest sensitivity under the conditions for measurement for

each component
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Table 6  Confirmation result of MS/MS conditions (compound group B)

Cone  Precursorion  Collision  Retention Cone  Precursorion  Collision  Retention
Compounds voltage  >Product ion energy time Compounds voltage  >Product ion energy time
V) (m/z) eV) (min) V) (m/z) (eV) (min)
Atrazine 30 216 >104 30 50 324> 65 50
216> 174 20 Flutolanil 30 324293 %0 6.6
271> 97 30 324> 173 30
Cadusafos 20 271>131 20 10.7 324> 242 20
271> 159 10 Iprobenfos 10 289 >091 20 8.8
350 > 97 30 306 > 91 30
Clorpyrifos 20 350> 198 20 14.0 Isofenphos 10 346> 121 40 10.3
352 > 97 30 346 > 217 20
352 > 200 20 Isofenphos-oxon 10 330>121 40
Clorpyrifos-methyl 10 322> 125 20 11 FContains in 10 330 > 201 20 7.2
324>125 20 isofenphos) 10 330>229 10
- 450 > 141 40 Isoprothiolane 10 291 > 189 20 6.9
Cyhalothrin-1 30 450 > 225 10 15.7 291 > 231 10
467 > 225 20 331>99 20
- 450 > 141 40 Malathion 20 331>125 30 6.9
Cyhalothrin-2 30 450 > 225 10 16.1 331 >127 10
467 > 225 20 348> 99 30
406 > 251 20 282>43 30
Difenoconazole-1, 2 0 406 > 265 40 106 Pendimethalin 10 282> 194 20 14.3
(Not separated) 408 > 253 30 282 > 212 10
408 > 267 30 351> 153 40
230 > 47 40 Phenothrin-1 20 351>168 40 18.9
Dimethoate 20 230>79 30 2.6 351 > 183 20
230 > 125 20 351>153 40
324>77 50 Phenothrin-2 20 351> 168 40 19.4
EPN 20 324> 110 50 11.2 351> 183 20
324 > 157 20 321>79 40
385>129 40 321> 107 30
Ethion 20 385> 171 20 135 321> 125 20
385> 175 30 Phenthoate 20 321>135 20 9.0
385> 199 20 321 > 163 10
394 > 107 40 338>79 50
Ethofenprox 20 394> 135 30 201 338> 107 30
394> 177 10 338>135 20
394> 183 30 318>133 40
337>170 20 Phosmet 20 318> 160 10 5.8
Fenbuconazole 30 337>125 30 8.0 335> 160 20
337>129 30 Phorate 10 261 >75 10 10.4
437 > 367 20 308 > 70 20
Fipronil 30 £57 36 20 8.3 Tebuconazole 30 308> 125 %0 9.1
454 > 367 20 310>70 20
454 > 368 20 310> 127 30
Fenitrothion o 282109 20 9.6 Terbufos 10 ¥ 20 127
278 > 125 20 289 > 103 10
Fenthion 0 29715 20 9.6
279 > 169 20
420 > 125 40
Fenvalerate-1, 2 20 420 > 167 10 170
(Not separated) 437> 125 40
437 > 167 20

Double line: The ions that achieved the highest sensitivity under the conditions for measurement for

each component
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22 D HTHE- TR L 7= 4 BB A EMER S 2 uL 2 LC-MS/MS IZ7EA L, & 5472 SRM 7
B NI AP E =T EEE AW THREMEZIER L7-. Table 5 X6 IZFREHOEHED H> L, B
7 v—7" 0 EPN LIS D EIRIZ ST, 4 20~400 ng/mL (JEAE & LT 0.04~0.8 ng tH45 &) O
P CHEMBMEZ R L. 25 % TIE, 55607 EPN OBE#RR% Fig. 2 (2R L7, EPN %, SOl
EAFNCOWVWTHEREEZ RIS LD ORIEOMGHN & L. E—7 @S E AWV THRER
ZIERE LTZ381E, 2L AL ORS CEBEZRE o7,

B, UHHREBROBEGEL, £EK%E 0.02~04 mgkg &4 9 200 HARE %2 GC-MS &I
PEVFRI U 72 Bl URHA IR P O & R IR E S IS Y 35 .
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Fig. 2 Calibration curve of EPN by peak area

(Precursor ion > Product ion (m/z): 324 > 157)

3.4 WiEWE OGS
GC-MS JEIZ L 2HBRIC TR TORNRRIERIHRE Th - 2 WIKIEE HELA 8B, FEA4fEE H
BlEfkl, E9bAZLKRT AT 707 7 A& L RIEEZ G, REICE DR L 230EHA TR
Z LC-MS/MS IZIHEA L, BN SRM 7 B~ b7 T AEFER LTAER, W o BEo R
MICBWTCHEREZHTHE =713 N7, ARFHZI LI V&AL SRM 7 u~ h 7
Z7LD—f% Fig. 31" L7, Fig. 3 0EB0, MAMEHESGEEHIE Y IFRAAFILVERLT
RFFFRHIICE— 27 BB b, TV h—H—AFo>Ta s A A 306> 108 (m/z) L
ShDE=Z—AF L (306>125 LT306>164 (m/z) ) IZBWTHREKROE—7 BRI/ Z
ENBEY IRAAFILTHD &I LT,
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Fig. 3  Typical SRM chromatograms of pirimiphos-methyl in standard and blank sample solutions

(LC-MS/MS conditions are shown in Table 4.
Cone voltage: 30 V, Collision energy: 30 eV. Arrows indicate the retention time of
pirimiphos-methyl.)

A: Standard solution (20 ng/mL),
B~E: Blank sample solution (B: formula feed for growing pigs, C: formula feed for dairy cattle, D:

corn and E: alfalfa hay)

35 < hU v AR OMER

Precursor ion > Product ion (m/z): 306 > 108,

BMOBEMRMEZHER CTE I 47 1y (A Z7v—720 %4y, B Zv—7 27 ik4y) 12250,
24 0 D5 E VR L 2WKIEE BEdA Sk, b EHRGEE, &2 6AZ AT VY
FIVT 7NA DT T BRI A IR L LT 0.1 mg/kg AH4 & (B #&aBHA R T 100 ng/mL
FAME) ZRINLT-~ b U v 7 ZMEHERFIHOWT, 2.2 O HITHE-> THHELL 72 B FE ORI
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X4 5o e — 7 migk AR L.

o S eIk b = RENRE DS TCESRMEICBIT S~ MY v 7 2% RIL Table 7 KT 8
DEBYTHY, RTOREHZONT~ MU v 7 ZAFREN 80~120 % & /oo 72 BT A /' v—7
TOkSy, BIZNVW—TTIla ki ThoTz. —FH, AZNL—TD2/50 (XA R RO nm
NR=)L) OB IL—TD3k4sy (o by, A —R RO T7 4 7a=)1) TiX, &7C
OREHZDWT~ b U v 7 AR 80 %% Flal- 7-.

7238, GC-MS {ETIE, WIMNEIGAERIZI T 5 EUGRD B % % 50~200 %OHiPH & LTz b,
ETOREHZOWT~ M v 7 2GRN ZOHFHMANTH T2 RBEIT A 7 Vv—7T 18 iisr, B 7
N—T T WA THY, ETOREHZONWT~ b U v 7 ZFEN 50 %% FlEl> 72y id 7o
7.

Table 7 Matrix effect study (group A)

Matrix effect’ (%)

Compounds Precursor ion Formula feed Formula feed

>Product ion for growing pig for dairy cattle Corn Alfalfa hay
(m/2)

Alachlor 270 > 162 94.3 95.8 99.2 83.7
Bifenthrin 440 > 181 68.3 77.4 86.1 56.6
Bromobutide 312 > 194 98.9 95.4 100 89.4
deBr-Bromobutide 234> 116 99.4 97.9 102 91.1
Chlorfenvinphos

b) 359 > 155 98.2 93.4 98.3 86.6
(Total amount)
Chlorpropham 214> 172 95.1 93.6 101 72.4
Diazinon 305 > 169 103 103 104 105
Deltamethrin 523 > 281 83.7 81.4 83.3 70.9
Edifenphos 311> 109 96.5 94.8 99.0 86.9
Fenpropathrin 350 > 125 91.2 88.4 92.9 78.7
Flucythrinate-1, 2 469 > 199 96.8 88.7 95.4 711
(Not separated)
Methidathion 303> 85 925 89.7 96.3 57.9
(E )-Methominostrobin 285> 196 96.0 90.5 98.6 61.9
Permethrin (Total amount)” 408 > 183 56.5 57.4 61.7 46.5
Pirimiphos-methyl 306 > 108 101 104 101 102
Propanil 218 > 162 63.0 58.8 66.3 49.3
Propargite 368 > 57 99.0 94.9 100 80.6
Propiconazole-1, 2 342 > 69 82.7 79.0 84.6 69.8
(Not separated)
Silafluofen 426 > 287 74.4 62.5 83.1 56.6
Trifluralin 353 > 236 101 98.9 96.6 90.4
n=3

Light gray: 50 % or more but less than 80 %, Dark gray: less than 50 %
a) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

b) Components with isomers detected as two peaks is calculated as a total amount.



78 fAEHFSE S Vol. 49 (2024)
Table 8 Matrix effect study (group B)
Matrix effect” (%)
Precursor ion
Compounds >Product ion Formulg feeq Form_u la feed Corn Alfalfa hay
() for growing pig for dairy cattle
Atrazine 216 > 104 79.0 73.8 88.5 48.1
Cadusafos 271 > 159 96.3 925 96.8 88.2
Clorpyrifos 350> 97 102 96.2 99.5 89.8
Clorpyrifos-methyl 324 > 125 100 97.3 100 98.8
Cyhalothrin (Total amount)® 450 > 225 71.6 71.2 76.4 59.6
Difenoconazole-1, 2 406 > 251 82.1 74.9 83.9 63.7
(Not separated)
Dimethoate 230> 125 72.2 56.3 77.8 29.0
Ethion 385>171 96.7 91.1 96.0 84.2
Ethofenprox 394 > 177 60.8 79.2 86.3 57.7
Fenbuconazole 337>70 82.1 77.6 83.1 65.6
Fenitrothion 278 > 109 96.8 97.2 95.3 104
Fenthion 279> 169 92.2 87.7 92.9 86.7
Fenvalerate-1, 2 437 > 167 82.1 79.7 78.7 74.0
(Not separated)
Fipronil 437 > 368 75.9 72.5 78.7 64.7
Flutolanil 324> 93 96.3 88.0 97.1 72.0
Isofenphos 346 > 217 86.2 74.0 78.0 75.6
Isofennphos-oxon 330> 229 99.0 96.1 97.9 96.7
Isoprothiolane 291 > 231 97.3 92.7 97.8 824
Iprobentfos 289 >91 97.6 94.0 97.7 91.0
Malathion 331> 127 101 97.7 100 89.1
Pendimethalin 282 > 212 97.8 93.1 95.4 87.4
Phenothrin (Total amount)b) 351 >183 74.9 75.7 80.3 59.1
Phenthoate 321 > 163 94.3 915 98.4 85.9
Phorate 261> 75 99.3 102 99.3 97.7
Phosmet 318 > 160 85.1 77.1 86.7 51.8
Tebuconazole 308 > 70 80.7 77.4 82.4 71.0
Terbufos 289> 103 101 96.6 100 98.7
n=3

Light gray: 50 % or more but less than 80 %, Dark gray: less than 50 %
a)~b) Refer to the footnote of Table 7

4 F&EOH
K —FVE DO BRI 64 AT ICOWT, LC-MS/MS % W72 [F & BIE ORI E Sk 2 it Lz

LA, UTOMENTFEON, —HORSICOVWTHENTRETH D EBE X HILE.

1) EEHEOFRNEGEZ 7 b= )AL I TE = U=k (1+1) L LEHAED s a~ bY
ThEHKLTEEZA, E—IBREMMEFHRE L BICEEDTBRIFTH-T-.

2) HEREELBEBICE=F—AF U EBREL,
F—% 10~50eV OFiH CENENZLSETHIEL7ZE 2 A, 641D 5 H 48 /T iz DOV T D
BIEA A 2 Ffha R LT,

a— U FEE % 10~40 V OHPH,

=) A P -
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Study of Alternative Determination Method without Helium
(2) Alternative Determination Method of Inorganic Arsenic in Pet Food

KADOYA Hina" and HASHIMOTO Yoshimi”

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

For a determination method of inorganic arsenic, which is listed in the Inspection Method for Pet
Food of Japan, we have studied an alternative method that does not use helium (collision gas) of a
liquid-chromatograph inductively-coupled-plasma mass spectrometer (LC-ICP-MS).

Having added 2 w/v% tetramethyl ammonium hydroxide (TMAH) solution to a sample, inorganic
arsenic was extracted by heating. The extract was diluted with water and adjusted to about pH 3
with 0.3 mol/L nitric acid, and then injected into a LC-ICP-MS to determine the concentration of
inorganic arsenic. LC separation was then carried out on an ODS column (CAPCELL PAK C18
MG, 4.6 mm i.d. X 250 mm, 5 um, Osaka Soda Co. Ltd.; Osaka, Japan) with 10 mmol/L sodium 1-
butanesulfonate, 4 mmol/L malonic acid, 4 mmol/L TMAH and 0.05% methanol solution as a mobile
phase. Besides, LC-ICP-MS measurement was conducted by a method that did not use helium as
the collision gas.

A study of interfering substances in LC-ICP-MS measurement was conducted on pet food samples.
As a result, no peaks that interfere with the selectivity of inorganic arsenic were observed in any of
the samples. Furthermore, a matrix effect study of inorganic arsenic was conducted. The peak
area ratio of a matrix standard solution, prepared by adding standard solution to blank sample
solution, and that of the standard solution of the same concentration, was calculated. As a result,
a dried jerky sample was diluted two-fold to reduce the matrix effect, allowing for unaffected
determination. For other pet foods, the matrix had no significant effect on the measurement values.

Key words: inorganic arsenic; liquid-chromatograph inductively-coupled-plasma mass spectrometer
(LC-ICP-MS); helium; pet food
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W5,

ERETITESR, ~VUVLAOAFRNETHLIRUNEILL THY, 4% b LEMBOREL
DAL TV, £ 2T, E#Eh ek o EER RO LC-ICP-MS 12X 575 HiEIc >0 T, ~U
DA (2 TarHR) ERHOWRWVREEAREF LT, ZOoMEEZRETD.

ZEIT, iTxig & Lo LR o EXE % Fig. 1 IR L7e.

Arsenic (l1l) oxide Arsenic acid
As (0]
o~ \o
l\ O\AI As
S _\|As
\\O 1\ Ho” | oK
o/ S\O OH

As203 MW: 197.8 CAS No.: 1327-53-3 H3AsOs MW:141.9 CAS No.: 7778-39-4

Fig. 1 Chemical structures of arsenic compounds
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DONWTIE I mm DR U — 235 Lo Ttk L, 8RB E Lz, ey MY
— K7FakyW—THEL, STHREIE Lz, I V7 3miaiTblnol-. £ ook
FENZEN T mm DA U — 2388 Lot Ttk U, ot HaEE LTz,

Bt W= ZoE AR %2 Table 1 (R Lz, 7228, FEMEHA X, BEHTHW=&EHT
KL SN TV A PRICHER L 72,
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Table 1 Ingredients list of pet foods
Pet food types Ingredients
Chicken, barley, corn, wheat, pea bran, corn gluten, milo, cellulose, chicken extract, vegetable
oil, beet pulp, flaxseed, pork extract, wheat bran, oat fiber, apple, broccoli, carrot, cranberry,
ea beans, minerals (calcium, sodium, potassium, chloride, copper, iron, manganese, selenium,
Dry food for dogs P ( P PP g

zinc, iodine), lactic acid, amino acids (taurine, lysine), vitamins (A, B4, B,, Bg, B1, C, D3, E,
beta carotene, niacin, pantothenic acid, folic acid, biotin, choline), antioxidants (mixed
tocopherols, rosemary extract, green tea extract), carnitine

Dry food for cats

Raw beef, raw beef liver, fish meal, peas, tapioca starch, whole flaxseed, chicken fat, natural
flavors, dried beef, vinegar, canola, minerals (potassium chloride, sodium chloride, calcium
carbonate, zinc sulfate, iron sulfate, manganese sulfate, sodium selenite, cobalt sulfate,
calcium iodate), vitamins (choline chloride, niacin, vitamin E supplement, calcium pantothenate,
riboflavin supplement, thiamine nitrate, pyridoxine hydrochloride, vitamin A supplement, biotin,
vitamin B, supplement, folic acid, vitamin K; supplement, vitamin B; supplement), taurine,
antioxidants (natural mixed tocopherols, citric acid, rosemary extract, green tea extract,
spearmint extract)

Semi-dry food
for dogs

Grains (corn, wheat flour, defatted rice bran, corn gluten feed, wheat protein), meats (chicken
meal, chicken, beef flour, pork flour, chicken liver powder, chicken fillet, beef), defatted
soybeans, fats and oils (animal fat, vegetable oil (including omega-6 fatty acids)), beer yeast,
salt, sugars (sucrose, oligosaccharides), selenium yeast, vegetables (cabbage, barley grass,
pumpkin, tomato, carrot, broccoli, spinach, molokheiya), small fish powder, casein
phosphopeptide, propylene glycol, minerals (calcium, phosphorus, sodium, chloride, iron, copper,
manganese, zinc, iodine, cobalt), pH adjuster, preservatives (potassium sorbate, sodium
dehydroacetate), glycerin, sorbitol, vitamins (A, B,, Bg, B4, D, E, pantothenic acid, choline),
swelling agent, antioxidants (sodium erythorbate, mixed tocopherol, rosemary extract), food
colors (titanium dioxide, food red no.102, food red no.106, food yellow no.4, food yellow

no.5, food blue no.1), glucosamine, amino acids (arginine, methionine), chondroitin

Wet food for dogs 1

Pork, rice, tomato, radish, komatsuna, corn, wood ear mushroom, olive oil

Wet food for dogs 2

Meats (chicken, lamb, chicken breast, etc.), vitamins, minerals, polysaccharide, phosphate (Na),
food color (titanium dioxide), EDTA-Ca/Na

Formed jerky for dogs 1

Cereals, meats [beef, cartilage (including collagen), etc.], vegetables (carrots, pumpkin, etc.),
dietary fiber, lactic acid bacteria, thickening stabilizer (glycerin), preservative (potassium
sorbate), food colors (red 40, yellow 4)

Formed jerky for dogs 2

Beef liver, beef tongue

Meats (chicken, beef), rice bran, modified starch, wheat flour, sucrose, salt, propylene glycol,
stabilizer (sorbitol), antioxidant (sodium erythorbate), preservatives (sodium dehydroacetate,

Formed jerky for dogs 3 ] . o ] o o
potassium sorbate), color former (sodium nitrite), pH adjuster, food colors (titanium dioxide,
red 106)
Meats (chicken, beef), defatted soybeans, wheat flour, wheat protein, p-sorbitol, glycerin,
sodium lactate, minerals (Ca, P), salt, phosphates (Na, K), seasonings, preservative (sorbic
Formed jerky for dogs 4 ( ) prosp ( ) g P (

acid), antioxidants (extracted vitamin E, sodium vitamin C), fragrance, color former (sodium
nitrite), food color (red 40)
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Table 1 Ingredients list of pet foods (continued)
Pet food types Ingredients
Dried jerky for dogs Chicken fillet, starch, powdered egg white, trehalose, minerals (sodium, calcium), phosphate
(hard type) 1 (Na)
Dried jerky for dogs ]
(hard type) 2 Chicken breast
Dried jerky for dogs
(hard type) 3 Horse lung
Dried jerky for dogs )
(hard type) 4 Venison
Dried jerky for dogs .
and cats (hard type) 1 Sika deer
Dried jerky for dogs . _
and cats (hard type) 2 Chicken fillet
Dried jerky for dogs .
and cats (hard type) 3 Beef tongue skin
Dried jerky for dogs

and cats (hard type) 4

Venison

Dried jerky for dogs
(soft type) 1

Chicken fillet, glycerin, quality preservation agent (propylene glycol), sodium hexametaphosphate,
preservatives (potassium sorbate, sodium tehydroacetate), salt, antioxidant (sodium
erythorbate), sodium polyphosphate, color former (sodium nitrite)

Dried jerky for dogs
(soft type) 2

Chicken fillet, thickening stabilizers (glycerin, sorbitol), sodium lactate, pH adjuster, minerals
(sodium chloride), preservative (potassium sorbate), antioxidant (sodium pyrosulfite),
oligosaccharide, fish cartilage extract substance (containing chondroitin), glucosamine

Dried jerky for dogs
(soft type) 3

Chicken, salt, glycerin (humectant), propylene glycol (quality preservation agent), color former
(sodium nitrite)

Confectionery for dogs

Flour, sugar, starch, vegetable oil, skim milk powder, oligosaccharide, calcium carbonate,
cheese

Milk powder for cats

Dried whey protein concentrate, dried whey powder, animal and vegetable oils, glucose,
lecithin, taurine, starch, lactoferrin, probiotics (Bacillus licheniformis, Bacillus subtilis),
fragrance, silicon, vitamins (A, B, hydrochloride, B,, Bg, B;,, calcium pantothenate, C, D5, E,
choline chloride, niacin, biotin, folic acid), minerals (dicalcium phosphate, calcium carbonate,
ferrous glycine, ferrous sulfate, copper sulfate, manganese sulfate, sodium selenite, zinc oxide,
cobalt sulfate)

22 3K

1) A% 7=/ LC-MS H (L7 A v AFkfisksd) | f§E2IL Ultrapur-100 (BAH L7H)
25 W% KEEILT R AF AT E= L (LLF TTMAH) & W9, ) ITEEMESITH (%
BEALS TR, 0.1 wh% A F A L o DEIRIEPREER (87 A4 v afeiiisEsd) | 1-
THUANKECEET N U ATRFER TER, v u VERIIARR (B LT AL AR

i LAY

7K1E Milli-Q Integral 5 (Millipore #) (2 & 0 ¥EHL L 7=#8Htik (JIS K 0211 @ 5218 (2

ER SN EMIK) 2.

2) 2w/v% TMAH

25 w/iv% TMAH 8 mL (2K &Nz 7T 100 mL & L7=.
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3) 0.3 mol/L A%

fEES 1.92 mL (2K &M% T 100 mL & L7=.

4) VEBEWR (10 mmol/L 1-7 % > A/LAR BT U 7 A« 4 mmol/L ¥ 2 % + 4 mmol/L TMAH -
0.05 % A ¥/ — VIRHK)

1-7 X AR T U 71602 g, <1 20416 g, 25 w/v% THAH 1.458 g & /KIZEA
ML, AH /=)L 05mL ZMz 7T, EET pH 3.0 (2.95~3.04) (ZFRF&E L=, HITKEMZ
TIL &L

5) As (III) FEAERR

e (D) R (8 L7 A v 2 R0eHiZEE, {REEME 1001 mg/L) 1mL % 10mL O&&ET J
A ZIEREIC AR, BERETAREMZTAs (11D EEERAZFLLZ (208 1mLiE, As (1)
ELT100pug &A) .

6) As (V) HEHER

fitF (V) HE#ER (A7 8, {£3EHE 1002 mg/L) 1 mL % 10 mL D287 7 A 2 (ZIEMEICA
A, EEMETKZMZTAs (V) EERAZRTLZ (20 1 mLiE, As (V) &L T100 pg
EH) .

7)) MHEBEAIEEIRIR

As (III) AEAERG KON As (V) HEYERE A 0.5 mL & IEMEIC 50 mL O2® 7 7 A 22 A, =i
FOKREMZ CTHBIRGEEFTREZFA L (20O 1 mLIX, As (II) KW As (V) 2Zh
FTILAs ELTlugaf) .

8) MWLHRIEAIEEIK

REENE 25 mL 2 A 72 50 mL o287 7 2 a2, MEEAEER 50, 125, 250, 375 Xk
500 uL & F N FHIEFEIC AR, 0.1 wiv% A F LA L w PRSI & OF 2 wiv% TMAH 5 mL %
% T O0.3mol/L iifi# T pH 2K 3 (AL vf) I L%, FITEMRETAREZMZ, 1mL
FIZAs ELTERZENL, 25, 5, 7.5 KON 10ng 25 AT HMBIRAHE AR 2 8 L 7-.

[FIRF L B R IR B AR EIR 2 N 2 IS [FARICHERIE L, JREE 0 ng/mL DFEVEIR &2 FHH L7z,

23 HEMOGE

1) Bk
M1 (R A8, EI I A8, ErEAOC—HOYy—%—H)
ZM 200 Retsch # (1 mm A2 U—>, R E#5 14000 rpm)
Wi 2 (ry—x—HH)
GM 200 Retsch 2 (ff ] R[5 10000 rpm)
2) 7—FR7ukvHh—:MK-KS8 /Y=yl
3) =LEEE : 15 mL Metal free centrifuge  Labcon %
4y ARAbN:xza /) ARA  3mL YT T7T v
5) A7 Z 7 4/vH— : Millex-HP Merck Millipore # (L£% 0.45 um, [E#E 33 mm, PES)
6) /NA 7V : 2 mL Target DP vial, PP Thermo Fisher Scientific %
7) LC-ICP-MS :
k7 v~ K277 7% : UltiMate 3000 Thermo Fisher Scientific $
HERES T T A E EONTEHD - iCAP Qe Thermo Fisher Scientific
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2.4 TEEFIE
2 Y a yHARBERAGEOFERSEE T 7 A~ B ESITFHBOWME LML, = Dishi F ik
EORBIER 4 7 4.1 1ZE- 72,
D #h
IINTEREL 0.5 g 2 B o T 15 mL OO ILEE I AN, 2 wiv% TMAH 5 mL % il 2 CiE 0 B8
2. INERTA 7y 7 N A%&HWT100°C T2 BREENEL CTHiH L= im L.
FHHRIZ /K 5 mL 202 TR W IRE =1, 2100xg T 10 7y 00EE L, EEAEE 50 mL
DEET T A AN, mOREE O SIZK 125 mL 2% TRV IRE 7%, 2100xg T
10 ZSRIELDEEL, LEBARAEREZEOEEY 7 AN 5BEZ 2 E#EVERLEZ. LoeR
7T A2 0.1 W% AT IVA Ly DEIREGR AN %, 0.3 mol/L i§fE T pH 2413 (AL T )
ICHHFE L 72, EMECKEMZATZ. ZORO—E&E%E 7380xg T 5 oL oEEL, EER
R AT T 7 4 0H—TAhi L, LCICP-MS (2 X B2 HIEICHT 2 EHARKR E L7z,
[FIRFIZEE 2 W22 W CTRI—#BIEZ 1TV, ZElBRiaik 2l L7z,
2) LC-ICP-MS (T L % &
FRUBHATR, ZERBRIAIR K V& AL R IR A EEUER % 20 uL % LC-ICP-MS (ZVEA L, BiRA A
B (LR [SIM) &W9H. ) 7~ 7T 055, JMIESRMIL Table2 K3 (TR LT-.

Table 2  Operating conditions of LC
Column CAPCELL PAK CI18 MG (4.6 mm i.d. x 250 mm, 5 um), Osaka Soda

10 mmol/L sodium 1-butanesulfonate / 4 mmol/L malonic acid
/ 4 mmol/L TMAH / 0.05% methanol solution (pH 3.0)

Flow rate 0.75 mL/min
Column temperature 30°C

Mobile phase

Table 3-1  Operating conditions of ICP-MS with collision gas (Gas conditions are an example.)

Nebulizer gas Ar (1.10 L/min)
Plasma gas Ar (14.0 L/min)
Auxiliary gas Ar (0.80 L/min)
Collision gas He (4.3 L/min)
High-frequency output 1550 W
Monitor ion m/iz 75

Table 3-2  Operating conditions of ICP-MS without collision gas (Gas conditions are an

example.)
Nebulizer gas Ar (1.10 L/min)
Plasma gas Ar (14.0 L/min)
Auxiliary gas Ar (0.80 L/min)

High-frequency output 1550 W
Monitor ion m/z 75




86 fAEHFSE S Vol. 49 (2024)

3) i H
BONE SIM 7 B~ N F AnD B2 BRR U S 2R THREME (ER L, BB o
As (I) KON As (V) Z2HHE L. ok, ERBIERIZOVWT, =7 B3RO LNTHEX
fEREZLSINT.
EEEOMIE % Scheme 1 (/R L7-.

Sample 0.5 g (15 mL centrifugation tube)
——added 5 mL of 2 w/v% TMAH solution
——heated in a dry block bath (100 °C, 2 hours)
——added 5 mL of water
—— centrifuged for 10 min at 2100xg

I
Supernatant Residue
——added 12.5 mL of water
50 mL volumetric flask ——shook

——centrifuged for 10 min at 2100xg

I
Supernatant Residue
| ——added 12.5 mL of water

——shook

—— centrifuged for 10 min at 2100xg
Supernatant
|
——added a few drops of 0.1 w/v% methyl orange solution
——adjusted pH to about 3 (color: orange) with 0.3 mol/L of nitric acid
—filled up to 50 mL with water
——centrifuged for 5 min at 7380xg
—filtered through a membrane filter (0.45 um)
LC-ICP-MS

Scheme1  Analytical procedure for inorganic arsenic in pet food

3 HBRRUBE
3.1 MRE#R
22D LV R L - KAEAERL 20 uL 22 U ¥ 3 U AR T LC-ICP-MS ICHEA L, 5
Nz~ N7 7 ho—7mELNE S ZHWTRERZER L. SO RERIT Fig.
2-1 XO'Fig. 2.2 DBV TH Y, 1~10 ng/mL (FEARE L LT 0.02~0.2 ng 1Y &) OHiPH CTEA
PAR U, P, YEBREHROBEERIHIL, As () RO As (V) &£ LTO0.1~1 mgkg Z&H
T2 AT L ERE & ARTEICAEVFRE U 72 Bl RURHA IR T O R EE RIS Y 55 .
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900000 120000
800000
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Fig. 2-1  Calibration curves of arsenic (lIl) oxide (As(lll)) by peak area (left) and
peak height (right)

900000 90000
800000 80000
[Z
£ 700000 y =83552x + 10488 £ 70000
E R?=0.9990 E] y =7715.4x + 787.37
= g
8 600000 < 60000 R? = 0.9984
© 500000 2 50000
S =
® 400000 & 40000
® ®
~ 300000 < 30000
© 4
& 200000 S 20000
o
100000 10000
0 0
0 25 5 75 10 0 25 5 75 10
Concentration of As(V)/ [ng/mL] Concentration of As(V)/ [ng/mL]

Fig. 2-2  Calibration curves of arsenic acid (As(V)) by peak area (left) and peak height (right)

3.2 WiEWHEOKE

Table 1 OELLEV R Z AV, 24 O DICE VAR LRSI EZ 2 ) Y a U HAREHT
LC-ICP-MS (ZVEAL, 6N/ SIM 7 u~ N7 I L52RLI-EZA, I R A8 (K
M), vy MEE (CRA) 2 KO Y ¥y —F%— (RH) 31220V T As (V) L[ CERFFRER
B TR Eov—7 "R bl (GF&EE LTENLEI 0.057 mgkg, 0.097 mgkg KO
0.18 mg/kg) .

Z T, Ml ENTEREHZOWT, AW ) Y a v T AEZEHLTAs (V) OWESE
iTolz. ZOREE, FRIZE—7BN@BOLN, ZNENOEAEITEI F7A485E (RAH) ©
0.056 mg/kg, 7= v MY (KA 2 T0.10 mgkg, KAy —F— (KM) 3 T0.19 mgkg T
bole. al)VarHARMHK LR TRERICRERENRBO N2 b, FIU
RFFFHICRO DN E— 7 IZHRBERD As (V) O—27 LEZ B, WTAOREHIB W T
LEMBOEEEYITHE— 73RO 5N o T,

ek, ol SIM 7 e~ 7T AO—H#% Fig. 31 LT
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Fig. 3  Typical selected ion monitoring chromatograms of standard and blank sample solutions
(Arrows indicate the retention times of 1: As(V), 2: As(ll1))
A: Standard solution (1 ng/mL as each As)
B~I: Blank or naturally contaminated sample solutions (B: semi-dry food for dogs, C:

wet food for dogs 2, D: formed jerky for dogs 3, E: confectionery for dogs)

33 < MU v 7 AR OMER
240 DICE VB LT Tablel © K74 85 CRAH) , EI R84 (KA, vy Ml
i (RAD 1, Yy —F— (RM) 1, EMEBRY Yy —F— (h—F&A47) (KA 1, #
MRy v—F%— (Y7 b 2A47) (KA 1, BEE (R RKOWMIvy OFH) o777 v
7 REHAIRIZ As (I) &N As (V) #2212 mg/kg #1248 (& RUEHAR # T 20 ng/mL A8
W) ZRIMLEES~ FY v 7 AEERICONT, 22 O 8)ZHE-> THHEL L 72 R E O£ H i
WRICHTHE— 7 HiE 2R LI Z A, Tabled D EBY THY, BEMELHBY ¥ —F—0
As (II) PIAMZOWTIERE~ N U v 7 ZAOREM~DOBE R EBITFRD b o T,
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EMEIRY ¥ —F—D As (D) IZOWTA T UMb ifl T2~ M) v 7 2R BRRBO L
72, ZREKET S 7 ORENAIR 2 MK T2 AR L CHIE Lz, 0T, A A ALl A3
AV Vg T ADAEBIILDEDTHLINERRT D720, a)Va A LAEEIT-
7o, ZORER, a2V Va T AEZFERALELGAICBNTOA A bz Ml T2~ N v 7 ZA%h5%E
MRD LN, 2V VarTAOFHOFEIZ»»D LT, MEHAREART 22 LItk ~
MU > 7 ZRIC R DB = T TICWERTRETH -T2,

¥, &~ M)y AEERO Y — T WREIIERE T T 7 OB — s HEEZE LW THE
HL7-.

Table 4  Matrix effect study
Matrix effect ? (%)

Pet food types Helium (collision gas) Helium (collision gas)
not used used
As (111) As (V) As (111) As (V)
Dry food for dogs 99.2 103 — —
Semi-dry food for dogs 102 104 — —
Wet food for dogs 1 89.7 88.4 — —
Formed jerky for dogs1 99.0 101 — —
Dried jerky for dogs (hard type) 1 78.7 89.5 89.1 85.3
95.0" 91.3" 99.1% 92.9"
Dried jerky for dogs (soft type) 1 73.8 88.7 79.7 82.2
93.0” 94.4” 95.2 91.6”
Confectionery for dogs 102 107 — —
Milk powder for cats 97.0 107 — —
— Not tested

n=3

a) Ratio of peak area of arsenic in the presence of matrix (as 20 ng/mL: 2 mg/kg in
sample) to that in the absence of matrix

b) Double dilution

4 F&EOH
ZHLENY) AR R O SEEALSE O LC-ICP-MS IZ X 20 #H1EICDWT, 2 ¥a vy AE AN

FEEBRF LI 24, UTOMENGELN, MENARTHL EEALNT. vk, FEMEEY

¥—F—HD As (1) IZOVWTIE, ¥ M) v 7 AL HEEBLIRRT 2 - D RERENERE 2 %

FRT DL THENRETH 72,

1) MERITIZENLH 1~10 ng/mL (FEAEE LT 0.02~0.2 ng 4 &) O&H CEBRMEZ R LT-.
B, YUNMBROBERMEZ, As (1) KW As (V) & LTO0.1~1 mg/kg % & A3 50 AR
BE 2 RIEIHEV TR U 72 BB UBHA IR P O IR BEER PR IS Y 75 .

2) FEIEWMHEEHZOWT, 2 Va VT ARMBEHRICE N v~ M7 T A2, BREE
W5 e—27 13880 bieinoi
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3) = U a v HARMAREICE O NIZREHARICOWT~ b v 7 AR E MR LR, 7O
~ b U w7 ZAOWEB~OBEE R BITFBO b o7z,

X I
1) BEMKEERS - BEAS  SE AR O BKICET 245, Fk 2144 H 28 0, =
MOKPEER S - BREEE T 2 5 (2021)
2) INTATBUE NERMOKENE Z et 2 —BERiEm . (i AR SEOREE) Ofl
EWZDOWT, 2149 A 1 H, 21 {HE5 1764 = (2009).
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1 SHSFEAMFOREHAMICLDIAMEEIZDOWNT
Proficiency Test (in the Fiscal Year 2023)

Wk B2, P ARBERES, EA A,
ANE PR, PERk ERSETS, IR e

1 B B
gkt - FRHAN BOGE S 3, FEHRA TSR, KM OITBIE 2 RIS, Sk o iUk
CEDOITEEEIT O 2 LI2X Y, SR OEE I OMER M L2 XY, R TofriiszEzL,
FRBHE DM ERBER O EE RO ERICE T S.

2 #HEHHORAE
A BEE -3 5 B R E A AR
C BB} - -8 A fEHFCEHE A 50
D kL - FHM T EERA T LI v 7 R
¥ Btk (k) OO oWTiE, S5 EEIXER L Than

3 HaEdoRRE
3.1 FHHR4EHH
SRSHE6A1SAEKT6H 16 H
3.2 i
MSTATBOE N BMOKEETE B 2 il o & — IR R A
3.3 WA
1) A#E
HERE 1mm DR 7 U —2 2335 UMW T L7253 5 B AR A ETEHY 100 kg %
W, LLFOPRIEIC &0 k2R L7
REE L<SBE LI, 9 %Lz, Z0oF0 4 XEZ —DIZ8bETEIKRALIEE, 4
FoLTRICRLE., ZOo8EE2R 1 ORGKERIZED 7E#EVIRLZE, SXEXLD —F
& (20g) ZWIZAN, 14857205180 g AV OFE 340 E 2R L 7=,

PSTATBOE N RMOKPEH & % 5 v 2 — BB L SR A

"2 [ESLATIEPASEIE N JREE « B 0h PE S BN B BIF JEREAS £ i iF FE 5 Y

B OMSIATBUE NBRMWOKENE Z2B e o 2 — it o 2 —, 3l BHOKESHE - Z2RH
4OMSTATEOE N BN EN R 22BN 2 — ety ¥ —, B jEfkEZSRER

S OMSIATBUE N RMOKEH R Z 2t 2 - B 4 —

O PNIATBUE NRMOKEEHE Z e v 2 —thF e v 2 —

TOPSIATBOE NRMOKEH & 2 it v 2 — 1@l o & —
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op
mhmng

~s0

© ~ o w|H|8

b © o bh|H
(<TG I SRR -
o o w |
a s~ w|Z
© o w kS

2) C Rk
BB ORMEY) 2 BrE UT-t, BB U TRfEL, £ 218U 10 FEOFE % R
DIREEIEG CIREEDOETRE (REWN 100 kg) AV, A GEHEFRERIZ 14847204 180 ¢
A OFEL 340 5 2 FHHEL L 7=,

£2 CHHOERHRUZDESES

N=PAN AN NEPAN AN

B OE & b (:u%%)ll (=) B R 4 bz (m%%)'] a
oA L 25 a— I NT 74— K 10
INFE 20 E— koL 7
~Au 10 FXI—b 3
KT 10 S5 S 3
CTEHNT 10 REE T L T I 2

3) Dk
FAHTFBEERA 7L I v 7 2580 kg MV, AREIEFEEEIC 1 84720180 g AV D
FEE 340 i 2 FHEL L 7=,

4 SHWEETEERUVERER

4.1 ririEEHEHE

ARREL - - - Koy, M ARE, HIEN, HMHME MK, I us, JoROHY <A

Nl VRN

CalB - - - SPBHEUE OB HH R OV DIRG FIG OHEE

DBl - -, WSRO =TT TV
4.2 SEHEEAH

[5F0 5 AR B O L@ alBHT X 5 oA E M 2EaE ) (110 X—3) 2k 5.

5 #BEHBOHEEE
A BB I A B E L OHIK 5y, D BB CIIs & O digh 2 5347 L, Thompson © @ harmonized
protocol M2 &, KBt OB EME A MR L7z,
T UL DTHRER T2 10 B TH 2 KT L7eREREZER 312, £72, TORRITHES —T
BLE DO BT R ER 4 1TR LT,
WFRORBHIB T, St Fold FERMEE TREIY, AEKE 5 %2R0 TRERICAE
ETBO ONT, AEOEMEICREIL ARV &R L.
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&3 ARUDRAHMOLHIHER

AGEL Dal ok}
= HEABE HLR 5y 4 o §1)
Bk (%) (%) (g/kg) (g/kg)
No. runl run2 runl run2 runl run2 runl run2
1 19.89 19.91 484 487 25.08 24.85 2245 22.13
2 2013 2042 490 485 24,98 24.93 22.44  22.61
3 2028 20.48 478  4.80 24.65 25.38 21.22 22,92
4 1981 2054 488  4.86 2475  24.49 20.63  20.95
5 2053 20.04 483 487 24.75  24.60 21.23 20.80
6 2024 20.06 483 488 24.68 24.50 20.40 22.02
7 2032 2031 487 4.84 2453 24.42 21.49 2119
8 20.01 20.20 483 482 24.75 24.86 22.14  21.66
9 1979 20.16 485 490 2471  25.02 22.27 22.64
10 20.54 20.48 483 487 2475  24.75 2221  22.27
&4 ARUDBEBOOBOHTHER
4 I WA BHEE NMEoH ol F 55 S e
S 0 V=S/p  Fy=ValNg F(a=0.05)
=R MA 0.6078 9 0.0675 1.23 3.02
Mi-ABE DATd=E E 0.5485 10 0.0548
A} a 3T 1.1562 19
A 0.0119 9 0.0013 1.97 3.02
MR E 0.0067 10 0.0007
T 0.0186 19
A 0.5922 9 0.0658 1.56 3.02
il E 0.4207 10 0.0421
Dt} T 1.0129 19
A 7.3139 9 0.8127 2.54 3.02
[ A E 3.2020 10 0.3202
T 10.5159 19

6 SMABRE
6.1 M 204
5 fHLEEH IR 133
FTRHR I B3 4 AR 13
B 53 T 517
FRH A R B 41
6.2 AUBHBIZ MAB KK
A FRE--202
C #kk---107
D k81
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B0 5 AR AR OILEFEHT L 2 T EIZ OV T 103

£6 ARHHOMITRER

gy Koy HL7- A HE FHLAE 13 FH A AE FLK 5y
(%) (%) (%) (%) (%)

F— 2 ¥ 197 190 162 112 190

r o 11.56 20.34 4.28 2.79 5.01

T PR B S 2 10.89 19.72 3.88 1.84 4.66

R 12.23 20.96 4.67 3.73 5.36

44 il 11.56 20.35 4.28 2.83 5.00

12 Y {75 0.22 0.21 0.13 0.35 0.12

EENVREL (%) 1.9 1.0 3.1 12.6 2.4

95 % {5 #E XM 11.53~11.59 20.32~20.39  4.26~4.30 2.76~2.89 4.99~5.02

% 4 HIN T I y SL (‘& By HriR) T SL (frkhoy b S ue) T
(%) (%) (g i) ~ >) (g fi) - >)

T— 2 126 132 25 46

rp o 0.860 0.598 51.5 48.4

RN Y 0.726 0.551 44.1 44.6

- BREE SE 0.994 0.645 58.9 52.2

44 il 0.855 0.597 52.0 48.3

128 e (R 7 0.043 0.015 2.5 1.4

EENREL (%) 5.0 2.6 4.8 2.9

95 %fZ X M  0.847~0.863 0.594~0599 51.0~53.0 47.9~48.7

A1 Ko 1loBEEHRESNEoMENSER LEKBRETHY, Ko 21 XKy 1 TR
L7z -2 a7 Ot 3 EORFHEZFII L TR LR THS.
2 AT OREHEN 3 OBERMETH S.
3 SL (EHOHE) 1%, V) /) ~A T M) UAOREEREL N7 —( P
7 vavikEEHLEERTHS.
4 SL (BB IEYE) 1%, VU ~A 2T M) UADWEKs n~ 7T 7iEEERH
LIzfERTHhHD.
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&7 DHAMOBITER

X 4y &l i) g UEET TV
(g/kg) (g/kg) (g/kg)
F— 2 71 70 46
1 H g il 25.00 22.09 5.0
TR EZ F i 23.17 19.42 39
b PR BT S 26.83 24.76 6.1
N fE 25.09 22.04 5.0
5 TR 2= 0.60 1.05 0.3
EEREL (%) 2.4 4.8 5.9
95 %15 #H X[ 24.94~25.24 21.79~22.30 49~5.1

H 1 Ko 1lo¥ETHRESNEOIMEISEHLEERTHY, K9y
213X 1 CHEI L7z -2 a7 OffsxHE s 3 UL Lo B A BRIk L
THHLEERTHS.
2 AT OMEHEN 3 DEEFETH 5.

®8 EABLEEHOETERE

=R 53 = E'g
\ BAHG g 5
L R N— M e o
%77 % bacel %‘U;Z /}\ %‘/J;S §+
E 9 b A L 25 107 0 0 107 0 100
/N 3 20 40 46 7 93 14 87
< ot = 10 13 51 38 102 5 95
R I N 10 20 79 6 105 2 098
S IATF YT 4=k 10 0 10 10 20 87 19
S F WMo 7 10 2 26 23 51 56 48
S N 7 5 39 18 62 45 58
F ¥ v I — 3 1 3 31 35 72 33
53 > 3 5 42 12 59 48 55
Bl oL A 2 0 0 69 69 38 64
H 1 BRI U7ZFEOHEE SILAIREGEIGD 15 %l EERE S nzb 0.
2 M LEFEEOREE SN DIREEIAD 5 %Ll E~15 %A & s S nizb o.
3 MR LEEFEEIOHEE SNDIRAEIGN 1 %ll E~5 %Rl L H®ESNTbLD



A0 5 AR RS O @RENT X AW EICHOWT 105

x9 EALEEMUSNCBHEHRESNELD

o HH R4 B g gt 3
el 6 53 19 78
VAR LT 0 1 42 43
=P S 3 23 16 42
=y 0 1 39 40
Kdanih g 0 15 15 30
ik 0 0 31 31
ST 1 7 8 16
K& 6 4 3 13
DDGS 0 2 9 11

(DT 2 2 5 9
LA 0 4 4 8
TN IV T 7 I —) 0 1 6 7
a— 2T — L 0 1 6 7
SR 0 1 6 7
T4 % 1 1 3 5
IINFE RS 0 2 2 4
ZIE 0 0 2 2
BT T Ul d 0 1 1 2
A —=v TRy 0 1 1 2
RAF T d 0 1 1 2
E— L 0 0 2 2
Z 0 0 1 1
HE 1 B LR OHEE SN DIEEEIGH 15 %L EEWmE sz 0.
2 B L7ZFEEOHEE SN DIRGEIGH 5 %Ll E~15 %Rl & wiE Sz b o,
3 M LIEREIOHEE STVDIRAEIGH 1 %LL E~5 %Akl & @b Sz b o.

8 HHAMOEBMBERRUETERKE
LLF, BRI OMATRE R T, SHTERNC T 727 — 2 Tu A MEIZESL 22237 %2Rk,
Z DOREHEDS 3 UL DS EEZ R E U CHA L, FIE, BEERZER O IR ERZ %2 RO 7.
8.1 ARE (4h7 5 BRRMBLEEIE) OfEHTRER
1 K 4
IINTELE 197 tEOMENRH Y, v /NA MEICE D z-A2A a7 OffakHEn 3 LED b o 14 14
Thotlz. ZNHEBRWIEHMEIT 11.56% T, Z 0 95 %EHEXMIX 11.53~11.59% T - 7=.
IHEROFATFER L, UUTo LD ThoTt.
AR EYE DT, 194 1F (OB z-2 a7 OHxHEN 3 LLEO L DX 13 1F) o#ERH
0, ZONEE, FEERZE &K O ER ZIXE L Z 11.56 %, 022 %KD 1.9 % Th o 7-.
ZOMDITIETIEIAN (DB 222 a7 OMHED 3L EDO DI 1) oWMEND - T-.
2) H7-ABHE
SIMTELX 190 HROWMENRH VY, B AR MEIZ KD -2 a7 OHfkHEN 3 LLED S o1E 12 14
Tholz. ZNOEBRWIZEHEIL 2035%T, 20 95 %EHEXMIE 20.32~20.39% TH - 7-.
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IHTER ORATRERIL, LTD LB Tholz.

fi BF o AT BEYE - BREBAEEIR R IE TIX, 91 (D bz-A a7 O#axHEN 3 2L LD b old144)
DWMEN DV, ZONEIHE, FEHERZEK O HEER 2 X2 20.14 %, 0.08 %% T2 0.4 %
Thoi-.

FAEL M S UE - AR U BRI RIE T, 20 (9B z-A a7 OfExHEN 3 LLED b DL 2
) OWMERDH Y, ZONEE, FEAER 2K OF R 21X 224 2023 %, 027 %KW
13% ThHoTz.

FRBHI AT ELYE - BREBETETIZ, 1311F (9B z- 2 a7 OHaxHEN 3 LLED S DI 2 1) D@
WY, TOFEME, FEERZEKR OHRERZIZZ N TR 20.40 %, 0.18 %KX TF 0.9 % TH -
7.

HEIATHEIC L D FIETIE, 291 (5B -2 a7 OMSHENR 3L EDO S DI 7)) OMEMN
BV, TONYEE, FEAER K OFE R MR 221X 2 0240 20.19 %, 034 %KX N 1.7 % Th o7z,
ZOMDFETIE L (9D -2 a7 OEHED 3L ED b DIL0) OMENH 7.

3) HANENS

IHTEIZ 162 tFOWMENRH Y, v AR MEIZK D -2 a7 OEHEN 3 L Db DX 8 1T
Holo., TNHEBRWEEWMEIT 428% T, 20 95 %EHEXMIX 4.26~430 % TH - 7-.

IHTERDRATRE R, LFD LB Tholz.

RN RHETIX, 881 (D B z-Aa T OMxHEN 3 LL LD L DI 44F) ORENRH L, *
DEfE, FEER 75 K ORI SHEER 221X T 432 %, 0.11 %L 2.7 % Th-7-.

HEVOATHEIC L 5 HETIE, 714 (Db z-2a 7 ORHEN 3 L EDO S DT 4 1F) OWMEMN
BV, FOVEE, FEEREROFHIEERZLIZENZI 422 %, 014 %K N34 %ThHoT-.

ZOMDFETIEIMH (DD -2 a7 OfxHEN 3L EDO L DIL 0 ) OWMENH 7.

4) CHHMRAME

IHTEIE 112 FORERH Y, B NR MEICE D z-A a7 OfftxHE? 3 L EDO DI 4 T
otz ZTNHEBRWIEHEIT 2.83%T, 20 95 %EMHEXMIX 2.76~2.89 % TH - 7-.

IHENOBATRERIL, LTD LB Tholz.

FRBHI T R YE - $REETIE, 100F (D b z-2a 7 OREHMEMN 3 LLEDO S DX 1 1) OWEN
HY, ZONEE, B =L OFE R 21X E N ZE4 273 %, 0.17 %X 6.1 % Th o7z,

FRBHI AT RLYE - SIETIE, 571 (9 b z-2Aa 7 OREHMEN 3 LLEDO S DIE 1) OWEN
BV, TONVEE, FEERZER O IEERZEILIZNZI 2.80 %, 044 %K N 158 % Th -7

B BT L D HETIE, 384 (Db -2 7 ORSHEN 3L ED S DI 2 ) OHEMN
HY, ZONEE, B =L OFE R 21X E 240 2.95 %, 0.25 %KX N84 % Th o7z,

ZOMDIFETIE T (OB -2 a7 OEHEN 3L LD DIX 0 1) OWMENH 7.

5) HIK5y

S 190 RO MENH Y, B ARR MEICKD 22237 OEMEN 3 U EO L 01X 54T
Holo. ZTNHEBRWEEWMEIT 5.00% T, 20 95 %EHEXMIX 4.99~5.02 % TH - 7.

IHERNOATRERIL, LTD LB Tholz.

BT L ETIE, 188 F (9B z- A a7 OMHEN 3 L EDO L DIX 5 ) ORERH Y,
ZOIWEIE, RS O HEERZ X Z 0T 501 %, 012 %K% VN24%TH-o7-.
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ZOMDFETIE 2 (9B -2 a7 OfxHEN 3L ED b DIX 0 ) OMENH STz,
6) HILTT A
SNTEIE 126 HFOMERH Y, B AR MEIZLD 22227 O EN 3 L EO S O1E 11 £
Thotz. D ERWZFEHMIZ0.855% T, Z D 95 %(FHHIX M1 0.847~0.863 % T - 7-.
SYBMTIEBI DRI RE I, LT B0 ThHh-o7z
FRAEL T HEHE « S 2 T =T AETIE, 181 (D b z-Aa 7 OHEHEN 3L Lo b 0
3 OWERDHY, TONEHE, FEHERZEK OHEMEERZIZZ LI 0.841 %, 0.041 %
K48 % Th -1z,
fil BF o AT BEYE - RIS EEVE T, 10618 (D Bz-A a7 OH#axHEA 3 2L LD & 1L 8 44)
DWMEN DV, ZOWEIHE, FEHERZEK O EER 21X Z 7 0.858 %, 0.043 %X Y 5.0
% Tdhol.
ZOMDFETIE 2/ (DB -2 a7 OEHED 3L LD DIX 0 1) OMENH 7.
U
OHTEIX 132 HEORERH Y, AR MEIZL D z-2 a7 Ot Ein 3 L ED b DX 8 4T
Holz. TN ERWIZEMMIL 0.597 % T, 0 95 %(E XM 0.594~0.599 % TH - 7-.
INTIEBI D FRMTAE R, LT LB ThHhotz
BT EAETIE, 127 0F (D6 -2 a7 OfERHEN 3 L ED b DIX 7 1) O®ERH Y,
Z O, PR ZE K MR ER 22X E N1 0.596 %, 0.015 %K M2.5% Th-7-.
ZOMDFETIES M (DB -2 a7 OEHED 3L ED DI 1) oMENH T,
8) VU /~ATvF R DUA
WEONTETIX, SOATEIEY Y/ ~A > U o AEEINEE CRECAR) 7 Z > 7 i
EOMENKUETH LD, SEITMESNLRWSITEORE TH D7D, o AL D
SHTEE DRNCENE LD WREENH -T2 &b, TN b Aol TE L.
FAEEL, AR EREOM AN N ERIEIC L2 ERME, SO EEDOHKEK S 7
~ N T THBICEDERMEEDENRE DT ENDL, ZLEXIZER LT,
BESHTE GREERER N7 o —A V7 v a k) Tk, OFEIE 25 thomEn s
D, BN MEICED 22T OfRHENR 3 L EOb DL | Thotz. ZOWHEIL 52.0
gy kT, 2D 95 %X DY 51.0~53.0 g( Uil > Th o7,
AR I E (k2 o~ N7 7 735) TIX, SOFHEIX 46 hoWmENRH Y, v /3R MEIZ
2 z-2a7 OHER 3 U LD b DT 2 Th o7
IHTERI DT RE R, LT s ThoT-.
BT - REEREETIE, 21 FOWMERDH Y, FOVHMHE, AR S K OFH xHZE HE R
FEIXENFRN 52.0 g(Sff) by 2.6 g(Fifli) b TR 5.0 % Tdh - 7=,
BHOWE s 7a—A V27 a BT, 4 FORERH Y, ZOVHIME, EAEFEE
K O YR 721X 2 20 50.9 g(Ffl)/ b >, 0.9 g(Fifli)/ b > R TY 1.8 % T - 7=.
FRBH BT L HE « itk 7 m~ R 25 71T, 46 HEOBENDH Y, FOEHMHE, HEEERZER
UVHXHEER 221X E 2 4 48.3 g(Jifl)/ b >y 1.4 g(Jifli)/ b KTV 2.9 % ThH - 7=.
FRDBLSS T FETE - A ERIETIE, 2 fFOBRERH Y, MELR DRV Z M
C X DMATITET, 5L L CORBEE R LR, 522 ¢/ F > Tholz.
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8.2 DK (IZHWTFKEMM T LI v 7 X)) OfftTH R
1) &l
SHHEIE 71 HEOWMERH Y, B AR MEIZED 22227 OHHER 3 LLED b D% 9 4T
Hotm. ZHHEBRWEEHEI 25.09 g/kg T, Z D 95 %[EHHIX M IX 24.94~25.24 g/kg TH >
7.
SIHTEBIOfENTFERIL, LFOLBY THhotz.
FAEHIHTEHETIX, 701 (D B z-AaT7 OMHEN 3L EO L 0IX 9 ) omENRH L, *
DI, FEHER 22 o OV R ME(R 221X £ L4 25.10 g/kg, 0.60 glkg KM 2.4 % Th o 7.
ZOMDFETIZ I (DB -2 a7 OEHED 3L LD DIX 0 1) OWMENH 7.
2) # g
IIHHEIX 70 fFOMENRH D, BN MEILL D 22227 OfxtHEn 3 L EO S DX 4 T
bHolz. ZTHDHZBRWIEHMEIL 22.04 gikg T, Z D 95 %IEHEX X 21.79~22.30 g/kg TH >
7.
IHTERORATRE R, LFD LB Tholz.
RN EHETIX, 681F (D B z-Aa T OMxHEN 3 LL LD L DI 44F) ORENRH Y, *
DYl R B 72 K OV R R 221X € 24 22.03 g/kg, 1.06 ghkg KT 4.8 % Th o 7.
ZOMDFETIE 2 (OB 22237 OMEN 3L EDOHDIT 0 1) O®ENH 72,
3) JUMBET TV
SR 46 HEOWE (WFR L EEM TR X D5 00E) BHY, v AR MEIZKD 2-
AT OMEFHEN 3L EDO L DIX 1 Th o7z, T ZRW M, =R 2 K OE R
ERAEIX TN ZEN 5.0 ghkg, 0.3 gkg HMTN5.9 % TH 7=, ZD 95 %ISHEIX ML 4.9~5.1 g/lkg T
ol
8.5 Cak (BEE MR DiE R
BA L7z 10 FEOEE O & 2 OREEIGOHEE 21T > 7o, JREHEGHIG OHEEIX, 15 %
PlbE%a%E, 5% A E15%RmEFE, 1% AEsS%RmEDbEE L THEEZRDE.
107 DGR H Y, IRE LTEFBHLIAMIH &L & 03 o - 7T EHT 22 FE TH - /2.
BELTEREBHZOWT, 528 AZ L (RAEHFIE 25%) X, 1074 (BH=E 100 %) OHEH
HY, FEHEABAOHEEDONRIZZEN 1071, FE&N 01, PENHETH- .
NEQREEIE 20 %) 1, 931 (MH=E 87 %) OHENRH Y, TOWRILIZLED 40 £,
w461, LENTIHTH- T,
~4u (BREHEE 10%) 1%, 10244 RHEEIS %) OMERH Y, TONRITZEN 13 1,
HED S, DENISHETHST.
REHT (REEIS 10 %) 1%, 1054 (BHE 98 %) OWMERH Y, TOWNRIZZLED 20
ik, HEN 791, PEN6IHETHT.
A=V I NT 7 40— K QREEIE 10%) 1%, 20 BRHFE19%) OHRERH Y, ZTONR
X% &N 01, TEN 104, PEBI0IFTHT.
TEMT (BRAEHEIA 10%) 1%, 51 (BRHE 48 %) ORERH Y, TONFUXZLEDR 2 1,
RN 261, DEN 23 THo T,
E— LT REEIS 7 %) 1%, 62 1 (M= 58 %) OWENHY, TONFITLEDN 5
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ff, TEN 39, PENS 18U TH-T.

FHRI— (BEHE 3 %) 1%, 354 =R 33 %) OREXRHY, TONGFRITZLEN 1
i, HER3IMH, LPENIIIIFTHoT.

ZXK (REHIE 3 %) 1, 591 BHE S5 %) OMERHY, TONFUIZEN S H, T &
DA, EN 12 TH T,

REETI T L (BREFIE 2%) 1%, 691 (BRI 64%) OWERHY, TONRITLEDN O

e, HEN O, VLEN O THT.

Mo TR SN REEE LTI, 2REERAMD»T AR LEL, B HFoRENH ST, KWT,
D AEETI N T DD 434, FEECKDS 42 fF LTz,

X M

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

2) BRMOKERWE - ZeERREA - SO EEORIEIZSWT, 2044 1 H, 19HE
%5 14729 5 (2008).
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(5%)
TN 5 BRSO L@ RABHT X % Sl 2 5 B8

1. B

fAkl - FRHRINY RG2S, EHRA TS SR, R OPTHBEI%E 2 x5z, SRS o ER
BHZ X D20 E 1T S 2 L2k, O kOB EHMN oM L2 XY, e CTofidzsa i
BL, kB0 ERflE kO EEROERICETS.

2. L@EHEBONE
AFUEE--- 93 5 Bk B G Ak
C Rk - 4 7 1A i B FURHE A 5k
Dkl 1AM FKERA T LI v 7 X
¥ Bk (B¥) onbiE, SFEEEERLEEA.

3. STEEHEHA
AREE - - e Kgy, Mo ABE, WAEDE, CRAEAE, HIKS, v A VROV Y <A

D2 al SR yVN
Catkl « - - fRHEE OB K NEEEI G OHEE
DB « -8, WL NI U BET TV

4. SrHTHEEEE
(1) RBtoOSHEETIEZ, TSR ERE] CER 2044 A 1 BT 19 L 14729 5 R
KREEBEE - BREREEM) ITED D HEKRO TEE R O BRI O pk 5y ik S B3 54
TO—EEYWET 2EFTHEORITIZON T  (IF1 5349 A 5 HAFT 53 & B 2173 %, 53
KIRE 464 FRMKEERERE KETREES@EHN) ORTIZHLIYY /~A T Y
VAXITER T N U L EGLEROE B ITEICHER L T 72 E 0.
nB, ZEETIZINLONIEDRM: (BRI EESE (k) ) 2R LET.
Fo, oo RREIC, BEHHERESO—FlZ2RL#LELLOT, 2F L LTFI.
(2) ERBECARLESHEEHRED Y b, FHRBRE|ICBWTCEMmAERER (2HETRITH
) AZOWTHON R OEEZ1TV, BT 5FEOHMEFERN (Microsoft Excel B, AFF
s (1) 2l ) 12T, #EL T EE W,
(3) EFBHIMBEIZRE L, AT LEICE, HRIZEL T ZEWn
(4) BEOHTE BE, MioABEIZEBT D7 F— Wik R OREEE) (2K > THolr Lz
B, ZUMIDOHRFLA LT REELZHBEER L TWeZE, TmEIES V.

5. b E G O WS
(1) BoHiE R O EMRICOWNTIE, M TEIENEBKRKEEEZE2FEITE L ¥ —F— 23—
> (http://www. famic. go. jp/ffis/feed/sub2_teawase. html) LV [45F0 5 FEEEGFEZEOLE
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REHZ X 20T EE EWREE] 44 72— KL T Microsoft Excel ETFAL, #E LT
Y E-1AN

(2) ABEZITA, CAUDREBTERENELRY EFTOT, SR EZEBET 2 EHZI SN T
INEFNFERALTLEEN. HEREV FLEDOHFIFARBORBE S Z2RBREZSL LETOD
T, ARBIORBE FIZOoONWTEaIT TR WG b B TRALTIZE . )

SNTIENR, K4y, M7 ABE, HIERG, H#kKE, MK, AT T ARDY AZHOWTIE
%T, YU /) ~vATF I TRZONTIE gUfl)/ F T, 8, Bk = BET
TAZOWTIE g/kg OHALTRFIL L TS 7Z S0,

Koy, M7-ABE, ARG, MEME, MUK, S &OHSR O iElx, NEURBITE 3%
P FAALCRSE 2MET, IAT T LAKRRY VOGP EIT/NELL FE 42 MR AL T
FH3IMNET, YU /)~ FT RV TARRT T UBRE T T VO HHEIT /IR A LT 2
MEUERALCTHRE 1M E TRRAL TS ZEI 0.

STER AW e, MEMICELYESZILAL, ZOFME#REFHERIE,
AL TS0,

Fo, o EOFRFEE N HNIL, TOEBRALTIEE .

KFIZDNT, E IR Z O CTERRH T ORI X fE LA, (1. ik
SRTHRE) IR TS, EREEELUNAOKGEE AW HG60, CRZEEE vz
2, NBGREE, WRERNEEI T EE DS L R 5041, (2. 205k &L, A
Wk D A —J1—, WEFRMEEOFEMATAL T ZI .

Ml ABEIZOWT, T AGHEROKREEL NN TEREL, By FMEEZHWTREE
L7z aicid T BT i (v 7 — ik (B ERRIIE) ) 1 F720% T2 &k 8T
e (B —E OF VERIRIERWIE) ) | Z@IRL T E &, BEAREES CAYE,
WE LSy aid T4 BEITHE) 2R T EE 0.

HUKZDWT, JRILIBEZTZAL TS EE,

(3) #EMRIL, B LR Z®EE (3) O FHMORHIER4S OB 58 A TR
BIAMICEEAL, HEINHIRAEFAIL, Z& (16%LL L) , & (5%LL 1 16%K0) &
O (1%L E5 %R MHBERL T EE N, 1 %R EHE SN DB, B
BHABIZIZFA LW T EEn. 2%, CRBHIIE 10 MEO BB 2REAE L TV ET.

B GEL, S T5EFEZRIRL TSI, (BHREINLI2HEFOMERIRE L
eSty, HAMAN GHEM) CRRALTES . )

(4) B O—EE2BORBREECELIZHEE, FEiiL-RBR=E4 L ONEBZ2HEED (4)
DO H L < IFHMERFO A — )LAITFEEHRH L TS 720,

(56) BF5H9H29H (&) ETITHELTIZI W,

(6) WMEFIL, BT 2B EUEREIFICLY TRICESTZWRELA—ALT FLRAITE
LT Eawn. EEOT7 7 A 141F TRBRERS (ARBOES) _#B=EL) LT
KEEV. B RBREFS1EFAMI CARLOGEA : [1_FAMI CAH )

EBOWMEELRHEINDILEAIE, 77 ANVLORBICEEREN LMD L5 ICES 2T
TEZaw. Bl ft2oomEEE2RETLIHLE, 1-2& 22742 L)

WEA =L OMHFZBIE (B FEFELEOIERBRE__HBR=EL] L LT Esn.
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FRHEHOWMEFEICITTIEERH 556 134412 [HRH] Az A— b L ITERFT
MeFICH Y FH A~ THE L IS,
ELSZETELLE, 10 H 2 X TICZEHRA— LV ERIEWZLET. (RUAE
RICIR SN 8E, Z2OBENENI AR TS WETRIT TAIZI V. )
HLEREEY 7 A VIIZEHERA—ANELS ETWHELRNVTIEE 0.

A— )L TOREERHDE L WGATHYE E TCIHEE TS0

KA WS
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AN 5 EENE OIEREHT X 5 o ER RIS S Bk )

RBREL Y
MAIL
TEL
(1) AFEE oHTiE R AEHE
SINTRR T 48 S HTiE %
Koy FAilRes 1 flt oy Hr H v
% 2 Z DD I
Mz ABE FAilRes 1 AR e (V2 — ik (BB AEIR W IE) )
% 2 fARM AT EENE (v — ik (R U FRTRIRWIE) )
3 BT ELUE (RBETE) A —h—
Al
4 BT A—T1—
K
5 =DM ik
FARERS xR 1 falBt oy Hr H v
% 2 E BT A= —
F it
3 T DD FE
FHAHE xR 1 AR e (FE L)
% 2 fARH AT EEYE (AiliE)
3 BEh AT A—T1—
DI
4 Z Do Fik
K5y FAxilRes 1 flt oy Hr H v
% JRAIRE C
2 DD L
AN xR L AR AT N (2 U7 =T AE)
% 2 FABH AT FEYE (RO TE)
3 FDMD Gk
NS xR 1 oy A e v
% 2 DD L
A Sy 1 G Rk
R 2 WEHERE (Tu—a V=7 v a AEEHH)
V& e (i) /b 3 AR YE (ilk s m~ 7T 7 ik)
LC A—#— /7K
MRHER A= — s
AT A—=F— T
PN (mm) £ & (mm)
KL ()
4 BT EEE (A R E &TE)
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(2) DB bR B
SIBTI G 4 BAKCIN[ES %
4R SYFTIE 1 koA SEvE
2 FDMoT Ik
g/kg
Gk VX IRES 1 Ak HT HEUE
2 Z DD Ik
g/kg
7 TR SR 1 koA SEVE
7T I Ze
g/kg LC A—h—/Fk
RHER  A—h— K
BT A—T— K
PNEE (mm) £ & (mm)
B (um)
2 FOMOTIL
(3) C#E HmEfE AR
1 YRR REEIE |tk i & REEE
IRALS:

5 (15% 1)

4
FHE (5%PA_L15%)
DB %A BT

BTk

AR SN

ZOMOEEREEZTA

1 KR

2 PFRALEE

3 TILh Y AL
4 FDMH

) 10EAOIEBZEAG L TWET, FEAOBRHFEEADY 2 FPLERL T 7ZEW,

1 H R

T 5HIEIR

RZE ZAFE T4 % INE

/INE R EHHLAZL ~An RS

R K E R R 5TF F AN
KA E—int AV IATYT A=K Ry Y —mu Ly
KI=—74—F A=Y ITNT I R A Y77 U=
Ak a¥ii b/ F il LA TEMT
KEHDT DDGS k=R FXI—L
ok FTILTFNT 5 I—)L E— koL 23 F o T
SR B REEI N TN BRI NS T I

(4) SREEOFMEHSE TEPEHEOI@REHT L2 0#iE ) (B LT, BR. HM.
HRENHNTTHAL TSV, (A—/LARLTH A
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1 fAHPOEEYEZEOE=42Y) VIHEDHERIZDOWNT (FM55E)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2023)

EEARE e AR AR BB E 55— R
i o 2 AR

1 B B

MNZATBGE NRMOKEWH R Z it o % — (LUF TFAMIC) LW 5. ) TiE, @EEOMH
WHRKE > T, AEGEY (REF0OR, 3, TomosHictisn s EEW TAOREEL Z 2
RIOIBENDRHDHHD) BEESH, IIHEBFIIWENELD Z LIV &FEYOEENRES
hNoZ LzPilkd 2 /i, BHKEEPEEED TWD TRiOLEMEICET 28 F P WE
DY —=_A T A« T=F Y THERGEHE ] FIZKSE, ERFETED LN TV D AEEEOWEE
RDE=2 ) 7 R OEEEEPRESNLTORVEEVEEO G A EELLET 00—
NATA UUTF T2=2007%) L), ) 2EELTWD. AR, SHSEEOE=21T
TEDRRERY £ LOTOTHRETS.

2 A Py
21 F=X VU IO G
BHSHFEAANPLBF 63 HETOMIZ, BAKES (MFRER%E) Bk o
RE OB OUGEIZE T DM D (LLF &L RE] L), ) 8§ 56 FOBEICESE,
B A 2Tk LTS AR 2 E i L 72BN E L7 fiEl, FAMIC 23k 2 2IES 57 O BEI
Ko, BUREEN Y, BURGER TSI U O AR 2 3206 L 72 BRICERER L 7= B B3 O
(Y —_A TR IIN T2 EW T F B E F R W TR L 7t 2 x4 & L., £=4
Vo 7HEOMBLE LRI RO SRS ER 1ITRLTEE.
22 T=H Y T EDOGRSY
FRFLZ RIS 3 &8F 1| HOBEICKSE, R OEEHRINY Oy BEEICET 2485 2
(LLF THRAHEER S Lo, ) 1280, MO REWESEOR K (LT IE5%
W] Lo, ) BDEDLNTWD. £, AEOAEMEOIFEEER OEF AR N\ T
BRlEL R O E W E E Of B IR EE R OVE FLSYEME (LT THREREES] Lvw)H. ) BEDHLR
TW5. ZRBHIH T2 E =4V v VEERS X, b OREFEOM, fEOJRER, %
ORHEREEZMRET 2 L L bic, BIBGHFEHOMRFESRS, BHISN T EEEICLEREL
TUTOEBVIEELT.
1) HFEWE
i O (24 o)
7 OREEEESENED LN TN HO (4 5K5)
EHH A L XUTEIRA RN FE S R T E B R EE N ED N TWAHET 77 b ¥
YUBL, BTV /2, TAFT=AL KT E=U Y (B, By KO Bs OFRFL
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LFRLC. ) Zxt%e L.
A TLUHNONDESE (20 K5Y)
fA By AT HEUE DI FIEDNRE SN TWD LU T O N 20 iy & xig s Uiz,
DOEE 777 hXTY By, Gi, Gy, AT UV~ KMV AF 2, HT2 F¥v Y, T2 b
VU, RAEV T =F =, THL X, 3-TEFATAFT =L — L,
15- T2 FATAFL =1L ) —, =L ) —)b, PTEFFTAINAAR) —
NV, TAEXRV=ARL ) —V3 TN ar R, 7T RRVA, Y=Y, o8
T )=, B-BTTT =, BTTT Y, aaBT TV — KN BT
Vv /=
i EERE (45k5)
BHEEBMENED LN TNDA A FI UL, KB, 8BEPOFEEZRGE L.
i REE (57 pior)
T OBAREEENED LN TS D
AT HIMSEERRIRE 1 O 1 O(ICABEEERED DAL TWVDEIE 60 KD H> HoD
By ARG E Lz,
A TS D REE
RN R HE I FIENHE SN TVWDRBIEDO I b 24 lyzxtg e Lz, vk, ¥—
NRA T URAENROINCED D720, S FE DRSS & FLE LT
2) BSE J&4EP5 IR D RSy
i BHki-ABE
R BIREEE T ANERE 1 O 2 ICHE SN AELE G LT H8E, B hskiz a8
R AAEZRE T AR OB SRR AREE S E LT,
i AREMEAHY)
RO BB SR 1 O 5 O(WWIHE I -8htEilis 2 x5 & Lz
3) WEMAEY (FArEXT)
Ao IR & B B S OVBL IR LB 2 kb G & L7z



B O EWELEDE=F Y o TEOFERICOWT (55 EE) 117
1 E-RVIEEERLEEBNRURE
T H B 0B
TSR AR HEI BSERAEDILIR DRI
) BT A1
oM ig PO EER S ORE gimss ELISA PCR iﬁg 'ZEE
e REB R
K35 B R B A 1 1
R B S A R 26 24 6 4 7
7 A Z—EE s A A R R 1 1
T A 7 —EE %A Rk 5 5 1 1 1
P9 P 5 e B B G Ak 2 1 1
T 55 £l 75 P B A5 £ 1 1
KBt B B A el B 1 1 1 1 1
EEL T IR E R i A DR 3 1 2 1
TR E A B A e R 6 5 1 1
PR AE & B G ) 14 13 2 2 1
iR B Ak B A g B 4 4
i £ 6 i DRk 4 4 1
il REEAER (FAWTFEAEZEERVb D) 2 2
JRVEILI T R D £ R 2 1 1 1 1 1
B B4 E AR A Ak 4 4 1 2 2 2 2 2
B gl it 5 L BT 5 2 2 2 5 5 5 2
#+%%@m¢ﬁW%Mﬁﬁﬂ 4 3 1 1 1
P 28 B BE A fe R 22 18 3 5 9 9 9 2
PA] 25 5 PR B A fi 5 3 2 1 1 1 1
i A= £l 75 FH B A £ 1 1 1 1 1 1 1 1
R ER (FAYFFEHEEL, AHFEHZE 2V HO) 1 1
R GLUAER 28 %, EAMFERzEERVbL0) 1 1
PHEEMEE (L7420, AR PREE £V 0) 4 3 1 1 2 2 2 1
28 5l K P B ) F B A i R 31 31
EobAZL, ST EHEREAEE 1 1 1 1 1 1 1 1
Wi A QB IRA B 1 1 1 1
2 W A f 1 1 1 1
EE IS D IR A R 16 1 1 1 16 16 16 5
A FE 167 101 54 25 4 4 4 27
K& 3 3
. TVLAVINTL (A1) 3 3 3
i I
L9 HZL 47 47 47
A F 56 56 50
Ko 6 6
L a— I nNFr 7 4—F 36 36
? LIOBLAI LV AFTFT—XZ LAY Y27 (DDGS) 6 6
g BN 6 5 1
$H R 1 1
I ) 55 54 1
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F1 EZHUIVEEFERLEEHRURE (E)

TE B B o0k R K
R HEWE BSER/EDIIEIC (R BB
kA g
(. iﬁ PO EER R pmes ELISA PCR g@% 2;%
jz IV I AT I 36 36
l; KRG T 7 7
o IR TR DT 7 6 1
TN 50 49 1
FxrI—n 20 20 20 20 14
TP —3I— 10 10 10 10 3
&) R A AR 23 1 23 23 14
g WA (K—2 I—1) 6 6 6 1
Fé g 58 33 29 29 29 23
R ATV H 1 1 1 1 1
Bl w3 <o 1 1 1 1 1
A T PR iR R 1 1 1 1
/N it 120 34 62 o1 91 57
TINT VT 7 4 4 4
fig o & 1 1 1
T4 — kA 1 1 1
A N 2 2 2
% A=K T T A 1 1 1
FE— 4 4 4
NIa—FTT2 1 1 1
/N it 14 14 14
T 5 I ) 0 e 1 1 1 1
7 BERHEEEY 1 1 1 1
D Tk e 44 44
i g 6 6
/N it 52 6 2 2 2 44
& B 514 266 102 89 105 134 134 44 86

23 YTV T BB
1) AFWE KON A O 534 Ak
AUBHE, SR ERAEMESE VNCIVERI, RE L. £958AHAZL, LAY A
(A 1) ROMEINL, SR ORIEORE IR D@ N XV ERELL7Z.
ST EEHT, BB T EHESS 2 EoHEIC L VIR L
2) Bk A B O 5 BT HEE
BT, SIEHOHTERYES 16 B 1 SO MEIC L0 BRE, RELROHE L.
3)  REEMEARHIY O 5347 FH R
FEHEMAR ATl BRYE DOFEHR UG IEICHERL L 72RO FIEDIZ X D SR B L 7-.
PG 2R AATE X v 7 a—) —HO EO S AT, RoT7H 77— (REN
300mL) ZHWT Ay F O EH, FEECTEHO 3 &R OESMHEIEZRIRL, b xR
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ELTHELE LT

2.4 RERITIE
1) HEWE
i O

FREL o HT FLHESE 5 BICHLE S FIEIC X0 FElE L7z
il EeEE
FREL AT FEVESR 4 BEER 1 HCHUE S e B K0 E L7z,
i 2 K
BRI HT FLHESE 6 T ICHLE Sz FiBIC X 0 FEhE L 7=
i~il OFERAIEOEE TR, BT RRE OEIER IR AT B I S T 5.
2) Akt ~OBWH KT A HE S ORAER
UTO3EEFALCER L. 72k, RABRORRIL, FE2x5 e 3 26 R
DIBNAR D FHEAE QOOHEFIE (F)  (LLF HEAMERHEFIE, LvwH. ) ITkI%,
BARNHE LT,
i BAMEREE
FRRH T B VS 19 B 1.1 PLERDIL O 1.2 BEMEIMA 2 ICH Lol E HiE 0ic Xk, B
B (AEEERMEMEE) OFEEZMERE L. BEFEOMELX 1 IR L.
ii ELISA Bt
BRI T JEYESS 17 B 2 i 1.1 O)THES - HIEIC L v Eli L7-.
iii PCR kB
AR A EENT, SR OMTRYES 16 EHE 2H L1LICHESRZFEICEY, F8%H
3} DNA ZXGUTIRAOE AR L-. 0%, T3 I — 0%, WEBS L OW AL
1%, FAEHIHTREVEDS 16 B 2 /1 12 ICHE SN HIEICL Y, KT 5 B H kK DNA % x4
WCIRAOFELZMHE L. 72bk, ALRSEENEEE UTHEAUTIBEBADATEEMEO & 2 5 0BHT,
FRBH AT FEMESE 16 T28 2 8 1.1 MRS E SN FIBIC LY, AR EREAIE LT 72
%, LFEiRBRAE IEE L.
3) AREEMEAHY
OB EESHNESE 1 OSSO (1) OTICHESNTZHEICL Y FEii L.
4 HrEXT
FREL T FEVESE 18 35 1 IZHUE SN FiBIlC K v FEha L7z,
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B
L1 iS5 i
——1 g% 0O xHE
P Ty B
[t Sy B FRR SHmaL BE ARUS
— A AN RIRED
—— #2057 flfiE
2 i
L Jamsfr 25 (F8) 25y BEL - SBHEURH: A (STRA) THifh
—— AR LR
—— Ak DX %100 mLO—/LE—H—|ZK T
T VT RLBR
5 Y7k L R AHE20 MLE IR %
— 304l i
Kk
ke CHRE, LBaaRE GBI/ HE THRDIET)
SRS

S IRBE (5 5:50~1001F%)
SEAREAMEE (15 20~30£%)

1 HAMPOREMFOBEMBREESTE

3 #& R
31 HEWHE
BEMEDOE=2 ) TEDRKERIZONT, HHAEEELAORSEEESEOFEICIYZNE
WELY £ &7z,
1) MO
BB AR 101 48, BURETEE 165 SIS\ T, HEEEMEENED LN TNDT 77 hF v
v B, B7IL /)y, TAXF=ANAL)—ILERTE=S D 4 KD E=FY T KRN
—_A T A, WG EREEENED DL TWRWDNE 20 oD —_A 7 A%
i L7, fREEEEENED LN TWD 4 RO OMKEEE 2-1 10, HELEESENTED LN T
UNTRUN 20 BT DRER AR 2-2 IR LTE. ffgrbxoﬂz_ov\fm%“% X, UToEEBY THo
7.
i 777 h¥v 2By
FiR AR 101 P 16 DM &4 (B 16 %) , &AMEIX 0.003 mg/kg, iS4
7= bOOFHME (LLTFFEER) 1% 0.001 mgkg TH Y, fHELMEM (FLHSEM 0.01 mgkg) &
OVEBLLUERE (Sh3 2 M, 7 uA 77—, (S8 L ONEIEL 74 H1X 0.01 mg/kg,
ZRUSOEIRA BT 0.02 mg/kg. ) EEBZD L DT T,
EOBLAT L AT RPT 1L Gbiii s (B, 23 %) , fKXMEIX 0.011 mg/kg, FHE
1% 0.002 mg/kg TH Y, EHILUEM (0.02mgkg) 2B Db DIERMN-T-.
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ii

ii

iv

erovr v

BRI 101 /i 97 S b S (BRI 96 %) , A KfEIT 0.18 mg/kg, FEIMEIT
0.042 mg/kg TH YV, FHILMEM (ZEXLVPEZ ALK G SN LB EEET 0.5 mgkg) %8
ZHbDIE o Tz,

HRGTE O BB ITED SN TRV, L9852 L 47 A 45 E0nbBEshn

(=R 96 %) , FRMEIE 0.22 mg/kg, “FEIE 0.037 mg/kg Tho72. £ H AT LOIN
TRIEMOEREMER &L, a— 70T 7 40— ROYEHEIX 027 mgkg (HAME 1.0
mg/kg) , DDGS O F-EJfEIE 0.33 mg/kg (A RMHE 0.51 mg/kg) M Ra—r 7T I — /LD
ZIEIX 0.55 mg/kg (B KA 2.1 mg/kg) ThH o7z,

FEX =L ) — )L

FiR &R 101 S 85 Wb S (BHER 84 %) , e KfEIT 1.6 mg/kg, FEIMHEIT
0.36 mgkg TH YV, FEHEMEE (KT 7> (FAFMOLOZR. ) IThHE SN LA
BHE 3 mg/kg, % (KT 28% (LMoL OERLS. ) ZBR<. ) RUORZAICHE S
A EIEHT 1 mg/kg) X Db DIERoT2.

ERETE O EEEEEITTED 5N TRV, 9652 1L 47 AF 41 S0 hn

(B3 87 %) , mAMEIX 33 mgkeg &m<, FHHEIX 044 mgkg Tholz. £H9HAHZ L
OMLREDDOERMER LS, a— T AT 74— FOFEEIX 2.9 mgkg (& KE 8.9
mg/kg) , DDGS OFHJfEIL 3.0 mg/kg (e KfE 4.1 mgkg) KOa—r 7T v I — /LD
1% 0.22 mg/kg (B RfE 1.3 mg/kg) THo7-.

TE=

BiEAETEE 101 AT LR S, &AL 3.2 mgke, FHEIT 0.67 mgkg TH Y,
EHILEME (ZELRVEZAICKH G ENHEAEET 4 mgkg) B2 5 bDIT o7,

HARERDE O FF B YT ED DTN, L9852 LIk 47 SeThbhiish,
BARAEIX 6.3mg/kg & @<, EHMEIZ 1.0mgkg Thotz. &9 HAZ LOMILEIFEY DL
THERMBEIEGENLORH Y, a—2 70T 2 —LOEHHEIT 1.6 mgkg (B KE 9.9
mg/kg) TH o7z,
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K21 BEREEFIEDONTVEINVUEDE=F I VIRUS—RLFUVADRKR

775 k& OB (B FIR? 0.0003 mglkg) 75 L/ (R FR? 0.0003 mg/kg)
=5 TED o SRS LD e SbRENEbO
SE T IR MR BRI P By PSRRI
(mg/kg) mE (%) (mg/kg)  (mg/kg) (mg/kg) m (%) (mg/kg)  (mg/kg)
T 77 hXTUBD
@'éé}ﬁﬁl; i . foor 400
ﬁ%iiﬁ?i; D % 0.01 4 0 0 0.5 101 97 9 0.18 0.042
E’f‘ff‘;iﬁ DEAFED # 0.02 93 16 17 0.003 0.001
RS EE 101 16 16 0.003 0.001 101 97 96 0.18 0.042
K - 3 0 0 — 3 2 67 0.002 0.001
TUAVINHA (A1) — 3 0 0 - 3 1 33 0.002 0.002
INEE — 3 0 0 — 3 1 33 0.004 0.004
LHHLAZL % 0.02 47 1 23 0.011 0.002 — 47 45 9 0.22 0.037
ks - 6 0 0 - 6 4 67 0.020 0.008
Q= IANTF YT 4— R — - 35 35 100 1.0 0.27
LIH ALY AFF—RY LA/ Y27 L (DDGS) — 6 3 50 0.002 0.0008 - 6 6 100 0.51 0.33
ST E - 5 0 0 - 5 4 80 0.013 0.005
F¥an — -
o=V INTF = - — 36 36 100 2.1 0.55
PR NN - 7 0 0 — 7 6 86 0.008 0.003
PRI — —
(ES — —
3 181 30 17 252 237 94

x2-1 HFEREBEINEDONTLEINUEDEZ R Y VIRUSF— RIS UVADRER ®E)

FAEL =L = (B FIRY 0.003 mg/kg) TE=V Y (B+B+B) (#:H FFR 0.0006 mg/kg)
=YY LD B S bR SN DO o S bSO
e SR g BRI RORI P S S O
(mg/kg) (%) (mg/kg)  (mg/kg) (mg/kg) (%) (mg/kg)  (mgl/kg)
(777 b&xT VB DOH)
fid Ak (FLAAH)
Eiiiﬁ?ﬁi D 3 36 31 86 1.6 0.40 4 101 101 100 3.2 0.67
VELA A
g’%ﬁ:ﬁjﬁ DEAFED 1 65 54 83 1.0 0.33
AR ikt 101 85 84 1.6 0.36 101 101 100 3.2 0.67
K# — 3 0 0 —
TUAL I NI (7 A1) — 3 0 0 —
INE — 3 1 33 0.14 0.14 —
L5bAZL — 47 i1 87 3.3 0.44 — 47 47 100 6.3 1.0
PRV - 6 2 33 0.016 0.016 —
a—V INTF T 4 — R - 36 35 97 8.9 2.9 — 36 36 100 1.0 0.26
LIHAILY AT T =K LA/ Y27 L (DDGS) - 6 6 100 4.1 3.0 —
ST F - 5 5 100 0.32 0.20 -
E2V - 1 1 100 1.0 1.0 —
a—V AT I — 36 34 94 1.3 0.22 — 36 36 100 9.9 16
KEMHT — 7 0 0 _
etz g — 6 0 0 —
S - 6 4 67 0.066 0.031 —
it 266 214 80 220 220 100

1) ZY T HBURGEEIORIEIILL T LY.
T77 MR B ST O, T aA 7 —IRERIAH, AR EK NS 4 A
7TV /v FEROFEEAH
THEIXV=AL = KT O (FAHOob xRS, ) H
TE=VY CZEROFEEAM
2) EHOBRBRIEN B 5oV, RW T ORI FIRZRE# L.



B OHFEMBELEDE=F ) o VEOFETIZOWNT (45F1 5 F) 123

x22 BEREEBEFEIEDONTVELLUVEDY—RAIFUADHER

. 5 BRI S U b 0
Pt T ADRERS *fnﬁjj;@ e L B KM i
o/ka) R ) (mgkg)  (mgkg)
T77 XU UB, 0.0003 181 4 2 0.001 0.0006
T77 X6 0.0003 181 6 3 0.002 0.001
T77 XU UG, 0.0003 181 1 1 0.002 0.002
ATV T~ b RF 0.0003 205 43 21 0.003 0.001
HT-2 b2V 0.002 266 63 24 0.090 0.023
T-2RhFT v 0.003 266 114 43 0.14 0.013
3t T =4 —) 0.002 266 23 9 0.012 0.004
7L X 0.003 266 7 3 0.049 0.019
3T EFILTAF =L ) —)L 0.006 266 14 0.25 0.054
15- T F LTt =L ) —)L 0.006 266 134 50 1.3 0.16
=V /)—) 0.002 266 173 65 1.8 0.044
ST R AIILAR ) —)L 0.002 266 17 6 0.005 0.003
FEXF =L ) —1-3-7as R 0.002 266 207 78 1.3 0.11
T T RV UA 0.0003 260 39 15 0.039 0.002
vh=r 0.002 260 36 14 0.027 0.008
a-BT7 77— 0.002 211
/3-‘12“775 Z ) —) 0.002 211
Yvroo v 0.002 211 27 13 0.043 0.012
a-BT7 71— 0.003 211 24 11 0.013 0.006
ﬁ-fT? v/ —)v 0.003 211 48 23 0.045 0.011

EEORBAED B DT O TIE, BV O FIRZTHE L.

2) HER%E

FiREEE CGRAUKESIMA ZER<) 23 &, #H

DE=L VTR —_A T REFE LT, ZOREEEIITRLT.

ToLBY THoT.
i BTRITA

K EEBN M & B < BLiR G &R 23 0% 6

=)

IS

14 51, k% (kR EORER) 34
RN O FEAK EEBNV W ABL A 8 EL 31 RIS oW T, BHEBENED LN TV DL ESBE 4 il
i R ORI, LA

SRS BREER 26 %) , &KAMEIX

0.19 mg/kg, F¥IMEIL 0.10 mgkg TH Y, EHIEEE (0.8 mgkg) #2252 bDII o7

LR 14 5 3 S B S (BHEE 21 %) , &AMEIE 0.20 mg/kg, FE¥EIT 0.11
mg/kg TH Y, EHILUEM (1 mgkg) B2 HLDIE N7z,

AR CIE, AT 33 A 30 bR E R (B 91 %) , KMEIT 4.3
mg/kg, FHIEIX 0.90mgkeg Th o7z, WEK 1| i biImi S i o7, £ 121 4.3
mg/kg TEIILHEME B mgkg) ZHAZH5HLDOTHoT-.

=R TR L UCE LI BRHKESYARGEECIX 31 S28Thromitiah, &
KX 2.8 mg/kg, “FHIMEIL 0.54 mg/kg Th 7.
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i KER

FROKFET A % bR < BLIRAEE 23 Af 7 SRS (BRE=E 30 %) , &KKEIE
0.05 mg/kg, “FHIEIX 0.03 mgkg TH VY, FEELAEME (0.2 mgkg) ZH DL DR T-.

HLCESE 14 5 9 B D Sy (MR 64 %) , cKAEIE 0.10 mg/kg, FHIEIE 0.05
mg/kg TH YV, EFHELEM (0.4mgke) ZHXD LD oT7-.

B EEE R CIE, BB TIE 33 AR Th LM S, &AMIL0.61 mgkeg, FHIEIL0.22
mg/kg TH-7=. WEH 1 SOREMIL 0.0l mgkg THH-72. WTFRHEFILUEM (1 mg/kg)
EHBZADLDIE o T,

Y= TR UCHEN LI BAFKESY ARG EE T 31 SaThroRtiah, &
KIETE 0.33 mg/kg, “FHIMEIL 0.13 mg/kg Th o7z,

iii £

BIEKPEEBM M 2 B < BB SEIEF 23 S 4 bR S (MHE17%) , AT 1.3
mg/kg, FHIEIL 0.6 mg/kg TH Y, FHILMEME (2mgkg) ZHZ Db DIERNST.

LRSS 14 5 2 mb sy (R 14 %) , RKMET 0.4 mg/kg, FHEIT 0.3
mgkg ThH Y, TEHEH Gmgkg) ZH2 5L DI Tz.

B E VSR T, A3 AT B RS (BHE39%) , KKXMEIE 1.5 mg/ke,
TEHIEIX 0.7 mglkg ThoTo., WER | SrbidmHEIninoiz. Wind, EHILHEH

(7Tmgkg) Z#HZ5HDIERNoT2.

Y= TR UCHEN LI BHKEEY B SR TIX 31 A% 11 ibBiitSh

(R 35 %) , IKRMEIE 1.5 mg/kg, “F¥IMEIL 0.5 mgkg TH-7-.

iv UOF

BHEKPEE M Z2 0 < BB AR 23 i 10 A6 Sh =R 43 %) , BRI
0.35mg/kg, F¥IMEIL 0.16 mg/kg Th o7z, Fab b &R EHESE 13 519 7 i S h

(R 54 %) , B ARMEIX 0.24 mg/kg, F¥EIL 0.18 mg/kg TH 7=, Wb & B AL

(2 mg/kg) ZMZ5HDE N7, b6 1 SOBEMIX 2.9 mgkg TH Y, &PEEMEM

(7 mg/kg) #EZ T\ enoT-.

B E MR T, AT 33 AT LR S, RKRMEIX 9.0 mgke, FHEIT 4.0
mg/kg TH Y, BFEILEM (15 mgkg) Z@ZHLDE 0o, WEH 1 A0 bidmi S
F A IS N

Y=g F R UTEN L BRKERY AR A LTI 31 A8 Thrbmiish, &
KIEIX 3.8 mg/kg, FHIEIL 2.3 mg/kg ThH o7z,
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R3 EEREFEODEZFVIUVIRUVS—ARALASURDEER

tesyy  mm o . S bR S b O i
EO NG A a0 RH g RHE RAW TS (e
43 (mg/kg) - (%) (mg/kg) (mg/kg)
0.8 BliRA Ik (BAUKEBH % BR<) 23 6 26 0.19 0.10
1 HE O 14 3 21 0.20 0.11
BRI 3 ok 33 30 91 4.3 0.90 0.03
B K 1 0 0
— TR K EE B FA A el 31 31 100 2.8 0.54
& 7t 102 70 69 4.3 0.64
0.2 BllRA ikl (RAUKEB M 2R <) 23 7 30 0.05 0.03
0.4  HLHR%E 14 9 64 0.10 0.05
KR 1 ar 33 33 100 0.61 0.22 0.01
Sk 1 1 100 0.01 0.01
— FEHRK EE B B & Rt 31 31 100 0.33 0.13
o At 102 81 79 0.61 0.15
Bl AR (FEAEKPEB A % B <) 23 4 17 1.3 0.6
3 Tz RS 14 2 14 0.4 0.3
P . =il 33 13 39 1.5 0.7 0.2
i) 1 0 0
— FEHHK PEBNY) HIRC & Bk 31 11 35 1.5 0.5
i 7t 102 30 29 1.5 0.6
9 BoiR &kl (ERKES A 25 <) 23 10 43 0.35 0.16
HEE (fab b 2Br<) 13 7 54 0.24 0.18
7 b o 1 1 100 2.9 2.9
OF 15 eyl 33 33 100 9.0 4.0 0.05
7 WE 1 0 0
— FRAHK PE BN T B A A 31 31 100 3.8 2.3
& 7t 102 82 80 9.0 2.5

3) B3
R AR 25 81, B (L9 b AZ LA~ A 1) 50 iR O SE 14 5220 T, AR
FEHREERED LIV TWD 3 33 sy K OVE B EEEDE D DAL TV ARV RIE 24 55 DFF 57
FRAICOWTE=X U T RO —_ A TR EEf LT, EREEENEDHILTWND 33
ROy DAER A 412, BHEEENED SN TRV 24 RO DFEREE 5ITR L.
M mdeom b U O SEEE 2 L 7.
ZOMIZEFEEMBUANTHREEINTZ LD L LT, AHY U REBEERRE L A0 A RREK
WER S, ZV ARy —FORBRERPEN-T-. HREROMEIILUTOLEY ThoTz
i ARV U REK
BHGHEEENRED LN TNDHZ7 0L YRR, ZalLEVERAAFIL, U IFRRAAFIL
kO~ I FFrimianic. EERRELENP TR LY IRAAF LT 27 % ThH -
7.
i PlLAnoA RRSmK
BHEE[ENRED LN TNWDE Y v b)Yy, TAXA RN KRN Ta A MY NI
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AR RS

EBZHLDThoT.
iii 7 VAP —k

BEHEEENRED LN TNEEIBEAZL 12 Af 10 Ao s =R 83 %) ,
e RAEIE 0.06 mg/kg,, “FHEIE 0.03 mgk ThH o7z,
v ZOMORMH S 7o 3K

BEFEEMNED LN TR WEIEICHOWNWT, a3 RUniE 1

=)

I

MR Y 1.4 mg/kg TUnm b U OB S EEYEM (0.6 mg/kg)

SR ST,

K4 BEOEZRV VIRV —ARASVADHER EHSEEENEHONTWLEIHS)

e _ e B . IR EShEbo %R
T e Tk mww UL T T RmE R TBE TR
(mgrkg) (%)  (mglkg) (mglkg)  (mgkg)
y-BHC (U > FV) BURGEE (- 595, W) 0.05 12 0 0
BlR A R (Fa ) 0.4 13 0 0
it 0.4 14 0 0 0.005
FEHEQE D 72 W iRl B) — 38 0 0
it — 77 0 0
BHC Bic 1R & B R 0.005 25 0 0
&% 0.02 14 0 0 0.005
JEHEE D 7 W R} — 38 0 0
s — 77 0 0
DDT B 1 & Bk 0.1 25 0 0
L 0.1 14 0 0 0.02
FEHEQE O 72 W iRl B} — 38 0 0
£t — 77 0 0
VNV A4 Lob AL 0.2 35 0 0
~A 0.02 3 0 0
i B 15 14 0 0 0.02
FEHEE D 72 W R B} — 25 0 0
7 — 77 0 0
75 a— LobAZL 0.02 35 0 0
~ A T 0.05 3 0 0
B 0.05 14 0 0 0.02
FLYEAE D 22\ Ak — 25 0 0
s — 77 0 0
TIRY RO B TR A fiF B 0.02 25 0 0
F o RY i 0.02 14 0 0 0.02
FLHEME O 72 WO iRl B) — 38 0 0
it — 77 0 0
AT B A EH9HAZ L 0.02 35 0 0
FLVEE D 7o U R Bk — 42 0 0 0.02
=t — 77 0 0
TFF e 20 14 0 0
FEHEQE O 722 O R B — 63 0 0 0.02
it — 77 0 0
== AV Bic 1R & Bk 0.01 25 0 0
o Er 0.01 14 0 0 0.01
FEAEAE D 22 O B} — 38 0 0
it — 77 0 0
J U ARY—F LHobAZ L 5 12 10 83 0.06 0.03 0.01
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T4 BEDEZARVUVIRUVY—RLISUVADHER (ASHEHEELATEHON TSI, i)
T=X ) TED FT=X ) TED ‘é(/“\ Wl OAHﬁfjéth%@” o
e - FYEAE e . ME KRR CEHE TR
(mg/kg) (%)  (mg/kg) (mg/kg) (mglkg)
Zua Ly k R LHobAZ L 0.1 35 2 6 0.02 0.02
<A 0.75 3 0 0
e 13 14 0 0 0.01
FEUEAE O 2 W — 25 0 0
2t — 77 2 3 0.02 0.02
saLEYVERAAFIL  EOHE AT L 7 35 0 0
<A 10 3 0 0 0.02
FEUEQH D 72 W ik} — 39 2 5 0.03 0.03
=t — 77 2 3 0.03 0.03
VA=V A i 3 EOHLAZ L 0.05 35 0 0
I D 72 i - 42 0 0 0.02
=} — 77 0 0
sanrrazy A Lo9b AL 0.05 35 0 0
FEYEE O 2V AL — 42 0 0 0.02
=} — 77 0 0
saL_ryPL—h E9HA5Z L 0.02 35 0 0
JEYENE D 22 R — 42 0 0 0.02
2t — 77 0 0
DAY= N IV Lo9bAHZ L 0.04 35 0 0
<A 0.2 3 0 0
e 0.6 14 2 14 1.4 0.83 0.02
FEUEQ D 72 W ik} — 25 0 0
2t — 77 2 3 1.4 0.83
VA hxT— b Eo9bAZL 1 35 0 0
~Af 0.2 3 0 0
M Er 2 14 0 0 0.02
FEUERE O 22 W AR — 25 0 0
=} — 77 0 0
AT ) v Lo9bAZL 0.02 35 0 0
~Ana 0.1 3 0 0
i 10 14 0 0 0.02
FEUEQE O 72 W R — 25 0 0
2t — 77 0 0
FLEAFI R 9B AL 1 35 0 0 0.03
=1 S NV ~A B 1 3 0 0 0.03
e 5 14 0 0 0.045
FEUEQE OO 72 R — 25 2 8 0.11 0.10 0.03
2t — 77 2 3 0.11 0.10
TIVT IR A EHovAZL 0.01 35 0 0
<A 0.05 3 0 0
i 1 14 0 0 0.005
FEHENE D 72 B — 25 0 0
=} — 77 0 0
EY IARARFL LHobAZL 1 35 10 29 0.39 0.16
A 1 3 0 0 0.02
FLUENE O 72 W R — 39 11 28 0.58 0.13
2} — 77 21 27 0.58 0.14
T4 7= EH9bvAZL 0.02 35 0 0
-7{ = 0.01 3 0 0 0,003
FEUEAE o 2 W — 39 0 0
2t — 77 0 0
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R4 BEDEZZYIVIRUS— RIS UADRER (BREEBAIEDOLNTVIES, BE)
B SLBRERE b O il

RO S A S L AT S T
(mg/kg) (%) (mglkg)  (mg/kg)  (mgrkg)
TJx=btuFAr EobAZ L 1 35 0 0
~Af 1 3 0 0
s 10 14 0 0 0.02
FEEAE O 722 VO R B — 25 0 0
# - 77 0 0
AN EobAZ L 0.4 35 0 0
~ A u 0.4 3 0 0 0.02
FEHEAH D 722 R — 39 0 0
it — 77 0 0
Tz R L— | B A R (B - 5 P 5 M) 0.5 7 0 0
Ao i A& ek () 4 5 0 0
B i o ek (LR H) 8 13 0 0 0.02
o 13 14 0 0
FEYEAE 0 722 VO i B — 38 0 0
it — 77 0 0
Tz 7ruasRY Ly HE 20 14 0 0
FLAEAE D 72 B — 63 0 0 0.02
i — 77 0 0
NTH T a B 1B £ fil ek 0.02 25 0 0
o 0.02 14 0 0 0.02
JEYEAE O 72 v i B — 38 0 0
it — 77 0 0
~JL A KU v EobAZ L 2 35 2 6 0.08 0.05
~ A 2 3 0 0
s 55 14 0 0 0.02
FEHEAE O 22 W R ) — 25 0 0
it — 77 2 3 0.08 0.05
NUT 4 ART EovAZ L 0.2 35 0 0
~ A 0.1 3 0 0
W (FAT 7T 7 ICHRD) 150 4 0 0 0.02
W (FAT 7T 7 EBRL) 2000 10 0 0
JEYEAE 0 72\ A B — 25 0 0
2 — 77 0 0
HRAA > b EH AL 0.05 35 0 0
<~ A 0.05 3 0 0
o 40 14 0 0 0.02
FEHEAE 0 22 VO i ) — 25 0 0
it — 77 0 0
AL—Fk EobAZ L 0.05 35 0 0
~ A 0.05 3 0 0
it 15 14 0 0 0.02
FEYEAE O 722 VO iR B — 25 0 0
it — 77 0 0
~T7F A4 EobAZ L 2 35 2 6 0.15 0.12
~ A 6 3 0 0
s 135 14 0 0 0.02
FEEAH D 722 R — 25 2 8 0.21 0.21
it — 77 4 5 0.21 0.16
AT HF A LA L 0.1 35 0 0
~ A 0.2 3 0 0
s 12 14 0 0 0.02
FEHEAE 0 22 O i ) — 25 0 0
it — 77 0 0
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x5 BEDY—RAMFUVADHER (ASEEENTDOONTULELES
IybkHENTZHLD fﬁm

— N S A ESw

RS f; g BIE RKE EE@E TR

(%) (mg/kg)  (mg/kg)  (ma/kg)

EPN 77 0 0 0.02
S{ YV TFaFFT 77 0 0 0.02
S FENIR R 77 0 0 0.02
TF 4T xR A 77 0 0 0.02
ThT7zrTrys R 77 0 0 0.02
B R R A 77 0 0 0.02
JajH—)T XAF )L 77 0 0 0.02
7 a T 77 0 0 0.02
T x)afy— 77 0 0 0.02
TG INET = 77 0 0 0.02
FTaFy— 77 0 0 0.02
NV R 77 0 0 0.02
S A N BN 77 0 0 0.02
7=/ h) v 77 0 0 0.02
T Tt 77 0 0 0.02
Ty Tafy— 77 0 0 0.02
PADANVE Sl 77 0 0 0.02
) NT =)L 77 0 0 0.02
A= 2 77 1 13 0.11 0.11 0.02
=) 77 0 0 0.02
FuX)LXy R 77 0 0 0.02
ravrvatry— 77 0 0 0.02
TaETF R 77 0 0 0.02
ARIJAPEEY 77 0 0 0.02

3.2 flRt~O B KT A BB S OR A EGR
ENCcHE SN2 29 R, TOMoMNEHRRZAEE3 R, TF I =120 KT =
P =/ 10 JUZDOWT, BAMEBIEE, ELISA 3Bk K& OF PCR #BRZ2 F0 L 72 #5558, FHkA
HEDIRATRO biLZenolz. 70k, PCRAEBRICEWTAL 2 AL HEMETVH 1| S0 b X
T O Bk DNA 23S & 472728, ELISA iBRIC BV TR — ﬁﬂb%#ﬁﬂﬂ%thé%b%ﬁmé
NphroleZ Enb, IRAMEHE FIEICESE FHKIZABEDORANIRD LW ERER
WZHIEr L7z, ER (R—27 2—) 6 SR OREEHES WE K 23 A2 T, mmAﬁ%&U
PCR B A EMi L7-f55, WERD (K—27 I—0) 1 S bdmkizABEDRANED HiL.
¥, FEHEAWEH 1 86K T 5 8 H sk DNA 2 S 7=23, ELISA BBV CH—
REINSFHEZAAENRH SN2 -2 05, BAKRHEFIEICKSE4HkZAA
BORMNIBDO LNV EREGICHEBI L2, N0k REE2RT LR S ITRLE.
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R7 DYHBER-ABREDEZZIVIDER (BAHE)

THAN 8588 ELISAF BR PCRi B oo

HRE, BB FHkZABY K45 B E kDNA - CHIE

HEE M MR HB RdH BRHEER BB RE BREER R

R S (%) R st (%) RE R (%) R
ok 29 0 0 29 0 0 29 2 7 0
faNET vy 0 0 0 0 1 100 0
L A E RS 0 0 0 0 0 0 0
A J7 PN NEPA R IR 0 0 0 0 0 0 0
7t 32 0 0 32 0 0 32 3 9 0

%8 HYHERI-ABBOE=-FIDHER (FXUI—)L, AEHEH)

PP BIR E ELISARER PCRi I we

HRE, B Tl ARE 5 B SDNA HIE

B R R BB R BtE B R B i

R S ) REC RE (%) R SE () R
FXrI— 20 0 0 20 0 0 20 0 0 0
Tz P—3I—) 10 0 0 10 0 0 10 0 0 0
JEEHE G AE 23 0 0 23 1 4 0
WEH (R—27 2—1) 6 1 17 6 1 17 1
gt 30 0 0 59 1 2 59 2 3 1

E N CRLE S I Z L A E R ECA R 1R, BSFE R AR 2 8, LHFEEH
FL AR 5 m, S WRAABERAEAEE 1R, WHSREREAGEE 9 A, A5 AR A A
B, RS ARLAGE 1 R, FEERT — U HEA R 2 5, HEEREER 1A, Zof
OERRAE R 11 R EOZE Do ST OIRA R (BWEREIZ ST b D) 1RIZDONT,
PAAREREE ., ELISA RER&L O PCR iR %A SEhE L2 fE R, 4Kz ABEORALRD HiLen
ol TNLDORREERIITRLE

A S A7 R G AR 8 RUCOWTC, BAMEREEE, ELISA #BR & O° PCR #BRIC L %4 H
Feiz A B OIRAER % Ehi L72FER, WINoOfENL BIBAIXRD SRR holz. b
AR 101 LTz,
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£9 BYHE-ABBEOE=-2Y) /DR (ERNEEFHAEAHNSE)
P B 8 ELISA B PCRiBR P
g, ERE EHRI-AAE FEALBWHEDNA K5 B EDNA  HIE

B R miER RWB R iR XK RH RIEER RKBR ORH RIER Bd
REC % (%) ¥ ORE% (%) A R (%) R R (%) R

2 Ak 5
VEFLI -2 A H & fRDRE 1 0 0 1 0 0 1 0 0 0
AT R LA R 2 0 0 2 0 0 2 0 0 0
LA AR E A A R 5 0 0 5 0 0 5 0 0 0
4 4= R A BC A B 1 0 0 1 0 0 1 0 0 0
A 2 B 5 B A f sk 9 0 0 9 0 0 9 0 0 0
PAI 4= < 5l PR I & i 1 0 0 1 0 0 1 0 0 0
T 4= B R L A f ek 1 0 0 1 0 0 1 0 0 0
A SRR ik GEELI 7400, SR 2 &£ 20 b 0) 2 0 0 2 0 0 2 0 0 0
LobvAZ L, ST E_MREAHR 1 0 0 1 0 0 1 0 0 0
2 0 A ) 1 0 0 1 0 0 1 0 0 0
R LSS D IR A i K 10 0 0 10 0 0 10 0 0 0
N 34 0 0 34 0 0 34 0 0 0
Z DAt o> ) R
(B EIRE A2 &b D)
g A IR G Ak 1 0 0 1 0 0 1 0 0 0
JNEF 1 0 0 1 0 0 1 0 0 0
aat 35 0 0 35 0 0 34 0 0 1 0 0 0
£10 FYHEE-ABBDEZFYUIOHER @WARARSE)
AP BE I ELISA 5 PCRiX we
g, BE FHkZABEE 39 @ kDNA - CHIE
RE B BHER R®B R MHEER KB M BEER Rl
R mE (%) R B (%) R mE (%) Jo'e
2F IR A Akt
T AU A RE 5 0 0 5 0 0 5 0 0 0
~JL X — 1 0 0 1 0 0 1 0 0 0
TNHIT 1 0 0 1 0 0 1 0 0 0
7 Z U 1 0 0 1 0 0 1 0 0 0
& &t 8 0 0 8 0 0 8 0 0 0

3.3 ANEEMEAHI
fEEA & U CHIAT, il LTV 2 B e (FERR s Eh g, I, BAIEE)
44 FUZHOWT, REERMY OEH BZRE LSS, 1| SRS REEAHY O Ry Bk % B 2 5
LDOThoTe., TORMEER 1TITRL.

X1 FEETHYPOE=Z2YY L ITDHE

T4 Y IO N gy OKTE I
o 4 BT RZE S o)
e e 0.15%LL 44 0.339 0.035

34 HLEXRT
(5N CTHRLE S 72 BUREEE 59 KA OBLEA SR 27 RIS OWTE=2 U 7 & 320 L7126 R,
BAREE T 1R (k) b reExInmiaine (BEER2 %) . 2k, BEEE T,
AT ORI 3 %, AixFEIIRM I ehoTo. Fio, BLRAEFRCIIV VTR T I3MRHN
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SN oTle. 7ok, BURAGEECIX, AMEELORIZFE L I LERTIIHmE STV
V. IRLORRER 12 KUK 13ITR L.

R SN2 VR T OMIER L S.Tennessee TH Y, WE 5 FLINICEEID O SBES Lz 5F
BlX o T, ks, WHEMAEMRME®R "2 X 5 &, STennessee (XENTHAE LY LER
ZEPEORKEL LTHEICE Mo bl T2, ZZHFEO L 10 mERIZITE
EFNTW RN oT.

K12 YILERSODEZL IV VITORER (BERANMDEER)

=KV T EORGRE MBEE Btk B (%)

A E AR )

LA IESST 1 0 0

fET Y 1 0 0

fky 23 1 4

FF I - 14 0 0

Zx=P—I— 3 0 0

JFEHE G B 14 0 0

WER (R—2r I—n) 1 0 0
ZHZ O

BNERES 1 0 0
LECZ/L Rl pARN e}

At ViR N 1 0

it 59

K13 HILEXRSOE=R )/ OHER (ERESHFHOEER)
F=2 Y 7 EOGEE MBS B BREHE (%)

A B A B 9 0 0
5 B & ek 10 0 0
i P i £ 2 0 0
Z O OIRA A 6 0 0
7t 27 0 0
X [N
1) AR SR OREVEOR K O E OSGERICEE Y 5150, W28 45 4 A 11 B, 15 35 %

(1953).

2) EMAS  EE R OEEHRIN O BURSSICBET 584, BMAGLET A 24 0, AHH 3B
(1976).

3) EMOKFER G EREEM - FEOAEYE QSR OVEBRLUEIZ O\ T, BN 63 4F 10 A
14 H, 63 B %5 2050 5 (1988)

4) EMOKEAEE - ZRF/HEER . GRS EEORIEIZOWT, BS54 12 H1H, 5HLH
4714 % (2023).

5) BMNEEEREEN . M SEREEEEHEOH EICONT, B 5245 H 10 H, 52 &% B &
793 5 (1977).
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6) EMAKEEIHE - KRS KEZLEHRREEE : FEPORBEOHREIZOWNT, FRL 184S
H 26 A, 18 VK725 2322 5 (2006).

7) BARMFSBSRBRIEZ B SR - 211 BUBHREUG L, BUEMAR 2 HradBRIE 20134, H A
L2 (2013) (ISBN: 9784931249066).

8) R FAJ, mfE MezE, FHib s, pE B fRMFZEEIA, 27, 233 (2002).

9) EMKELALERSESFREEME (MERSINY) S5 - 2t L3 5680
R A O B\ MZ W T, Sk 14 45 11 H 8 B (2002).

10) JEMOKEEAEERZES : KT OB AE R ~DO KT > B ER K- A BEORAY 112 B
THHA RTAVDOHIEICONT, FK 1346 A 1 H, 134 4&% 1366 & (2001).

11)  [E LY ERFGEAT 8RR AE SR S ), https://www.niid.go.jp/niid/ja/iasr-table/1525-iasrb.html,
cited 28 Jul. 2023.
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2 FMTOEREORAMEE=2) VTRE (FH5FH)

FE kL L AT, AR REERT?, R L R, OB {TRET

Monitoring Results of Antimicrobial Resistance of Enterococci Isolated from Animal Feed
(in the Fiscal Year 2023)

ARAI Eiko*!, OKUYAMA Noriko*!, KUBOTA Eri*?, INOUE Kaho*! and HASHIMOTO Yoshiyasu*!
(*'Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
*2Fertilizer and Feed Inspection Department, FAMIC (Now Yokohama Office, FAMIC))

We have made an antimicrobial susceptibility test on enterococci isolated from soybean meal, fish
meal, poultry by-product meal, swine and poultry by-product meal, and formula feed.

In order to isolate the enterococci from samples, their selective enrichment culture in AC broth,
selective culture on Enterococcosel Agar, and two-time pure isolations on Brain Heart Infusion Agar
were conducted in due order. Then isolated gram-positive cocci were detected by the cultivation
in Heart Infusion broth with 6.5 % NaCl. Having confirmed the physiological characteristics,
enterococci were identified with PCR and Rapid ID 32 STREP API. The minimum inhibitory
concentration (MIC) was subsequently measured using the broth micro-dilution method according
to the guidelines of the Clinical and Laboratory Standards Institute (CLSI).

Enterococci isolated from feed ingredients and formula feed were 28 Enterococcus faecalis, 20 E.
faecium, and 45 other species. The antimicrobial resistance rates were 0.0 % to 22.2 % for E.
faecalis, 0.0 % to 84.6 % for E. faecium, and 0.0 % to 53.1 % for other species.

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

F—U— 8 AL REWMAT K FF I —0 FEBHESRER ; Bl ek
Enterococcus faecalis ; Enterococcus faecium ; Fc/NEEBHIEIRE (MIC)

1 4% £}

WA, AN B K 2 EGYE OB MR RIS ST D D 2015 4 5 A IZBfE S L7t
FAREMRE (WHO) ofeTTiX, [#EHHFIm (Antimicrobial Resistance, AMR) (2R3 2 7 o —
e T vary s Ty BEIRENTE D, ThEZITT 2016 F 4 AIZHARBUFE THEAm %
(AMR) {57 27> avr7o7v) ZAKL, v, 8, &%, REICET 2 EEmHIEMEICS
VT, 2016 END 2020 R E CTHREFEMIM E L TaBEWAICER (Do~ 27 T e—F) %
HTE D YREGEHEITH R v F 7 A L ZRGYE F AED B L DER 2T 2022 FITHH
ERZ, HIRT 7 a7 T ~OBHED 2023 4E S D SAEMABIF E LTH#ED N TND 9,

WFEKE  (Enterococcus) 1%, t FOEMEBLL TIXER,» SHEEMEME BRI REERE E L TE 2

U PSTATBOE N RMOKPE T & 2 Uit v 2 — BB L SR A
2 MSTATEOE N MK ETE B Z 2Bt o & — REE 22 R A, BUMIR 5T
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HILTETZ. L, 1980 FFRUREIC B AL & &4 [E T E. faecalis e OV E. faecium O 2 # it B 73
JRPENIEGE D FEH 72BN & 72 o 72 9. ENOBEETIE 1999 455 Fhi S 40T 5 B k3
HfE R € =4 Y > 2 (Japanese Veterinary Antimicrobial Resistance Monitoring System, JVARM) D f
BT, b, WEOE (LT TEHE Lo, ) OENEYD b FEAEREREE 23 @ O BEEE TR
HEhTnd 99 HEWIC AT 5 IRAIMMERGERE XS EY %2 7 L CR M MRRYYE 2 5] X
BT RREMER H Y, HEW L BB & OFEFMMEDOBI#EICOWTIHENED LTS 19,
— 5, BPEFCIXESMC I 1T D R O SERIM R EREE 0 AR D9 R OVE BN & o SER it o B
HINZOWTOWMEILH 575, ENORGUZET 21FWITFS TR,

AT T, EWNEEO SRR OB A EEF 2 O IGERE & 0B U, BLIE O KA D 3208 2 1
BETLILEEZHMNE LIz, 2018 4F M 5 2020 G DOFHA D&\ THZERE O 77 BER 23 FLRHY &
Dol b DR OEEEDREWIBEKE OSBER & 72 o7z b D2, fBHREE L TREMDT,
af, FXUOI—AKWERHEEWE®NZ, BAafEle LTHH, MHKOEHEZ G L L, BEk
W OB 2 R AT, B LTZEERIZ O W T 7 T A0, AR Ea Pk X OVEY FRIMEIRIC K 0 FfE
FED L, HARZERREIT 7O THRETS.

2 EBRAE
21 OB
FEHT 2023 4F 4~12 A ICEN O fEHGE F 3G T\ T, kR A I EH OIS HLUE Sz
WA BRI OFBF ORI IE TR L 72, 3URHIBRBH A6 £ T 4 CTHRAF L, HHtE S @M
NICRBRICHE L=, 2o, BLAfEHZR W TIE, JEMEHZAREFI A H S Tnen b o % FRE
L7z,
22 # ¥
1) BIRITEEN D D H Ok EZ V2. KiE RFD230RA CGRIFERVEATERL) 12 kv R L 727K
K (JISK 0211 @ 5213 |[ZEF S 727K K) XiT Direct-QUV3 (Millipore #) 12 L W R L
7oK (JISK 0211 @ 5218 I EF S i@ HiA) 2 H -,
2)  AC MR IAREH

AC 7o 3 V3R (B KBEERLD) 505 ¢ LOT Vb R U v A (8 L7 A v AFneiisk
) 0.25 g Z 7KK 1000 mL [Z¥E2> L 500 mL 552812 250 mL 437 L C, 121 °C T 15 3f&E
JEZR KR LTz

3) =rrmayaeLERE (BLF TECS #REM] Lwvo. )

Enterococcosel Agar (Becton, Dickinson and Company %) 56 g X ¥ Enterococcosel Agar (Hi 5
RISK T 2M) 58 g #7887k 1000 mL (Z¥AZ L, 121 °C T 15 pMEERLKWEE L. %
60°C ETHHI LT, v v —LIC—FRITIEN D L 912 15~20mL 23 LEEE S 7. T D,
H{E L ChHZE2b NPT S5 L, 37°C T 1 BEEHE L CREME 2 i S8z,

4 Tl AN —hArT7a—Va M (LLF TBHITZERREH] ). )

Brain Heart Infusion Agar (Becton, Dickinson and Company %) 52 g % 787K 1000 mL (238>
L, 121 °C T 15 pM@EEAKBEE Lz, 2z 60 °C ETHHILZ%, ¥ —LIZT—HRITIA
DD EHIT15~20 mL 703F LEEE S 72, Z201%, 37 °C TI17ERMUEREEL, Bttoa ¥
Ix—varEER L. BHEBEEICKEA S EEIIEE L TS EDT NI L L
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37°C T 1 FEMFFE L CHE R E 2 i S8 7.
5) AERRHEK

WAL B U U AREN 0.9 wiv% & 72D XD ICABAKIZIZ TE®A L, 121 °C T 15 srfEE

AR LT
6) 77 LYK, Wit

AT E 7 MU T 70—k, BERIIY s UV UBey /) — VR, BRIy 7 7 =
R (BT HKRERR) 2 v,

7 Lo6wN%T aETy LY — )X —T )X ) — VIR

TaEI LY = AN—=T L (FEHMETER) 08g 2 =& / — /L 475mLIZIEN L, ZKRK
25mLIChnx TR L 7.

8) 6.5wWN%HALT N U T A N— A VT a— g iEIREEH (LLT 16.5 % NaCl /il HI iR &5
iy o)

Heart Infusion Broth (Becton, Dickinson and Company #) 25¢g, #{tkF+ ~F VU 7 A 60~65g, 7 K
Ukl g MOYERELE L TLOWN%T BEY LY — =T )L X ) — LRI 1 mL % 2K K
1000 mL 2N L2, ZHaRBRE (W& 10 mm) 123 mL 437 L, 121 °CT 15 MEERK
PR L7

9) Rapid ID32 STREPAPI (B4 A U =—#) (LL'F TAPI) &\ 5. )
10) InstaGene Matrix (Bio-Rad Laboratories fi)
11) PCR 77 A ~—

HRLHEEICH W2 PCR 774 ~—% Table 1 (27 L7=. JBERKEE OFMHIZIT 16S ribosomal
RNA fHIE Z BRI 2 7 7 4 ~—t& v b2 AW 2D, IGERERE OB 2L E. faecalis, E.faecium,
E. casseliflavus, E. durans, E. gallinarum X N E. hirae \Z/Fs 221972 superoxide dismutase (sodA)
A MIET 57 74 ~—ty hEHWE 2. £7 74 ~v—FMEEL AT & - A =R
WCEFELER LT, Bl SN 7 T A4 ~—I3BHiK T 100 pmol/L |Z¥EME L 7=.
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Table 1 Primers

Amplicon

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

12) 10xPCR #%7## 10xPCR Gold Buffer (Thermo Fisher Scientific %)
13) 25 mmol/L 7AF T X7 LAY K=V UBRIEAH 2.5 mmol/L dNTPs (Thermo Fisher
Scientific )
14) 25 mmol/L ¥Efb~ 27 % 7 A¥EHE 25 mmol/L MgCl, (Thermo Fisher Scientific )
15) DNA R Y X7 —E¥# AmpliTaq Gold DNA polymerase (5 unit/uL) (Thermo Fisher Scientific
p:0y)
16) PCR KK
i E. faecalis, E.faecium }2 N E. durans %[RRI R H 3 5 KOS %
10xPCR FEfEf % 2.5 pL, 2.5 mmol/L T4 X X7 LAY K=V VERIEA#R 2.0 uL, 25
mmol/L H{b~ 7R 7 AV 1.5 uL, DNA AU A F7—8H 0.7 uL, %7714 ~—02 uL
(E1, E2, FL1, FL2, FMI1, FM2, DUl X T'DU2) K ONV@MiK 142 uL -4 L7z PCR X
JEHK 22.5uL % PCR T2 —7 I KbV OMEREL L7z, 2 bOREIZONT, LERK
FOREETT ATy 7 BELEE (& 1.5mL) CTRAG L TGRR L.
it E. casseliflavus, E. gallinarum XX E. hirae Z 8RNI H 3 2 RS %
10xPCR #EfE % 2.5 pL, 2.5 mmol/L T A F L X7 LAY K=V VERIEAW 2.0 uL, 25
mmol/L ¥ifb~ 27 %+ 7 A¥AHR 1.5 pL, DNA KU X7 —¥jg 0.7 uL, %771 ~—02 puL
( (E1, E2, CAl T} CA2) , (El, E2, GAl 1} GA2) Xix (El1, E2, HIl XX HI2) )
KOV 15.0 uL 2R A L72 PCR KGR 22.5uL 2 PCR F=2—7 1 KH7-0 OMFEE L L
. TNHOREIZONT, NERBGOEE T T AF v 7 BiELEEE (F&1.5mL) T
BAELTHE L.
17) PCR [t
BEXERRE D E. faecalis (ATCC 29212) , E. faecium (ATCC 6057) , E. casseliflavus (ATCC
700327) , E. durans (ATCC 6056) , E. gallinarum (ATCC 49753) K ONE. hirae (ATCC 8043)
LT, 2.6 ® DO FIETHEIKD DNA Z4 L7,
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18) Tris-acetate, EDTA #Ef#ii#% (LLF [TAE #EMEK] &5, )
S50xTAE #EfiiE (= v AR v —8) 20mL 2 @8HK AR LT 1000 mL & L7=.
19) 25%7 Hua—A7)v

Agarose L03 [TaKaRa| (¥ B 7 /N4 AM) 2.5 ¢ % TAE f&HE#E 100 mL 2Nz, LY
THEL CHEML, FADEIN3~4 mm il b X ICa— L EZLIAATE S IV A—H—IZi
LiAZx, =R CHE LES 7.

20) ERIKEHEGFREHK 6xLoagind Buffer (¥ 717 /34 A1)

AC 7 A 3 RLfERsH (H KRR 505 ¢ ROV b MU U A (8 L7 AL AFYeHisg
M) 0.25 g KB /K 1000 mL [Z¥A7H> L 500 mL B5# i 250 mL 437 L C, 121 °C T 15 /&
JEZESEE LTz,

21) DNA %y f-E~—7%5— 100 bp DNA Ladder (¥ % 7 /A 4 #l)
22) TIVYERERR

0.625 mg/mL BAb=F U7 AiEiE (7 a v 8) 40 uL % TAE $E@E#K 50 mL (202 C YR

L L7
23) N— AT a— Vg UiREER (DL THL AR &vD . )

Heart Infusion Broth (Becton, Dickinson and Company #) 25 g Z 758 /K 1000 mL (20 L7=.

INERBREIC2mL H1EL, 121°C T 15 & EARSIEE LT-.
24) 20 WN%AFLINTHE (LLF T20%AFLILT7 ] LD, )

Skim Milk (Becton, Dickinson and Company %) 200 g #Z 7K 1000 mL |2 L7=. Tz
AEBEIC 2mL 2L, 110 °C T 15 M m EAKIRE L7z,

25) HAEZMHHBH 7L — b R (FA—F—7L— )  EiHMLFER (UTF [7e—X
YFL—bh] WS )

PR ERA K OV 3R A DO PR FEREPH & Table 2 \Z/R L2, 7 — X2 7 L— NI 2 {575 T 10~12
BEREIC AR U 7o & 384 e OY Ca?*, Mg*a MH IRIRESHIUIZIIN L, b % 96 X~ A 7 m 7' L
—hMZHEHELEZbDZHWE., 70— 7 L— FE-80 °C THEHIRTE L, AT EIR COfF
HLURBRICH W,
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Table 2 Antimicrobial agents
Lo . Concentration Breakpoint
Group Antimicrobial agent  Abbreviation range
(ug/mL) (ng/mL)

Aminoglycosides  Gentamicin GM 025 — 512 329

Kanamycin KM 05 — 1024 128 @

Streptomycin SM 05 — 512 —
Fluoroquinolones  Ciprofloxacin CPFX 012 — 128 4"
Glycopeptides Vancomycin VCM 012 — 128 320
Lincomycins Lincomycin LCM 025 — 512 128 @
Macrolides Azithromycin AZM 025 — 64 —

Erythromycin EM 012 — 128 8h

Tylosin TS 012 — 256 64 9
Penicillins Ampicillin ABPC 012 — 128 16 ©)
Phenicols Chloramphenicol CP 025 — 512 32
Polyethers Salinomycin Sodium ~ SNM 012 — 32 —
Polypeptides Bacitracin BC 025 — 512 —
Tetracyclines Tetracycline TC 012 — 64 16 9
a) Defined microbiologically in JVARM. Intermediate values of the two peaks

were defined as breakpoints when MICs were bimodally distributed??).
b) Criteria published by CLSI?®
2.3 HEE K OMEE
1) AYFaX—F—:176-4S PEMLAHM T RM, FMU-1301 f5 TR, 1S802 v~ b

2)
3)

4)
5)
6)
7)
8)
9)

JEFBAEE © BX41
TIAF v 7 BPEE = (LT [y —L]) L)
15 mm)
T 7 a sy ZEREAME : Dry Thermo Unit DTU-2C %A 7 v 7 il
i Loy HERE © MX-300
DNA HIlE%E{E : GeneAmp PCR system 9700 Applied Biosystems i
AR VKENEEE © Mupid-exU
BRIKE 7 — R AT A 0 AE-6932GXES-U 7 h—#l
TV AT 7=ty b AT LH

ERVINSARS -

b T

10) ~A 77 L—F ) —F 77— iRl T M0

2.4

Fie

1) BRI R R

2)

)

=7 e (N 90 mm, &S

HERHRAE CHRER L 72308E 25 ¢ & AC HRIREFHILIC AL, RV IRE 72, 37 °CT 18~48 IffH]hs
L7

BRIy HEES
BRI E RO 1 A4 H % ECS ZERIFHICEAREA L, 37°CT 18~72 FEfHi#& L7z
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3) Ry BEEE AR
ECS XIS E L v, IHEREE O MR MR C & 2 J8 P 2 A8 6 ST R THOR B 04E
W 12 HSE L, TN AERAER 10~15 pL TR\ L7Z. £BBiKEO 1 A4 H % BHI %
REGHUZEBREEAT L, 37°CT 18~24 FEfIK5# L7=. BHIZERE M EICTpk S vz | 9% % 891
L, P BHI ZEXEG TR L 72,
25 [Al &
1) MREBR
i JEREFRIMEIR
SYBERE DT REFHIMEIR 2R T 5720, 7T 2% Eli L1-. BHI ZEREHI D 1 £
ZHE L, EHAHK 10~15 pL [ZBE L7z, BEBRE AT A R7 7 A2 LI R TAR
WML, N—F—TBEE A KEEE Lz, BEmEICARERE ol L, 1 oRHEEE L
Teth, KW Ulz. RIREAENETHI R R ETHEAKETH FLAKELLE. T0%, %Y
BiRE ST L, | OREE L%, KL, 274 K772 EOKGyEAKTSEI
ST, MERZEFHMBTBEL, V7 ABMEKE THLINEERN L. R 2 Ix
—Ya U EiER LT,
i AR MR
ST BERR O A PRI MR 2 MR T D 7200, mE kT b U U ANME, SR O R & FE i L
7o. BHI ZERFHIDNG G T 1| B EEHE L, 6.5 % NaCl 1 HI iRIEEFHIICHERE L C,
45°C T 18~24 WFfEBE2E LMK 2 BIZ2 L7, 6.5 % NaCl I HI IR ES M348 (0 B B (60K (4
\ZEALSOTIRE D & o o BRI & AL 7 B U 0 AYE L ONEIRTES e L Le. £ 72,
GCFREEMITERZBEL, 0 REOTho = oMRIIBEE L, BT U —4f
Th oo rBERIERREE L.
AEARSE R PER
25D DD i IZBNWT T 7 AGHERE CTH D Z & PRI IL, 722 2.5 O 1)D i ITBWT
mEA LT U T AT R OVEIRE 23 B T & o T BERR IS DV T, APT ZHWTH » b
AL VR A FE i L7z, ERFROMEILFEY 7 FThHhDH APIWEB®Z Hv7-.
ERE RN Tacceptable] , [good] , [very good] XIE [lexcellent] DA ITHIE S A7z Hfl
PEM L.
2) PCR E# MW -EHE R E
250 1) DilZBWTTZ 7 AGHERETHD Z ERHERIIL, 222250 HOii 2BV TH
WAk T B U T N & OVER AR 23 Bt T d o 72 sy itk &2 PCR IZHEL 72,
i DNA it
PEYERR SO0 BERR 2 BHI B KIS ML CRE R %, B S IcE% % 1~2 [ESE L 100 uL O 4
HAWKN A>T 1.5mL F =2— 7 IZE L7-. BE L7Z#K % 12000 rpm T 1 45 8158 045 Bt
L EBEBAGERELT-. D%, InstaGene Matrix Z# AW TH v s OFRIAE|ZHE > T DNA O
T EAEZ ATV, Mok BRI M O DNA BURHK 2 Fi L L 7=
i AUBHRIRSE O 7R i
PCR ik 22.5 uL % PCR = — 72 A4, DNA i EHE % 2.5 uL il %2 T PCR Ut (2 fi -
HBHEIR & U7, [RIRFIZ, PCR BSOS HRIZ Gt RSO3 MK 2 2.5 uL I T, Bt i

=

il
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17 K OVt e FRIR 2 B L 72
iii PCR KJi
KRR, Bkt BRI S OV Mt BRI D N - 72 PCR F = — 7 % DNA B2 & (2 A,
E. faecalis, E. faecium, E.durans, E.gallinarum X NE. hirae 1%, @ : 95°C (4 /R E) —
[95 °C (30 ®HRF) —55°C (1 wEHRE) —72°C (1 KR 1 G0 ¥1271)
—72 °C (7 5r[EPRFE) DM T PCR b E1T> 7. E. casseliflavus 3@ : 95 °C (10 43 [l fR
Ff) — [92 °C (30 M EIPREF) —45 °C (1 4r[EIfREF) —72 °C (1 4pfEIRFE) 1 (309 A 7 L)
—72°C (7 73 [MERFF) DZAMET PCR RIS EAT - 72,
v EESUKE
TAE #R 188 2 AU FEARPKEN AL I 2.5 %7 Hm— A7 V% A7z, PCR UG T LTz
BN, BHtExrBRTE, FEMEx R K OF DNA 23 &~ — 5 —%& 5 uL IZ EXUKE H AR
luLZ 2NNz CTRA L. FRGBROEEEZLOT Ha—AF D7 = )VIZEAL,
100VOEEETTRET = ) — LT V=BT )b 4~5emBET 2 E TERIKB 21T -
To. BRIKBINKE T LT e —2A 5 V& FVIEHRIC AL, K 30 iR L THREL, &
SKUKE) S F — RS AT LT 312 nm ORI Z BT L, PCR HlEEY) 2 filE8 L 72
v CfE
BHPEXRHRIRIZ B W CTHGERE B K OV IBERE RO R B 72 7° 7 4 ~—tF » M2 3 % PCR
HIREED N T X TR &4, BRI W T PCR HIBED N AR OGS, 7o, &
BHAR I B W TG EKE JE K OB IGERERE DR IR 7 7 4 ~—t& v MTxIEd %5 PCR R
PEW) DR S W55 13 E. faecalis, E. faecium, E. casseliflavus, E. durans, E. gallinarum X
X E. hirae LIRFEZHIE Lo, F7z, BEHSIRICBW TIGEKE B OR R R T I M ~—k v
MZxf % PCR HEIEEY O H 03 S oG A TG ERE R & L CHlE L7z,

3)  EEFEHEE

2.6

PCR ECHIE SN HHEZHERMF L L, PCR IETHEFEZHE TEX o722y API THIE
TEREHEAIL APL OFREREZHER R E Lie, 2720, GAFRFEANMD PCR Xt API THIE S
TZEFEOVEIR & R —Th o 72856 O BER 1T ERE SR % Enterococcus sp. & L7z, PCR LI
APLIZ LV EFENHIECTE T, MEKEIR & O BHE I NT2HE Do BEK I Enterococcus sp. & L
7o, 7ok, @B ET MU U LATERERETH > mE, @RMERRETH TG E, 77 A
PPEERE T 5 2 & DGR TE o 72356 XX PCR ETIHEKEE L HIE SN R -T2 H 6
1%, BBEREE D3 BEN 72 o 7o &I L 7=

SYBIEL 7o RRIE HEWRIARTHE 2 mL & 20 %A F A IL7 2 mL #iRA LIZEIKIC AL, -80 °C
THWWIRAE LT,

FEAN Rz M R
AR EE S etk mlBRicf L7, Zods, [Rl—Muikn 6 it S iz 2 BRoo IR E O fs R 03—

LG AFTOTRN I EEZRBRICH L, BR2MRETHSEATWVTRO L RBICH L.
1) B R 0 F Y

SSBERK 2 BHI 2 RKEZHIT 35 °CT 18~24 FRfEsE U7-. Bk S N7~ 47K % 9 L McFarland
No. 1 &7 X oA KICEB L. Big, AR LZEK 1 mL 2/EB A% /K 9 mL THR
L, #HEEHRKRE L.
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2) BHIROHETE R O %

NI AT 77—ty FEHWTHA M A ICERERZ AL, £ZIZRLE 9% 7 L—
Mae7r—Xr 7L — MIEELL. #E%, 7e—Xr 7L —bMIHTEE LT, 35°CT
16~24 FEfHER#E L 7-.

3) CHE

BfLl-7o—X7L—bhe~vAf/urL—h ) —=F 47 IT7—0LICES, AIRTIE
H ST DD B 72 WA L OVEE S & > THEED 1 mm K T 1 HOLE IR BN
IEERIR LT, ENUADOHEITRE & A L. SEREORE DLIE S 7 3RA O f KR
Yo Tig/NEEBLIEREE  (Minimum Inhibitory Concentration) (LA F [MIC] &w9H. ) &L
7. 7an—X 7 L— hOIEAEE £/ Ca?t, Mgl MH {RIKER FEE S -7 =L
IZHBERRD HAILR WA R OHEARA PRI RNEG R B ERRD b eHE (A% y 7H
) FERBREITO L, FRERICBWVWTHRTROERNERD O NG TR AR KA &
L.

BIAN OMPERAME (LN 7 v A4 2748 4> k) £Wvw5H. ) &, Clinical and Laboratory
Standards Institute (LA F TCLSI] W 9. ) DNHEET AT LA ZHEA L F 29K IVARM T/
HIVTME (CMEMEZ R MIC oA O A) P&z, (KO MICER 7 LA 7 KA
NLETH o e GG ITMEE & Uiz, MPERITMRERE GREEANLE o7 b D& FRS) I
B DMHERE OEIS (MPERRE /MR S<100) TR L. RBHEE, Nravf vy
[ZDOWT DA 24 B[l E %, £ OMOIEANZ OV TIE 16~20 REFEEHERIIT > 72

4) BN R R B

FE BB IR D E. faecalis (ATCC 29212) @ MIC fEAY CLSI O 7E ¥ 2 # B BRIR SUE 29 LA T©
b5 & a RIS L.

7eF, SrBED D IANES MR £ COMEE Scheme 1 [T/R L7z,
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Selective enrichment
weighed sample (25 g)
added sample into AC Broth (250 mL)
incubated for 18-48 h at 37 °C
Selevtive isolation
streaked culture sample on Enterococcosel Agar
incubated for 18-72 h at 37 °C
Pure isolation (primary)
streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C
Pure isolation (secondary)
streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C
Phenotypic tests
Gram staining
NaCl torelance and temperature torelance
: inoculated one colony to HI Broth containing 6.5 % NaCl and incubated 18-24 h at 45 °C
Pigment producibility: observed the color of colonies on Brain Heart Infusion Agar

[ I
PCR Rapid ID32 STREP API

|
identification

DNA extraction with InstaGene Matrix
prepared reation mixture with genus/ species -specific primers
amplified template DNA
E. faecalis, E. faecium, E. durans, E. gallinarum, E. hirae :
95 °C (4 min) —[ (95 °C (30 sec) — 55 °C (1 min) —72 °C (1 min) ] (30 cycle) —72 °C (7 min)
E. casseliflavus :
95 °C (10 min) —[ (92 °C (30 sec) — 45 °C (1 min) —72 °C (1 min) ] (30 cycle) —72 °C (7 min)
electrophoresed at 100 V on a 3 % Tris -acetate -EDTA agarose gel
stained with ethidium bromide solution for 30 min
visualized with UV light transilluminator at 312 hm

Identification

Antimicrobial susceptibility tests for Enterococcus spp. isolations (with broth microdilution method)
streaked culture sample on Brain Heart Infusion Agar

incubated for 18-24 h at 35 °C

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

inoculated 96-well microtiter plate with the suspension

incubated for 16-24 h at 35 °C

examined each well for growth of isolates

MIC determination

Scheme 1 Antimicrobial susceptibility test of Enterococcus spp. isolated from feed ingredients
and formula feed

3 HERUER
3.1 GEHECEE K OB A fil ek v oD A5 BR B oD i H IR I
T DS L U= R OB A EHZ 1T 2 I EREE O 4y BESEE 2 Table 3 (277 L7-. MK
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ELT 79RELD 5 B 52 BB B IGERE 23 0 BE S iz, B EEIRCEHT B W\ TR O B SR
65 %l brm<, WMNTTFFI—), FEHEGWEBMBZINLEI 53 %, 47 % ThoTo. Y
EYEEEE L CREMNT 255 L Leh, MEESRD Rl EHEMENLELEZ LN,

Fe A E OBMERITBA L OFEAZOTRY 88 %l mo o7z, BWARAEEHIRAEE N V7L,
FlEEHENLELEE 2 b,

Table 3  Isolates from feed samples

No. of samples Rate of
No. of ' . P samples with No. of
contain ) .
samples . Enterococci isolates
Enterococci
(%)
Soybean meal 2 1 50 2
Fish meal 20 13 65 21
Poultry by-product meal 15 8 53 16
Swine and poultry by- 15 7 47 12
product meal
Poultry feed 8 7 88 12
Swine feed 3 2 67 4
Cattle feed 16 14 88 26
Total 79 52 66 93

3.2 TR oy HESHEE
AR T oy BlE S AVTZ NG ER A O BT 4y BESH 2 Table 4 1Z7R L7-. IBEKE & LTSz 93
DS B 59 BRICOWTCHFENRE S 4L72. E. faecalis Db %< S 4L (28 ££) , IRWT E.
faecium (20 %) , E. hirae (10 #8) , E. durans (4 %K) , E. casseliflavus (1 1) ONAIZ 53 BfE5A
Do fe. EEOREBENCR S &, AMEORF X I —/VTlX E. faecalis DNZIVEIL 48 %
(1021 k) KUt 44 % (7/16 ) OFIG THEES 4L, T b OEEHTICFET D 2R M5 ERE R
Tholz. EIFHBLAEECIX E faecalis 2 N E. faecium 73 FLEI 23 % (6/26 #8) K27 %
(726 #k) OBEECHBESN, 20 2 HEN FHERMERER S 2> T, EERITIX, E
Saecalis [ZEIRHFEN ) D O3 BEBHEE S @ VMERNIZ & o 7= (20/28 #K) DIZxf LT, E. hirae 13/ 5E
R D> B Oy HEREE D3 R WMEIFIC S o 72 (7/10 £K)

Table 4 Isolation rate of Enterococcus

No.of No. of isolates
Samples Enterococcus- i i i i
positive samples E. faecalis E.faecium E. casseliflavus E. durans E. hirae Enterococcus sp. Total
Soybean meal 1 0 2 0 0 0 0 2
Fish meal 13 10 3 0 3 2 3 21
Poultry by-product meal 8 7 2 1 0 1 5 16

Swine and poultry by-

product meal ! 3 2 0 0 0 ! 12
Poultry feed 7 2 4 0 1 2 3 12
Swine feed 2 0 0 0 0 1 3 4
Cattle feed 14 6 7 0 0 9 26
Total 52 28 20 1 4 10 30 93
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3.3 FEANEZME

FREAEIC LD IBERE L HE S 93 o 2 6, [AI BN b S 4, [R—HEO rTREME:
DD HDERNT. 70 BRA BABSZERRICHE L., 596 THRIEFZ7r—X 7L — b ETIER
REORBENRD LT R & 72 o 72, RBREKSL & 72 5 72 63 RO EZR % Table 5 1IZ/R L
72, B FEROBANPLEBEL SN TWD VCM IZx LT, MHMEERTEEKIZ 2272, T oft,
CP } O} ABPC (2% L T HIMPEIZR D bLenotz. — 1 T OEHNMYEZ R~ L Z Ekk
X 40 KDY, ZDHH 23 FRITEEHOIEFNCMmIEZ R Lo, KM IZHHE 2 =R T HEE D fe b i VOB
FETHBES T (50.8%) , KM IZ7 X/ 7 U ay RRERTHY, BEREIZTI 2 7Y a2y
RARIEANZ K U CTHNIRMEMEZ £ > TWD D2 ERBEBOOESEEZX L. IRWTEM KW

WCHHEZ RS EEN S A bz (ENEN 349 %X 12.7%) . EMOET 5~ oA

FREHNITE PR OEKEDFICBWT, TC DBT DT F TV A 7V o RIEANIER & PE Sy B
WICBWTELHEHINTEY ), JVARM (28T 5 2020 0D & S5 R RO GERE B3 5 304
THEWIPERD RSN TN D P KREOHERNG, FEHHIZH EM RO TC I3 5 it %
HOGEKEDFEL TNDZ EnD, SIS BMEAFAET ILERH DL EEX LN,

WD O FEANZ MM 2 7R LT R O & it/ S % — % Table 6 (Zor L7z, ZAIMMERE (WIK
PEIYE 2 £52 KM % ik < D FERNTME 2 58 D 72 B kK) 1310 kb - 72,

BRI DL D5 T2 E. faecalis, E. faecium KON OO AFEREE IOV T,  AIRAN 33 B ififk
FZ Table 7 IZx L7z, WAL h KMIZx L Tl b mWtERZ 8 L7722y, ISR &K NMIC IX E.
Saecium ([ZBWT LY FminoTlz.
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Table 5  Antibiotic susceptibility of Enterococcus spp. from each feed samples
Fish meal (n = 12) Poultry by-product meal (n = 8) Swine af::eg?lé::r);lg-product Break
MICs, MICy, Resistance MICs,  MICy, Resistance MICs, MICy, Resistance (:;JEL)
(ng/mL) (pgmL) n (%) (ng/mL) (ugmL) n (%) (ng/mL) (ug/'mL) n (%)
KM 64 256 4 33.3 64 >1024 3 37.5 128 512 3 50.0 128 @
GM 8 16 0 0.0 8 16 0 0.0 8 16 0 0.0 329
SM 32 128 - - 64 >512 - - 64 128 -
VCM 1 2 0 0.0 1 4 0 0.0 1 4 0 0.0 320
TC 0.25 64 2 16.7 0.5 64 1 12.5 1 16 1 16.7 169
CP 8 8 0 0.0 8 8 0 0.0 8 8 0 0.0 329
CPFX 1 1 8.3 1 4 1 125 1 8 1 167 4
ABPC 1 2 0 0.0 1 2 0 0.0 1 1 0 0.0 160
SNM 1 2 - - 2 2 - - 1 2 -
BC 128 256 - - 256 512 - - 256 >512 -
AZM 16 32 - - 2 >64 - - 8 32 -
EM 4 16 4 33.3 1 >128 2 25.0 4 16 2 33.3 8h
TS 4 8 1 8.3 2 >256 1 12.5 4 16 0 0.0 64 9
LCM 32 64 1 8.3 64 >512 1 12.5 16 64 0 0.0 128 @
Poultry feed (n =8) Cattle feed (n = 23) Total (n =63) Break Reference??
MICs, MICy, Resistance MICs,  MICy, Resistance MICs, MICy, Resistance point Resistance of isolates from
(ng/ml) (ugfml) n (%)  (ugfml) (ugfml) n (%)  (ugfml) (ugfml) n () WMD) slayghterhouses in 2020 (%) @
KM 128 1024 4 500 128 1024 14 60.9 128 1024 32 508 128 @ 139 - 482
GM 8 32 1 12.5 8 16 1 4.3 8 16 2 3.2 329 6.2 - 75
SM 64 64 - - 64 128 - - 64 128 - - - -
VCM 2 0 0.0 0 0.0 1 2 0 0.0 329 0.0 -
TC 0.5 >64 2 25.0 0.5 05 1 4.3 0.5 16 8 12.7 169 285 - 66.9
CP 8 8 0 0.0 8 0 0.0 8 0 0.0 320 04 - 16.1
CPFX 1 16 1 12.5 1 2 1 4.3 1 6 9.5 4" 00 - 73
ABPC 1 2 0 0.0 1 2 0 0.0 1 0 0.0 169 00 - 05
SNM 2 2 - - 2 2 - - 2 - - - -
BC 256 >512 - - 256 512 - - 256 512 - - - -
AZM 1 16 - - 8 32 - - 8 32 - - - -
EM 0.25 16 2 25.0 16 8 34.8 2 16 22 34.9 8h 49 - 36.8
TS 4 8 0 0.0 4 16 0 0.0 16 2 32 64 9 34 - 306
LCM 32 64 0 0.0 32 64 0 0.0 32 64 2 3.2 128 9 34 - 409

a) Defined microbiologically in JVARM.
breakpoints when MICs were bimodally distributed?®.
b) Criteria as published by CLSI?4,

¢) Maximum and minimum of resistance with poultry, swine and cattle.

Intermediate values of the two peaks were defined as
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Table 6  Pattern of antimicrobial resistance in Enterococcus spp.

Feed ingredient Species Pattern of resistance Compound feed Species Pattern of resistance
Soybean meal E. faecium KM, EM Poultry feed E. faecium KM, EM
Soybean meal E. faecium TC Poultry feed E. faecium GM, KM, EM
Fish meal E. faecalis TC Poultry feed E. durans TC
Fish meal E. faecalis KM Poultry feed E. hirae TC, CPFX
Fish meal E. faecalis EM, TS, LCM Poultry feed Enterococcus sp. KM
Fish meal E. faecium KM, EM, TC Poultry feed Enterococcus sp. KM
Fish meal Enterococcus sp. KM, EM Swine feed E. hirae KM, EM, CPFX
Fish meal Enterococcus sp. KM, EM, CPFX Swine feed Enterococcus sp. KM, EM
Poultry by-product meal E. faecalis KM, EM, TS, LCM, TC Swine feed Enterococcus sp. KM, EM
Poultry by-product meal E. hirae KM, EM Cattle feed E. faecalis KM
Poultry by-product meal Enterococcus sp. KM, CPFX Cattle feed E. faecium KM
Swine and poultry by-product meal E. faecalis TC Cattle feed E. faecium KM, EM
Swine and poultry by-product meal E. faecalis KM Cattle feed E. faecium KM, EM
Swine and poultry by-product meal E. faecium KM, EM, CPFX Cattle feed E. faecium KM, EM
Swine and poultry by-product meal Enterococcus sp. KM, EM Cattle feed E. faecium EM
Cattle feed E. faecium KM, EM, TC
Cattle feed E. faecium GM, KM, EM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM, EM
Cattle feed Enterococcus sp. KM, EM
Cattle feed Enterococcus sp.  CPFX

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

E. faecalis (n =18) E. faecium (n = 13) Others (n =32)

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

(ngml) (ugml) n (%)  (ugml) (ugml) n (%)  (ugml) (ugml) n (%)
KM 64 128 4 22.2 256 1024 11 846 128 1024 17 531
GM 16 16 0 0.0 8 32 2 154 8 16 0 0.0
TC 0.5 64 3 16.7 0.5 64 3 231 0.5 1 2 6.3
CPFX 1 2 0 0.0 0.5 1 1 7.7 5 156
ABPC 1 1 0 0.0 1 0 0.0 1 2 0 0.0
EM 4 >128 2 111 8 16 11 846 0.25 16 9 281
TS 2 >256 2 111 4 8 0 0.0 8 16 0 0.0
LCM 32 512 2 111 16 32 0 0.0 32 64 0 0.0
CP 8 8 0 0.0 8 16 0 0.0 0 0.0
VCM 2 2 0 0.0 1 2 0 0.0 1 1 0 0.0

4 F&D

(] PN ¥ 188 O Rl RHEURE B OVEL A B 6k 20 & I BREA 2 70 BiE L, BEAIMRME O MR PL 230~ 7. 2023 FEED
HEICBWTHELNZH R EZ L FIR L.
1) FRERGE LTI ROREZIEL, 56 52 A0 bIGERE N 7B S 7.
2) 9BHEDGERE D BES AL, 5B 59 RICOWTHMENVHIE S 7z, EFER]BESEEE 1T E. faecalis
b <, E.faecium, E.hirae, E.durans, E. casseliflavus OJIEIZ & D> 7z,



148 fAEHIFSE S Vol. 49 (2024)

3) BRI EIZKITDMMERE OBMERIT, HARA G L O HEAEE (88 %) , Ak
(65 %) , ¥ I—/ (53 %) , REHEAGRWER (47 %) DIEICE» 7. KEMHT LY
EHAE S EEHZ DWW TIIRIBE A D 7e <, SORIZFENMLELEZ 2 bz,

4) BEZMERBREIT 72 63 KD 5 B 40 HRIC B W TIRAFIMIE RO S, 23 FRICHOW TIFEEK O I
FNTH L CIMMER H > 72, EM KON TCIZBW T HMERNE < (34.9 %N 12.7 %) , 5l
ETENMLELEZ BN, B MNEROBADDLEZEHIND VCM IZOWTIEW T O EEIC
BWTHIMMEZR D Rn-o 7.
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