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1 EMPYRAAMPOEERKGEHOBRLEEZORRE
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Development of Fecal Coliform Detection Method for Pet Food

KONDO Masaru*!, SAIKI Masakazu*!, INOUE Tadashi*!, OSHIMA Shinji*?,
NOMURA Masayo*? and TOKITA Kana*?
("' Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC)

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

Having added 0.1 % (w/v) peptone salt solution to a sample, it was left at rest for 30 minutes. After
the stomaching treatment for 5 minutes, 1 mL of the diluted solution was inoculated into five EC
fermentation tubes respectively and cultured at 44.5 °C for 22 to 26 hours. One loop of the EC
fermentation tube that produced gas was inoculated onto an EMB agar plate and cultured at a
temperature range of 34 to 36 °C for 22 to 26 hours. One typical colony on the EMB agar plate
was inoculated into a lactose fermentation tube, and cultured at the same temperature range for 24
to 48 hours. Similarly, the colony was also inoculated into a standard agar slant and cultured at
the same temperature range for 22 to 26 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 positive.

A bacterial inoculation test was conducted using Escherichia coli NCTC 9001. The E. coli was
added at levels of 0.5 to 8 CFU/g (0.25 to 4 CFU/test portion) to six types of pet food, and three
types of heated-processed meat products (packaged after heating) and three types of dry-processed
meat products. Heated and dry-processed products are required to meet fecal coliform
requirements specified in the Food Sanitation Law. The result of the bacterial inoculation test
showed that the LODso (level of detection at 50 % probability of detection) was calculated to be
0.41 to 0.54 CFU/test portion for pet foods and 0.45 to 0.90 CFU/test portion for meat products
according to ISO 16140-2:2016. Thus both results are at comparable levels. The matrix effect of
each sample was evaluated using the POD (possibility of detection) curve, which is indicated by the
correlation between bacterial concentration d and POD, and no significant matrix effect on detection
sensitivity was observed.

Key words: fecal coliform; pet food; LODso; ISO 16140-2:2016
F—U— N #BERKGEEE ; Z8%HEEL ; LODso ; ISO 16140-2:2016
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Table 1

Ingredients list of pet food used in the present study

Pet food types

Ingredients

Dry food for cats

Grains (corn, sweet flour, corn gluten meal, etc.), meats (meat meal,

chicken liver powder, beef powder, etc.), beans (soy pulp,

defatted soybeans, etc.), seafood (fish meal, fish extract, white fish extract, etc.),
oils and fats (animal fats, etc.), beer yeast, eggs (egg powder), vitamins

(A, D3, E, K3, B4, By, pantothenic acid, niacin, Bg, folic acid, biotin, B,5, choline,
inositol), minerals (Ca, P, Na, K, ClI, Fe, Co, Cu, Mn, Zn, 1), amino acids
(methionine, taurine), food color (food red no.102), antioxidants

(rosemary extract, mixed tocopherols)

Semi dry food for dogs

Grains (wheat flour, etc.), meats (chicken meal, chicken extract, beef meal, etc.),
sugars, potatoes (sweet potato, etc.), vegetables (carrot, pumpkin, spinach,
etc.), propylene glycol, minerals (calcium phosphate, calcium carbonate,
potassium chloride, magnesium sulfate, sodium chloride, iron sulfate,

zinc carbonate, copper sulfate, manganese carbonate, calcium iodate),
thickening stabilizer (glycerin), preservative (potassium sorbate),

vitamins (choline, C, E, nicotinic acid, pantothenic acid, A, B¢, B4, B, folic acid,
B1,, D), pH adjuster, amino acids (L-lysine hydrochloride),

antioxidants (sodium erythorbate, mixed tocopherols, rosemary extract),

food colors (titanium dioxide, food yellow no.5, food red no.106,

food yellow no.4, food blue no.1)

Fish (bonito, etc.), beef, vegetable oil, vitamins (A, B4, B, Bg, By, E, K,
choline, niacin, pantothenic acid, biotin, folic acid), minerals (Ca, Cu, Fe, I, Mg,

Wet food for cats . . . .
Mn, P, Zn), taurine, polysaccharide thickener, seasoning, EDTA-Na,
color former (sodium nitrite)
Meats (chicken, beef), rice bran, modified starch, wheat flour, propylene glycol,
sorbitol, sucrose, salt, preservatives (potassium sorbate, sodium dehydroacetate),
Formed jerky for dogs P P 4 )

pH adjuster (sodium polyphosphate, citric acid), antioxidant (sodium erythorbate),
color former (sodium nitrite), food colors (titanium dioxide, food red no.106)

Dried jerky for dogs (hard type)

Beef

Dried jerky for dogs (soft type)

Chicken, glycerin, humectant (propylene glycol), sodium hexametaphosphate, salt,
preservatives (potassium sorbate, sodium dehydroacetate, sodium nitrite),
antioxidant (sodium erythorbate), binding agent (sodium polyphosphate)
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Table 2 Ingredients list of processed meat products used in the present study
Processed meat product types Ingredients
Pork, starch syrup, soy protein, salt, milk protein, protein hydrolysate,
seasoning extract, casein sodium, polysaccharide thickener, phosphate,
seasoning (amino acids, etc.), antioxidant (vitamin C), liquid smoke,
color former (sodium nitrite), cochineal dye
Pork, chicken, pork fat, binding materials (starch, soy protein),

Ham
(heated processed meat product
(packaged after heating))

Sausage sugars (candy powder, sugar), salt, chicken extract, spices, modified starch,
(heated processed meat product seasoning (amino acids, etc.), phosphate, preservative (sorbic acid), pH adjuster,
(packaged after heating)) antioxidant (vitamin C), color former (sodium sulfite), spice extract,

cochineal dye, enzymes

Steamed chicken breast
(heated processed meat product
(packaged after heating))

Chicken, salt, seasoning (amino acids, etc.), pH adjuster, antioxidant (vitamin C),
color former (sodium nitrite)

Meats, etc. (pork, pork tongue, beef heart, beef fat, beef, pork fat), onion,
binder (breadcrumbs, powdered vegetable protein, egg, powdered egg white),

Hamburger steak granulated vegetable protein, sugar, onion extract, beef seasoning, spices, salt,
(heated processed meat product vegetable oil, starch syrup, reduced starch syrup, kelp extract, soy sauce,
(packaged after heating)) fermented seasoning, protein decomposition product, modified starch, seasoning

(organic acids, etc.), pH adjuster, phosphate (Na), caramel color, casein sodium,
antioxidant (vitamin C), polysaccharide thickener, flavor, spice extract
Chicken, sugar (starch syrup, sugar), meats (pork, beef), pork fat, gelatin,
Dried sausage soy protein, salt, spices, starch, collagen, yeast extract, seasoning (amino acids,
(dried processed meat product) etc.), liquid smoke, phosphate, antioxidant (vitamin C), monascus color,
preservative (potassium sorbate), color former (sodium nitrite)
Beef, sugar, beef extract, salt, powdered soy sauce, yeast extract,
Beef jerky protein hydrolysate, sorbitol, seasoning, antioxidant (vitamin C),
(dried processed meat product) polysaccharide thickener, caramel color, spice extract,
color former (sodium nitrite), acidulant
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Sample solution preparation
weighed 25 g sample in bag for stomacher

added 225 mL of 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 34~36 °C

Standard agar slant Lactose fermentation tube

inoculated a typical colonies with a wire to a
plate of standard agar slant

incubated for 22~26 h at 34~36 °C
Gram staining

inoculated a typical colonies with a wire to
lactose fermentaiton tube

incubated for 24~48 h at 34~36 °C
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
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WTE YD, KRIBEBMBREHEIT 2.4 @ 2)F T3 L, EC S TOH A ELEDHEEIC
DL OBEEZHE L. £72, &0 EC BEEE CHADOELENBEO LT H D) %%
TRIE 1 RZMAEA IR, 2.4 O 3)5) &2 Ehi L, BERKBEEOHERERTZ L 2B LT,

3) LODso DH

) THME &HIE S =i B 2> 5, 1SO 16140-2:2016 1231 A EliEIC L W LODsy 2% H L
7= BAREJIZIE, ISO 16140-2:2016 T/REALTWAH U =7 A k (http://standards.iso.org/iso/
16140) LW & u— KL/ LODso RO 7 wL 7 7 A WIT, KRIBEGINGEE, Bk
HAEANDLEH L.

728, LODso DFtERIL o) XBHW LN TV D, ZhuE, &7 V00 OAK0 6E N
Btk & 72 = (probability of detection, POD) % K& % b)=\iZ POD = 0.5 Z{RA L, HIRE d
ZROLANCER LSO THD. Fio, o)k b)RXFITIE, BRHEEICRELY 5 2 530
B, $hbbv ) v 7 AR EZBIMEF BEASNLTEBY, F=10F, HBH&EE~D
2 U T ADEBIRNE NI LIRS, FIE, EERNRBRIZE T 2ERNEE d TOB
My % DO HRERAUTRA L TR LN D.

In0.5
AoF

b) POD = 1 —exp(—4,Fd)

a) LODgy = —

yid; _
2 Z(exp(A Fd;)—1 (6_yi)di>_0
Ao RBHE, d: FIRE, vy BEREL

4) ~ bV v ZBFEOFE
Wilrich 5288 OL TWA HIEEZBRL, 3)D b)iNTHEIND POD & HIEE d & OB
DRSS NVDMBIHEER (LT TPOD H#hifk) &5, ) #HWT, ko LBh, FERKGEE
REBRIEICB T 25RO~ MY v 7 28R &2FHE L 7.
3D b)yRXAEHNT, WHRE d Ik LT l-exp(-dgFd)x 7y v 952 L2k, £ ED
POD M A ER L7z, Zol & D F X, 3)THLNIE~Y M) v 7 AR F #Hwiz. EIZ,
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POD 3~ FVU v 7 ZADEEEZ T WHARNZRE (F=1) 260EL, Z0O8%4E0 POD i
(LLF TEEAY7: POD HIER] W09, ) D95 %EFHEXMEZ LN e)uaE AW THEH L-%,
%D POD Hi#R 23 M 5% 95 %G X OEPEN L AR L. 7238, LW e)XickiTH,
~ MUy 7 AR F OXEEWE £ (f=0) OREEERA SD OFHICH > TiE, HEZH
7-.

d) p(d)rower =1 — exp(—Aodexp(f + 25D))

e) p(d)Upper =1- exp(—AOdexp(f - ZSD))
1

f) sp=
J . 6(AyFd)?

i=lexp(AyFd;) — 1

f1= MY w7 2R F OREAHRE
(D) ower : FRARBIZRIRREIZ IS 1T D 95 %IEHEX[E D FERD POD
P(Dypper + BARRIZRRAEIZIS1T D 95 %IEHX [ D LR POD

3 BRERUER
3.1 LODso (T & % ft

25D DEO2DIC LY KIBHEEIRABREZ £ L, 2.5 D 3)I2X Y LODsy 2% H L 724 F 13 Table
3K U Table4 D LB THY, L@ LD LODs 1% 0.41~0.54 CFU/RBEREAL, BRI O
LODso 1% 0.45~0.90 CFU/BRBRENL TH - 7=

fhoORGMOFEFE LT, TED DX, HEAMO LODs % 0.42~0.81 CFU/RBRERNL & #i4 L T
W5, ARBRTHOLN-ESEh RO LODso 1%, BRI O LODso & O FHE S O & [
BREOKRETH- .

F72, BHIEE d =4 CFU/RBRENL (8 CFU/g) DB, & TOREIR IR TONE T (B
F 100 %) &7V, ZAUIEiEHEE &K O EREE CREROER CThH - 72,

Table 3  Number of positive results and LODsg of the spiked test for the detection of
fecal coliforms (pet food)

Positive rate per each inoculation level® Blank Matrix LODy,
Pet food types effect .

d, d, ds, dy ds level F (CFUltest portion)

Dry food for cats 6/62 6/6 6/6 3/6 0/6 0/6 1.65 0.42

Semi dry food for dogs 6/6 5/6 4/6 4/6 4/6 0/6 1.52 0.46

Wet food for cats 6/6 6/6 4/6 3/6 2/6 0/6 1.46 0.48

Formed jerky for dogs 6/6 6/6 3/6 4/6 1/6 0/6 1.27 0.54

Dried jerky for dogs (hard type) 6/6 5/6 6/6 4/6 1/6 0/6 157 0.44

Dried jerky for dogs (soft type) 6/6 6/6 4/6 5/6 1/6 0/6 1.68 0.41

a)di=4,d>=2,d3=1, ds =0.5, ds = 0.25 CFU/test portion

b) Number of positive results/Number of measurements at level di



EHUE) Y IR R h 00 SE(E R RGO BHTE OB %6 9

Table 4  Number of positive results and LODsp of the spiked test for the detection of
fecal coliforms (processed meat products)

Positive rate per each inoculation level” i
Processed meat product types - Blank I;Af?(te:i( LODsp )
d, d, d, d, ds level E (CFUftest portion)
Ham? 6/6) 6/6 56 36 16 0/6 1.54 0.45
Sausagea) 6/6 5/6 3/6 2/6 0/6 0/6 0.77 0.90
Steamed chicken breast? 6/6 6/6 4/6 4/6 0/6 0/6 1.33 0.52
Hamburger steak? 6/6 6/6 3/6 3/6 1/6 0/6 1.13 0.62
Dried sausage® 6/6 566 46 26 206 0/6 1.04 0.67
Beef jerky” 6/6 6/6 3/6 2/6 1/6 0/6 1.01 0.69

a) Heated processed meat product (packaged after heating)
b) Dried processed meat product
c)di=4,d2=2,d3=1,ds=0.5, ds = 0.25 CFU/test portion

d) Number of positive results/Number of measurements at level d;

32 ~ MU v REEOFM
2.5 D M XV AERK L7z POD #h#RIL Fig. 1 ® BV THh-o7-. £ ToO POD R A HAEA 72 POD
HIFRD 95 EHEXMOFEHN TH 722 &nn, HENRRE (F=1) ORIITENSILT,
ZHrEh ) AR L OB LG O 2REHI B W T, MHEE~OFER~ N v 7 AORE TN
EEZ LN

== = == p(d)Lower

- = = = p(d)Upper

Dry food for cats

Semi dry food for dogs

Wet food for cats

Formed jerky for dogs

Dried jerky for dogs
(hard type)

POD

Dried jerky for dogs
(soft type)

Ham

Sausage

Steamed chicken breast

Hamburger steak

Dried sausage

0 T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Bacterial concentration (CFU/qg)

Beef jerky

Fig. 1 Correlation between bacterial concentration and probability of detection for ideal condition
and each matrix



10 fREHIFZE S Vol. 50 (2025)

4 FEOH
HHERRAGEREGABRIEIC X 0 B5dh AR L Ol g & L TR 2 AV CRIBET MR
ekl 25, LTOMENRG L, e e & i TR 5 miEk <, Rl

WE~DOERER~ N v 7 ADEBLROONRNhoT72Z LD, 7K EERBRIE O % i)

Wy Bk~ i F K OV Bl A il L3 DA IE A~ DI A FTRE CThH D L B2 bivT.

1) ELidEhi AL ORI, KIBE A 025, 05, 1, 2 KON 4 CFURBRIAL 72D X 51
W UARER U7- /b5, E i@ KD LODso 1% 0.41~0.54 CFU/RRBREAL, &AL D LODs 1%
0.45~0.90 CFU/RBREN. TH Y, RRETH 7=, 7o, MOBRLOFRER & LEBRETH -
7.

2) KIGE IR O RN O 674300 POD Hift & FRARAY 72 POD #hfi 2 Hoils U 7= #5 3,
42°CO POD #h#R 23 B4R 72 POD iR 95 WEFEX M OFMHNTH 722 LD, BHERE~
DHER~ M) v 7 ADRBEIRWEZZ b,
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2 £HARSHAMPO - rOFFTON/ —LOREIOT RIS D
2L 2R HTEDRFE

B BLBA™, RALR B2, T KA, AW TI57, HE PR
Development of 3-Nitrooxypropanol Determination Method in Formula Feed for Cattle by LC

YOKOTA Tenmei*!, NAGAKUBO Shinpei*?, YAMASHITA Nana™,
KIKUTA Yukino*? and WAKAMIYA Yoichi*?
(*! Fukuoka Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Animal Quarantine Service, Ministry of Agriculture, Forestry and Fisheries of Japan),
*2 Fukuoka Regional Center, FAMIC,
*3 Fukuoka Regional Center, FAMIC (Now Nagoya Regional Center, FAMIC))
We have developed a quantitative determination method for 3-nitrooxypropanol (3-NOP)

concentration in formula feed for cattle using a liquid chromatograph with an ultraviolet detector
(LC-UV).

3-NOP in a sample was extracted with acetonitrile-water-formic acid (180:20:1), and the extracted
solution was centrifuged. The supernatant was injected into an LC with a UV detector at 210 nm
to determine the 3-NOP concentration. LC separation was then carried out on an ODS column
(InertSustain C18, 3 mm i.d. x 150 mm, 3 pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of
0.1 % (v/v) methanesulfonic acid aqueous solution and 0.1 % (v/v) methanesulfonic acid methanol
solution as a mobile phase.

Recovery tests were conducted using three types of formula feed for cattle. Those materials were
added with 75, 150 and 300 mg/kg of 3-NOP. The resulting mean recoveries ranged from 100 %
to 105 %, and the repeatability in the form of the relative standard deviation (RSD.) was less than
1.2 %.

Key words: 3-nitrooxypropanol; feed additives; liquid chromatograph with ultraviolet detector (LC-
UV); formula feed for cattle

F—U—R:3-=buadx 7oy —; SN  kiE7 v~ s 727 FHES
i ot

1 #& E}

IRENRA AT 2 LR FEDLAZ O HHIEA S E TRO SN T WD, BIRKER RIS
3AFWCRE LR [HEY ORI AT L) V2B WT, BB A O Z 819 2 #iER I
RZ LWEEIOBRSE - HEAHHFE TN D.

3-=hteAF7Fu ) — (LLF 13-NOPJ & 9. ) &, FOBKICEVHans A%
ZHIR T2 L2 AME LT ENTE. A2 U ARRBORKERICHEWT, A FILMBEE M
X, AFIUAHEER M B TR A S UCHilER B LUNL, AZ 2T 5. 3-NOP I, X

TOMSIATBUE NRMWOKEEE Z 2t o 2 —fmiit o 7 —, Bl BHOKEE BT
2 MSIATBUE N BEMOKEEE L2t o 2 — @it o 2 —
S OMSIATEOE NEMWKEERZ 2Bt 2 —wmidt 22—, 8l AhEtV¥—
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FAHEESE M ITEENEEL T 280D, AT AMERE M BoMRICEASL, TOEEE
HET D Z Lick v 22 v oEREEIT 2 2.

3-NOP 1%, FAEICIKWTHH 6 G THPE DRI RS € DM OF sy Offifa ] & O B
MR E SR Y, Fa2dg s+ 58EHT 3-NOP & LT 0.015 % (150 mg/kg) LT OEMAEE
BRTWD Y. LoLaens, fEHyfr e 912 3-NOP O pHHEITIE SN T inZ &b, &
PEW) o D FEVENE 288 L 7B O JRINE S D 728, B AER O 3-NOP D43 Hrik DML N A
BLleoTWh. 4, 3-NOP OE&EEE LT, BEHRINMOIEEDT-DICHEEHT THSH DSM
BSOS ZERHCE R SN WDk e~ 7 Z 7 (LLF TLCY wo. ) 1Tk
LERE O (LLF IDSM ) v 9. ) ZRICEEI I EE~OE OIS 2 BRat Li-oT, %
OMELWMET .

2|2 3-NOP D&% % Fig. 1 IR LT-

3-Nitrooxypropanol
/\/\ N02
HO o~

3-hydroxypropyl nitrate
CsH7/NOs MW: 121.09 CAS No.: 100502-66-7

Fig. 1 Chemical structure of 3-nitrooxypropanol (3-NOP)

2 EBRAE
21 OB

1) 4 FEdA e
3-NOP & £ 7 WAHE G A ZNENHEBE | mm DR 7 U — 0 %2255 Lz <
L7z, 7ok, MsHTHAWZ4 Ak % Table 1 1278 L7z,

2) AT HECEE
3-NOP #44| (dsm-firmenich #, 3-NOP % 10 % & A) %, 1) T#HHE L 7=&4HELAEE (72
2L, FHMTFAEERM 1 2R & 10 FAREBLIC V ALRAE KA AV CEBEMICIRS
(30 rpm, 30 4yf) L, 3-NOP & L T 300 mg/kg (RO LRMED 2 6%) Z2&H 7 5048
MRkl Z 22l L=, 2, 300 mgke =& AT 200 e E &4 B A k2 RS
L, 3-NOP & L C 75mg/kg (D ERMED 1/2) KON 150 mg/kg (m ko LIRME) %
BETOIoNTHRABEZZER IR L.
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Table 1  Compositions of the formula feed
Formula feed types Ingredient types PI’O(F())ZI’)'{IOH Ingredients
For suckling calves 1 Grains 60 Corn, wheat, roasted soybean flour
Oil seed meal 35 Soyhbean meal
Others 5 Molasses, calcium carbonate, salt,
medium-chain fatty acid calcium, licorice extract,
stevia, calcium phosphate, feed additives
For suckling calves 2 Grains 68 Corn, heat-treated corn, wheat, roasted soybean flour
Oil seed meal 28 Soybean meal
Others 4 Molasses, calcium carbonate, salt, calcium phosphate,
medium-chain fatty acid calcium, licorice extract,
stevia, feed additives
For dairy cattle and Grains 57 Corn, heat-treated corn, heat-treated soybean
young cattle Oil seed meal 26 Rapeseed meal, soybean meal
Brans 16 Corn gluten feed
Others 1 Calcium carbonate, molasses, salt, feed additives
For young beef cattle  Grains 75 Heat-treated corn, corn, heat-treated barley, barley
and beef cattle 1 Brans 24 Hominy feed, bran, corn gluten feed, barley bran
Others 1 Calcium carbonate, salt
For young beef cattle  Grains 48 Corn, wheat
and beef cattle 2 Brans 30 Wheat bran, corn gluten feed
Oil seed meal 19 Soybean meal, rapeseed meal,
sweetened heat-treated soybean meal
Others 3 Calcium carbonate, molasses, salt,
Saccharomyces cerevisiae , feed additives
For beef cattle 1 Grains 65 Heat-treated barley, heat-treated corn, corn
Brans 22 Wheat bran, barley bran, corn gluten feed
Oil seed meal 11 Rapeseed meal, soybean meal
Others 2 Molasses, calcium carbonate, salt,
soybean curd residue, lactobacillus, bacillus,
yeast, feed additives
For beef cattle 2 Grains 56 Heat-treated corn, corn, heat-treated barley, barley
Brans 32 Wheat bran, rice bran, soybean hulls, hominy feed
Oil seed meal 10 Soybean meal, rapeseed meal
Others 2 Molasses, calcium carbonate, lactobacillus,

butyrate-producing bacteria, glycating bacteria,
natural aluminum silicate,
Saccharomyces cerevisiae , feed additives

22 3R

) A2 —=nVEOTE b =M MTHER v~ 7T 70 (L7 AV ARGMER) 2 H0n

7o FERITERER R (H&ESHR 98 %) MWz,
LAEHERR) & Tz,

AL AR CBRITFORR R (BT A

AITHKELEEBE 27 7 4 > WL220 (v~ FE2ERD) Ik vk
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FL72K (JISKO557 IZEEK I NI A3FY) # Wi,
2) 7ER=FUL—IK—FE (180+20+1)
900 mL O 7 & =k VU /{Z, 100mL ®/KE 5mL OFXEEEMNZ 7=,
3) 3-NOP 1Z#Ei

3-NOP #E#Ef, (dsm-firmenich 8, #iE 98.3 %) 50 mg Z &> T 100 mL D& 7 7 A 2T A
i, TEr=HFU—K—FE (180+20+1) ZMx THEML, HIZEHFETTE = )L
—JK— % (180+20+1) % M% T 3-NOP ARk 2 L7 (ZD#K 1mL 1%, 3-NOP & LT
0.5mg #&H) .

EAICEE LT, 3-NOP RO %27 h= KU L —/K—Ff (180+20+1) TIEfEIZ
L, 1mLHIZ3-NOP & LT2, 4, 6, 8 10, 20, 30, 40 X UN50 ug = &4 3 D IHEHER %
TR 7=,

2.3 HE MO H
1) ¥ : ZM 200 Retsch 8 (HBAE 1l mm X7 U —, ffi KA1 #5454 14000 rpm)
2) VREGHE 1 FEHALFSME (GARAEE 2L, fHFRFEEE3 30 rpm)
3) EEREEEE  MCD-2 7 XU M (JEEE ((EER) 40 kHz)
4 T FXF v I AKX —F— :RS-4AN 7T AU
5) LC : Prominence &L {ERTHY
24 EETE (KE)
1 #h

SIHTREE 10 g Z#&EH-> T 300 mL ok =A 7 T A3 A, T h=FUb—K—F

(180+20+1) 100 mL &Nz, 30 /3 A% —F —ChHERETHH L. Ml Lzikz 77 %
F v 7 B OTEEE I AL, 16200xg T 3 OB L, LESAEREEREI v~ N 7T 7 4
—ICHE T R & LTz

3) ks~ ST 04—

AUBHRIR R OIS uL % LC IZIHEAL, Zu~ N7 T A&7, JESRM% Table 2 (2

~LTz.

Table 2  Operating conditions of LC

Detector UV detector (Wavelength: 210 nm)
Column InertSustain C18 (3 mm i.d. x 150 mm, 3 pm), GL Sciences
Mobile phase 0.1 % (v/v) methanesulfonic acid aqueous solution — 0.1 % (v/v) methanesulfonic acid

methanol solution (23:2) (hold for 9 min) — 0.1 min — (1:4) (hold for 6 min)
— 0.1 min — (23:2) (hold for 5 min)

Flow rate 0.4 mL/min

Column temperature 40 °C

4 F =
Bonlrsa~ b7 ANLE—HBEEOE S ZRD TREMRZIER L, B O 3-NOP
BABEH L. 2B, 32URIIY—EBETOMELTH L.
7k, EEEOHE%S Scheme 1 [Z/R L 7=,
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2.5 DSM i%
SSHTEREF 10 g - T 100mL DR 7 F A AN, T M= Y L—K—XE (180+20+1)
30 mL ZA1%, 55 °C O/K\EH T30 srMEEEAN Lz, Zods, #EERMHEIZIE 10 5 EFET
KT ENRRRC IR E2E 7 T A a2 ikRVIBEE . M LR E 7 7 AT v 7 S DI EE 12
AFU, 16200xg T 3 sy OmBEL, ERBAREZERE v~ 777 4 — 1T 28 BHAKR L L,
AYE L RO T IETHIE Lz,
ek, EEIEOWE % Scheme 2 IZ/R L7z,

Sample 10 g (300 mL Erlenmeyer flask )
——added 100 mL of acetonitrile-water-formic acid (180:20:1)
——stirred for 30 min

— centrifuged for 3 min at 16200xg
LC

Scheme 1 Analytical procedure for 3-NOP (this method)

Sample 10 g (100 mL volumetric flask)
——added 30 mL of acetonitrile-water-formic acid (180:20:1)
——treated by ultrasonic for 30 min (Heat treated at 55 °C)

——centrifuged for 3 min at 16200xg
LC

Scheme 2  Analytical procedure for 3-NOP (DSM method)

3 BRRUBER
3.1 fE#

LC OWIESRMIEL, DSM 22 b SN &R 2 SBICRE L. 2.2 © 3)IZ X 0 L 7-4% 3-
NOP fE#EW 4 5 uL % LC ICHEAL, Bohizru~ v I AnbE— 7 mEEOE S 2N T
BRERAEERLEZ. BONTZRERO —FIIFig 20EBY THY, 2~50 ng/mL JEAREL LT
10~250 ng FHY4 ) O#IPH CEMRMEZ R Lz, 2k, YR EROBEHIIL, 3-NOP % 20~500
mg/kg A T D T HEEH A ARIEIIEWTRRE U 72 B BUBHA IR T O IR EERRPHIC Y 375 .
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Fig. 2  Calibration curves of 3-NOP by peak area (left) and peak height (right)

3.2 fhEOMES

FRPEE 53 AT FEVE I S T W D BRI O ik D% < 3, =47 7 2 a & H\izh
TREMETHD. £/, DSMETHWS 100mL 287 7 A I 0EA/NE <, b2 5%
WCANDIEENBMECTH - 7. £ 2 TARIETHE, BEHRIEICE DY THAES % 300 mL O3
BEAT7TAaLl L, MHAROFEICADE CTHEKED 100 mL ICEE L. EiZ, HMHA
EHINE L2 REmm e L.

Ky & DSM EOERME & i 572, 2.1 O 22Xk v %L L 7= 3-NOP & L T 150 mg/kg %
ST oRE s (FIMWFARERA 2, WA ERIE - WAAEIREN 1, [[2, WA
BEALKROR 2) 20T, 24 KO 2.52H-> THRMEILERZRD 7=, FEGIE Table 3 D &80
THY, KEOEUILRIL 94.3~106 %, DSM EDEIULERT 86.1~104 % & 721, AL AT H
HERIHE 2 ORBRIED L MHMER T A RT7 A4 (LU TSR ITA R4 EnH. ) IFE
D ONTEEDBEEE (90 %L 110 %A T) 23X T/ L TWe2y, DSM ETIE—Ho
BHZ B W T HIEEZ W L T\ o Tz,

TOZENDL, KEERATHZ LICHETRNEEZ DR,

Table 3  Comparison of recovery between this method and DSM method
Recovery (%)

Extraction method This method DSM method
Formula feed types Stirring extraction Ultrasonic extraction
For suckling calves 104 95.4
For young beef cattle and beef cattle 1 94.3 86.1
For young beef cattle and beef cattle 2 106 104
For beef cattle 1 97.1 87.8
For beef cattle 2 101 92.5
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3.3 WEWE O
2.1 ® D)OFARAEHEES 1 BikE A, AEICk R L AREARE LCIZTHEAL, &5
Nicrza<x N7 0@ RLIZEZAS, WTHOREHZIB TS 3-NOP OEEZHIT L8 —7
TRO N7,
B, Bohizsa~ N7 T A0—F% Fig. 3 125 L=,

A B
-2000 -2000
-2500 l -2500 l
-3000 -3000
2 >
€ -3500 € -3500
2 -4000 2 -4000
= 2
£ -4500 S -4500
£ £
-5000 -5000 ,\_/\/\/
-5500 -5500
-6000 6000
6 7 8 9 10 6 7 8 9 10
Retention time / min Retention time / min
C D
-2000 -2000
-2500 l -2500 l
-3000 S -3000
2 E
€ -3500 S -3500
= >
§ -4000 2" -4000
<
S -4500 S -4500
~ -5000 -5000 M
-5500 -5500
-6000 -6000
6 7 8 9 10 6 7 8 9 10

Retention time / min Retention time / min

Fig. 3  Typical chromatograms of 3-NOP in standard and blank sample solutions
(Arrows indicate the retention time of 3-NOP.)
A: Standard solution (2 ug/mL: 10 ng as 3-NOP)
B~D: Blank sample solution (B: formula feed for suckling calves 2, C: formula feed for dairy
cattle and beef cattle 2, D: formula feed for young beef cattle and beef cattle 2)

3.4 RINENNEER
2.1 D2 X VR L 7= 3-NOP & LT 75, 150 X *300mg/kg (&g & LT 7.5, 15k
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O 30ug/mL) Z&HT 2308 3 B (AW H4FAH 2, AHFEERN - E54F ALY
SAMEERA - WHBIEER 2) I2oWT, 24 IZ/E-> TERL, FHEUTR K OFIE UK E
RO, ZTOFERIT Table 4 D LBV, 3-NOP O FHJEIITFRIT 100~105 %, Z Ofei UFEE X
FIXHEAERR 2 (RSDy) & LT 1.2 %A FOMREN GO, ZUHEHERTA KT A4 U ZED DL
A (EE : 90 %Ll E 110 %LA F, K : 75 mg/kg TiX 8.3 %LL T, 150 mg/kg TIX7.5%LLTF,
300 mg/kg TIL 6.7 %L F) Zllil-THRThH-o7o. o, Fohicrua~ 7T 50— fF% Fig.
41Zr LTz

Table 4 Recoveries for 3-NOP

. For dairy cattle and For young beef cattle
For suckling calves 2
Spiked level young beef cattle and beef cattle 2
(mg/kg)  Recovery? RSD Recovery? RSD,” Recovery?  RSD,”
(%) (%) (%) (%) (%) (%)
75 102 0.7 103 1.0 103 0.8
150 100 0.4 105 0.7 102 0.2
300 101 12 104 0.3 101 0.3

a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 4  Typical chromatograms of 3-NOP in standard and spiked sample solutions
(Arrows indicate the retention time of 3-NOP.)
A: Standard solution (20 pg/mL of 3-NOP (100 ng as injection amount))
B~D: Spiked sample solution (B: formula feed for suckling calves 2, C: formula feed for
dairy cattle and young beef cattle, D: formula feed for young beef cattle and beef cattle 2,
each spiked at 150 mg/kg of 3-NOP (75 ng as injection amount))

4 FEH
2 HELS AR O 3-NOP IZ DWW T, DSMEZE T, LC & AW 72 E &1L O EE T S~ O I
DAFIZDOWTHF L7c & 2 A, A S, MMHERER O GEEZEE T 52 & TLLUTN O RN
Boni.
1) MREHRIT 2~50 pg/mL AHY E (JE AR L LT 10~250 ng #1245 &) O#PH CEBMEEZ R LT-.
B, UHMEBROBREHPIEIX, 3-NOP % 20~500 mg/kg & A3 5 450 FaE & ALVl
B 7= e BRI O IR E RIS S T 5 .
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2) FHBELAFEHZOWT, RIEZH->THLNTZ7 8~ N7 T AIZE, EEZHTHE—27 1R
O LN T,

3) 3-NOP & LT 75, 150 & TN 300 mg/kg & 722 X 5 IZFAB L 7=sEHZ DWW T, RIEIZHE-> TS5 A
DT oM % 0 L, [EIR L OWR UEE 2RO & 25, ZUEMHRTA R4 VICED LR
TZEJE R OMHMTREE O BEEE 272 T RER B [F o .
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Study of Simultaneous Determination Method of Cystine, Lysine, Methionine and Threonine
by Amino Acid Analysis System

FUNAKI Norio*, NOMURA Tetsuya“ and NAKATANI Takumi *

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

We have studied a simultaneous quantitative determination method of the concentration of amino
acids (cystine, lysine, methionine and threonine) in formula feed for pigs using an amino acid
analysis system.

Cystine and methionine in a sample were oxidized to cysteic acid and methionine sulfone,
respectively, with performic acid solution. The Amino acids were then hydrolyzed with
hydrochloric acid. Then, the hydrolyzed solution was dried under reduced pressure, and dissolved
in prepared eluent. The amino acids in the sample solution were quantified using an automated
analysis system with post-column fluorescence detection. The columns used for separation and
ammonia removal were Shim-pack Amino-Na (6.0 mm i.d. x 100 mm, 5 um, Shimadzu Co. Inc.;
Kyoto, Japan) and Shim-pack ISC-30/S0504Na (4.0 mm i.d. x 50 mm, Shimadzu Co. Inc.). The
solutions used for mobile phase were AA-MC (Amino Acid Mobile Phase Kits (Na type), Shimadzu
Co. Inc.) and prepared solution containing trisodium citrate, ethanol and perchloric acid. The
solution used for post-column reaction was AA-RB (Amino Acid Reagent Kits, OPA Reagent,
Shimadzu Co. Inc.).

In this study, a discrepancy between the retention times of the standard solution and the sample
solution was observed. The reason for this was thought to be the presence of residual formic acid
in the final sample solution. This residual formic acid might have resulted from omitting the drying
step of the sample solution after hydrolysis during the study. Therefore, the hydrolyzed sample
solution was dried, and then dissolved in the eluent that corresponded to the initial conditions of the
gradient, and the measurement was performed. Consequently, the retention times were consistent,
and we were able to quantify cystine and methionine. However, the lower limit of quantification
did not reach the target level, and further studied were considered necessary.

Key words: amino acid; cystine; cysteic acid; lysine; methionine; methionine sulfone; threonine;
amino acid analysis system; formula feed for pigs.
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B DITITBREAMIRBAR R AR (FRERALKOCAKIEER) oBERRT 6N, 7T 78 (v
AF v, VPV, AFA=UFRR A=) ORMEPSEESREZ D F72, BEBHOKER DS
3FICREL [HED DOREY AT LK) (2T TWDHEESTICE T DIRENRT AP &
OHIPFIZIANT TH 9, REEAMKIRAE SRR O % KPR #RFI LTV D

BUE, Rt O RATF U, VU, AFA=UEO N LA = OGHHEIC DN TE, A 4 R
BIE Z &, =t Y CRER DRGSR 2 W57 2 Boaetic X2 R rE (BUF
TR ATE] D, ) BEIR TR NS T D, FRFSHTIETIE, A F4=0 K
B CTH Y, BREEAMKIRAE A ATERE & O 7= I3 H 7= e T EOBRE R LETH 5.

B4 FEND SEEITHT TLIFS O DL, WFBAUEALITS Z&ICL0, FREoIEICHE SR
TAFA =V OERMENEML, /ATy, VIOUVERML A= L ORBERNAIETHD
TLEMRLE. L)L, AFA=VHEOE =IOV T, BFEOE—7 L OREENRRTHSTH
Sfe. BAFEEET IV BABMOIEEBEO A — I — BTN, AT A= ORTLELTE & OWIE 5
EEREL, ZOFEZOVWTURAFY, VPV ED LA = ORIFEERENARED E 9 MITHon
TR LIZDOT, TOMELRET S.

BBEILVAT L, VATAVEE (VAT UOBMXBOAEARY) , VY, AFA=r, AT
SUANR Y (AFF = 0K AERY) KO VA= ofERE L Fig. 1 IR LT
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Cystine Cysteic acid
NH, o) O
HO S OH
S OH HO ;k
O NH, NH,

2,2-Diamino-3,3-dithiodipropionic acid

CsH12N204S2  MW: 240.30 CAS No.: 923-32-0

Lysine

NH
HO 2

NH»

2,6-Diaminohexanoic acid
C4H9NO3 MW: 146.19 CAS No.: 70-54-2

Methionine sulfone

NH,

2R
OH O

2-Amino-4-(methanesulfonyl)butanoic acid
CsH11NOsS MW: 181.21 CAS No.: 820-10-0

2-Amino-3-sulfo-propanoic acid
C3H7NOsS MW: 169.16 CAS No.: 498-40-8

Methionine

NH,

OH

2-Amino-4-(methylthio)butyric acid
CsH11NO2S MW: 149.21 CAS No.: 59-51-8

Threonine

OH O

NH,

2-Amino-3-hydroxybutyric acid
CeH14N202 MW:119.12 CAS No.: 80-68-2

Fig. 1 Chemical structures of cysteine, cysteic acid, lysine, methionine,
methionine sulfone and threonine

2 RBRAXK

21 & B

FEEIEHIENENHBE 0.5 mm ORX 27V — U 2485 Lchig T L, 8

7z

7B, BMEHTHWIZEL SO A HI S % Table 1 IZR L7,

ke L
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Table 1  Compositions of the formula feed
Proportion

Formula feed types  Ingredient types %) Ingredients
For piglets Grains 74 Corn, rice
Oil seed meal 20 Rapeseed meal, soybean meal, corn jerm meal
Others 6 Confection, calcium carbonate, animal fat, salt, calcium phosphate,
vegetable oil, feed additives
For fatteing pigs Grains 72 Corn, milo, wheat
Oil seed meal 21 Rapeseed meal, soybean meal, corn jerm meal
Chaff and bran 4 Corn gluten feed, distiller's dried grains with solubles
Others 3 Animal fat, calcium carbonate, salt, confection, vegetable oil,

silicic acid, calcium phosphate, molasses, feed additives

22 # ¥

1) kBT R 7L, BEILKEKRKERT Y ) —/L (99.5) [FRl3RERAE W2, SRR
Rtk (E&ED% 98 %) MW, Z#EEET b U 7 ZTReFk (8 L7 A v AR R)
Rz R (&% 35 %) KOUBRHEFERE (H&0% 60 %) [TRMESHTH (EL7 A1
LAFEHER) 2V, 72—V RO BT Y U A KR T 2 BREH BT
A (BEE7 A v aFfiepiskal) & Ay, Kid Milli-Q Integral 5 (Merck Millipore $) 12Xk
FERLL 72K (JISK 0211 @ 5218 ([ZEF S 72@iK) & Huvi-.

2) KT X EIEAES,

TANTX U, VAF, VATAVEE, VOV, ATFF=2, ATFF=UANKRCKRY

N A= OFFERES T, Table 2 (128 LIZfifG3EE, MEOLOE AW,

Table 2 Amino acid standards used in the present study

Amino acids Manufacturer Purity (%)
L-Aspartic acid FUJIFILM Wako Pure Chemical 99.0
L-Cystine FUJIFILM Wako Pure Chemical 99.4
L-Cysteic acid FUJIFILM Wako Pure Chemical 99.8
L-Lysine monohydrochloride FUJIFILM Wako Pure Chemical 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) 7R BRAEEIRR

L-7 ANTG XU, L-VATA VR, L-AT A=V, LATFTA=ALAR KL L-h A=
UEEMESLAS 50 mg WNT L-U v — AR ELM 625 mg Ao CENEN S mL OEET T
A AR, 6)THBE LR (LT TR AR VWD, ) Z2Mx CTHERAEE L TEN
L, TICHERECTHE A REMZTCTARTIX U@, VATAVEE, VY, AF4=V,
AFHAZ ZNVHR KRR VA= UEREFRR 2R L7 (250K 1 mL 1%, £7 3 /8%
ELTCIOomg =&H) .

T, L-VATF UEAES SO0mg o T SmL D&Y 7 A2 A, 1 mol/L KEE{LT KV
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U AR R N Z TN L, FICERE T 1 mol/L KE(LT b U 7 AR Z N Z Ty AF o fEYE
Rz L (Zo@ 1mL i, YAF L LTlomg 2&H) .
4) T ANT X UFEEEER

ERNCBER LT, 7 AR X UBIERERIK 2T A I CEMICAINL, | mL PICE7 I 8

ELTO0Spg 2Bl THT AT X FRIEvER 2 R L7,
5) TR BRIRGIENER

VATAVEE, VUV, ATFTA=UANNE LN A= ORI 1 mL % 100 mL O
BET7 T AACERIIANTESG L, BIERE THE A KEZMATT I BIEASIEERK
ZHBL (ZoW1ImL i, £7I/8BELTI00pug 25H) .

ERIICEE LT, 7V BRIEAEERRZ 0 A I CIEMICHRL, 1 mL FIC&ET7 I /e
LTO05, 1, 2, 4, 6, SN 10ug2EHT 27 2 /BBIRGERER (LIT EER) Lvn). )
it L O

6) EER{LIKFEIK — FERIAIK

WEE{E/AKFE AR 10 mLIZFEE 90 mL & /i %, #4e L T30 0 MErE L=%, 300M&aT (0~4°C)

WCEE LTI L7, S%EWIIERATCTRE L, WA TIREBO ooz 2.
7 WEER K R A RSB T LT R BT O UG

TR BBABSHIEE CTHOCDRBERITT X BEEMEY v b Na B AAMC (5 ERERT
B, LT TAAMC) &9, ) ROFAR A RE AW, AR ARKIE, 7=0B=7h) DA
TKFI#) 5.0 g, 60 %iEHEFEEE 4 mL K N=F J — L 17.5 mL % /K 400 mL (Z¥&7/ L, 500 mL 4
BT AL TKTER L THE L., BOUNKIZT X /o> b OPA i3 AA-RB
(OPA (AN RZ7H AT IT R R) EH, —k7 I 7 HKERIGLEAEEZRT D55 8K % £k
SELUNK, HERERTR) 2 Wi, BREHR OALEIZ DWW T Table 3 12, BRI DOHRLAL
IZ2OWTIE Table 4 ICFNLEFNR LT

Table 3  Compositions of the mobile phase

Mobile phase name Substance name Prog)zr)tlon
AA-MC Ultrapure water > 99
Sodium hydroxide <1
Prepared A-solution Ultrapure water >901.5
Trisodium citrate dihydrate <4
Ethanol <3

Perchloric acid (60 %) <15
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Table 4  Compositions of the reaction reagent

React::)anmrsagent Substance name Pro(p;zr)tlon
AA-RB AA-RA* > 08
Methanol <2
N -Acethyl-L-cysteine <0.1
0 -Phthalaldehyde <0.1
*AA-RA Ultrapure water > 93
Sodium hydroxide <4
Potadium sulfoxide <2
Boric acid <15

23 HEERUEGE
1) F#ei% : ZM 200 Retsch e (HB#E 0.5 mm 227 U —, fifi EEEI#HE2 14000 rpm)
2) HEFMETCE o W212 REE TR
3) S=A_"Fa2—ALF=2—7  RT-20 (FE20mL) 7 AU Ml
4 b—hr7BvZ RKIA4 70y 7 /XA THB-2 7 AUl
5) EXAMF =—7 :DigiTUBE® 50mL A&Y7mE L AnalytiChem Canada
6) A7 77 4% — : Millex-LH (fL£¢ 0.45 pm, E£ 25 mm, #HAKM PTFE) Merck
Millipore %4
7y TR BEEBVIHTEEE - Nexera  HiEHIERTRY
2.4 EEFE
1) ¥Rk
SHTREIO —ERE (HEABREE LT Smg fHYE) % 0.0l mg DHTETERSTI="F=a
—AF 2 —TIZAL, WEEKFEK - FEEEEIK 2 mL 2Nz 72, T BERARICEVIRE
%, B<HEEZLTHAT (0~4 °C) IZ—HFFE Lo, ZHICHAEERT FY 7 A 034 g 27K 2.5
mLIZEfE L7 D& KA LN b, 5 oHRIEYIRET.
2)  HEERANIK 5y fiE
HDI=NFa—ALF 2—712 35 %EEE 2.5 mL 21z, KB LN LKA 7 ThK %
ITol%ER L, 120°C Db — 7 1 v 7 fC 24 BRI L CTHOME L= L. ik
ZS0mL ERHT = — 71 A, REHERNB A > TV =" Fa—AF 2 —T%/K20mL T
Wik L, WiRELOERMFT 2 —7IC AN, BICERETKEMZ, A (5F A) TAIEL
7. ZOAK2mL % S50mL DR T 7 7 A T IEMIZAIL, 50°C OKE THIERME#, 50°C
DKW T CERT Ao Tl Lz, R AWK 4 mL %2 EFEICIIZ CREMER» LT,
AT T T ANE—=TAIBL, 7 VBEOITEEICLZAEICHT 25 BARKRE L.
3) T UBHEOEEICLDAE
BN R OV T 2 BRI 2 ul 27 2 VBEHEIOITEBICEALZ n~ N7 T Lk
P37z, WESA:% Table 5 1R L7z,
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Table 5  Operating conditions of amino acid analysis system

Detector Fluorescent detector
(Excitation wavelength: 345 nm, fluorescent wavelength: 455 nm)

Separation column Shim-pack Amino-Na (6.0 mm i.d. x 100 mm, 5 pm), Shimadzu

Ammonia removal column  Shim-pack 1SC-30/S0504Na (4.0 mm i.d. x 50 mm), Shimadzu

Mobile phase Prepared A-solution — (hold for 5 min) —AA-MC — (hold for 7 min)
— prepared A-solution — (hold for 10 min)

Flow rate Mobile phase: 0.6 mL/min, reagent: 0.2 mL/min

Column temperature 60 °C

4) #t H

Bohlzsa~ NI 0L — 7 HEERD TREREZERL, REFOET I BE
HHLE., RIETIE, YAFUROAT A= 32N ENEBEFICC AT A VIR ONA T 4=
VANKRUNCEBREND DV AT A VR OATF A= AVKF L LTERL, EREN
0.7103, 08234 #/R L TL AF U M NAF A= BB L=,

ek, EEIEOME%L Scheme 1 [Z/RL7T-.

Sample (Equivalent to 5 mg of crude protein, 20 mL hydrolysis tube)

——added 2 mL of hydrogen peroxide-formic acid (1:9), plugged 20 mL hydrolysis tube

——stirred by using ultrasonic generator and left overnight (0~4 °C) in refrigator

——while cooling on ice, added 0.34 g of sodium disulfite dissolved in 2.5 mL of water, and stirred for 5 min

——added 2.5 mL of 35 % hydrochloric acid, while cooling on ice and degassing by water flow pump, and plugged
air-tightly

——heated for 24 hours in drying incubator (120 °C)

50 mL volumetric tube

——transferred sample solution to 50 mL volumetric tube after cooling

——washed the 20 mL hydrolysis tube with 20 mL of water and transferred the solution to 50 mL volumetric tube

—filled up with water

— filtrated through a filter paper (No.5A of JIS P 3801)

50 mL evaporator flask

——transferred 2 mL of sample solution to 50 mL evaporator flask

——evaporated to dryness under 50 °C

——dried using nitrogen gas in water bath (50 °C)

——dissolved in 4 mL of prepared A-solution (mobile phase with initial conditions)

—filtrated through a membrane filter (PTFE 0.45 pm)

Amino acid analysis system

Scheme 1 Analytical procedure for amino acid analysis system

3 BERRUEBR
3.1 SHTEDZET K
THO OB LT FIEPOUTORZET L.
) EHOEORMETI VBABMOHEBEDO A —D—0NERRD 2 b, WESREEBRGTL,
Table 5 [Z/R L7CESM L Uiz, MBS CEBERZE LIHERILFig2 D) THY,
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Fig. 2  Typical chromatogram of amino acids in standard solutions
(Conditions of amino acid analysis system are shown in Table 5.  Arrows indicate the peak
of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine and so forth.)

2) FARIEAGREE OELE A2, RILEORSEE 200 mL O Z 2 amnhb 20 mL @ I =8
Fa—LTFa—TWZEEL, I CREHEREROHEBEZ LT L.

3) WFMBERICIHEIMIN T @B N U Ao T, RO EITEIBOEEN &
STl END, KIZEMLIZbOERMTHZ & & Lz,

4) HBIIHEMERTWiET o ) =W Fa s v OSIFCLEZRLOTH Y, KETIREML
W kLT

5) KRR ORLEIZZ < ORI 2B L7 Z Lo h, SHEEORF TIE4Y), @I &3 I0m
AfEEDT.

6) TR /EREEBIOITEEASOFEARITZIOUL THoN, 2uL FTHRO T ETAT A= R
NEyDE—7 L, BEHKOTART X UBEZSZONTEY— 7 20l CX=2 b,
ARIETIE 20l & L7z, B, YEPELY—27122o0 T, &0 T A7 X U RIERER % H
WCEMMERZIT 72, ZORSE, Fig.3 DLBV ATFF=V ANKR L ORICHEES - —
71X, TART X UBIEHREROE — 7 LRFRFENFE CThoTole®d, TARTIXFUBTHD
EEZ LN,
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Fig. 3  Typical chromatograms of amino acid in samples and standard solution of aspartic acid
(Conditions of automated amino acid analysis system are shown in Table 5. Arrows indicate the
peak of 1: cysteic acid, 2: aspartic acid, 3: methionine sulfone, 4: threonine and 5: lysine and so
forth. The baselines are shifted for display.)
A: Sample solution of formula feed of piglets
B: Sample solution of formula feed of fattening pigs
C: Standard solution of aspartic acid (0.5 pg/mL)

3.2 PREFIFMHICEE 2 KITTWHE ORRE

30 #EHE L7 ETHONEITo7 & 2 A, R & BRI ORFFIRFRE 28 — 8 L 72 WBLGE A3 L
B, &I T, FERERO A RIEE L O &R ORI %, 7 = VEBBEER ) G A K
WCER LN ES AR, BT LIZE A, pH ORETITIARL, REREHEE~D
XOREORBER GO, LHOORE O DTIIIKSMEZIZEE L T2, 3.1 O 40
LBVGEEZER LI ENEDOEREEZ LN,

Z 2T, MK RS ORENRIE 2 i8] ST Bl AR CIRfEL7=& 25, Fig. 4D EBY,
FEYENE L SEHATR ORI A — & Lz, LA =120 TiE, RIS & L2 b
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Fig. 4 Chromatograms of standard solution and sample solutions prepared
by drying formic acid with nitrogen
(Conditions of automated amino acid analyzer are shown in Table 5. Arrows indicate the
peak of 1: cysteic acid, 2: methionine sulfone and 3: threonine. The baselines are shifted
for display.)
A: Sample solution of formula feed of growing pigs
B: Sample solution of formula feed of pork pigs
C: Standard solution (2 png/mL)
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Validation Study of Glyphosate Determination Method in Grains and Grass Hay by LC-MS/MS
at Concentration Equivalent to the Revised Regulation Value

TAKAHASHI Yuichi®
(" Nagoya Regional Center, Food and Agricultural Materials Inspection Center)

We have made a validation study of glyphosate determination method in grains and grass hay at
concentration equivalent to the revised regulation value. The method, which uses a liquid-
chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS), has been
listed in the Feed Analysis Standard of Japan.

Glyphosate in grains and grass hay was extracted with water, and the extracted solution was purified
with two types of solid phase extraction (SPE) columns (Oasis HLB and Oasis Plus MCX, Waters
Co.; Milford, MA, USA). Having derivatized the compound with trimethyl orthoacetate, the
sample solution was purified with two types of SPE columns (Sep-Pak Plus NH2 and Silica, Waters
Co.), and injected into an LC-MS/MS to determine the concentration of Glyphosate. LC separation
was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5
pm, Agilent Technologies Inc.; Santa Clara, CA, USA) with a gradient of 0.01 % (v/v) formic acid
solution and acetonitrile as a mobile phase. In the MS/MS analysis, the positive mode electrospray
ionization (ESI+) was used.

Recovery tests were conducted on oats, barley, wheat, corn, milo, rye and klein grass hay.
Glyphosate was added at the following levels: 30 mg/kg for oats, barley, wheat, milo and rye; 5
mg/kg for corn; and 500 mg/kg for klein grass hay. The resulting mean recoveries ranged from
77.5 % t0 98.2 %. The repeatability in the form of the relative standard deviation (RSD,) was less
than 6.0 %.

This method was thus validated as useful for inspections of glyphosate in grains and grass hay.

Key words: glyphosate; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); grains; oats; barley; wheat; corn; milo; rye; klein grass hay
¥—U—F: UK — b ks~ 7T 7807 DG RGHE, =L bR AT
L—AF il B, 2 AE, KE,NE EH5BAZL ;,~vAMm1;, TA4E;, 7L

AT T ANA

1 # £}
277U A% — X Monsanto Company (CKI[E) A3BRFE L 72 IFRIRMEXBEWLHAL O T I/ Fg R BRE A
ThV, WMHENOFEEBRET I /JBOAEKRERET L LI VRESRZRT. £, 7 UFRY
— MPEBEE RSP CTIEIN-TETF A7 DAY — NI Ehbs Z ERnmbinTnsg b, &
BT VARV — FO#EREL Fig. 1 IR L7z,
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BS54 A 28 HfHFTZ U ARY— FOREH OB EER DOLENR DY, 2 AE, REK
P~ A 2L 20 mgkg 205, /MEIT Smgkg 26, 74 EIT02mgkg 2BV 30 mgkg 12, &
IHAZ LIE 1 mgkg 705 5 mg/kg 12, BEIX 120 mg/kg 75 500 mg/kg (251X EiIF oz, L
L, Zanfdgtfo 7 ARy — o %ﬁ/ffﬂﬂzﬂié%wt%ﬁ1 FEY PR D Z BT R S LTV
W END, ZYMEHRENBBEICR > TND.

FARE AT HAE NZIT R O 7 Y R — F ootk LTIk v~ N7 T 7 &2 T MRVE &Sy
Hrat (BLF TLC-MS/MS] &9, ) ZHWEHENMGEIN TS, BETHDL, ZAE, KE,
IR, LOBATL, v A uKONT A RERMNGE LTEFIEE, U7 2 BEREKO LS R R
SIHTED, EEZXG L LIz HikE, 7V A — NERGOSIIERD H. W OEWITE Y I’
R B OMEROMIRERICH L. AIE TR Z 2.5 FHRL THo 0 7 DA ZIT 5 2, #%
BT E O RMED L 5 A RET D720 2 500 (AR (M2 1250 f5488) LTnbh
T LB AEITS Y. FTo, WF LD Fig. 2 1T B0, BiEE AL MEEEE Y AT L& % TN
BT A2FEMMEEIT). ZRICEV 7R — D2 ODOKBER NI NVRF L IVEN A F L E
n, A EBRTEFUEENS.

Alal, BHAKERSOBEFFICL D, LC-MS/MS & W8 R O HE T O 7 U R4 — h Dk
IEREEMAR S IR IR T A R SR EZEM L0 T, TOMELHRETSH. 2k, LH2bAZL
Komfﬁ,ﬁ%%?%éNjﬁ%»&)f%~%%ﬁﬁ@ﬁ%&éhkm N-7®F N7 VKR

= FZOWVWTIFBEARD N ZHERERINATNDZ D, VAR — MOKhZ YR
%M LT,
Glyphosate

N-(phosphonomethyl)glycine
C3HsNOsP  MW: 169.07 CAS No.: 1071-83-6
Fig. 1 Chemical structure of glyphosate

o)
o} 0
|| H\)k CH3COOH + CHyC(OCHa)s ”
P N -
Ho™ |\/ OH 100 °C, 2h \ e |\/ /
o}
/
Glyphosate Glyphosate derivative

CsH1sNOsP  MW: 253.19
Fig. 2 Derivatization reaction of glyphosate
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2 EBRAE
21 & B
AN, RFE, INE, L9bAHZL, w18, FAEZRONI v AV T TANAITZENENEMN
E1mm DAY U — &AL T L, o Atk e Lz,
22 A 3K
) AZ =, Tk ROFERgTF VTR EE - PCB RBRM &2 MWz, AV MEERE ~ U A
FOTHFAbER TR (M 98.0%LL 1) Z Wz, BERIT ks vz, 7' ="K
N ROFEIT LC-MS I (817 A4 Vv AFOHiSER) 2 7z, /KiT Milli-Q Advantage (Merck
Millipore H) |2 X 0 KB L 7288tk (JISK 0211 @ 5218 ICEF S BHiAK) Z Az,
2) 7' VAR — MEHEFIR
U ARY— MEES (L7 A VAR MEER, ML 99.0%) 25mg #& > T 25mL D4 &=
7T AN, KEMATHENL, BICERETKEMZ T U R — MEBEFIKRZ AL
72 (ZoOW1ImLiE, ZUFRY—HrELTIimgZEH) .
3) FREMRIERA 7 ) RV — MMEAERK
7V ARY— MEHEFRK 1 mL % 10 mL D287 7 2 22 AN, ERE TKREMNZ TRERE
AEEE AR L2 (Zo ImLiE, ZVFRS—FrELTI00pg 254) .
4) ZAE, KE, A48 KkOT A ZRMAEER
7 U ARY— MEREFREO—HZ K CEMRICHARL, 1 mLHIZZ7 VAR —FELT300 ug &
BHETDANE, KRE, ~A 0 KkOT A ZIRIMNAEERZ R L 7=
5) &9 6 AT LIS
7V R — MEEFIRO—FHAZ K TERICHRL, ImLPIZZ7 VR —rE L T50ugaa
BT25E9 A2 LIINAEARERZFHR L=
6) 7 LA LT T ANA U FREHER
7 U ARY— MEES (BT A4 v AR MEER, M 99.0 %) 100 mg Z &> T 20 mL D4
77 Z2alZ A, KEMATHENL, BITERETKEMZ T LA V7T ZAA RN
Y2 L7z (o 1mLix, ZUAYP—hELTSmgz2aH) .
7y NEURIN AR MR
T AT T ANSNARIMMAIEER DO —EH %2, WE DL OOWMEITENA Z J ——IK (19+1)
TIEMEICAIRL, 1 mL P77 Y AY—hELT300 pg #EA T 5/ 0NERMNAEAERZFHEL L
7.
8) 0.01 % (v/v) FFEEVAIR
FEL 1 mLIZ/KEZMZTI00mL &L, BIZZOWK I0mL IZ/KEZMZTIL & L7
2.3 IEE KOG
1) W
M1 (2 AE, KE, INE, L2bAZL, ~1rEKOTAEM)
ZM 200 Retsch # (1 mm A2 U —>, fi HEEREHEEEL 14000 rpm)
W% 2 (7 v A 7T A~A )
SM 100 Retsch & (1 mm 2727 U —>, [Al#$ (fE4£) 1430 rpm)
2) IEVIREHE: Ly 7 ey 2—F—SR2DW HF A7 v 78 (ff HEFREI$K 300 rpm)
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3) VE=ARVEY-N-E=r ) FUOKESGEKI =T A Oasis HLB I— RV v ¥ (%K
TAKIE 500 mg) Waters #IZ Y F—"— (F&E 6mL) ZHfEL7ZHD

4) ANKRUBEHYE= AP —N-E=L ol RUoEEAKI =5 F L : Oasis Plus
MCX Z1— RV v (FETAAIE 225 mg)  Waters

5 7/ 7ae by BV =T A Sep-Pak Plus NH2 77— kU v ¥ (FETAA
& 360 mg) Waters B2V F—— (FE10mL) ZHERELZH O

6) v UHBZT NI =717 L :Sep-Pak Plus Silica 71— KU v (FETAKI&E 690 mg)  Waters H

7) LC-MS/MS :
LC B : ACQUITY UPLC System Waters 4
MS/MS # : ACQUITY TQ Detector Waters H4

2.4 ERGIE

RNE, RE, INE, E5bAHZL, vABKROT A RITER IS 6 =5 3 & 5 12E0

BELTZ. £, 72 bA 7T ANA GBI SEHESS 6 FEEE 1 i 73.2 ISTEWVERIE L 7.
ERIEOEH % Scheme 1 12, LC-MS/MS OllE e % Table 1 L8 2 (2R L7z,
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Sample 10 g (300 mL Erlenmeyer flask)

——added 200 mL of water

——shook for 30 min

——centrifuged at 1500xg for 10 min

——transferred 4 mL of supernatant to 10 mL volumetric flask

——filled up to 10 mL with water

—— diluted sample solution of grass hay 500-fold with water

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

50 mL eggplant flask
9ep i . Standard solution
——applied 1 mL of sample solution
——eluted with 18 mL of water ——1 mL of mixed standard solution
——transferred to 200 mL eggplant flask ——transferred to 200 mL eggplant flask
Derivatization

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

——cooled to room temperature

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

——added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH2-Sep-Pak Plus Silica joint cartridge added 10 mL of 0.01 % (v/v) formic
(attached Sep-Pak Plus Silica under Sep-Pak Plus NH2) ’7acid solution

——washed with 10 mL of ethyl acetate 10 pg/mL of standard solution

——applied 2 mL of sample solution

——washed with 18 mL of ethyl acetate

50 mL eggplant flask

——eluted with 10 mL of acetone

——removed Sep-Pak Plus NH2

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

Scheme 1 Analytical procedure for glyphosate
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Table 1  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature
lonization

Mode

Source temperature
Desolvation gas
Cone gas

Capillary voltage
Collision gas

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

0.2 mL/min

40 °C

Electrospray ionization (ESI)

Positive

120 °C

N (800 L/h, 400 °C)

N, (50 L/h)

3.0 kv

Ar (0.20 mL/min)

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier voltage energy
(m/z) (m/z) (m/z) (eV) (eV)
L 102 - 22 17
Glyphosate derivative 254
- 152 22 17

PRI EEN

22D 47D T ) Y — MEAER 2 FIN VT

ZNFE, KE, WNE, ~AKROBTAFIZT VAV —KELT 30 mgkg FIYE (FKREHA
WP Tr7 VAR — K& LT300 ng/mLFHYE) , £956AZLIZZ YRS —FE LTS mgkgtH
Ui (BEREHRET T/ ) A — & LT 50 ng/mL FYNE) , 7L AT T AN YUK
P— k& LT500mgkg tHY & (REREHART T VAR —FELTIl0ngmLMHYE) (275

Iolkzhetns U Ay— MERERZHNE L CIEAL, —&HE L7RIZ 24 (208> THRMNE

WCRABR 2 520 L, P RIER KON LRSS 2 5K D 7z

3.1 HRINENEER
2.5 12 &0 BOMIENEER 2 2k L 7e.

3 WMRRUEE

1£9.5%LLF, 5mg/kg TIX12.5%LLF) 2T kETH 7.
B, Sonl@ERNSmE 7 v~ N7 A0 —fF% Fig. 3 12~ LT,

FMETLFAER D5 FL1L Table 3 LBV, FEHEILHR T
77.5~98.2 %, % O USEEIZHIHERERZE (RSDy) & LT 6.0 %L FORMENSE L, Fk
AL ERIR 2 OFBRIE DO U MWHER T A R4 (LLF T4 MHRTA RTA4 ) Lo, )
\ZED LTz BAEE (B 0 70 %LL 1 120 %LA T, FEEE @ 500 mg/kg TIE 6.2 %LL T, 30 mg/kg T
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Table 3  Recoveries for glyphosate in feeds
Spiked Oats Barley Wheat Corn
level  Recovery? RSD,” Recovery® RSD” Recovery? RSD,” Recovery? RSD,”
(mokg) (%) (%) (%) (%) (%) (%) (%) (%)
5 - — 81.3 3.0
30 94.8 2.0 90.8 16 98.2 0.6
500 —
Spiked Milo Rye Grass hay
level  Recovery? RSD” Recovery? RSD,” Recovery? RSD,”
(mokg) (%) (%) (%) (%) (%) (%)
5 —
30 85.6 1.7 77.5 4.7 — —
500 - — 91.5 6.0
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability
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A 800000 - ¢ B 800000 - ¢ C 800000 - ¢
] ] ]
‘E 600000 - ‘E 600000 - ‘E 600000 -
> > >
E £ £
& 400000 - & 400000 - & 400000 -
iy iy iy
£ £ £
€ 200000 - € 200000 - € 200000 -
< < <
O T T T 1 O T T T 1 O T T T 1
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
Retention time/min Retention time/min Retention time/min
D 800000 - E 800000 - F 800000 -
8 v 2 L v
S 600000 - S 600000 - S 600000 -
g = g
(T
% 400000 - 5400000 . ¢ %400000 .
g a £
I3 200000 - %J 200000 - I3 200000 -
C = c
O T T T 1 O T AI T 1 O T T T 1
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
Retention time/min Retention time/min Retention time/min
G 800000 - H 800000 -
2 ¢ 2
‘c 600000 - ‘c 600000 -
) )
g g
S 400000 - S 400000 -
ek ek
= E=
£ 200000 - £ 200000 - v
= =
0 T T T 1 0 T J\I T 1
5 6 7 8 9 5 6 7 8 9
Retention time/min Retention time/min

Fig. 3  Typical selected reaction monitoring chromatograms of glyphosate derivative
in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of glyphosate
derivative.)

A: Standard solution (300 ng/mL: 1.5 ng as injection amount)
B: Spiked sample solution of oats (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
C: Spiked sample solution of barley (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
D: Spiked sample solution of wheat (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
E: Spiked sample solution of corn (spiked at 5 mg/kg of glyphosate (0.25 ng as injection amount))
F: Spiked sample solution of milo (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
G: Spiked sample solution of rye (spiked at 30 mg/kg of glyphosate (1.5 ng as injection amount))
H: Spiked sample solution of klein grass hay (spiked at 500 mg/kg of glyphosate (0.05 ng as

injection amount))
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2 #HEHHORAE
A BB - - WA E A R R
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¥ Btk (k) OO oW T, &6 FEEIXER L TV

3 HaEdoRRE
3.1 FHHR4EHH
SR64E6 13 HKV6H 14 H
3.2 i
MSTATBOE N BMOKEETE B 2 il o & — IR R A
3.3 WA
1) A#E
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W, LR ORIEIC &0 k2 R L7z,
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9 3 2 2 4 5 9
—— 8 6 3 5 8 3 8
1 4 1 9 2 4 6
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2) C Rk
BRI ORMEW bR Li-th, REIZSCTHEL, £ 2R L7 10 MEOFE (R
1 70kg) Z[FAERDIEEHEG TREGOELFABZ MV, AGE LRI 14847208 180g A
0 OFE 310 [HA TR L 7.

£2 CHHOEHRUZDESESE

HAES BAEG

s (=) = (=) (=)
BB 4 (%) JOBE 4 (%)
EH9vAZ L 22 ST F 11
K& 22 TILT LT 7 I — )b 3
e lo il g 11 ok 3
K4 11 R 3
a— I NT =) 11 VAN 5 DRV RVAVN 3

3) D&
RN 7 LI v 7 X80 kg 2z VY, AGENEAARIC 1884720 ) 180 g AV DK 310 fii &
L7 (RBICHOWTIER 1 ORAXEE IV-VII O 4 F#EVIRLE.).

4 HWMETEBRUVEREME
4.1 spMr#EEEAE

AFREE e - - KRSy, M ABHE, HIENS, MHE, MK, Ao s, VURBERCY T
NP

CREl -« - SEHUREEI OB R OV OIRAEI G OHEE

DL« - i, WSRO = UBET TV

4.2 FEHEETH
[5F0 6 AR SRS O @R T K 2 AT E E 2 H ) (60 ~—3) 12X 5.

5 HBEHAMOHEMHER
A BB I A B E L OHIK 5y, D BB CIIs & O digh 2 5347 L, Thompson © @ harmonized
protocol MIZHED &, KB OB EMA MR LT,
T B DTHRE I ST 10 WTH 2 mfHT O LIERRE £ 312, £, TOMRITHES
B D BT R K 4 IR LTz,
WFROREHZ BN TS, ikt Fold F BEREZ TEY, AEAME 5 %20 TRBHHICAE
RAETRO bNT, WEOWEMIZREIT 22 &Ik Lz,
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6.1

6.2

&3 ARUDRAHMOLHFHER

AGUEE Dk}
% HEAAH HLR Sy i 47
£t (%) (g/kg) (g/kg)
No. runl run2 runl run2 runl run2 runl run2
1 12.54 12.65 3.71 3.72 28.32 28.43 34.74 34.51
2 12.65 12.61 3.70 3.71 28.57 29.04 34.95 35.57
3 12.59 12.52 3.75 3.66 28.39 28.60 34.46 34.88
4 12.79 12.62 3.69 3.70 28.65 28.29 35.07 34.44
5 12.83 12.73 3.73 3.73 28.98 28.74 34.82 35.19
6 12.85 12.88 3.70 3.68 28.46 27.79 35.01 35.00
7 12.54 12.81 3.73 3.72 28.13 28.53 35.39 35.70
8 12.74 12.79 3.75 3.65 28.44 28.92 35.39 35.44
9 12.81 12.58 3.74 3.71 29.10 28.91 34.70 35.59
10 12.63 12.62 3.72 3.75 28.98 28.52 34.55 34.37
x4 ARUDHHOIHOMER
s = WAFTM BHE Mo ol F 45 Sl
S ® V=S/p Fq=VaNg F(a=0.05)
AOkB A 0.1546 9 0.0172 1.85 3.02
Ml BE oA E 0.0926 10 0.0093
At b FH T 0.2472 19
A 0.0044 9 0.0005 0.48 3.02
MK 4 E 0.0104 10 0.0010
T 0.0148 19
A 1.3560 9 0.1507 1.94 3.02
& E 0.7753 10 0.0775
Datf T 2.1313 19
A 2.3180 9 0.2576 2.50 3.02
[ 1A E 1.0319 10 0.1032
T 3.3499 19
6 SMERRE
w206
56 fkHE R BR 137
FRBHR N S S 4 B AR - 12
EFH o AT R BE % -+ 17
FRP B A PR BB -+~ 40
B2 Nk =
A E}--204
C #UB---109

D #kt---81
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7 DWBRERVERERLE UVICETERE
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£6 ARHOMBITRKER

gy Koy M- ABE FHLNE N HH A FHLIK 5y
(%) (%) (%) (%) (%)
F— 2K 197 190 162 112 189
L g il 12.35 12.67 2.84 3.84 3.74
R 5 S 2 11.66 12.20 2.37 2.63 3.63
|- PR R 13.04 13.14 3.30 5.05 3.85
P 12.35 12.67 2.84 3.84 3.74
) 1 Y {5 0.24 0.15 0.15 0.41 0.04
EERE (%) 1.9 1.2 5.4 10.8 1.1
95 %15 fH X [H] 12.32~12.38 12.65~12.69 2.82~2.87 3.76~3.91 3.73~3.74
X 4y IV T I VS MN & B HTIE) 5 MN (ko A7 H i) 4
(%) (%) (g(uAi) - >) (g(iA)/ & >)
F— 2 121 128 23 40
1 il 0.220 0.555 32.0 28.9
G Y 0.171 0.514 25.8 26.8
PR A 0.269 0.595 38.2 31.0
Sl 0.219 0.554 32.2 28.9
2@@@% 0.019 0.014 1.9 0.7
EEMRE (%) 8.5 2.6 5.8 2.3
95 %IEHEIX M 0.215~0.222 0.551~0.557 31.4~32.9 28.7~29.1

H 1 X1 OFEIEHRE SN A OREB LIEERTHY, Ky 2 1K 1 CRIELE
z-A 27 ORRHED 3 LA EOBRFE AR L TR LIZHERTH 5.
2 -AaT OHRHEN 3 OERMETH 5.
3 MN (FBEOHE) 1, EX T M v AOREEEER RN Z7Te—A Y2y
VIEEER LR THD.
4 MN (fEEFoyHriyE) 13, Tx v T N Y ADHK s v~ 7T 7 k2SR LI
RTHD.
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=7 DHMOENER
X 4y S| ik} g URET VTV
(g/kg) (g/kg) (g/kg)
F— 2 65 65 47
L i 28.50 35.32 23.8
PR B S T2 26.25 31.87 21.2
PR EESE 30.75 38.77 26.4
155 4 28.48 35.17 23.8
2@@@% 0.82 1.29 0.9
LRI (%) 2.9 3.7 3.9
95 %S FX[H]  28.28~28.68 34.84~35.50 23.5~24.1

H 1 X491 0OBEZHRESIN-OENSEHRLEERETHY,
21XX4y 1 TR L7z -2 a7 OfaHMED 3 UL LD R EME A2 BRI L

TEH LR THS.

2 z-A AT OFEXHEDN 3 DFEFETH 5.

X

=8 RBALEEHOEBEERE
" iz ke ﬁiﬁiﬁ QI
o %) SEE pgE g = AR (%)
==N B S =:N Gl

EO9BAHAT L 22 89 20 0 109 0 100
K& 22 60 27 5 92 17 84
Ak eI VNN 11 3 78 24 105 4 96
Kl 4 11 33 17 51 58 47
a— T I — )L 11 49 57 2 108 1 99
5T F 11 14 63 15 92 17 84
TIT 7T 72— )b 3 3 36 46 85 24 78
=8 ) 3 0 7 53 60 49 55
A 3 0 0 102 102 7 94
D AR VY T A 3 0 0 92 92 17 84

H 1 LR OHE S NDIE
2 M LEEOHE SN DR
3 M L7EREIORE S DR

&%
&%
ok

1528 15% L EEwEINZE 0.
1473 5 %L1 E~15 %R & MG Sz 0.
1525 1 %LL E~5 %R & a7z b .
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&9 BELEEHUSMNIBRHEBSESA-LD

*ﬁmg*}% %77%211 %Ez ,}\%&3 g
PNIERi b/ 1 29 14 44
INZE 12 16 1 29
REE T V7 A 0 1 15 16
ok 1 4 10 15
v— k5L 0 5 7 12
E K 0 4 6 10
FEI—L 0 1 8 9
=g 0 0 8 8
<~ A" 0 3 4 7
IR 3% 0 1 6 7
F A7 0 3 2 5
=iV 0 3 2 5
DDGS 0 2 1 3
TAE 2 0 1 3
a— I NT 7 40— K 0 1 2 3
i I AT 0 0 3 3
ZhFE 0 2 1 3
L Lilad 0 0 2 2
TT7 T U —lNT 0 1 1 2
HEICHMNT 0 2 0 2
INA T TInT 0 0 1 1
APV —=r T XLy R 0 1 0 1
E— g 0 1 0 1
INF 0 0 1 1
W1 Bl LB OHE SN DIRAEIGN 15 %L Ee@EINTZH D.
2 M LRI OHEE SNV HIREEIG A 5 %Ll E~15 %A & s Sz b .
3 B L72JRROHEE SNV DIRAEIEG D 1 %L E~5 %k & #E SNz bo.

8 &

HORRITHER R U E G

LR, iR o as R ClE, a7 —2 Tr N2 MEIZEKSL 22237 2R,
Z OMEXMEN 3 UL O a2 RE M E L THRAL, FHE, EEFEEROCEIREZ RO, 72
B, gHEZLITRLTWD 222 a7 Offfans 3 LLEDBIZ W T, EofrHEAOET —F2 0O
fEFTINDHEH LT TH 2.
8.1 ARUE (WHFIEEHBELE SR OB R

1 XK 7

SIHHEIX 197 o RERH Y,

ThHoT-.

D Z RV E]

2NA MEIZED 22237 OfsHED 3 LLED S O1X 14 14
$1235%T, ZD95%EEXMIT 12.32~12.38% CThH > 7-.

SPTERMOENTRERIE, BLTo LB ThHolz.

SRR AT e DT,

194 1 (9B z-Aa 7 OHHEN 3 LLEOL DX 14 1) O®ENH

0, FOEHME, FEYERZEL OEZEREBITENEI 12.35%, 023 %KL TN 1.9% ThH-7=.
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ZOMDFETIEIMH (DD -2 a7 OffxHE 3L LD DIL 0 ) OWMENH 7=
2) M7-ABHE

SR 190 RO ERH Y, B NR MEIZK D 2222 7 OffkHEN 3 LLED S o1E 17 14
Tholz. D ERVIZEHMIZ12.67%T, 20 95%(FHHEXMIX 12.65~12.69 % T - 7-.

SYBMTIEBI DRI RE I, LT B0 ThHh-o7z

fi BF oy AT BEYE - BRIEBAEEIR R IIE T, 51 (D bz-A a7 O#xHEA 3 2L LD & 1% 044)
DW|ERDH Y, ZOFEHE, EERZEKONEBREITENEN 12.60 %, 0.01 %% T 0.1 % Th
o7,

BB M L HE - AR U BRTRIRRIIE T, 23 1 (9B z-A a7 Ot E»s 3 Lo b oik 3
fF) OWERDH Y, TONEE, EHERZEKOZIREIIZNEN 12.59 %, 0.17 %K% 1.4 %
ThHoi-.

FAUBF AT ELVE « BREETETIE, 1331 (9B z-2 a7 OMaHEN 3 LLED S DIX 7 1) D
WY, ZTOVHE, EHERER CEEBREILENEI 12.70 %, 0.13 %X 1.0% TH-7-.

H BT L D HETIE, 280 (Db -2 7 ORSHEN 3L EO S DI 7)) OMEMN
BV, TOVEE, EAERELOEEIREIEZNZI 1261 %, 018 %K%K 1.4 % Th o7z,

ZOMDFETIE L (OB -2 a7 OEHED 3L LD DIX0) OMENH 7.

3) HIEN;

WX 162 HEFOWMENRH Y, B NA MEIZK D -2 a7 ORERHEN 3 LLED S 01X 10 14
Tholz. TNHEBRWIZEHEIL 2.84%T, 20 95 %EHEXMIX 2.82~2.87 % TH - 7-.

IHEMNOBATRERIL, LTD LB Tholz.

AN RHETIE, 911 (D B z-AaT7 OMHEN 3L EDO L DIX 9 ) oWENRH Y, *
DEIfE, FEHERZE L OCEBREITZEN 1 2.89 %, 0.16 %K N55% Th o7z,

HEVS IR K 2 FIETIE, 691F (9B z-2 a7 O#HEN 3 L ED b D 1 1F) DOHiER
HY, TOVHME, EERZEROZIREIZIZNZEN 2.77 %, 0.11 %KL 41%TH-o7-.

ZOMDFTETIE 2 (DB -2 a7 OfxHEN 3L EDO L DIL 0 ) OWMENH 7.

4) ke

OHTEIX 112 fFOMERH Y, BN MNEIZLD 22227 OftxHEN 3 LLED S DX 6 T
bolz. ZNHZBROIZ ML 3.84%T, ZD 95 %EHEIXMI 3.76~3.91 % Th - 7=.

IHEMNOBATRERIL, LTFTD LB Tholz.

FRUBHI AT R VE - $REE T, 100F (D b z-2 a7 OREHMEN 3 LLED S DX 1) OWEN
BV, TOVHME, FEREREROZEREIIZNZE 3.67 %, 036 %K% T8 %Th 7.

BB HTHUE « AVETIE, 581 (9 B -2 a7 OHkHEN 3 LA ED b DX 3 1) D @sENn
BV, TONYLE, BEAERZER OEEREILZENZI3.67 %, 035%K%TN9.6%Th-o7z.

HEVATHEIC & 5 HiETIE, 384 (Db z-2a 7 ORHEN 3 L ED S DI 2 1F) OWMEMN
BV, TOVHME, EREREROCZEREIIZNZI 4.06 %, 027 %KX T6.6 % Th o 7=,

ZOMDFETIZ 6 (9D -2 a7 Ot 3L ED b DIL 0 ) OMENH STz,

5) HIK5y

SINTEIE 189 DM E N H YV, B /NRA MEIZL D -2 a7 OMIHEN 3 LLED L OIE 14 14

Tholz., TNHERWIZEHMIL3.74%T, 20 95 %EHERXMIL 3.73~3.74 % TH - 7=.
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IHTER ORATRERIE, LTFTD LB Tholz.

FABE T EAETIE, 187 1F (D B z-A a7 OFERHEN 3 L EDO L DIX 141F) ORERH Y,
Z O, EHEREE BRI ZEN T 3.73 %, 0.04 %KDV 1.1 % Th-o7-.

ZOMDFETIE 2 (DD -2 a7 OfxHE 3L LD DI 0 ) OWMENH 5Tz,

6) HILTT A

SHTEIE 121 FOHRERH Y, B ANR MEIZK D 2227 OfkHEN 3 LLED S o1E 17 14
Tholz. ZTNDERVIZEHMIZ0.219% T, Z 0 95%(FHHIXMIX 0.215~0.222 % TH > 7-.

IHTER ORATRERIE, LFTD LB Tholz.

FAEF T I UE « o U T =T AETIE, 17 (Db z22 a7 O EN 3 U Eo s o
X5 ) ORERDHY, EOVHME, FEAERZLOZIREITZILZ40.246 %, 0.032 %K O}
13.1%CThH o7z,

FRBE S AT FEYE « R EVE T, 101 £ (9B z-A =2 7 OfExHER 3 LLEO b DL 12
) OWRENRH Y, ZOWE, FEHERZELEONEEBREIIENEN 0.216 %, 0.016 %X 7.2
% THoTe.

ZOMDFTETIEIMH (DD -2 a7 OfxHES 3L LD DIL 0 ) OWMENH 7.

U

PN 128 HEOMENH VY, B AR MEIZ KD -2 a7 ORRHEN 3 LLED S 01X 10 14
Thotz. ZTNDHERVZEHMIZ0.554% T, Z D 95 %(EHEIX X 0.551~0.557 % T > 7=

INTIEBI D FRMTAE R, LT LB ThHhotz

BB EYETIE, 1221F (OB z- XA a7 OMHEN 3 LA LD DI 9 1) ORERH Y,
Z DA, AR =K OVEBREBILE NI 0.554 %, 0.014 %K V2.6 % Th o7z,

ZOMDIFETIZ 6 (DD -2 a7 OfixHES 3L LD DI 1) OWMENH 7.

8) TRV T NI T A

WERNTETIX, OFTEIZE R > U o AEEINEE (REAR) 07 7> 7fHIc XD
MENKLETH L0, SEIIMHIESNRWIITEOWME Th 5720, FE T SIS LD 00
& DORMICENE LD AREMERH -T2 b, b a4l L THE L.

FIAREENL, GRS HT EREOMAEN FERIEC L2 ERME S, SO EEDOWKK Y 7
~ N T THBCLDERMEEDENRE DT ENE, IO ENAICES L. Kik7a
Vv T TECBOTEIER VY ABEER VYT R TDAEELTHDN, SHFEEDA
AEHZOWTIE, XY T P TLAFOER T A DEIGRPRMENZ LRI
7.

BENTE GREERER N7 o —A V7 v a k) Tk, O EIE 23 fomEn s
D, BAAZRMEICED z-2a 7 OfxHEDR 3 LLEDOH DL 0 thTh o7z, ZDOFHfEIL 32.2
g/ R 2T, 2D 95 5K M AY 31.4~32.9 g(Jiffi)/ h > TH - 7=.

AN RHE (RIA 7 v~ b7 T 71k) TiE, OFEIX 40 HFOWMERH DV, v IR MEIC
5 z-2aT7 OfHER 3 U EO DT 1 Th o7
IHERNOATRERIL, LTD LB Tholz.

EEAHTE - MEERIETIE, 18 hFOWMENRH Y, ZOWLME, HEAERZK OEBREIT
ZNEI 32.0 g(Nifli) R, 1.7 gl R RN 5.4 % TH o T
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BRI s 7o—A P27y a BT, 5 FOWMENRDH Y, TOVHMHE, EUYERE
L OVEREITZ NI 32.6 g(Jifli)/ b2, 2.5 gDl b KX 7.7 % Th - 7=
BRI AT I - JRIK 7 m~ N7 T 7IETIE, 40 HFORENRH Y, T OFHHE, HEAEREL
OEEMREITZ 240 28.9 g(JIl)/ b2, 0.7 g(Fifi)/ b > KN 23 % TH - 7=,
FA AT R UE - BAEM I ERE TR, 2 fFOBRERH Y, ®EES DALV R Mk
IR DTS, 2BMEE L TCEHELFH LR, 31.2g00H)/ FrTh o7z,
82 DB RRBAT LI v R) OfiFHH R
1) 4
SHHEE 65 HEOMENRH Y, B ANR MEIZED 22227 OHHER 3 LLEDO b o1 1 T
otz ZHHEBRWIZEHEIL 28.48 g/kg T, Z D 95 %[FHHIX ] IX 28.28~28.68 g/kg TH >
7.
INTIEBI D FRMTAE R, LT LB ThHhotz
AR HEHETIE, 641F (D B z-Aa T OHIMENRILLEOL DX 1) oWERH Y, £
DI, FEHER 22 R VA BRI E 24 28.51 g/kg, 0.80 glkg XL TN 2.8 % Th -7z,
ZOMDFETIEZ 1L (9D 22237 OKHER 3L LD b DIX 0 M) OWRENRH 7.
2) ® o fh
NN 65 HEDHENH DV, v /XA NMEICE D z-A2A a7 OfasHEN 3 LEo b ok 5 4T
bHoto. ZHEBRWEEHEI 35.17 g/kg T, Z 3D 95 %[EHHIX 1% 34.84~35.50 g/kg TH >
7.
IHEMNOBATRERIL, LTD LB Tholz.
RN RHETIX, 641F (DB z-Aa T OMHEN 3L EDO L DIX 5 ) OoWERH Y, *
DI, FEHER 2 R OVE BRI EZ 4 35.14 g/kg, 1.28 glkg LTV 3.6 % Th - 7-.
ZOMDFETIZ L (OB -2 a7 DA 3L ED b DIX 0 1) OMENH 7.
3 JZUBEET VTV
SHTEIE 47 BEoRE (WL EEH TR X 5 50E) 2350, v AR MEIZKD 2-
AT OHEFHEN 3 L EDO L DI S Th Tz, T EZRW BN, FEEEEE OVE 8%
BixEnEi 23.8gkg, 09gkg KIN3.9%ThH o7z, 2D 95 %IEHEXH I 23.5~24.1 g/lkg TH
27,
8.5 CaUE (8EE M B FEHE A B O ERiE
RA L 10 FEOFE ORI & ZDIRAEEOHEEZIT- 2. FEHEAE A OHEEIX, 15 %
U bZ%8E, 5% E15%REETE, 1%L E5%REzDbEE L THREZRDT.
109 thD#MERH Y, BE LIZEBLSMIHI L MERH - 7 iEHT 24 B TH - 7.
BELTERBHZOWT, 58 AZ L (RAEHFIE 22 %) X, 109 4 (BH=E 100 %) OHEH
HY, FEHEAEIGOHEEONFIZZ &N 89 11, &N 201, VENOIFTHH-T-.
KFE (REEIE 22 %) 1%, 92 ffF (BH=E 84 %) OFENRHV, TONFRIIZLEN 60 £, H
BN 271, VENSIHETH ST,
Rl-RMNAT REHEIE 11%) 1%, 1057 (BHEI6%) OWmERH Y, TONFITLEDR 3
i, &N 781, DEN24METHoTZ.
Kbl (REEIS 11 %) 1%, 511 (BHEHE 47 %) OoWMERDHY, ZOWNFITIZLED |
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e, hEN 3B, PEN1THTH-TZ.

a— AT = QREHIE 11 %) 1%, 108 fF (BHI=E 99 %) OWmENHY, ZDOHR
X2 &N 49 1, HEN ST, YEB 2 Th o7z,

ST FE RAEHEIA 11 %) 1%, 9214 (RH=E 84 %) OHENHV, TONRIZZLEDN 14 1,
HEDN 631, LENISHTHST.

TNAT77AT7 7 = QREEIS 3 %) 1%, 85 (BHE 78 %) OHENRHV, ZDONRIZ
L&D 3, PEN 36, LENMHETHST.

fal GREHIA 3 %) 1%, 491 RHE 55 %) OWMERHY, ZONRITLEDN 0 1, T&
DT, DENS3HTHS T,

B GREHIA 3 %) X, 10217 (B 94 %) OFRERH Y, TONFRIZZLEN 01, TEM
0, LEMNI02ETH-T-.

DABETINL T N (REEIE 3 %) 1, 92 (M 84 %) OWMENHY, ZOWNRITLE
2301, FEN M, DENRETHST.

Mo TR SNZERE LTIE, KEWMNTAEDLEL, 4 HFOoRERH -T2, KWNT, /b
R 29, IREEH LT T LM 16 1Tz,

l

X

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) EMOKERHE - ZERREH SO EEOHIEIZOWT, Fk 20444 A 1 H, 19H%Z
%5 14729 % (2008).
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(B%)
TN 6 £ BRSO L@ RABHT X % Sl i 5 i B8R

1. B
fAkl - FRHRINY RG2S, EHRA TS SR, R OPTHBEI%E 2 x5z, SRS o ER
BHZ X 20 E TS 2 L2k, O kO CHMN oM L2 XY, e CTofrdzz i
BL, kB0 ERflE kO EEROERICETS.

2. L@EHEBONE
AFB-- A AR E B A B Rk
C o}~ 8 7 FH DR FUBHE & 50U
Dkl HBH 7L I v 7 X
XA, BRUEE (Fak) XEMLEEA.

3. STEEHEHA
AREE - - e KGy, Ml ABE, KRN, CRLMAE, BLUKS, LT A, VU RUBEFRC TV
T hrU DA
Calkt - - - SBHUECE OB & ONREEI G O HEE
DECEL -« -8, MR = iRET T

4. HyHTERE HEE
(1) ABtoohriiE TiEE, TR ERE] (BS54 12 A 1 BT 55 4714 5 =K
FEAHE « BRRHEIEA) (ZED D HIEKQ TR OEEHRIN O By Bk 285
D—HEHET HETFORITIZONT)  (HHF1 60 4 10 A 156 BT 60 & B 2928 5, 2
MWKPEE B ERR « KETREEA @) OJRICHLTY /)~ F P ULAITEFR
T MY U LGB R OEHEIEICHER L T ES 0.
BB, BEEITICING OoNTEOHKE: (BT EESE (K ) 2RI LET.
Flo, BEoEOREIZ, WEBRREEO—FIZTHMLELLLOT, 3FLLTHFIV.
(2) BICRLESGHEEHRAD Y H, FRMBICBWTEEATRELREE (2HHE TR THH)
WZOWTHOT KO E 21TV, ST S FEEOHREEHRA (Microsoft Excel B, AT HIEX
5 (1) M. ) 2T, #wEFLTL &,
(3) maEHImBEICRE L, AT OEICIE, HERICEL T ZE .
(4) #EEOHIE (BIZX, HIEAREIZBT 27V E— 5 ROYREERE) IZX > Totr Lz
B, BAEFDDOHFLALTEREFTLZHIRER L TWeZE, THEI LIV,

5. BT ERGE OWmE
(1) oW O ERERICOW TR, MNATEENEKRKEEEZSHIE s # —h— 2 —
> (http://www. famic. go. jp/ffis/feed/sub2_teawase.html) £V [57F0 6 4 E LSO HE
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HREHC X A0 EEE RHREE) 24 70— KL T Microsoft Excel ETEEAL, HELT
Y E-1AN

WEE BER) 24U m— RT3, FAMIC R— A= VR ELICHE L TWRNWZ &I
X0, =272 ENHVET. =T —DBHEERE, B [FAMIC R—AX—T D7 71
MREIFEF ] 25 B L TRIFEL T &0,

(2) HBFEZITA, CRXUODREBTERENELRY T OT, SEREIMET 2 EHZ SN T
INEFNFRALTLEEN. HEREV FLEDOBFIFARBORBE S Z2RBREZSL LETD
T, ARBIORBEZICONWTIESTEITORVNGEE L TRHRALTIIZI N, )

ST, Koy, M- BE, MRV, HHE, HIKS, DT AR Ao n T
%T, EXYT R ULIONTT gUMl) / T, i, KO = UBET TV
WZOWTIE g/kg DAL TR L TS0,

Koy, M7 ABE, MW, MEkKE, MK, &SR0SI EE, NEURLLTE 3%
WEEF AL TRHE2MET, AT T ALY OGN EIT/ NS T E A2 U A LT
FESMET, EX VT MITUAKRRNI U BET T VOO EIT/ NS LLT S 2 0%
R AL TRZE 1AL E TRRAL T EI0.

SHER OCRAW a5, WEMICZ AU ESEILAL, £ OFHME RfE FHEREN,
AL TS ZE0.

F7o, o EOFRFEE N HNIL, TOEBRALTIEE .

KT DNT, EIRFEMZ O TEEH T R EDO IR L v HIE L72sa12iX, T &k
SINTEHE] IR L T 2 &V, BB LS OS2 W56, EIREEZ v
2, INEMREE, FERSERI M REO SR L B 2561, (2. zofo k) 2@RL, H
WeBEER DO A — T —, BEFRMFEFEDOFFEMEZTAL T ZE 0.

HM7zABAEIZHOWT, 7 A& BMORREEZHWTEEL, taby MEZHWTHE
L7eSaicix T SR ar ke (2 — ik (BREBEEMERWINE) ) 1 E720% T2, e ir
e (g =ik OR UBEIRRIGE) ) | 2L TS, BEZAREES CAEE,
WELSGAIE T4 BBV 23 IRL T< 723w,

HIRZIZHONWT, IKILIREEZFTAL TS 720,

(3) EEMEIL, MM LUCEEAZ®REE (3) O NHOBEFES O BRI A 58 A TR
BIAMICEEA L, HEEINDHIREFAIL, Z& (16%LL L) , & (5%LL 1 16%K0) &
O (1%L E5 %K) HBIRL T ZEW. 1 %R0 EHESNIBEDIT, BHF
BHAMIIZFEA LN T EE ., Aok, CRENCIT 10 FEOFEZRAE L TV ET.

B TEL, N T5E52BRL TSN, (BHRREIZSNIBERLEFDOMmAERIREN
Tebt, FemAaR (MM IRRALTSESn. )

(4) T O—EZPNORREETHEME L-SGA1E, i L-RBREL & orER Z2H)EED (4)
O D L <IFHERFO A — VAR FEH L T 72 & 0.

(5) Mf6H9H30H () FTICHELTIEIV.

(6) HMEEIL, BT IEBMEIERESFICLY TRIWE S TEH|ERA—ALT FLRITE
fFLTZasn. REEO 7 7 A M41F TRREEZS (ARBOEFS) _HBR=E4) LT
KFEEW, ] RBREES 1 EFAMI CAIBOBS : [1_FAMI CAES] )
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BROBEEFBBINAEAIE, 77 ANVADORBICAEENR OIS LI ICEE % 1T
TLESW. Bl G2 o0oREHELZRET 56, 1-2 & 2-272 L)

WEA =L OMHZHIE [B6FEFEDOEOIERRE _RB=EL] L LT Es0.
FRHEHOWMEFEICITTIEERH 556 130412 [HRH] A A— b L IEEFET
MeFICH Y FH A~ THE L S,
ELSZETELSLE, 101 BETICZEHRBA -V ERIEWZLET. (RUAE
RICIR SN 8E, Z2OBENENLI AR TS VWETRIT TAIZI V. )
RHELEREEY 7 A VT2 EHBEA AP ELS ETHELALAV TS EE 0.

A— )L TOREERHDE L WGATHYE T TCIHEE I

REM
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A6 FEEEE OIBBEHT L D ofrilE R R e E Bk )

REREAS Y
MAIL
TEL
(1) ABEL OfrisH AR
IINTROY 4 | O BTE ik
KAy SyHr 1 BRI R e
% 2 =DM Ik
WHi-ABE SiiTik | BT R (v & — vtk (R VER R IE) )
% 2 BRI RYE (B =ik (R U BRIRIRRINE) )
3 kAT ELE (R BER) R—H—
5
4 BEVHTHE A= —
Iy
b = DAl DSk
HLAE Syl 1 S B oA R
% 2 BEVOHTHE A= —
F K
3 =DM IE
FHL AR AE Sy 1 fBLo AT e (B iER)
% 2 fAB TR E (Aidik)
3 BEVHTHE A= —
Iy
4 ZDMOT7E
UK 5y Syris 1 falh oy B AR YE
% JRALIREE C
2 DMk
AN SyhTis 1 BB HTEEE (S 2 UBET B =T L)
% 2 B AT EEE (IR EETR)
3 =DM IE
N SyHr 1 Bk BT HEYE
% 2 =DM ITk
o SyHri 1R s
e 2R (70— 1 Y= S 3 VAR R)
g () /b 3 R AT ENE (KK v~ N7 T 7k)
LC A—%— /%
BtHas  A—h— st
T L A—H— TR
PE (mm) E & (mm)
B (um)
4 f AT EEVE (AR PR E RE)
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(2) D#E kR B
AT 4 S HTE (i
& 4TI 1 flfet oy B H v
2 ZOMoFHIE
g/kg
Gk SNk 1 flfet oy B Ha v
2 ZOMmoOFHIE
g/kg
7 T R SN 1 Rk HT HEUE
T T BIE S
g/kg LC A—H— /X
R A—h— T
BT A—T— K
PEE (mm) £ & (mm)
K% (um)
2 ZOMD L
(3) Calll HmEMR B
1 HJRBE G HEEE Mk Al 2 REHEE
T bR
%8 (1598 1)
FRE (5% 15%AH)
i (1%L 5%
B 5T
TbESEEIR
OB AT & TA
1 AR
2 BEALEE
3 TIh Y AL
4 O

) 10fHOFEZRE L TOET. S LVORBERAD D X PP HRRL TS0,

BRHEEA

TR HIER

K& 2 A TA%E INFE

INZE Ry EobAHZL ~A K78/ S

i E K Fy PN 5% AV
Kz =Ly A=V INTFT 4= R Y—= TRy
RI=—74—F A=V INT I b FEITHAT Y77 U —ilnd
ANk eVl ESVREN LAY TRt
REWAT DDGS Y FRLI—N
by TNTFNT T I =R AV 4 PN T T
RR Rl PR L YAEER LYY A

(4) RFEEOFEmEAE % TFEE OIS
BWRENHITFWAL TIZEW.

BEHz X aofrEE) ICELT, BER, EH
(A—IVARILTH A



B OHEMBELEDE=F ) o VEOFRETIZONT (5F1 6 FH) 65

1 fAHTPOEEYEZEDE=42Y) VIVHEDHERIZDOWT (M6 EE)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2024)

EEARE e AR AR BB E 55— R
i o 2 AR

1 H 0]

MNZATEIE NEMOKEEN B L2tz o % — (BLF TFAMIC) & 5. ) TiX, koM
WK L2 > T, AESEY (FES0OW, L, ToMoHAICHIND EEY TAORELZZ 2
ROBENRHD D) PEEIH, XIIRSFEIIHENELDZ LICIVEED O EFENLE S
oD a2 NG, BHOKEEPHBEED TS TREOZEMICET 268 E L WE
DY —=_A TR« FT=Z Y TRERGHE) BIZESE, ERETED LN TV AEFEDMHEE
WRDOE=2V 7 ROEEFEENRE SN TV RWEEYEEOEHEEBENET H-DD ) —
NATUA (LT ==Y 7% L), ) ZFEMBMLTND. SE, TM6FEOE=FY
TEDORERERY FLOHTOTHRET S.

2 A &
21 F=X VU IO G
BR6FE 4 ANSAMTH3 AETOMIC, BMHKES (MG REUS%E) DNEEOZ 2D
RE OB OUCEIZE T DM D (LLF &L RE] L), ) § 56 FOBEICESE,
B A 2k U AR %2 £ L 72 BRI E L2k, FAMIC &R Z 215 57 O BEIC
Ko, BUREEN Y, BURGER TSI U O AR 2 3206 L 72 BRICERER L 7= B B3 O
WY —=_A TR W TR RE R E G I B W TR L 2t 2 R e Lz, =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 THOBIMEEE S Ev) . ) 1280, SO EMESEORSHE (LT A5
Hflf) Lo, ) REDLRTWD. E£72, fWEOFEDEOfRGRER CVERHILE N\ T
B O FEWEF OIS EEE K OB EEEE (DU REEEESE] Lo, ) BDEDDLR
TWo. BRBHIH T2 E =2 U ZEERD X, T OREEEOM, SEOFER, @E
DORIMFEREZMET D & LI, BIRGERORNBFESE, HHINTWLFEESICHLEEL
TUTOEBVIEELT.
) AEME
i O (24 o)
7 OREEEESENED LN TN HO (4 5K57)
OB AT LXIFENRA FEHTHE S X EFHEEE A ED 5N TNDT 77 b
SUB, BTV Y, TAEFI=AL )= KT E=T Y (B, By XU B OfT.
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LIFRLT. ) Zxt%e L.
A TLUHNONDESE (20 K5Y)
fA By AT HEUE DI FIEDNRE STV DL T O N 20 iy & xig s Uiz,
DOEE 7T 77 hXTY By, Gi, Gy, AT UV~ MV AFY, HT2 F¥v Y, T2 b
vV, RA YT =F—n, TV UX, 3-TETFAT A= L ) — )L,
15- T2 FATAFL =1L ) —, =L ) —)b, PTEFFTAINAAR) —
W, TAEXRV=RNL )= V3T ar R, 7T RRVA Y=Y, o8
T )=, B-EBTTT =, BTTT Y, aaBT TV — KN BT
Vv /=
i EERE (45k5)
BHEEBMENED LN TNA A RI UL, KR, 8BEPOFEEZRNZE 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
FARH S AT ZEHEIC HIEDSHE SN TV AHRIED 5 B 24 iy & xfg L Lz,
2) BSE J&4EP5 IR D RSy
i BHki-ABE
BT RREEE D INERE 1 O 2 ITHE SN AL G LT H8E, B hkiz v A8
KT A AEZFE T AR OB SRR AREE S E LT,
i AEMEAHY
BB BB RIFRE 1 O 5 O()ITHE SN BMEIE 2 55 L Lz
3) RS (FLEXRT)
AL TR & Bk e OVBL AR B B 2 ef 2 & L Tz
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F1 EZRYIEERBLERNRURH

TH B B OFE K
TR SRR fEWE BSERABILICR MBI
k- A HE
L. Re PUB WOR BE  gass ELSA POR  omh Ao
e WB W
FRE R B A R 19 18 5 3 4
7 aA 7 —EE Hi A A R 1 1 1
T A 7 —EE % E A R 3 3 1
P R il 75 PR B i sk 1 1
EHLH IR E A LA AL 1 1
TIRE B A R 2 2
PIRAE T F B fi sk 13 13 2
TR B 15 P B & gt 5 5 1 1 2
Bl (ZEHI B R E S R 2 1 2 2 2 2 2 1
B gt LA R 2 1 111
] FUFEAE IR O AT 6 5 1 1 3 3 3 1
Bt g maeie s o ik 14 10 3 4 7 7 7 2
P 4= 8 R i i sk 5 3 1 1 3 3 3 1
FEAEMEE QR MR ORI 2 &L b D) 1 1 1 1
R TR LR 2 G 2, IR Z B R0 b o) 5 2 3 3 3
AR ETR (R0, R A G ER0 L 0) 2 1 1 1 1
EIBAT L, ST E REEAEE 1 1 1 1 1 1 1 1
Bt A BEIR A R 5 2 2 2 3
RS DR 9 9 9 9 1
AN 97 67 18 14 33 33 33 16
K& 11 11
. TVAINAN (A1) 1 1 1
ig N 7 7
EIbAHZL 40 40 40
AN 59 59 41
ks Ckiamitind) 7 6 1
A= INT T 4— R 28 28
? EIBLAZLVAFT—AS LAY Y 27 (DDGS) 6 6
- STF 50 50
gg E— 3 3
F W 4 4
A gt 98 97 0 0 0 0 0 0 1
E A=V I NT I 28 28
lﬁg K 18 18
@ Ak et N s 6 6
L N 52 52 0 0 0 0 0 0 0
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K1 TRV EEERLEEHRUAE (GE)
IH B B o R EHS 5K
TESY L TEOH R B E BSERR/EWIEICHR DI
. Wk A S ‘
" ﬁg O EEE R gEwss ELISA PCR lﬁ; 47;”;
B ;o R
FxLI— 12 10 10 10 9
Tz —=I— 7 5 5 5 2
i) JFREHR A AE 14 1 12 12 9
iﬁ WEY (F—2r I—1) 2 2 2 1
im% 1 1 1
i a8 23 4 4 4 20
B a0y 1 4 1 1
T 37 AL B A8 HH ) 1 1
N ot 61 0 5 0 21 35 35 0 2
TNT VT 7 20 19 1 1
i F—~Aq 1 1 1
W 2—x 752 2 2 2
L 3 3 3
AN #t 26 19 7 7
z Wi E 42 42
D HmE 6 6
il o = 48 6 0 0 0 42
a 3t 441 300 30 62 54 68 68 42 59
23 VT T HEE
1) A FEWE KON IEEY O 5 Hr a0k

AEHT, fRIERAEEBERE NIV, RELE. £928AZL, LA YT A
(wA 1) ROHELE, et o R3O D@ O L0 IR L.

AT REEHE, SR AT EVESR 2 oM EIC K VAR L

2) @R A HE S O AT AR
ABHE, BT EMESS 16 B 1 O EIC L VR, RE RO LT,
3)  REEMEARMY) D53 AT R

FEUETM AR o AT el BR 1L DO BUBHR B IEICHERL U 72k D 5iE D L 8RB L 7=.

MR 2 FERIAATEZ 7 — —8HO FHoST-20), Ro7H 0 77— (BRERN
300mL) ZHWT /Ny FOEE, FEHEONTEHO 3 EHT»LEMWEMEZHRIRL, Znb %R
S LTHEE LT

2.4 RERGIE
1) AEWE

POV
i BE M FEYESE 5 BICHE S TIEIC LY il L 7.

i HEARY%

SAER AT SEVESE 4 BEER 1 HiICHUE SN2 TR L0 B L7,
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i B 3K

2)

3)

BT FEHEDE 6 TICHLE Sz Fiklz L 0 i L7-.
i~Mii OFRRGIEOE & TR, 8 H T IR & QBN ISR AT IS S T b,
R~ DB Sk 72 AV 2 O 1R AHERR
UTD3EEZIALTEM L. ok, BABROMERIL, Fa2xtg s 586 oM RA
DB AR D FHEAE QOOHEFIE (F)  (LLT HEAMHRHEFIE, Lo, ) ITESE,
BEBITHIE L.
i PEISEEEE
FREM Y HT FEHESE 19 B 1.1 PLEIRAIL O 1.2 BEMEIMAEZIGH L7\ E ik iz ky, B
B (BB EEMEREE) OFEE2MER L. BEFEOMELX 1 IR L.
ii ELISA iR
FRUBHAY BT R HESS 17 B 2 i 1.1 OQ)WTHE S FiElo X v Eh L7-.
iii PCR #B&
4 ABERAFENE, FEMINT RS 16 EH 2 11 IS ES N FIEICE Y, @b
K DNA ZXBICRADHEEL MR Lo, A%, T I— %, WEBE KO AL E
1%, FAEHHTEEVESS 16 W 2 /i 12 ICHE SN HIEIC LY, KT 5 Bk DNA % x4
WCIRAOFEA M Lz, 72k, AREEREEE UTHEASUTBEBAD RO & 2 30BHE,
AR AT EEVESE 16 B85 2 fi 11 RIS E SN HEIC LY, RS ERELHEZIT - 72
%, bRlaBRA I L7z,
REEMHEA)
A HBEESINESE 1 DOS5D (1) OTIHESNTHIEICL Y Eifi L.

4) HrExT

A BE oy BT FEVESE 18 B 1 ICHUE SR L0 FEk 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 # =
31 AEWHE
BEMEDOE=2 ) TEDRKERIZONT, HHAEEELAORSEEESEOFEICIYZNE
WELY £ &7z,
1) MO
FlIRA SR 97 &, HAfEL 203 SISV T, RERAEEENEDLNTWVWDLT 77 ¥
v By, BT L, Tﬂ‘ﬂ?/%/\l//b‘/l/&()\7% D 4 D= T RO
—_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. zﬁﬂvﬁkowfwﬁﬁi,qukﬁwf&o
7.
i 777 h¥T 0B
BAIRAEEE 53 A5 5 min bt S (B 9 %) , AKMEIX 0.003 mg/kg, M SiL7e
HOOFEME (LLTFFEER) X 0.001 mgkg TH Y, HEELEM (FLH4H 0.01 mgkg) KO
EHIELEM (BT o, TeA 7—mi#H, EEY AR OIEILEY 4 H X 0.01 mg/kg,
ZRLSOEIR A FAEHE 0.02 mg/kg. ) BBZ DL DR T
EOBAZ LA AT T AL S (MR 18%) , HAMEIEL 0.008 mg/kg, FHIEIT
0.002 mg/kg TH VD, EHIAEM (0.02 mgkg) 22D b DIXRN-T-.
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i ¥roLvsv
BliRA IR 53 RETHhr LI, &AM 0.28 mgke, FHIHEIZ 0.031 mgkg TH Y,
FHEEMN (ZEROEZACKE SN LEAEET 0.5 mgkg) ZH2 2 b DIE o7z
AR O FR B LY T ED DN TWARWNA, L9852 L 40 5% 32 Srbiilshn
(B =R 80 %) , HAMEIX 0.074 mg/kg, “FEIMHEIL 0.016 mgkg Th-o7z. £ HHAHAZ LD
TRIFEMIZOWNWT, a—r 7T 7 40— ROFEHHEIL 0.23 mgke (R KE 1.6 mgkg) ,
DDGS O ¥ E1E 0.31 mg/kg (A KAE 0.41 mg/kg) K ONa—>2 7 vT v 2 — )LD FEEIfEI0.35
mg/kg (B KME 0.86 mg/kg) THV, —H TR AFEOEHILEHELZBZ 5 LON R LN,
iii TFF =L —L
BiEAETEE 53 R 51 B i (R 96 %) , &KMEIX 1.7 mg/kg, FHHEIX
0.23 mgkg ThH Y, HFEHEMEMN (KT 28 (ZAIMO LD ZRL) ITHE I 5B Ak
X 3 mgkeg, & (KT 258% (1FAHOLDOZRL) R KOEEALICHE S 56
BHE 1 mg/kg) ZHX 5 bDIER-T.
EREE O EREEESITTED 5N TRV, 9652140 AT 33 8006 Eh
(R 83 %) , KMEIX 0.68 mg/kg, FHIMEIL 0.16 mg/kg THh-o7z. L2 HAZ LOML
RIEMOWEMN <, a—r 7NV T 7 0 — ROFEHEIT 2.9 mgkg (FKRME 7.1 mgkg) ,
DDGS O FEMEIL 3.4 mg/kg (KA 4.3 mgkg) KNa—r 77 v I — L OV-HIfEIX 0.13
mg/kg (Fx KA 0.86 mg/kg) T 7=,
iv 7E=V
BliR Ak 53 S ThHho R S, &AMIL 3.7 mgkeg, FHMHEIX 043 mgkg THY, &
HEERE (REROREAUICKHRE SN AT 4 mgkg) 2226 DIERNH>T2.
BRI OB EESITED DN TRV, 9852 LT 40 HEThromiish,
BOKAEIE 2.0 mg/kg, FHEIT 0.79 mgkg TH-o7=. £ HHAZ LOMILEIE®NIZONT,
a— T NT T 4 — ROFHEIL 0.79 mg/kg (e KAE 2.0 mg/kg) KRa—r 7T I —
v DERIETE 0.94 mg/kg (A RAHE 3.5 mg/kg) T o7z,
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K21 HEREEZENEDOLNTVEINVEDE=F I VIRUS—RLSUVADHKR

777 ¥V oB (B FER? 0.0003 mg/kg) BT I L/~ (TR 0.0003 mglkg)
T=L Y TEHED et T O bithEnizbo e e O bt Enz b0
xgte wee ST T Rk odn P e DT T Rk o o
(mgikg) (%) (mg/kg)  (mglkg) (mghkg) ™ (%) (mg/kg)  (mg/kg)
Eé /;.}:%71)3( "(;;;%)”)7” 5 0.01 6 2 33 0.002 0.001
mf;ﬁiﬁ?ﬁfr D % 0.01 2 0 0 0.5 53 53 100 0.28 0.031
JELAN o+
Mfﬁi‘éﬁf{ DR ETED % 0.02 45 3 7 0.003 0.002
SR A 53 5 9 0.003 0.001 53 53 100 0.28 0.031
K — 11 0 0 — 11 5 45 0.045 0.010
JUA YNNG L (A a) — 1 0 0 — 1 0 0
N - 7 0 0 — 7 4 57 0.015 0.004
LopHIL % 0.02 40 7 18 0.008 0.002 — 40 32 80 0.074 0.016
Ky CRiadlsd) - 6 0 0 - 6 3 50 0.011 0.007
D=L IAF LT 4— R - - 28 28 100 16 0.23
LIBBILYAFF =R LA/ Y27 L (DDGS) — 6 0 0 — 6 6 100 0.41 0.31
S E - 50 0 0 - 50 28 56 0.15 0.007
E—hd - —
F - —
a—VIAT I - — 28 28 100 0.86 0.35
PRI - 18 2 11 0.0004  0.0004 — 18 14 78 0.048 0.007
7= Rl Ay — —
TNT VT 7 — —
e — —
it 192 14 7 248 201 81

K21 BEREEBEEINEDONTVEINVEDEZR Y VIRV —RLIFUVADRER (@ E)

FAFE =L = (B TR 0.003 mg/kg) TE=T Y (Bi+B+B;) (#:H FH2 0.0006 mg/kg)
=5 Y L TED B SblpEnEbo o 5 bl S b o
e IR L RIR Rl i HIEE L L RS ROKE FE
R %
(mg/kg) (%) (mg/kg)  (mg/kg) (mg/kg) (%) (mg/kg)  (mg/kg)

(777 bF T UBORH)
Bl fel (RLAARAD

Eiiiﬁf;fﬁﬂﬂ) 3 19 19 100 1.7 0.37 4 53 53 100 3.7 0.43
i1 YR A gl
m?(?%gﬁimﬁﬂﬁﬁﬂﬂ) ! 34 32 o4 04 0.14
AR A R 53 51 96 1.7 0.23 53 53 100 3.7 0.43
K# — 11 5 45 0.23 0.073 —
TV AL IV (= A1) — 1 0 0 —
N — 7 3 43 0.17 0.074 —
EoObAIL — 40 33 83 0.68 0.16 — 40 40 100 2.2 0.49
K RN — 6 4 67 0.29 0.084 —
A= INT T 4 — K - 28 28 100 7.1 2.9 — 28 28 100 2.0 0.79
LB ALY AF F— AT LAY 27 L (DDGS) — 6 6 100 4.3 3.4 —
5T F — 50 41 82 0.26 0.066 —
B—hg — 3 1 33 0.016 0.016 —
ZWam — 4 4 100 0.29 0.13 —
= INT I — 28 28 100 0.86 0.13 — 28 28 100 3.5 0.94
PNGRL LA - 18 2 11 0.018 0.017 —
Eet i — 6 0 0 —
TNT IV T 7 —
LiES — 6 6 100 0.360 0.17 —
&t 267 212 79 96 96 100

1) YT HEIRAEE OB TO LB,
777X UB T O, TaA 7 —BERSH, SRR ONEHS T4
BT IV FEROFETAH
THIX=AL = KT8 (FAHOob0ER<. ) H
TE=VY  RZBE M OFEE A
2) BEEORBIEDN H D pMIZHONTE, BV OBRH TR ZEH L.
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x22 BERAEBEEIEDONTVELLUVEDY—RAIFUADHER

Ibmtishieb o

L U T N S TE S PN T
T ) (mgkg) (ko)

77T hFTUB, 0.0003 192 4 2 0.002 0.0014
77T hxTUG 0.0003 192 1 1 0.0005 0.0005
TT7T7 FFXRTUG, 0.0003 192 0 0
ATV T~ hRAF 0.0003 208 83 40 0.006 0.0011
HT-2 &2 0.002 267 65 24 0.26 0.026
T-2hF 0.003 267 92 34 0.43 0.023
xF* T =F— 0.002 267 17 0.008 0.004
7Y¥L X 0.003 267
3TEFNATAFT =R — L 0.006 267 0.14 0.076
15-TEF AT AXF =N ) —)L 0.006 267 92 34 1.4 0.22
= /J—)v 0.002 267 151 57 0.31 0.021
VTR AIILNR ) — )L 0.002 267 9 3 0.005 0.003
TAX =N ) =3I av R 0.002 267 203 76 0.61 0.062
FT T hFTUA 0.0003 294 82 28 0.071 0.0031
vhY = 0.002 275 73 27 0.17 0.008
a7 77— 0.002 214 0 0
B-ETZT ) —n 0.002 214 1 0.5 0.003 0.003
€ rI7 v 0.002 214 19 9 0.019 0.008
a-BT7 7L/ — 0.003 214 11 0.008 0.005
B-ET T L/ — 0.003 214 32 15 0.016 0.007

TEEORBRIED B DRI OWTE, BV OB FIRZ L.

2) EERE

BlIR AR CGEKEEM A ZR<) 18 A, HAK
WEE) 5 BRICHOWNWT, BFHEEHENSED N TWD ES RS
RATGUAZERM LT, FOERERIITTI L.

i WRFIUA

BB AR 18 8 6 s
0.10 mg/kg TH v, EHILHE(E

s A

E‘%} 7 AN

mM OV () & OVRCEHE &
4R DE=FY T KDY —
EROMEL, Tty Thoiz.

R S (B 33 %) , RKEIX 0.18 mg/kg, I
(0.8 mg/kg) R DbDIXRNoT.

LR 7 5 3 e DR S (B 43 %) , EwOKMEIE 0.61 mg/kg, “FE¥IMHEIT 0.37

mg/kg ThH Y, FHILEM

B EMESE T, AT

mg/kg Th v, &P ELVEME
M Enenoi.
i ZKER
BiR &Rl 18 A 11

0.03 mg/kg TH YV, EELILNEE

(1 mg/kg) #H2DbHDIEehoT-.
I 4 RAeTHLMmH S, &RKRIEE 1.1 mgke, FEHEIZ 0.72
(3mg/kg) ZHMZDHDITRN-Tz.

JFEHE &

RE R 1

EZ))

IS

Yk

Wb S (B 61 %) , &KfEIX 0.08 mg/kg, FHIMHEIL
(0.2 mg/kg) XD HDIERh->T-.

WL 7 5 3 e DR S (B 43 %) , EOKMEIE 0.08 mg/kg, “FEHIMHEIT 0.06
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mg/kg ThH Y, TEHEMEM (0.4mgkg) ZHIDHDIEIRN-T.

BB MR T, AT 4 RATHhLRI S, RKRMEIX 1.2 mgkg, FHIEIT 0.52
mg/kg ThHho7-. FEHEAAEH 1 ROREMIX 0.05 mgkg Th otz NI s & HILUE

(1 mgkg) #BZ5H DX T=.

iii

Bl SRl 18 M 2 A bR &4 (R 11 %) , KRMEIE 0.8 mg/kg, “FHIMEIX 0.8
mg/kg TH Y, FHIEHEME Q2mgkes) ZBXDLDITRNHoT2.

HEESE 7T R LA bR ER (MR 14%) , TOREMIL 0.2 mgkg TH Y, FH
B Bmgkg) ZHZHLDERNoT.

W E VR CIE, Ak 4 SR 3 Ao I (R 75 %) , RKEX 1.6 mg/kg,
FEIEIT 1.0 mgkg Th oo, JFEHEGRER 1 SOREMIX 0.3 mgkg ThH-o72. T
b, BHEEME (Tmgkeg) 22 HbOIE N7,

iv OF

BIEAETEE 18 s 6 bR &4 (BRHE 33 %) , mAMEIEL 1.3 mg/ke, FEIHEIL 0.38
mg/kg ThoTo. fab b EZR MBS 7 5 3 Ao s (RHFE 43 %) , BKXEIE
0.32 mg/kg, FHIEIX 020 mgkg ThHo7o. WIS EHIEHEME (2 mgkg) x50
oz,

B E MR CIE, AT 4 AETHr RIS, RKRMEIT 6.4 mgkg, THHEIT 4.6
mg/kg ThH VO, FHIELEM (15 mgkeg) ZHBZ 5L 0o 7. JFEHESREm 1| 50 b
IR S e o7,
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®3 EEREDE=L Y IRUY—ARALFUVRADHRR

- 5 LRI SN b o

'T=HF Y b S
w5y (mg/kg) SEC ) (mgkg)  (mo/kg)
0.8 BiR AR (ZERKESM A % <) 18 6 33 0.18 0.10
P 3 43 0.61 0.37
BRI T 3 iy 4 4 100 1.1 0.72 0.03
JERHR A B 0 0
P gt 30 13 43 1.1 0.35
0.2 BOR AR (K EEH 28R <) 18 11 61 0.08 0.03
0.4 7 AR 7 3 43 0.08 0.06
IKER 1 ¥y 4 4 100 1.2 0.52 0.01
JECBHE S RE ¥y 1 100 0.05 0.05
W 3t 30 19 63 1.2 0.14
R AR (R KEEEMH 28R <) 18 2 11 0.8 0.8
R 1 14 0.2 0.2
A 7 fa Ky 4 3 75 1.6 1.0 0.2
JFRHRE A B 1 100 0.3 0.3
A 2t 30 7 23 1.6 0.7
’ BliRA R GRAL/KPET A % Bk <) 18 6 33 1.3 0.38
WS (b B &R <) 3 43 032 020
OFE 15 iy 4 4 100 6.4 4.6 0.05
7 FEHRAWED 0 0
i gt 30 13 43 6.4 1.6
3) B ¥
BUR AR 14 5, B8 (9 bAZ LK~ A 1) 41 SROEE 7 SISO\ T, Bkt

PR E D HAL T DRI 33 ooy o OVE 45 FE ﬁ)ﬂi&5?>XL7fb\iib‘r*;% 24 {4y DEF 57 B
FIZONWTE=F Y U7 EZ T LT, BHEEENRED LI TWD 33O RE LKL
BEEEHEDRED DILTNR 24 [ OFERZR S IR L. 7ok, A0 ML BiR Lt

HDIE ol FEROMEX, Tl Thotz.
i AHY REHE
BEFEBNRED SN TVWAZBLE YRR, BUIRAAFARRY T F AL BB E
- BMHEERE L ENST-DIEFE Y IARARAFILTE% ThHh o7,
i 24-Y70on7x )X N
BAEHEEENPEDLNTNDLEIBLAZL I A 1 SrbBmESh (BEE I %) , £
O EEIE 0.005 mg/kg ThH - 7=,
iti & OO S A7z 3R
BHEEENED SN TOVRVEKIZONT, 720 b UBNKE 1SS KERT 1
AEX Y FREIHLAZL LA LBRE SN,
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x4 BEOEZFVUVIRUS—RLIFUVADKHER HSEEENEH LA TLEIHS)

S UL IED ema LSS AT sy ALY LD ot
#;ﬁ—% Ay ”ﬁ%ﬁﬂr FEUEfE fﬁ%ﬁ& - R RKE FHE TRR
(mg/kg) (%) (mg/kg) (mg/kg)  (Markg)
24-vrmnT= )XV EOBHLAIL 0.05 11 1 9 0.005 0.005  0.003
y-BHC (Y > 7) RUEAEEE (8- 975, 1) 0.05 5 0 0
BiR AR (445 H) 0.4 9 0 0
o 0.4 7 0 0 0.005
FEYEE o 22 fiRBE — 0 0
it — 51 0 0
BHC B yR& fial 0.005 14 0 0
f&% ‘ 0.02 7 0 0 0.005
FEHEE O 7o Wk — 30 0 0
#t — 51 0 0
DDT Fic IR A Rk 0.1 14 0 0
LGN 0.1 7 0 0 0.02
FEUEE D 722\ R} — 30 0 0
i — 51 0 0
ThRTUv LovAbZL 0.2 29 0 0
~ A = 0.02 0 0
e 15 0 0 0.02
FEYEE o 22 fRBE — 14 0 0
it — 51 0 0
75 m—) LovAZL 0.02 29 0 0
~A = 0.05 0 0
o 0.05 0 0 0.02
FEYEE o 22 fRBE — 14 0 0
it — 51 0 0
VI ANISY 36) B iR& fia ek 0.02 14 0 0
FAIRY v V=N 0.02 7 0 0 0.02
FEUERE D 2 R — 30 0 0
#t — 51 0 0
AV T xR A LoabAZL 0.02 29 0 0
FEVEME O 72 AR — 22 0 0 0.02
) — 51 0 0
TF A o 20 7 0 0
FEHEAE D 2\ iR — 44 0 0 0.02
7t — 51 0 0
T RY v B e& fia 0.01 14 0 0
P 0.01 7 0 0 001
FEVEE O 7o\ Wk} — 30 0 0
Gl — 0 0 0
VA=V A=R P oA L 0.1 29 2 7 0.097 0.071
~An 0.75 1 0 0
PoE 13 7 0 0 0.01
FEHEME D 7o\ gt — 14 0 0
7t — 51 2 4 0.097 0.071
J7aLEYRAAFIL LI HEAT L 7 29 0 0
~An 10 1 0 0 0.02
FEHEE D 22\ R} — 21 0 0
it — 51 0 0




BT OFEEYEEDE=F Y L VEORERIZOWT (BF 6 FHE) 77
x4 BEDEZAVIVIRVI—RASVADHE EASEEELAEOHONTVEIES, i)
=AY IED  w=s UL s ;Q Sk DEBMENEL D Bt
Gy KGR B Ly PRHIERORGE R TR
(mg/kg) (%)  (mgkg) (mglkg) (mg/kg)
VA=W A S 5 EH5HAZ L 0.05 29 0 0
FEAYEAE o 2 iR ) — 22 0 0 0.02
At — 51 0 0
VA=V %v =R N oA L 0.05 29 0 0
FLHEfIE O 72 iR — 22 0 0 0.02
7t — 51 0 0
sualRrPr—hF LH5H52L 0.02 29 0 0
FEUEAE O 73 R — 22 0 0 0.02
it — 51 0 0
PA bxT— | Eo9b5Z L 1 29 0 0
<A 0.2 1 0 0
B 2 0 0 0.02
FLUEAH D 72 R} — 14 0 0
it — 51 0 0
BAT ) L9 AHZ L 0.02 29 0 0
<A 0.1 0 0
B 10 0 0 0.02
FLYEAE D 72\ k) — 14 0 0
A — 51 0 0
FLEARNY KRR EHBAHTL 29 0 0 0.03
Fowa ARy > ~A " 1 0 0 0.03
BB 7 0 0 0.045
FEYEAFE D 7 i — 14 0 0 0.03
7t — 51 0 0
F LT IR A EH9H A5 L 0.01 29 0 0
<A1 0.05 0 0
it 1 0 0 0.005
FLHENE D 72 O fil k) — 14 0 0
7t — 51 0 0
Y IARAAFIL EH9b5Z L 29 3 10 0.35 0.20
~An 1 0 0 0.0
FLYEAE O 72\ i k) — 21 1 5 0.36 0.36
=t — 51 4 8 0.36 0.24
74 Ta= L9 5L 0.02 29 0 0
<A1 0.01 1 0 0
] 0.003
FEHEAE O 72 WL — 21 0 0
it — 51 0 0
Jrx=btunFtr EovAZ L 29 0 0
~ A " 0 0
B 10 0 0 0.02
FEYEAE D 72 B — 14 0 0
s — 51 0 0
Z =z hx—Fh EobAHZ L 0.4 29 0 0
~A 1 0.4 1 0 0 0.02
FEHEAE O 72 WL — 21 0 0
it — 51 0 0
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x4 BEDEZAVIVIRVI—RASVADHE EASEEELAEOHONTVLEIES, i)
84 PRCY ) SR (W YD) e

_ Ny _ s g
R AGE A A R = I i o BIE ROKE POE TR
(mg/kg) (%)  (mglkg) (mglkg) (mg/kg)
Tz N L—F BLR AR (B - 595 M) 0.5 4 0 0
B iR A ek () 4 1 0 0
BB G R (F%M) 8 9 0 0 0.0
B 13 7 0 0
FEHEAE 0 72 W — 30 0 0
2t — 51 0 0
Txzr7ur)r HE 20 7 0 0
FEUENE O 72\ iR ) — 44 0 0 0.02
2t — 51 0 0
~NFH Yy a ) Bl 18 & £ At 0.02 14 0 0
U 0.02 7 0 0 0.02
FEHEAE D 732 i B — 30 0 0
it — 51 0 0
NIV ARY oA L 2 29 0 0
~ Ao 2 1 0 0
i 55 7 0 0 0.02
FEVEAE 0 72 A ) — 14 0 0
it — 51 0 0
NUTF AR v EobAZ L 0.2 29 0 0
A" 0.1 1 0 0
W (T A7 707 7 1RS) 150 0 0
0.02
Bt (P77 AT 2R 2000 0 0
FEVENE O 72 A L — 14 0 0
it — 51 0 0
ARAA > B EovAZL 0.05 29 0 0
~ Ao 0.05 1 0 0
i 40 7 0 0 0.02
FEVEAE O 72 A ) — 14 0 0
it — 51 0 0
Ar—k EO5HAZ L 0.05 29 0 0
A 0.05 1 0 0
L 15 7 0 0 0.02
FEVEfE O 72 A ) — 14 0 0
it — 51 0 0
~T7FF oA L 2 29 0 0
<A 6 1 0 0
g 135 7 0 0 0.02
FEYEAE o 72 W R — 14 1 7 0.05 0.05
3t — 51 1 2 0.05 0.05
AFHTF oA L 0.1 29 0 0
~ A1 0.2 0 0
B 12 0 0 0.02
FEMEAE D 72 \ ) — 14 0 0
3t — 51 0 0
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K5 REDY—RAMSADKERE HSEEBENEDLONATVELES)

E=HY L TED ok jgﬁﬁéft%@ ol

S Gk Ay o K BHE EokfE FHfE TR

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

EPN 51 0 0 0.02
A FaFtT 51 0 0 0.02
A4 TR R 51 0 0 0.02
TF 4T 2R R 51 0 0 0.02
Th7zrFuy s R 51 0 0 0.02
H AW IR A 51 0 0 0.02
JaH— T AT 51 0 0 0.02
g a VT 51 0 0 0.02
Iz )afy— 51 0 0 0.02
SIS INFT = 51 0 0 0.02
T ary— 51 0 0 0.02
FU LT 51 0 0 0.02
= ARSI N I 51 1 2 0.78 0.78 0.02
7=/ hU ¥ 51 0 0 0.02
ZAE A Vg 51 0 0 0.02
Tz T afy— 51 0 0 0.02
PR Sl 51 0 0 0.02
TN hT = 51 0 0 0.02
A= 51 0 0 0.02
A=PaA =Y 51 0 0 0.02
Za ¥y R 51 1 2 0.039 0.039 0.02
Tavait S — 51 0 0 0.02
=R 51 0 0 0.02
ARI A EY 51 0 0 0.02

3.2 B~ OEY KT A FE % OIR AT

ENcHEINTZAm 4 5, TofMofBEbkzARE 1R, FXRUoI—1 10K, 79
— /b 5 mEOULEY 1 AUZOWT, BEEEE T, ELISA Bk & O PCR Bk % 3206 L 7= #& 58,
FHREZAVHEDRANIRD ONRoTc. WEH (R—27 I—/1) 2 ALK OREEHEG ARG 12
AT DWW T, ELISA #ERK Y PCR BRA SEMi L 72 A58, Al A BEOIRAITRD bt
STe. INLOREREFRTILOR IR L.

E, 610 ALY, KEWMEEZZTEFRNEREOFEE~OHERANRES N2 L2
5, BWEMEERTT OB KT A BEEORAMBIIMEELANONE L2 b D2 RRIC Lz,
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K7 DYHBR-ABREDEZZI VI DHER (BAHE)

BH A BT 8 ELISAZBR PCR# Br TN
BE, BB kA AE 595 B kDNA - HIE
R B BREER S R mdE BEE S RBR R OBRHEER R
R m¥ () RE B (%) RE B (%) R
ok 4 0 0 4 0 0 4 0 0 0
MAET Ly 1 0 0 1 0 0 1 0 0 0
7t 5 0 0 5 0 0 5 0 0 0
%8 HYHEKRI-ABBOE=-FIDHEER (FFXUI—)L, AEHEH)
BEA B8 ELISAFRBR PCRZ Bk A
BE, BB ki AE K45 #i¥ i skDNA - HIE

B M B BB R B BB M B B
R mE (%) A B (%) A% REC (%) AR

FFrI— 10 0 0 10 0 0 10 0 0 0
TP —3I— 5 0 0 5 0 0 0 0 0
WEK (R—27 2 —) 0 0 0 0 0
JFCBHE & W 8 12 0 0 12 0 0 0
iy 1 0 0 1 0 0 1 0 0 0

#t 15 0 0 30 0 0 30 0 0 0

ENCHE SN 4B R AR 2 A, BFSEFRARAEE 2 8, LASEEH
Bl Akl 3 8, WHAIEE BB EE 7 5, WS AR 3 8, FEEAT — U A
BE5 0, oMo 4HIRAEE 5 S RO OMOEGREE T ORAEFEE (@EWEIFE 286 0)
2 BITOWT, BAMEIEE F, ELISA B & OVPCR bk %2 Fhe L /=i %, FHE-ZABEDORAR
WOLNIRINoTe. ZNHDRRERIITRLT.

A S A7 R G AR S RITOWTC, BAMEEEEE, ELISA BR & O° PCR BRIC L %4+ H
Kl A BHE ORAMERS &2 Fh L72FE R, WO LIRAFRO N7z, T b D
EERAFRI10ITTR LT,
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K9 DYHREABENEZZU VJORKRE (ENEESFARANSE)
SR E ELISAER PCRi#E wa
B, B kA RE EEEMKDNA KT ) B kDNA - CHIE
s SO WS OSSO S S CONS

2E F Rt
VEFLWI T4 AR S R 2 0 0 2 0 0 2 0 0
BB R RS R 1 0 0 1 0 0 1 0 0 0
SR A B A ) 3 0 0 3 0 0 3 0 0 0
A AEIRE A EA R 7 0 0 7 0 0 7 0 0 0
PRI A2 i & B ek 3 0 0 3 0 0 3 0 0 0
RO (IR RO 2 ST b o) 1 0 0 1 0 0 1 0 0
AHFRREE LR R A &2, BB EREEE20H0) 3 0 0 3 0 0 3 0 0
AR EL (ERL 72450, URAME & E20H0) 1 0 0 1 0 0 1 0 0
LHBLAZL, STk MIRAEE 1 0 0 1 0 0 1 0 0 0
FRLS OIR AR 4 0 0 4 0 0 4 0 0 0
/N 26 0 0 26 0 0 26 0 0 0 0 0 0
OO GFER R
(@B A G b 0)
Z DDA R 2 0 0 2 0 0 2 0 0 0
/NG 2 0 0 2 0 0 2 0 0 0
&t 28 0 0 28 0 0 26 0 0 2 0 0 0
£10 FYHEE-ABBEDEZFYIDOHER @ARARSE)
PR B & ELISARBR PCRx it wo
BE, BRE FHKZAHRE X9 5 B H KDNA | E
B B BULE BB RM REE BB B BULE
R R (%) sE R (W) RE R (W) R
R
T AV EHRE 3 0 0 3 0 0 3 0 0 0
=8| 1 0 0 1 0 0 1 0 0 0
77 A 1 0 0 1 0 0 1 0 0 0
& 5 0 0 5 0 0 5 0 0 0

3.3 NEMEARHY
B & UCHfA, s LW B (e s ie, B M, RBEmIEE)
42 RUIZHONWT, REEARHMOSHEELZRE LR, NMEERMM ORI HkEB2 550
72 ole. ZEOREREZR 11ITR L.

K11 TBRUETHYPOE=SZY VI DHER

T=s Y IO s e e I S fE
NPy D o)
Eh i 0.15%LL T 42 0.075 0.023

34 VTR
[N oL X A7 BRI R 43 SR OERGEE 16 SIZOWTE=X U 7 %5 i L2 f5 R,
BREIEECIL 1 L (Fky) o dAexInmilanse (MEE2 %) . 7k, BEREGE ORI
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1 YES-DC-CP medium facilitates the isolation
of Aspergillus section Flavi from acidic field soils
KANAZASHI Yuhei, YAMAGAMI Yohei,
FURUKAWA Tomohiro, TSUKADA Yuko,
HIRONO Yuhei, OGINO Akiko, YABE Kimiko and
KUSHIRO Masayo
Aspergillus flavus and parasiticus agar (AFPA)
medium is the most prevalent medium for the isolation
of fungal strains of Aspergillus section Flavi. AFPA
medium has been mainly used for the selection of the
aflatoxin (AF) — producing strains of Aspergillus flavus
and A. parasiticus. Recently we have developed an
improved agar medium, named YES-DC-CP, for the
isolation of Aspergillus section Flavi, regardless of the
production of AF. In this study we adopted YES-DC-
CP medium for the isolation of Aspergillus section
Flavi strains from acidic tea field soils and compared
the isolation efficacy with AFPA. As aresult, YES-DC-
CP medium was more suitable for the isolation. The
isolated strains were chemically and genetically
analyzed for the species identification. 4. caelatus, one
of the minor species of this section, was found in rather
high frequencies.
JSM Mycotoxins, 75(1), 7-10 (2025).
DOI: 10.2520/myco.75-1-3
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(Animal Science Journal 5 73 &85 3 5 221-228 ~X— X W #ig#R)

Bia iz hvEr 3y (event CBH351 (AHX—VU 7)) #5IC X WA O

REE~DEEE L Cry9C EREB LW ery9C BinFo3Lit, Mk, AFlER X Ol ~

D17 (Animal Science Journal %5 74 &R% 2 5 81-88 ~X— L D ixd)

ORI ORELE B — U ORS— (v A2 hF T B S3EE 175 6368 ~—V

AUR 77 1)

WO X DM D)7 v o DERIE (REDOWIZE 55785 375 373-378

=T KD ERE)

fBFEZ R L LI VB R T MAICR T 28RO BER o MERELLER (T EEDOHIZE]

55 5THBE TS 780-784 ~X— ¥ KV #nifl)

Natural occurrence of type B trichothecenes in formula feeds and feedstuffs in Japan
( 'Mycotoxins] Vol.54, No.2, 89-94 ~2— . V) #ixif)

Development of Primers for Detection of Meat and Bone Meal in Ruminant Feed and Identification
of the Animal of Origin ( [Journal of Food Protection| Vol.67, No.6, 1289-1292 ~— 1 V) #ix
i)

Comparative Studies of the Quantification of Genetically Modified Organisms in Foods Processed
from Maize and Soy Using Trial Producing ( [Journal of Agricultural and Food Chemistry |
Vol.53, No.6, 2060-2069 ~<— < 1 ¥ #5#)

Validation of an HPLC analytical method coupled to a multifunctional clean-up column for the

determination of deoxynivalenol ( [Mycopathologia] Vol. 161, 239~243 ~—< I V) #xdk)
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Development of PCR Primers for the Detection of Porcine DNA in Feed Using mtATP6 as the
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n PCR-RFLP Identification of Prohibited Animal Derived DNA in Animal Feed (Food Hygiene and
Safety Science, 52(1), 24-27 (2011).)
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(Veterinaria Italiana, 47(1), 49-52 (2011).)
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I GC-FPD |2 X 2B D=7 AR 3Bk OBR & MERERFN (& A7 MEE, 53(1), 45—
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232 (2012))
n Improvement and validation of the method to determine neutral detergent fiber in feed (Anim Sci J,
83(10), 690-695 (2012))
n Modified use of a commercial ELISA kit for deoxynivalenol determination in rice and corn silage
(Mycotoxin Research, DOI number: 10.1007/s12550-012-0155-6 Published online: 30 December
2012)
395 REEFOVIEICK T BB L XY o VEEEH OO ORISR (GEH LM
28, 39(4), 149-156 (2014))
40 Occurrence of Four Fusarium Mycotoxins, Deoxynivalenol, Zearalenone, T-2 Toxin, and HT-2

Toxin, in Wheat, Barley, and Japanese Retail Food. (Journal of Food Protection, 77(11), 1940-1946
(2014), doi: 10.4315/0362-028X.JFP-14-185.)

Development and inter-laboratory study of a method for quantification of fumonisin Bi, B> and B3
in pet foods (World Mycotoxin Journal, 8(1), 55-61 (2015).)
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N Formation Ratios of Zearalanone, Zearalenols, and Zearalanols versus Zearalenone during
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(& LS MERE, 56(6), 247-251 (2015).)

42 %  Development and inter-laboratory study of a method for quantifying zearalenone in pet foods (World
Mycotoxin Journal, 9(4), 497-503 (2016).)

43 7 Development and inter-laboratory study of a method for quantifying ochratoxin A in pet foods
(World Mycotoxin Journal, 10(1), 53-61 (2017).)

" Sterigmatocystin and aflatoxin B; contamination of corn, soybeanmeal, and formula feed in Japan

(Mycotoxin Research, 34(1), 21-27 (2018).)

46 = Development of a simultaneous quantification method for ten trichothecenes including
deoxynivalenol-3-glucoside in feed (Mycotoxin Research, 36(4), 353-360 (2020).)
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n Whole agar dish culture extraction method to assess the survival of aflatoxigenic fungi in soil
samples (JSM Mycotoxins, 73(1), 1-5 (2023).)
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Research, 39(2), 95-108 (2023).)

49 7 Prevalence and antimicrobial resistance of Enterococcus spp. isolated from animal feed in Japan

(Frontiers in Veterinary Science, 10 (2023).)
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