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Validation Study of Simultaneous Determination Method of Aflatoxins by LC
~Application to Whole-Crop Rice Silage and Ear Corn Silage~
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("! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
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We have made a validation study on the application of the simultaneous determination method of
four aflatoxins (B1, B2, G and G») to whole-crop rice silage (WCRS) and ear corn silage (ECS).
This method uses a liquid chromatograph with fluorescence (LC-FD) for formula feed, corn and
corn silage, and has been listed in the Feed Analysis Standard of Japan.

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

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

This AFs analysis method was thus verified to be applicable to WCRS and ECS.
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Aflatoxin B Aflatoxin B2
(6aR,9aS)-2,3,6a,9a-tetrahydro-4- (6aR,9aS)-2,3,6a,8,9,9a-hexahydro-4-methoxy-
methoxycyclopenta[c]furo[3',2":4,5]furo[2,3-h] cyclopenta[c]furo[3',2":4,5]furo[2,3-h [1]benzopyran-
[1]benzopyran-1,11-dione 1,11-dione
C17H1206 MW: 312.06 CAS No.: 1162-65-8 C17H1406 MW: 314.08 CAS No.: 7220-81-7

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

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

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

Table 1 Operating conditions of LC

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

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

Flow rate 0.8 mL/min

Column temperature 40 °C

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

Under the light-shielding conditions

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

10 mL test tube

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

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

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

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

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

B: Sample solution of WCRS

C: Sample solution of ECS

3.3 EANEIEER

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

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

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

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

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

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

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

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

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

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

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

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

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

ET, LUTOMERSEL, MHANARETHDL EEZLNT.

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

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

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