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¥ E: BM @7 QuEChERS-ERURAH (A5G- J5 S Ab 2 A vkl e s e B i b B i % 55 % By By, Gy
Gy I HT )T Jo5k FRERZT 1% T ER- L IEHREL, MgSO,+C 5+PSA ik, msORAH @ is-A1 5 e ik e i A1k
R R WA R B, G MBI E#E R B,y Gy 0 ITE 0.5~20, 0.125~5 pg/L JEE NP R R, H
KRBIIKRT 0.999, Jrikk R A 0.1~0.3 pg/kg, ERPFRA 0.3~1.0 pg/ke, MARENCR N 86.4%~97.8%, AHXt
PR UEMR 22 (relative standard deviation, RSD) N 2.9%~6.3%. &5 %7 AL FRRI(E, Ik EREa e, I 45 ik
i, AIRHRE, P TR S E bl b o it 5 3R i AL A
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Determination of aflatoxin in cereal food by QuEChERS-high performance
liquid chromatography with post-column photochemical derivatization
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ABSTRACT: Objective To establish a method for the determination of aflatoxin B, B,, G, G, in cereal food by
QuEChERS-high performance liquid chromatography with post-column photochemical derivatization. Methods
The sample was extracted with 1% formic acid-acetonitrile, purified by MgSO4+Cs+PSA and detected by high
performance liquid chromatography with post-column photochemical derivatization. Results Aflatoxin By, G; and
Aflatoxin B,, G, were good in linear relationship between 0.5-20 and 0.125-5 pg/L separately, and the relative
coefficients were more than 0.999. The limits of detection (LOD) of the method were 0.1-0.3 ng/kg and the limits of
quantification (LOQ) were 0.3—1.0 pg/kg. The recoveries of the method were 86.4%-97.8%, and the relative standard
deviations were 2.9%—6.3%. Conclusion This method has simple pretreatment, stable recovery, accurate
determination and low cost, and can be applied for the mass detection of aflatoxin in cereal food.
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HE M 5 # # (aflatoxin, AFT)2 pH B M85 o4 137 26 i
BEAE—E W AR A R A — R A a U it
FIE A BRI AE A FE LA T 1993 AR A o 1 26
BomY TR W ULI AFT 264 By, By, G, Gy, Hf AFT
B, BEETERITE AR A I & R K. AFT HAHSR
i e g M EE SR A, R E . RE
GB 2761—2017 { B R EZ 2 EZFHE BRTHEFFER
1) B FOK. FOREGE . F) BTl e BT b
1 AFT B, BRI N 20 ng/kg, 4. REK . SOk AFT B,
FRIE A 10 pg/kg, /M. K. HALA Y% AFT B, FR
oM 5 ng/kg. TEHHEEBE R AN A W2 (@8R
T ER A e R | VBORE i R S Rk O RO i
P8I o R gk O AT TR, R sk
FHF AFT B, PR i A . WORH €0 1 H 10 o i ks phy 38 1
U0 2800 XoF A S HE AR S A K o R O A T ke
Mgsvk R . MRS . EIMMRE . AFT Bk or
I FER AR R AL DO S R R, AR R
o FLR DN B A e, S R B R B A R A I
QuEChERS(quick, easy. cheap. effective, rugged. safe),
A O [ B b B & TR e St 11— FH T A R 1
P RE AT T R . QUEChERS HHBILFER SR . I
B LTS e i vz g A, AP R L AL B[R]
5. OBAMRER, BEPLEA RO EBREOR . 8. BE.
KA R 22 4 B SCHR, SR QUEChERS-H A4
AH L TE AL 5 b 22 AR R E AR B b 4 P il 25
TR MAWAIE , AWFFE T T QuEChERS- & U AH (4
AL E B 2= AT AR I E IR B b 4 R I R &,
DI A% 5 ) G 88 S RN v Al s R I L A 0 B AR 5
L [n]

1 MR5ERZE

L1 EENHFESHFA

Agilent 1200 =08 AH G35 (BLZEGR I &F, 2E H
Agilent A7), Hfd SW-3 HLJEMeIb &M A 48 (VL Al
AP BR 2 A, Milli Q BUBZI/KHL(EE Millipore
2\ Hl); SK3200H B P AL (IR A AL A IR A |

HMETER B, .B,.G, .Go(H:H B, .G I E N 2 pg/mL,
B,. G, #J¥ 4 0.5 pg/mL, 35[E Romer Labs 23 ]); HIEE .
(g2, 18E Merk AF]); HER(MAIEHR, HIGRREET
R A BRAAD; Tok MgSO,. NaCl(Zr#rad, FEzy4EH
2R A PR vl ), Crg . & e -N- D3 2 i e b ik i
(primary secondary amine, PSA)Wi >R (3£ [E Agilent 23 F); 5E
5K R Milli Q #E4liK .

1.2 LW HE
1.2.1  FfAL AT

FRELS gCRiHi 22 0.01 ) I S AT T 50 mL E5.0
Fr, MK S mL, WHE 30 s HFEAMIEIE, A 10 mL 1%
MR IEVEW, WiE 1 min J5#AE 15 min, TIA 4 g JK
MgSO, #l1 1 g NaCl, ¥ HE 1 min, 4000 r/min B.0> 5 min. W
B EWEW 1.5 mL FHUCHEA 200 mg Jik MgSO,., 75 mg
Cis 1 50 mg PSA ¥ KM 2 mL B.0%H, W€ 1 min,
6000 r/min Z5.0> 5 min, B EIERAT 0.22 pm MFLIERE, U
TE FHERE /NI AR
122 HRAE R A ECH]

HERIR 1 mL & &R R ARUEYI B (T By G ik
BEN 2 ng/mL, B, .G, ¥ EEA 0.5 pg/mL)F 10 mL &,
FREK:L, VIVES, RIS B. G4 200 pg/L,
By Gy M 50 pg/L AOTR S AR ERR A T
123 MBELH

AN IER ] Luna C i #:(250 mmx4.6 mm, 5 um,
LETFEZ TR, Tl R H EE-/K (48:52, V:V)EEEE YRR,
WM 1 mL/min, A3 30 °C, BERER 20 pL, 286K 5
K 360 nm, FEEMMIEI: 440 nm. R FGALF A R AT AE 2%,
AT ST 254 nm,

2 HRED

21 FEMEEEGRMRL

BUR 8 8 8 R KRR AESL 5.00 g dEA 7R s2 5,
AFT By, G inbpiit g 10 png/kg, B, Gy bRt 2.5 pg/kg,
ERE, FEMEFEEARSBBEIIORER G, Dtk
WRERRAL B A A
2,11 kR ik

Z IS T QUEChERS BEHEIAK Hh 1945 HLE
R, RIIMAGE &M KSR BUSCR B4 . X T RE & i T
QuEChERS W1 H & /K HTE 75% L L BRE SR, ik
KEKREN 15%EEH . NRERES SRR, AR50 57
5gJCKkHINA 0.3, 5, 8,10, 12 mL 4k, HIEBUE, &
B 5 mL 47K J5 4 R il 24 2 R AR BOSCR ¥R s, HoR
FAAA 5 mL 47K iEE .
2.1.2 A A FEAT A 49 Ak

QuEChERS #&H iy FI R 4100 S oK MgSO,
A NaCI' 28 TR A Y 2 Rkl i ok MgSo,
4 g, Jo/K MgSO, 5 g, Jo/K MgSO, 6 g, Jo/K MgSO,
4 g+NaCl 1 g, o7k MgS0,43 g+NaCl 2 g, ZHEHSLH &
Ji7K MgSO, 4 g+NaCl 1 g #EBEYRH, /K MgS0o,
A S g VLS a5e, xR BACR TR, T priatinr
i MgS0, 4 g+NaCl 1 g,
2.1.3 PRI

SIS e PR S A R 4 b il A R CR M
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ZEARK, ARSZBRFE S AU R e S IO AHE AR o 3 7T BE 2
H S BRAE  h E TEAE 0 R h E E FE vE AR AR
MM N, FE75 A R T A, R BOE e, s
RS 15 min DL SRERACRICHH ARk . HICR F IR e
1 min J5 #8775 28 15 min,
2.1.4 RICEFN 69

T W R R AR U R R 4L A HEE
CHE . 1% R-HEE . 1%HR-0E . 1%HR-2 01 B B
(90:10, V:V), S55ANE 1. 58 EH, CIERBUGSCRIETF
B, HmRAONERBUSCRE— P8, X AREE TRk
GMALREY D FERTURE AR, SHETTE R TR
FECH R, i A/ B R R R TR R AR . S0
B, 2GRS L E R R OE A VE R, 4
QuEChERS ## B2 Z NG 1E RGN . bR ik dhok
MK @B4:16, VIVFREL, ATk e 2.1.1 F#5E 1
AKX IR, SO HLA PSR . SEbR Ay
Bk 10 mL 1% ER-Z 1 5 mL 7K (66:34, VV)$RE, 48
B K 0 H B I RR R R o X T R T A IEIMAT
AT 2.1.2), THEEZHKS S5PH SR

100 CJAFT Bl
EJAFT B2
2 AFT G1
B8 AFT G2
95
K90t =
H
=
= 85

) H%
75

HEE 285 BRIHFEE RIS BRIZHE: FEE(90:10)

1 TR R0 DI 2 Y 52 0 (n=3)

Fig.1 Effect of different solutions on the recovery rate (n=3)

22 HEEUEREHML

FEME 1% - RGO G, 1 E R R fe
2R, SR R H R R, SO R i — 2
Fefbo EFMIORERA BRSPS, #EHTK MgSOo,
W2 B 7K 43 FK B PEZR T, Cs MRBIHBEZE L s AR LA 47,
PSA WL SRS . AHLER . BRITIR . Motk fa R G il 121,

B 1.5 mL 4RBUE T 2 mL &0, 250nA 50,
100, 150, 200, 250, 300 mg Jo7/k MgSO,, ZitiRlE. &
DSBS IE, BB 200 mg i 4 Fhi il 2575 £ 1k
R, AR, W IECR TR R 3R] g Bl % JEK
MgSO, FYTIA, FEEUR /0 5 K 43 R K 7 2 o 4 W% f
AR BRI I NS BN, (AJEK MgSO, A
Rl RS MM S, FEH SR B F i

TR/, R B IR K R ™ A AR, s IR A
W, [, A Cis 10, 25, 50, 75, 100, 125 mg, &
BINA 75 mg B RIS iR, QRS2 AN IR TR, N
A PSA 10, 25, 50, 75, 100, 125 mg, fill A 50 mg Hf[Al
R, 2RISR R, XAt T+ Cis M PSA i
PR T KBRS0, AR T B AR SR 2 $2 BOR
{HJ2 Cyg F1 PSA 1 Z L 2x BARP o™=k — e Wb . 25 Fr
F gL, ARG R ARGy oK MgSO, 200 mg. Cig
75 mg. PSA 50 mg,

23 BIERENMNRL
231 B ERE

AR HEZZETIEZ ] Luna C3 H . Agilent Eclipse
XDB-C s ¥ (3 [ Agilent /A F]). Thermo ODS-2 Cs #:(3
EZEBR KA D3 A s A, MR 250 mmx4.6 mm,
5 um, 455 &I Thermo #EFELR I shAH X #EK, Agilent £
MIAEZ TR AL, FEZ TR 0 B R 2 B8 4, WOk
HIAEF ] CrgFE,

2.3.2  GishAE H )

A F 5T RO H O ORN K GE ORE VR B, M OH EE K
=50:50(V:V)i, 4 ¥y ot i) 0L A 4>, {H)E AFT G
G, A ik B 3L 4 4r 25 o U b AR H ) R R Ol R K
=48:52(V:V)iT, 4 Fp 4 5 335 B JL R 73 5 SOAS BF 5% ok
W3 B AR A A
233 Kl gy

B I 7 2 A OO S E T k E A RS
FRAEATAT AR . RO S AT AR . bR R ik
o =50 C R AT AR DR BB, R B R Y B
PE, BEMAERAE N S E i R KA L2, M@ R A
W, HATALLUS 4 Fhigih & e RIGBIX FRIERENL, X E
TP AR R R AT AR R B R A, HLAT AR
PRI FE R K 70 °C, AFTFATREFMET, SefbF bl 5 fii A vk
PREMAE, ook BI7E LR SERPARI, AT REIL 2=, #ERE
A, HRBUER, L, BT 2 Pk
AW HEET H SW-3 B R e A #%, R
254 nm HMTIRES, STIZELAGI . TPHLHEN 1 h )5 BEik
FIFEAIRTS, S THEIREIIA B RO

Bl 20 4 Fhig i s R in sl g, vl 4 Fhig
MERFEY AR, HIETRLE, LW/, W
JEATHTEK
24 FEFESR
241 ZMXRRRKME., 28R

fiidil AFTB;. G20 0.5, 1, 2, 4, 10, 16, 20 pg/L,
AFTB,. G,/ 0.125, 0.25. 0.5, 1. 2. 4, 5pg/L (W FF
FRUEEW . VL 3 FRfEME H i8S H PR (limits of detection,
LOD), 10 117 Mg Lt 1155 % 5t BR (limits of quantification,
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LOQ). HHELERILE 1. R 1 v I 4 Fp i B 8 A0
MR 2B R R IF, M RA 0.1~0.3 pgke, ERIERA
0.3~1.0 ng/kg, i AR .
242 [ FOR

FEBIVERE S a3 SIS IS . L 3 AR R ot
BRI TINAR B S2 8, 4 B ph & S M AR N
86.4%~97.8%, FHX}HRUE NN 2= (relative standard deviations,
RSDs) N 2.9%~6.3%. Z5HRUNFE 2 Firn. A UL milk
Fhyw, HEBERL, T RFRRAEE NSNS
TR E .
243 AL HER ST

#H8 GB 5009.22—2016 { &ML EZRRE &P
HHERE R B IR G IEAIMNE ) M5 A T IR SE G, B
5.00 g JOKRET 50 mL 2048, #8831 5 3 nds . A
20 mL ZJE-KIEW(84:16, V:V), IRHERE], #AE 20 min,
1£ 6000 r/min F#:.L> 10 min. HEFEEEL 3 4 mL, A
46 mL 1% PBS(pH=7.4)¥, TR Wy MM
WLFE G, B EIRFERAE R 50 mL FEETERTE R, 1k g
SRAIRE, TR 2x10 mL KkEE, B EAhT, 2x1 mL B
VEME, WCAEVELE, S0 CCFAARMREIET, Avinimsh
ERZE 1.0mL, BHE30s, 0.22 um HfL g ug s ARl

XA ILER 3. R 3 WILAE H, A Jr i fERR ik
[l 3 F1 RSD JoHH 222 53t o B ARAS T 1 ARG FR A E kR
SEFEBRTTIEI 2 4%, B IEFIRAT SR AFT B, 1IBR
N 5~20 pgrkg, WA LN ER REUERE® ., A5
TR AL RUR R T AT PR, B T 5E A,
TE—E R RE b ] BUCER T %
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Fig.2 Chromatogram of the standard solution of AFT B, B,,
G and G,

®1 4MEMESRNLMCE. @EAFE. BXRBMQLR. SR
Table 1 Linear ranges, regression equations, correlation coefficients, limits of detection and limits of quantification of 4
kinds of aflatoxins
L) LM/ (ng/L) (] 7 A LIES3 o 1 B/ (ne/kg) SE R /(ng/kg)
AFT Bl 0.5~20 Y=5.442X+0.6359 0.99972 0.3 1.0
AFT B2 0.125~5 Y=13.12X-0.7284 0.99967 0.1 0.3
AFT GI 0.5~20 Y=2.417X-0.7152 0.99986 0.3 1.0
AFT G2 0.125~5 Y=5.914X-0.1432 0.99990 0.1 0.3
£2 75RO ENCE R B L (n=6)
Table 2 Recoveries and precisions of the mothod (n=6)
MEEF IR Gk il i AR
A4 /% RSD/% [T/ % RSD/% [T/ % RSD/%
5 89.6 6.3 90.2 5.5 86.4 6.2
AFT B, 10 924 5.5 93.4 5.0 90.5 5.4
20 953 32 94.5 34 95.2 4.1
5 88.8 6.1 87.5 59 89.7 5.8
AFT G, 10 93.5 43 91.5 4.9 91.4 4.7
20 97.3 3.0 95.7 4.0 96.3 3.6
1.25 92.5 5.8 91.1 6.0 90.4 5.5
AFT B, 2.5 95.6 43 94.3 5.2 92.5 4.6
5 97.1 2.9 96.8 3.7 96.7 3.3
1.25 91.7 6.0 90.2 52 88.8 6.1
AFT G, 2.5 95.3 4.2 943 4.3 91.7 5.0
5 96.7 3.1 97.8 3.5 95.4 3.2
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®3 AFESERGERE@®=6)
Table 3 Comparison of this method with the national standard
method (n=6)

Y44 R ZELmH ENJIRS ESL 7 WIRES
LOD/(ng/kg) 0.3 0.15
LOQ/(ng/kg) 1.0 0.5
AFT B,
[T /% 92.5 93.6
RSD/% 5.5 5.9
LOD/(ng/kg) 0.3 0.15
LOQ/(ng/kg) 1.0 0.5
AFT G,
BT /% 93.5 92.8
RSD/% 43 4.8
LOD/(ug/kg) 0.1 0.05
LOQ/(ng/kg) 0.3 0.15
AFT B,
IR % 95.6 96.1
RSD/% 43 47
LOD/(ng/kg) 0.1 0.05
LOQ/(ng/kg) 0.3 0.15
AFT G,
[T/ % 95.3 94.2
RSD/% 42 45
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MACTE TGy AT RERAEROK L KW L TRy L KM
SERRARZEEN 55 18, b 2 M i R R, MR
B Ao

3 %

ARFFE ST T —F QUEChERS- 2 S0 (43541 )5 47
AR E AR E M EMETER B, By, G G 1
Tr o T IERTACER 8, LR AR e, W 45 R e, K
AARRR, AT RS Al v B 2 1 R KL A
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