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Development of detecting method of mycotoxins in the food

HAO Wei, YANG Li-Fang, WANG Liang, LIU Lin, CHEN Zhi-Min"

(Shijiazhuang Food and Drug Inspection Center, Shijiazhuang 050031, China)

ABSTRACT: Fungal toxins are a class of toxic secondary metabolites produced by filamentous fungi under specific
environmental conditions, with nephrotoxicity, hepatotoxicity, neurotoxicity, teratogenicity, carcinogenesis, and
mutagenicity. These toxins can enter the food chain by contaminating agricultural products such as grains, fruits,
vegetables, nuts, and their processed products, posing a serious threat to human health. Therefore, developing
efficient and sensitive detection techniques for fungal toxins in food is particularly important. This article provided a
systematic review of common fungal toxin detection technologies in food, focusing on the technical characteristics of
different detection technologies in sensitivity, specificity, multi-component synchronous detection, and on-site rapid
screening, analyzed the key technical bottlenecks such as complex food matrix interference elimination, precise
quantification of trace toxins, and development of detection standard substances, providing reference for in-depth
research in this field and the updating and optimization of national and other levels of detection standards, in order to
further improve the accuracy and efficiency of fungal toxin detection in food and provide strong support for food

safety assurance.
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HE#E, A HIMEREE B, (aflatoxin B, AFB)). #ll]
R M, (aflatoxin, AFM,). & & 8 ¥k 7] 0 s b5
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Table 1 Characteristics and limits of major mycotoxins in food
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(CETHHE)

GB 5009.22—2016 { fT
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FERMARGIRIITE . 2RI
WRTIVE . HERIETITA L L
ik VAN N AR Y
[ 24 FAN T VA o
HA WL ARG R PR
i

INERY . FAR( i)
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1 BIAEERR

AEERWHHFRWWS RS, A TFELERTERE T
AR HAE R FE T Z, Gy kil i #2728 T4, B AEqY
AN Z AT RIS EE . . dik,
PRBERMZE R R e v vk BT, E NS R
S S raalINOL SN B B RE E AeEs  NIe o SRR S
(immunoaffinity column, IAC)¥fk A | & AHZ B (solid
phase extraction, SPE)$ K . W - & #£ B (liquid-liquid
extraction, LLE)$#; K . QuEChERS (quick, easy, cheap,
effective, rugged, safe)ZFHi AR .

1.1 TAC BLFHAR

IAC 2RI A W Ko F HA R e — 2 W KAy T4
S Y B R 3 2 0 R T A, DA A3 BT A I 4 B
PURMERZENTHE . IAC H b B BAE . MUk S5 Tk
i 3 AN ER, LISCBUB AT 0 Py i e e R, R
AR . SR XS FRENE, Hik iz 6
T ESh G4 B R A Y B 25 2508 P 1 4 8
A AR P 2 a4, TAC FEAR R QH N,
BT ZH RS AR EE . &BFEHEE R K
JERHE R 2% . 2 R A RIIE S, TPR T LA &
IAC FIFHRBOR AL, AT )i Tk B A ) 400 e el
) AFB,. % AlEi 5 % B, (aflatoxin B,, AFB,), # %
FE & G (aflatoxin G, AFG,). # i 2 5 % G, (aflatoxin G,,
AFGy)Fll OTA, by KCHAJEC R} b L TR B 28 28 85 1 U P A
BT HR P, AR U@ 1 # 7 DON. ZEN
AFB,. OTA UG —8 4 1AC [R5k . )5 etk 1
AL TR TR £ R A A A 0 AN A T i ]
R, SEB/NFE X 4 D TR EE 2 0 R PREE E . H T
TAC HEARTEE Sh 2 4K I v i & ke 3 (D il #2
T2 BAr R ARBE J1 5 (2)15 8 BUAS I £ AR HR FTE ik
IR R .
1.2 SPE #HA

SPE A1 MWEHTAL & TSR 1, FEF - [ AH 1% 2
YRR S AT A FRE AR DT, R P R A RS0 B L YR e
0y S A e B bR, B E AR B ek i L 3R]
D BEf SIS, FENATEMS . YR

K S5 5 e B RS O RE S AT AR ERTS1 LIu 2RO
TR T —FIET MR SPE Bk ik, 454 WM & 1E-
BRI AFB,. AFB,. AFG,. AFG, T
T AT SR 2 R B AL PR W] B FHAE SPE W) b B
TR G B, 120 A L bR . AR BE R Sy
Froesl 440 5, BAYRAM 2621120 AFB,. AFB,. AFG,,
AFG, W, RAARRGEG&E T HFHLEREY, I
B SPE AEHUEL, SCBL T4 M 4 P il E SRR
DB ES SR, SPE HiARMAALEHK AR R M2,
FE AL RS A, BRAR 4 1 S )

1.3 LLE ¥R

LLE MRV R AL I 32, 2R A AW R BEA
AHVE 7 390 v RV AR R AS T, KA L DN —Fis 0 e A5 3
T3P AR o AR T B AR A AR [
Wtk il Z (8l e A S ol . HATA {54 LLEPY | 340
LLEP | 2380080 W i 28 B &5 b 25 24281 ) POCHIVALOV
LR2TMe R 4k B 7 (deep eutectic solvent, DES) 5 £ K 774
o175 ) P T AR T S, 3 8 L AR i 1) i 8 0
B, PR T ARG R T R A T R IR B
Wi B BRI, %0k IR R B 93%. CHEN ZRPPDR LT
TR FLIE N A A BRI RZE IR AR, SEBLT X AEAE T
FIZEFEREINT AFB, . AFB, #ll AFG, f = SAE IR, % HTAb 38
HAR, METHESER LLE, A RRRED . BHS5EES
THFEIAR, RS Ry A AF, IRBE T SR (a5 B Ak 2 1 2
HEU G
1.4 QuEChERS R

QuEChERS T 4FR E PR b et & SRk —Fh A
T A 7 ol A B R A B R, PR 38 AR
ANASTASSIADES ##55F 2003 4:J1 %, 1% ki ek |
fAT o (EED . AR, ATEERIL AT — B, SR )
RE5G LI v A 2 SR AR, R B 2 M T 38 Ak B
g, SEBLZ R E AR [0

QuEChERS #i AR FEMIELIFRIL, a2, |
BEBRZ% 3 A ad . RAUSCH 2B ] QuEChERS Fif4b !
WO, EERY T 38 PR R M TR S,
O R IE T 61%~120%, SCIL T 2 E MR 2%
. QuEChERS J5 45 G i SORM € 38% - R R it i, al
EEFYIT A 6 Fh ERRFEHBIMAEIE Y, 5 6FhE K
R B T 2k A 0 RS B R B S L4 i) ok E
0.05~0.10 pg/kg Fl 0.25~0.50 pg/ke, [\ 0 & ik 3|
91.8%~114.5%%, QUEChERS i RTEA [ 3 Ji vh w] 4%t &2
Tl E BRI R I 3BT, FLAT BT 3E P R T S, A A
K BRI ER T A 850 AR B

B B R R A B R R L 2,
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Table 2 Comparison of pretreatment techniques for mycotoxins in food
AR R Pesi B R
T R N o . PUEBLAE R PR TV -
1AC FBSEHERIF A SURRMORRUNE BRI i | ks, RAETSAN . BERIREK
Fa g TEBF
BARRRIOE, mICRS | RUENEG . WHYER)T . BT o .
b P LK =
SPE B Sk R AbFRIF AT | A
LLE BAERE ., TR AR FRIBCICEAR . FERHC . RZEHIA VLA L AR
OQUECHERS FRl, PR R, AR, EORED . e mil RBGICREUR . ARG . SRR A S L AR

i R

TR AL, PGSR SR

2 MR

2.1 BiERAKR

0T 2 R FH D IO 0 A L R e A R Y g 3
f2F o 7k, B s B R AR IR IR 5 WS e H
ASFHES B T AH (B h [8 5E FH RN IR sl AR VR T 9 25 54 oy
BRKIER
2.1.1 mABEE%®

R W M fa 3% 3% (high  performance
chromatography, HPLC)LURAA R shAH, R FH i 4l &
gt 5 EA N RIS A Y S ) R R LA TR S L 22
R S5 T B AR ZE A AT [ I 0 T AT, 24T N A5 BB
GBI, HEAKIN S TR, AT ST A A 2 AT o
AR AT B | Al e R A, WL R
R VR P R T R, R B e AR R A A T
S5 DR I T e e R R 9 HPLC AR SE A4
il AFB,. AFB,. AFG, fll AFG, & ht, 4 i Z1E 5 Fh R
At AL P BRSPS 74.0%~96.0%, 12 5 1 1
fifi . REBE AR, & A TFEDm 4 FretihEE R0
BHEPE . Ew s .
212 FHEorAn &gk

15 WA 8 3 - BT 3 74 (high performance  liquid
chromatography-mass spectrometry, HPLC-MS) &% HPLC
Y43 B HE 1 AL BT (mass spectrum, MS)AY % E i J1HHLE &,
I PR (35 % &2 2R O 0 oy B Re 00, IF R BT X
A& B 1 v 2 A TN R TR 5 ) S PR, LA
R | o R v A AR A A i 1 A B
AFM, 5§ 17 Fhl R FLEG R B R A NIRRT 4,
18 2L QUEChERS 1§+4b. 25 Gt o 330V AH €8 i - R BB — B DUAR AT
SRR RN T R R RGN 17 R ERERER AT,
G BR A 0.15~3.00 pg/kg, PR 0.50~10.00 png/kg. %7
RBUELE, WERREE S, AIAESN H R BRI e R R
(A ORI 1 o 28U, B SEIEST [ 8 SPE Hij
AL IE AR G5 G HPLC-MS Al 25 £ R 24 ke v 14 Fh BT
R, T E M E RSP, TR RS A, R,
R AR LT R LA B R MR R R F B . {H HPLC-MS

liquid

FAR SRR A8 B 5 0 F A R v T 2 oK 1 55 ] R,
— R LR TZER 2N
213 HEE&EE

)2 (431 1= (thin layer chromatography, TLC)/2F| &
R R R AE SR AR ™ AR 1 55 8 G I RR I DA S i 5 5
FBE AR/, FEATHE BRI HIA G i, HAR AT
Lol . BRAERE . BB, ol W 5B 2R,
X FE AT AL BREORARSE, TEEMESE | e w b ki
HEEANEM . SALISU MR Rp it iy &2 Z vk, %L
4t TLC Jik# T RGP, LS S%E b AN H s/ K
(B:1, V)RR, LAOIEA 5P LE(3:17, V:V) N ETF
M, T TLC R R R, JRRZ RN
T 84 YRR Bt R R A, B TLC A AE
B 55 O RS M 25 AU S A BRI R FR o
22 HEHRAR

B TR R A PR S PR Z R R R 25 5
N, AL — SRR I A AE S anwe S . TR S N SF A A
RS 5 AT B AR B M e AT . HoA R
FEwR . FRRRRR . PR USRS B
HI, H B B R 0 G5 A 12 32 A IR S e
[f}2: (enzyme-linked immunosorbent assay, ELISA). i J%)Z2
#r 4> #r H% AR (immuochromatography assay, ICA), H
ELISA J& 3 KA FEARIR T A, 11 ICA #AF ) 5, FEMSAL,
SRR 7Ly ST Y valllN
2.2.1 BEER SRR M

ELISA 2R3 THi s -Puiksr 74k ) v R U
Rl F A, 38 BAR L AR BT IR, A% S i Akl
AE BN EE S, I SEB & A E g B .
ELISA REUEER . BAEMIME, MK, &M T RHE AR
Ry PRk B A 14471,

T HE 8 RAE /N FRER, HABARR 552 5
P, MELUSFUARR A0 PR 22l s 5 Sr AFM,
PUMAFRIGUORBTIAREAR AFM, BRifidd, PUERRgeRbiik
AT LIAE B A AT S e 2], [R]BRh ik AT AR AR
B H R RARES, B TCR . IR AL AN ik, AT LA
TR B MR/ IN G B E N D8 9 6 5 0 BB A% R o PR B 1 K

=5
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VY, R JHIZ T R ISCEEY 20 B SEBRAE S HEATINE, 25
5 TR ARSI T T 1 8 SR LA At — B . R
BT KT ICARHE S ELISA G a6 I 5 2k ] i F
FRLH AT AFM, BT 5 0, (H B TR PUAR B R AL
A PR AE R E PR, ELX S SA A7 AE A8 XS g 2
H#
222 SREEMFEAKR

ICA J&—FP 5L T R7 5 G S I ) ER ARG I Jy s, 45
BT OIS AR MR C B, HATERAERME . P,
TCFATATHR R A, PR BRIV AT W4 S A 35051

0305 R 2 2R FH 5 B TS 000 A 5 1 R 1 1 4 4 b
K HE (AuNRs), FIFH LR 6 622 ek, U RG £ T fage
TR T K HF 5 AFB,, 10 min B AJ 52 BUE 246
W, ¥ BRIXF] 0.124 ng/mL, BRAPLESSIH S T T 490K
A6 (AUNF) AR I P1 B 5o 2 )2 MT IR AR 45 vk, AT [R) B A6
KH DON Fll AFB, &, B AuNFs fEMbriciem T
R R BE, LU T4+ DON Fl AFB, (L2 5 E =K
iy, mIRRARAS BR300 °A 0.2 ng/mL ., 0.5 ng/mL, % e H &
KR, AP B e i g . RUBSAS I A0 0 4
T R ARSI 7 1 o E2YRT ICA BRI e 2 F A 3200
s, BEEZE SRR
2.3 EYMEREERE

A A5 SR AR — B R AR R BT R Can e . Bk
PUREE) 5 W AL 2 E R R R AR 25 A 1R, 15 AR AR 0% E
ARSI HS B EEEZENEEFES S, 518 —
EIL7/B: R e X T N 155550 U= R F i g R ST N 15
R s31,

R4 BN 3 DNA BAEH AN, FEE T —Fhr
B HR H AL SR T OTA BRI, BFFE4sREm, 78
0.01~1000 ng/mL Ji & ¢ B S [l N, Agoo/Asgo ELIELFT OTA
W MR R I R R AR S R, KRR ATk
0.033 ng/mL, AL MR T SLPREES H OTA AR,
[ R IKE] 93.9%~96.0% . 7 M SISy T —Fi B T4
FRigs IR BR Y G K DR 5 1 To AR T2 35 A b A 1

OTA A WG IR KN Jy i, %05 T A 0w I e 4
G HBRAR . 6.6x107% nmol/L, IR TR LS A3 Hr
Rl AR YR RS TOTE A=Ak hnie . BRI A
fIKRE, A ERZEBGHIRERINRE T S%

SR B b B W A AE 2R R TS Y SEBR I B, I
J R R A I 22 il 22 14 0 ROT- 15 A 24 BRI 0 8K
RaB, A2 DS ST T — b TGS B AL b
RGP AR B, TR MR SRR B, Fl
ZEN, W5 B5)5 LA 480 nm il 550 nm Ab A4 % B4 5 BI1E A
AFB, Al ZEN W R VEINIME S, SCBl 2 Fpag K A [ B A0
Z5 LB A OV S W LT B 0 e 1 [ s G T R A
ML OTA 5 ZEN WM&, X OTA WK H IR A
3.97x1072 ng/mL, %} ZEN K& R H 3.11x1072 ng/mL, il
Fr IR 91.7%~109.4%, 2% J7 A0 R AR, 45 5bk
I, P AR R R IR T AR . (HAE YL R
AT AR S bR N I R, AT BEAZ SRR AR R 0 TR,
FE MRS B vER P AR E M, KA s A L
YRS 2%, S AE I A AL A X L 1 .
24 Kk

F T R — B R OG5 B AT A AT R,
TEED b BLA R A, H A AR AR
RO FIERECY | BB ST Sk R R, A
WAL S 5k, it R A Pk . IR0 oS H R
g, BHRFEGIAERIATK .

SR BL SRR T A AFB, ORISR
T PRHUE SR i, %O R R I R B OiE B R
Xt AFB, HFIEAE S ik oAk, fEFSA HBRE 2 0.02 mg/ke,
F RO 2R b vk, RTHOEA S0
BRI N T 5 Y g e b AFB,, #E 3 7 X ki 18 4E
AFB, Wk LAY A0 ZERNTI o 45 R 8K, #E7 B E PR R RS
KSR BIAE A 552 AFB, V542, T IE #6551k 100.00%,
AN FHAEAE AT AFB, RO E MR E BRI . (I AR
TESETRON . BEENZ AL . 96 ST PR )

L P LI R R R R AR LR 3.
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Table 3 Comparison of detection techniques for mycotoxins in food

HPLC 1o R S e R ity A BRI A5G 1 A2 AU B
HPLC-MS o RS HEG L, RIS R BEAR TS, KRR B AR B R
TLC I PREE, WA, 1A PR 7 RYUZAR ., HZ T, EAELREEE it
ELISA o e, AR, AT MBS 5 52 BIPRIR R 2, IR BA TS
ICA IR BREE, T ek & FABEAR, MRBATESS
W R B, B R RBUEAR, PUMRE MR 22 (R, AR AR A

fie 2 AT

itk

BRI, BANK, AL

RAGPEAR, R, SEE AR
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PSS IS S S /S P R F e N (U] ST R
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oM

A Z AT, Dy A P 2R R R R S

R i e AP 7E, 2 b N R sh g fa jE, B b kK
e PR M A I R SR

SIS U S NN E 5 vl S s 2 A s W oL
BRI REL . e i, 8k O Ak ai b B R A 2
X PERE, BT TR ER T SR RR, STk
WAL A A TR R 2 B IR AR A T TR DN 5 9 e i
K, FEPREAGIN | 228 2 () A5 G I R B A7 PRk O A 4R
5 . CRISPR-CAS K g B4 A Ko A T4 Rl Bh i 3%
Pt oy BT RL, Oy B TR 7 2 i A I XU T 4 A1 S
P& SR, A HARA I 5 2% 60 B BT T A 45
IR RE R B AERCRAN . (5 a BUAS B SRk AR, R
ERREAL . SRS 5 A S . Bl AR
Bl AYEARS N TR BEMIREE RS, B &R AN
MR E . BERE . HERE R TR R, IR BT RLAK
BEMEL, RAXIEEZFEENRN S EERT; HIAT
S, SCBUNTSE 2R DS 1 R BE A T S AL B, AR Al
T, Wl 2R N, R R —k
RTINS & (0 a1 B3 N D P NV 2 o B S T 7 o i
IR B, 47 A0 AL H 253K i e R R .
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