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ABSTRACT: Nuts, being nutritionally rich, are widely favored by the public as healthy snacks. Nevertheless, the
issue of mycotoxin contamination presents a potential hazard to their safety for consumption. During the processes of
nut cultivation, harvesting and storage, nuts can become contaminated by fungi and produce toxins. These fungal
toxins have the ability to accumulate in the human body. Prolonged consumption of contaminated nuts can cause

harm to vital organs such as the liver and kidneys, thereby elevating the risk of cancer and neurological disorders.
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This article conducts a systematic analysis of the types and ecological distribution characteristics of mycotoxigenic

fungi within the nut supply-chain. Moreover, it placed emphasis on reviewing the latest advancements in the current

mycotoxin detection technology systems. These included well-established methods like mass spectrometry,

chromatography, chemiluminescence and fluorescence, as well as modern toxin detection technologies and their

recent breakthroughs. On this basis, the article also explored the future development trajectory of toxin detection

technology. The ultimate goal is to offer a reliable guarantee for the stable development of the nut industry.
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BRI, LR SR AR E IR, & & 2Rt
A Y. AHYEEE . B2REYEE, B s E SR
WrfE, (B ZeE o 2 5 AR A REFRENZ
—U2 FEbEAE . T RS S R, R IR S 7 5
HWMIRES TS o RN & 5 AR R i R 5
(Rapid Alert System for Food and Feed, RASFF)%(4i .75,
TE 2011 2 2021 4[], AFRICKAT T 4752 %K T R A EH
FERIEA, Hrb 63%(2 3000 £5) IR | RG] 5 AR
FA KD, XM EE R AULAEOE . BR . BN
VELEIRUS:, LERR ARV B T IR REAM R S8 T, X sl Fn A2
fa AL SO I BT IR A S R G2 A,
R R S HOA R R B A KB E R 25~30 °C.
FHXRE>T70%), IR A& | 822 FE Kk A=A Rl ™
VI, TR0 B R A B E SRS, A
ST BRI R I DRI TAF, SCBR SRR 2 RS 75
eI R TE, R RS RAE RN A DA
DB, e g R TR ol e IR Bl s A R A B

1 BREACMPHIENEES

ARET B P AN AR FEQFEMER
(Aspergillus) . 7 B J& (Penicillium) Mk ] 1 )@ (Fusarium) =K
2, HAR A 0 BUTA B 2O A B R G UL
W EERER ML EE R 1R,

1.1 HHMEHEH

U SRE ShAg, Wz B iR AFTs B2—
Fep et . AR MR S M AT A B R v A A
PR, TR IR R A IR B A LA o
# & B, (aflatoxins B,, AFB,), # i & % & B, (aflatoxins B,,
AFB,), #HIE# R G, (aflatoxins G, AFG,), BIHIEER
G, (aflatoxins G,, AFG,)% . HH1, AFB, # EI PR REAE b5 L
¥ (International Agency for Research on Cancer, IARC)%1 4
e el AR S R IR B0 . oA AFB, £/ E 5 E AT
e, 5lk2rErhEE, R MKk | JE IR ANEOE S AE
ARV peAh, AFB AIERIF. B . B B, NEERE
iR, asIRILELZTRE, AR a5 Y

W —  EPXE AFB) XFAEA: B HIM L 7= S ) s RS
Yell FR[E GB 27612017 &b 2 e H A AP E
PR RN e, 1048 G S AFB, & A5
=T 20 pg/kg 1 EI{HE

12 HHBEHR

## il % 7 & (ochratoxin, OT)H, UM EREE A
(ochratoxin A, OTA)TF YL A, OTA H—15
e S5 F SR — A RS L-g- R A BR 1)
T-RIAETIE A, T Z A TAMONE . EKEF), TR
T FROH) . e A4 . AL SR sl
YIRS Sh (g BT 2012—2014 4E (], [E
Rz IR ORFE S R OTA &t 10 pg/ke, S EHEE
% 890 pug/kg"™. OTA AIAER FANMBIRAE . ZRRiiA b ik Ak
SRR R, RN TR B, SRR BB,
KRR 5 & B 2545 . IR 4e b A E oh e gei, EUUR
TP B E S OTA 153 U1 56

1.3 HithEE

P AFTs. OT 4, EFHER ., WHHERFERRPHR
22 R o T 5 T e R A PR 5 1 A DIl
ARG A 28R B SR NI, 7 30 B A i
M EEREAEF, ST RE AT —E B0 ER 2 R B2 1%
Ja 5 AR TG Qe DG G TR, LA™ A ) B S A A
JRRE 2R [0 505 63 9 70 11 465 B (deoxynivalenol, DON)]{ER%
b, AR ARG A, AR S S, e nT
AEA L A A S RS A VSR S B i AR, 51
A S RS P Y

14 ZHERHEFEUR

WR IR R S B R R Vs Y R IR B S
RO TR R ARG AFTs, OT LA K fi R4
W7, Mk T RIRT &Y AFB, . AFB,. AFG,. AFG,%§Zfh
FFZ O, B R AR A S T AFT, OTA ., PRILEERR |
EEER . PR C MEBRSZMARHEES, 1N
A2 BT E AR (TR T B R R A, 45
RE—4(124 O3)FE SRR 2 BAME, oG 16 FORTR]
MERE R, b 66 MyBHMERES FEII &4 2 & 8 FiRH &
HREE L,
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Table 1 Common types of mycotoxins and their producing strains

HEHER llacarii) PR
5 85 (Aspergillus flavus)
AFTs PVURIEEL S %4 B (Aspergillus parasiticus)
KRBT B (Penicillium puberulum)
e R R Z At [ 55 (Aspergillus versicolor)
B MRS 4 5 1 25 (Aspergillus nidulans)
N ¥ B (Aspergillus ochraceus)
it it 25 7 SETERL P
R p-IN IR REHE
JEFERR MTHHZE P RET B (Penicillium expansum)
T BEHEER RIS 57 B (Penicillium islandicum)
575 B (Penicillium citrinum)
WEEGTER SEERRK E 135 % (Penicillium niveus)
+ 8 (Aspergillus terreus)
RER ZRRIIR IR E Y HR BRI ) (Fusarium verticillioides)
I(/{;Zﬁ—fgm IR LR (Fusarium roseum)
W HEER T2 8% LB TR (Fusarium tritrium)
P e S R IR R IR HHIE I (Fusarium sporotrichioides)
X - [IREES R P (Fusarium graminearum)
AR R Wi FEEE (Stachvbotrys atra)
FZAHER Z A%V TR F f 1 (Claviceps purpurea)

T ¥ HhF 7 & (aflatoxins, AFTs).

2 BREFEADHERZRIR

R SR MNRIARL | WA L A A BN T AR — PR AR AT REAZ 2
PTG Y, PR EOR R O, i X R A AR
TG 3 REEAT RGBSR G S #

2.1 BRMIEIFT

BRMEL RS, BRI RENSHEEL SR I
i, E2W R R R (e AR | 758w M ) R A R
F . Ho, ARAFREEEmE R, &ii(20~35 °C)5
15 R (R XS R B2 >70%) PR 858 23 Ik 35 i 1 8 11 90 1 1 % R
225 . N R AR 3 X E R I 2 W, AFTs 5
TR A X 20 e Ab, B G
WA AR DU TE, RS E SR RS R LT,
SE R R S TUZASM, R AR . R
M5 £ (AN 5 Y 288) 580 3 42 e CHN B ) 6 B A AL AR 47
i) T A A R R R R L ST E LT . X 3 MR R
SRR B I 7 3R 15 e 1 R G B FwfE

22 BRFPSRSHERLT
T B R AL RO AE I Be Yy & B, A8 B

)

Be . AR A IR P K A R, R SRR
B, ARG R 2240, B 455 iUk # R 5 Y B
b5, WA AFTs, R R G E 85 Yt 42050 gkt i)
W RS AT, ROk, RSN, BRI,
TbBEICHR, W R R R A A, 30 T S R R Ak Y
Wles. EfARD, &R e HE XU B2 s 5 i
FEABEEZ . PRENCIPE ZEBNTAL T R A T4 68 (A
30 °CE 50 °C)XFEFH AFTs F=AE IR0, HA5E T Xk
AFENT FEF 0B Ar BB S R AT R, 1L
A, FEAF 7R AT AR B AN Bt R R TS Y A
HHE,

2.3 REMIIFY

FER SN TR, & L BRI S R S
Y X B YIS . 8 FH 215 Y B Ve K T RE S BB T A
PO TR, TR TP R ARk R R K R B Y
A H GE T <8%), 5k K 5344 R I SEAE A7 s0m L3R4y 1
B WA AIRE AR AR oAb, B L2 R BRI R 24
T R, SRR T 120 CHFLEMT AR /£ 30 min
B, SELAIIRC K O A AE 185 0 S AT o IbAh, ks
HE BRI IS AR B A R RS G W A B R AL, RO AE



%5 16 3]

TREHR, % RRLENP AR

TG Y BUIR Ko HLAGI 47 A 55 38 189

TG YR FEETG YR o 5 A% T IRAR VAL R A R A (standard
operating procedure, SOP), J7E®IR APy Wi, BT
PRI B

3 HEESHERMNZA

TR B 2 ARSI B AR 32 B4 Ay S 0 I RN R B
BRI A o 5250 2 Ao R AR B e AR, T DA
W 2 B2 S AU TR o ARk, AR IR B R A
R L, BT R 28 AR R I B AR, AR
FE BRI
3.1 @ik
311 HEG#%

)2 {435 15 (thin layer chromatography, TLC)ifi i3 [& &
A5 U S B 4 e 22 S SE A R A, 0 S AR TR B A
BB IR E TR, TLC FER . $4E 7 18 HsA
1%, (EAE BT B 2 o 75 X RE S AT AR B L TR TSR S A
5 AT IRAL S SRAESE, TLC 7843 2 FAG I 4T BLAS: T
L B, @ A R O )2 615 1 (over
pressured-layer chromatography, OPLC)H45& S54MKR 5 —
W R, AT LR E AR T TLC M2l RER. tesh, #)
HZ D Re LAt UETTRE g, RBAE A0/ 2% BTN FL A =
R T, SERXT 22 b B o 7 R (04 [ I A
3.1.2  ZHAURMEE L

O W M i 3% (high  performance liquid
chromatography, HPLC) FI 41 . 1R K il i (4 B2 P 1R
B AEA) R AFTs . OT 258 2 B i i ki@
T ARSI Ji 3 2 B T [R] R R A i A i R B8 ]
P, BG RN DOERIN G E B AT 140, AFB, 7E Cis
I ERTSEIEA I, SO 365 nm I
R AT X 0.05 pg/kg',

3.1.3 RAREE-BIRE X

YRAH 8, 3% - BB B B 1% % (liquid  chromatography-tandem
mass spectrometry, LC-MS/MS)ft % [&] il & £ Fh B 1H 5
R, AR AR P Z TGS, LC-MS/MS i
FHAA &R ME S, @i R &2/ B
FIRES, BONROR B S R TR, 2 s
WORAY, REER, eI T R, ST, M
TATRS | PRI E KB R ULEY AFB, . AFB,, T-2
R, RGREREZH ARG R WA TSk, M
LC-MS/MS & AR =, FIRHAER 2. 1ok, dngsm
BARFETT, TGS IR A LU e MR 1
3.1.4 AABE#-RiEE

M % - BT 3 75 (gas  chromatography-mass
spectrometry, GC-MS)illid# 4 GC M RAU0 B HE )15 MS
I e R M R, O R R T TR R A AT A
DFB. T GC XMHMAS MR, 456G MS X4

F B TR 5 B RS 0 2, GC-MS AT TR) 25 508 AFTs .,
OT % 20 AR ELH % R A S B, A @ i
AL DB-5MS B4 ) SR THERL Y, fE
oy B R, T B IR A R R
P U] oAy B R 45 0 BT R AL P SRR . GC-MS W
QuEChERS RijAbBiH; A Bk F B & 3R G I RCR ), 4544
USSP R A R 2 R R A
fie J11401,

32 RiEE*

ARG L e P | 2% . BIREMERS, CRh
LA A 3 B 0T (0 2B AR AR 4 1 SRR 1o
FEENTHAR, 8 2l B R W AR I T A
SAKIIORL R, TE AU AR & -PUAE AW YRR A
8 2 5 IR0 EIPURZS A, 38 3 gt i s g0
0 AL SEEUE Pk AT, RTE XA . A%
Shl& AFTs HYISR, SHLAREFRAYT Pk 75 Y i e 145,
R LA 1o (R, TR MR 2, Hm s
S TN R S G A B, T AL A A IR R i 41k
Aok AT SR . N T RBMSS G, A
T ARG A

» DON  ADON-BSAMK GNPs-mAb Sy -4t Blyiik

Bl 1 SeAe B VR 4 S R AT A I DON i J5 34 [ )
Fig.1 Principle diagram of competitive colloidal gold
immunochromatography for detecting DON™)

3.3 SFEMFRNGE
331 BRER LR R T

I 4 9 W% B 0 %€ (enzyme-linked immunosorbent
assay, ELISA)H AJE I Bbriiik SR &R MY 8
o, EE R EL AT &, ATIREA I RN SR, &
REXT ELPH BE R B TR0 i, GE TR A ER B RGY, A
A e R AN RO SR I B, B bR
ICHBHAN L 5 5 REPEAR IR B 5 | A SR o Tk &%, 191]
WMF SR TF SR IC AR B S R K T L E
LRI, REJE RIS 0.01 ng/mL, ILAh, 20T BN EE-E A
GBI, o T g e TR E M 22 . R
A ), S E AR T AR B R e R 1 TR
AET1. EHARIKRCE S AFTs, OT %4 E B EEHHEE 1K
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WIFER, TEME OO, DR 4 Rk ) mAe g rh k45 G 1
EA . BEEAUORM L. RURESEAR MRS, IR 6E
Bt — ST, hESE e B R TR AR S,
332 REE#EXRE

W4l 55 7S (polymerase chain reaction, PCR)F] il
S SRS | A H [ 7R L B A RT3 R X (U ITS A,
FERSMEHL DNA & il B SC 3 H AR B B 1 Bed 3,
M PR e R ) B L R RS R & R, PCR
Fe AR L o 2 T AR VRN, AT FL B 35 Y R
TE R R PR S TR, AR TSGR, PCR
Fi AR FLA R RO AR S, AR IR ZE s DL B
DNA, HFEREGE T 4~6 h 52 iU, JoHIE A FIR a8
W R R . Bi5C PCR Sl Y N IS
W5l 25 I AR B BH Ik 2R, I SE B %Ok E & PCR
(quantitative real-time PCR, qPCR)%% 4 TaqMan #4541 1] [7] 4
SCELFE R LR A s v A DY, IkAh, £ PCR H
AL LAY A, T IR B AG I 22 Fl 2 25 AH o6 26 IR (n
MR E R, hERERERPIRETS
et oy 055, SR, PCR FARIE S FE A<
B TS G AT R R BCIRRE R Y 1 15 LR PR S5 2, 5 74
Ir EAEIFE ] UNG BB 5 QR R, 07354 1 PCR 1%
HL KBS, Blim il =2/
34 HBUFELEEAR

Hi, Ak 2% & ¥ (electrochemiluminescence, ECL)$; A [K H:
1 R A AT F TR, R A B F AN AR 1
TS5 100, IEAEOR, ECL £ AR HOB R A T5 5ok
WAL AR . WFSE R, SR B RESE SASI R
HEORE, T LR 5B T 1 R O S T — 2 AR i
T (A A2 SR 28 0 43 - ENIR HE R 2565 523 T ECL AR X
AFTs OTA Z5 1 e PRSI, W FERLRN ECL 4%
8% OTA B HBR AT 5 0.03 pg/mL. UM H 5 ECL
15¢ PR O T A% 0 kX 8 2% Bt R O P 55 o7 e A, (] s
Tohric R Jr b T A Fhmic i 2 e

4 ZERIE

U S S i A B A A RS Y R A R D A 4
ik, AFTs. OTA, REBRESREREN. 4.
kS R A R A TS YRR, V5 Y B SR L Ik
A7 BN T4k 2%, i MR IREE . WL 05 KAk A7 454
A A L

FEGE KI5 (I HPLC . LC-MS/MS) & U i {H 4
B BAS S, RS B A (AN S JE M) A B 5 2 SE TR T3
HZHRFELBMEE AL . PE— 0 P A A,
PSR | MERE AR Y . TR B R A ARG DU
1%, R AN TR AR ARG AN E RS RGN T

o A B RN MERA M A Dy 8, SRR PR | R Y
BRI . Ak, HE AT L TR R, R
G 22 A 2 28 T DU 4 T PR U SR TS gLk . IR,
R R AT R AFTs. OTA S5 Fai 5%,
2558 RESE L AN 32 L4343 AT (principal component analysis,
PCA)+37 5 i #l(support vector machine, SVM)]#MZKE it
T, AP T EENE, DI 2 SEBRRIN A 752K
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