5174 5 111 B 2 4 o iR A A Vol. 17 No. 11
2026 - 6 J Journal of Food Safety & Quality Jun., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20260327004

SIAMR: X, MR, MRS, S5, A7 P EERR AR R TS YR . SR ER0N S IR R BORBE SRS (D). i & A e
K241, 2026, 17(11): 278-289.

LIU B, FU R, SUN MX, et al. Research progress on contamination characteristics, toxic effects and detoxification technologies

of Alternaria mycotoxins in agricultural products [J]. Journal of Food Safety & Quality, 2026, 17(11): 278-289. (in Chinese with
English abstract).

ARy P EERS fRRE AT BAFAIE . TR S5IBE
ERIRHFSEE i

w24 R AT TEK BAATM LuHS, £ BV
(1. NI IR G BRI 22 B VU4 2B, JHE 264003; 2. LU IR 55 HROY 24 B JL A 430, MG 264003;

3. B R SYIE SRR, BEARFE 830052; 4. HrdE B AW 2 WEAY S A ] T A S,
LEARF  830052; 5. MERFAMEIFHEE, MG 264005)

W E: SR (Alternaria species)] {23 T H Bl SR ER L, 1] 7= A 4845 #9185 (alternariol, AOH) . 4%
i 1 5L ik (alternariol monomethyl ether, AME) . 438 HE A& (tenuazonic acid, TeA)E Z RS K . X
SERERAEAY) . REE . TR B TR i A, KA R S Y. BT
BRIEE N IR s R B E R in R | ZHRE ST RNRHE, HRKINRZE @S gt | SuL gk,
FALR S I T4 2R il 3 NIRERE, H 28 R IR 5 RN U FsE s, F— 2B ok i
FRRUBS: . A SC R GRS T A% 76 7 2 A8 SBR[l X A2 7™ S v (95 e o3 A AR, TR T L E
P, B R LR T AT R | A | AR =R T BOR A SR W 8 U5 1 T RSB, I 0 AR R i 4l iy
FO7 AT TR, BN R MRS IS 2a 55 i Ie 2%, U iwEsar a2 R
PEAA R

KEEIR): HEARAREER, AR AR BEPEDLE]; BEEEEAR

Research progress on contamination characteristics, toxic effects and
detoxification technologies of Alternaria mycotoxins in agricultural products

LIU Bin', FU Ran®, SUN Ming-Xue', WANG Hao-Dong', XIA Li-Ning**,
YOU Yan-Li’, MAO Xin"

(1. College of Western Cuisine, Shandong City Service Institute, Yantai 264003, China; 2. Department of General
Education, Shandong City Service Institute, Yantai 264003, China; 3. College of Veterinary Medicine, Xinjiang
Agricultural University, Urumqi 830052, China; 4. Xinjiang Key Laboratory of New Drug Research and Development for
Herbivorous Animals, Urumgqi 830052, China; 5. College of Life Sciences, Yantai University, Yantai 264005, China)

Isis HHEA: 2026-03-27

E2WB: HZR AR ESE T H (32360910); 11744 H 2R B4 5 4 0 H (ZR2022MC214); #1 58 BH B AT A A4 Rt R i |
(XJRC-2025-KJ-KIQY-002)

F—1EE: XE(1990—), B, Wit, JHl, FEBF & FE, E-mail: liubinl @sdcc.edu.cn

HEEMEE: BRA985—), &, T+, Yl, FEHFIE T AR FE MR 5% 4, E-mail: maoxin@sdcc.edu.cn



551139 X

B, AF AT M PR IR R AT AR . BEVERON S AR R AR T

279

ABSTRACT: Alternaria species are widely distributed in field and storage environments and can produce a variety
of Alternaria mycotoxins, including alternariol (AOH), alternariol monomethyl ether (AME), tenuazonic acid (TeA),
etc. These mycotoxins could commonly contaminate in cereals, fruits, vegetables, dried fruits, and their processed
products, posing significant food safety concerns as emerging contaminants of great significance to food safety.
Globally, Alternaria mycotoxins have been confirmed to feature a high detection rate and combined contamination of
multiple mycotoxins. Long-term exposure to these mycotoxins may cause adverse health effects through multiple
pathways, including cytotoxicity, genotoxicity, oxidative stress, and endocrine disruption. Moreover, co-occurrence of
multiple mycotoxins could lead to synergistic toxic effects, further amplifying health risks. This review
systematically summarized the contamination distribution of Alternaria mycotoxins in various agricultural products
across the world, elaborates on their toxicological mechanisms. Furthermore, recent advances in physical, chemical,
and biological detoxification technologies, along with their limitations, are comprehensively reviewed. Finally, future
research directions were proposed to provide theoretical support for risk assessment and integrated control strategies
of Alternaria mycotoxins. This work will also contribute to the improvement of agricultural product safety and
quality assurance systems.

KEY WORDS: Alternaria mycotoxins; agricultural products; health risk; toxic mechanisms; detoxification

technologies
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Fig.1 Toxic effects of Alternaria mycotoxins, including cytotoxicity, genotoxicity, oxidative stress damage, endocrine
disruption, and synergistic toxic effects
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HAN 2050 % B, AOH 75 HBEAW . /K ¥ % [
BIRFREPL UV-C bFR)E, HPFEM R0 HAF] 89.1%.
72.9%7F1 53.2%, AME I B2 53500 86.6% . 50.1%F1
11.1%, L% REGH J32 0 A 2R s 0] 5 R i o3 At 0 38 TR G
BRPE S E RS ] A T AR . X 2R TRt PR
AR TFRER T S B AR, DI85t STk S hg
BF . AYRANCI ZB0% ok UV-C 45 AR R TR h
BERR T X BIR TS, TeA . AOH Fl AME F A 43 Bl ik
F] 90.52%. 77.01%FH1 75.92%, {EAH} A4 FHER T
PRBEREIN . B SHUT B T A TS T B AR
314 BAMH5BHEK

W 6 3 B 5 AR Ao A BERE F L AKAE F L  R e
AHEAERSE =, BRREAs fi 8 RN S A R R Bk 5B,
S AT AS 10 B AR ) B BT B AR T T
BRG] B T RE AL B A AL, TGRSR L A
E375 2 5 W) (molecularly imprinted polymers, MIPs) % #1E
43 F B3 #4 Kk (magnetic molecularly imprinted polymers,
MMIPs)% . MIPs i RS ALS B AR as 8] 258 T AN Y
PRI, RENS 25 3R 0 H AR 8 3 4R PR BE T o
MMIPs 7] 75 W% i H 473 3% )5 38 30 S0 e 35 P 52 90
Oy, ANPOE B R B BR, B T R EOR]
RO . R CRE T2 0 B R R 0 4 A A I
BAARSREE, TERY . R AR AR R e T Y R B
R Y o

£ AOH IR SR 5 BN BB X v, ThRETLRE I 2R
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Y E Y T IEE S AOH, JFAER Z2 i BE T (4n/h
AN AT R P S B v IO R 0, W R A T
187.6 ng/mg, [A] X HAtL 0 By 2 4 o 14 53 M 7 1 A g
%, SCBL T BGR PR . O T kP BRI R e

A R, DFFEN SR BC A5 RGN i 2R AR RS 5

ASEEAT AOH (PR AR A s 42, I nl g s b &2 Z Jk
Jo A A S R B

Zi b, PR R AE R A e . AL B SRS B
W Bt 4 1 A X, R AR T R AR e R B L A i
WiJ1o Mo, ok 5 U B R BEAE TR Sk RS YK
LIRS N Tl @ =R R R AR BT DA A
BER ML UV-C R BATIEA | S JR 8l i T i 45
INEERR B T MIPs \MMIPs S5 Sy RE AL B A RHU) B 35 4 &
T AR TR R MR R BRAE S . RO, W R
AREF G, BERE &S T Tk %R &, 0577
R RMELITE MM . 228 I P A B T L
[yl Rl A NG A T S Iy | E e 2 % NI VIR
FH . RS s A VRN SO R AR I TR A TR &, LIS
HERTEEE R MR, LR .
32 KkERES

A2 10 B 457 A 3 ok T2 B T SR A AL B R 1 2Rk
HREA Sk s A, SR R I R B
321 &Adesz

FACAL IR B M BRI 2 —, HAZ AL A
JH R4 ROS 57 14 % (reactive nitrogen species, RNS)ZF I
TR RS THRTEI . DU K B R IEAE R, T 8O
PR RWIR . 43T Wi 2 R dE PRI

SN — Rl R, AT R Ak 2 SO T 1 G
% BA (R T A OK IR P B AOH Al AME, 5 s B nf fifi
AOH [%fi% 57.95% . AME [&f#% 40.24%, 40 s P 7] SZPL P Ff
FREMNTRMEM . MAERTERR T, LR BT
BAEAH 600 s )5, B AOH 1 AME YREfR5 5N
51.86%F11 49.04%, {H R AL PR [FI I AT 3 25 SR THR T 78
B PSRRI e, SRS R ST XL
FROR BRE R A R Ah, R TR B A K
RPN IVE, JE8 5 ml 8 R A AP A e

A T 55 B PR B A 2 0 A K & T A T 1) 7 R AR Ak
BHA, HAFIE 40K ROS/RNS B AL iR &
BT RIS | XU LSRRG R A, SR
FAIREE A o AR 55 B TR 3 v ff AOH F1 AME 43 31| 7£ 180 s
H1300 s PIIKE] 100%M51# . [FIB, 4 mil R . Bk 3F
5% DL K % B2 W 4 [iron(1]) sulfate, FeSO,] Hl it 48 1k &
(hydrogen peroxide, H,O0,) 35 fb 14 R RIS i — DA i 3
FREMI L DeAh, RIS A A PR BRI, XA
TR B TR BN, RIS . ) SR THTS Y

il B B R T 5

S T0 A B R B 08 B IR 4 A% A T OGR4 A,
TERGAS B T B SRS h A B S aeR . RAAMK
b R A 2 7 N A o s O T I s s = N
KE#HEEE .
322 BRI

i Rl A B R 3 3o R R AL VR R E g Ry T &
K I SR A s S M EHE S S N, AT A L
H A2 I 5 i o

BERg AR E M E R e M2 pH AR A, e
PERREE 256 S AMERBEG AL FE, AOH Il AME Ay M
ST 90%, B R TP RIREIAR . R,
SRR AR IE ROS AR, AT — 25 38 3 75 3R PR AR AR
2, RIUL, B U 1R AN . A ARR AE B TR S
S EE A B B B A, DA v AR A R D,
TERPESMET, TeA 7E 40 °CAH T ] &M, Fiin
14 d, e PR SET TeA FaEtEmA B4R,
BRZONKALIK ZE16H 1| pH xR Fs A% £ 85 1 7 R 72,
HAR M2 EH A FT AOH, AME F1 TeA HUA:RY, W%
= pH R B B ANHI B R K, X R BRI IR 5T (%
JREEROR, 5 A% 7 B 205 YT i R DA G

PR A HEELAT R VE TR 050 | s I 45 1 5 R4 B T 5 %
A REEEAIEAR M FE N LR, e — e RE -
P R AR TR EE B M PR R

g5 b, bR oAR B RO . BRAERIE . TS
Ho Aty BE sk A= Wy 0y ik R R A DR, T A S s [ PN S 2 AR
HBREAOE, FEHTFRERSERS0UN Tk, K, &
A RSB TR A LR AR B R SCR & . AL B
PBEH, BRORAL P AT i@ P84 pH B4R 7 K g ok by
[RIHE T HAD R FE B ARRR, (EAR it R i 5 5ik 5 Ak 250 T RE
PFE A AE IR SRR, B R b AT B Az R g0 b a) e
YWHBEMN AR, ERENERPNEAR., HE
BT BE PR AR R AR e, (A A S Z 4 B i il
S B o FH 27 B0 PRI, BRI E RVE Sk A B B T B s
FMEAE
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L, TERBR 5 B A0 R By 12 vh R R
{H 5 & B, FIZRRR FF g (methyl ferulate, MF) X 4% 4% 71 18
BA B EMGIER, HIMELCRY BT KAWL, H
AR FHAIL AL 5 3290 L o7 S0 A b 8 . BB 200 L o e |
TIMHABERMBMAT/E O BB A (cyclic adenosine
monophosphate/protein kinase A, cAMP/PKA)FI MAPK {5
S, W AaTAST. Omil %8RG MO R 1Y
Fik, i AOH, AME, TeA [ 53 BIFEAR 92% . 88%F1
79% Y TR PIRERE T BLA I Aok 1 A R ) A
Pk I QL5 UE S REAS A 3 ) RS PR TR A K S L R A
Ao PRVRE I W DR A48 o S 3 1 I 2 BT R, T T A
M BEAZ AR ROS R 2SI T4 LA e 1 AR L e, DA i
AOH Fl AME 1 &4,

FARIW TR W A o A2 25 TR 0] Y 6 B AR A, Ll
1ok Z2 0 A AL s S8 ) A F B AR I S 7, RIS
Bz beey . A . RGBT/ 1R R, T
e TAE IR R K

Q)FEHTE R AT K5 0

T WS BT R R T 5 R e S . A
FEBUAEVE I BEAR A R 1 2R K 57 88, ISk DR
A, AR B B IR O BOR AR

T 07 2 Hh 22 o0 B A £ T HL AT S 3 R BRI Y
AW, TERLT F | 0B RUE YR IR . e R OR T
(Trichoderma harzianum)s& B RIS IR W R 12 19
A7 FLE Z — BB WE T 48 7R bZIP e X -0l iR R
RSN RN Rk, BEMOE ABC 521281 . 20
R PASO S5 fifk 75 5 [ FOME T /K M g . 2o A0 ) 55 907 7
A DG TG P9 20 366 81 47 000 2%, DA TSI LX) A 4 25 1T 1) 40
Ve FHWOY G 2L ZEH KT B (Bacillus subtilis)W 2 H 5 FHE
HILER B 2 —, AL e 730 22 R AR BRSSP 5T (4N iturin |
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Ve o Ao PR B 2 AT T 5% I3 VBT {68 T 22 A A o 3
i 85%, Jf WL TeA 4>,
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Jio MeAh, PR TR W] 7E T i R R E A O AR
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153 46 P T AN DR L R 3 4 A 0 T 5 17 0 A G 18 15 4 T
T AE 2 SR ST R AR i i ) TR B A B AN
REGE NI ISR R, I Tl ok 75 18 Fhv R e R R
JEREERCR, TEG AR AR 25 (R K 2 rh BAT R
FHiT

AR B AR B UL AL T ISR 2D B R A A,
B S5 SRR IR T X S T R, (HAEAE BT IR ROR 52 38

SRR SRR . AE PN S8 55 SR BR A, H A 2 5K
AR . RERL RIS
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BRI R R ER IR R AR Z —

(1B S D e 1 1 B 26 5 1o
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LIU S0 PR 3 fb 3 07 2 75 31— bk RSP 9 2E A 1
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PR AOH FEfi#2 94%, 7EF KB T | AR &2
FOR A SRR il R BT AT AT RS KRR AR RE, B R
T AOH V54K 270 038 - 53 B B 15 72 (liquid
chromatography tandem mass spectrometry, LC-MS/MS){Y;
WY sE, R R ) S 2T M AR B T
JRAIRE R, JCURAE BRI KUK, 12 DA R B L P 8 A Il 7 1
Al I 5 ARG 3 A A B b 5L A RN TR S S T R
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RE Y, ZEdLEE 3R 4 d AATSEBE 92.8% 019 AME R .
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JId T RS L 2 A e v B SIS 1, R
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(2) V0 B L B8 A= g i

PR3 A W AT L A R T 2 L B B IR B4
H, U L AR T R v AR EL AR R S R R
FeSrrESE o, IR AR 2R A A= 4y ml A

WFoE R, MmiEMEYI (U Bacteroides . Alistipes |
Ruminococcus 55 ) % 4 A% 1085 28 H AT o & W g 7, Xt
AOH . AME (W bt % % @yl ik 90.1%% . 212 B (4
Lactobacillus . Pediococcus %)K{lﬁfﬁﬂfﬁﬂfﬂﬁﬁ, b
T AL 240 R B AR P AR R . TERTIMAR R b, FLER TR X AR
KEFE R M RBRRHGT 80%, 1ML M1 Fil & Pk
KAz, HEA —E Rk, 2 Y i A A 2 b v
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cerevisiae)P] 7R AOH Fl AME, K30 $23F 100%.,
TR ZR C AR 0 T AT A R R A 7 R s D

W B TR A s oL A M BE 2 A S R R R Z M 2
EYIAFHEEIEN, SR ATERNIERE RS L
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TAATEAEAALE L HAA B, EEA R T SR S
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333 EMLAERA

Tt e o0 B o A A1) TR S P R SR B R R R W e
fedl, ZEARRGERSER . FEMR . AR
AT R T B 2R A I 10 O 2 R A IR B A ST 1Y
R, DS MERE ARy, WlsgREE2E, N
T 7 28 EL A 8 i o6 P 0 DA R R A R

TR 5L IR B il v i 398 A5 EL A [ i 37 1 1 o
¥k Bacillus licheniformis, 11014 8 H 2385 -5 BG M 2 48 €
FOOCHEREMRG R CotA TURRHG, 1%MFXT AOH Hl AME [}
BIEA BEAIBE ), A Y 2N E AL R A Pk
LRI, W N RECY S —I R, BEA
N GUF AR R 4R 5 5 3 Bl S fb Y B (soybean hull
peroxidase, SHP), ZHFEIT A EAFFEAIF T ] Sk ik
AOH RSN, A 5 7 235+ W 24 sl 5% Ak i AR AT
AW FE B BLMAR R o, NEZ R LR KK AOH 1 R fif
ARk 70% LA EP,

) B Gl A ) SF TR 1) A R AL Be T BE 84 AOH AN
AME  F546 2 XoF o7 ) 4 2 B, D T AR DR e L B K
WPk, XEERE ISP O-BE T Ak, AT LU AR

AOH-3- % % B # (alternariol-3-O-glucoside, AOH-3-G) .
AOH-9- % % #¥ # (alternariol-9-O-glucoside, AOH-9-G) #ll
AME-3-% % #iF (alternariol monomethyl ether-3-O-glucoside,
AME-3-G)5 Ak, ImiREIRaEE . A M A it Ab
R FR, FIKFHRSRIFR UGT71A44 ) KIGFTFIR Escherichia
coli #MAEXF4l AOH Hl AME JE4 5 BISCE T 25 58%
(AOH-3-G). 5% (AOH-9-G)#ll 24% (AME-3-G)i#% (L2

FfE I BB AR S —Fh Sk | R HaE B A )
PR, fEAEAS TR EE R i o RIS R AT 09 R AT R
Harc efit . 49 . R TRl YE2 R miLmh
BuE T N AT, AR i B ) . EDE A ROR A
R Z BN R T 2R, il — PR . etk
AR LA, BA B O Toad B e A i 5 2R T
JBRE Y E R AR T ) .

Zib, s MERENEREARCEEIER L. 1k
ZERMAEY) Iy k%O B 2 on b A R, ANFEBARLEE
FABLH L 38 35 B FE 80RO i A 45 A R AR R
PR 1) WM AR B L2ttm | BERENS T 1
Mr AL SRR A, 38 TS w5 T e R
BOR B G# | AR, JUHGE ] TSR AR,
R DG T B b it B0 AE Ak R R A 7 2 Ak A= W i A
TEFRS ISR . IR AT TR B BB IR A N, i
Mt BRI IR . BAORE, B
ARAEAEAEAEAL IR R L B Sl 0TS 1 vk 22 ™ Mk Ak AR
ek o Y AL E 7 ST A B[R 1 s % N7 N VA S B
P e AR A FOR AR TR . RIS, T s R A AL

R1 ERASEME. AFEREVMRESRALLR

Table 1 Comparison of physical, chemical, and biological detoxification technologies for Alternaria mycotoxins
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B BT ot e+ 5T U I Z LI P RefER, T A [38]
i UV-C %5 8 Al W+ ) E A E[FAY IS [ 75 £ Sl RAIR [39-40]
W 5325 S K A AR ] ik X dj| A3 AR AR S 1 R [41]
RAHEMN SREEAL IR TS A 2 FALCER JENE S5 -A PN [42-43]
;Jf GRS B T 1k ROS/RNS 4 Ll ﬂﬂﬂg;i rﬂﬁﬁ%ﬁiﬁ & ”unj Eg;ﬁ;ﬁf Bl [44]
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