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HARA PR Tt ER &R, b
LR AR ILER, FLEHMEE (As-
pergillus spp.) .7 % J& (Penicillium spp.) % JJ A
J& (Fusarium spp.) % B B Q™= 42 | X 26 7= 3 B
WTE AR AP AATE 2 AT L3 S5
WY AR AR 24 BA
SRR S PR B RE 0, N R REE

*A1
Table 1
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TEBLIC N T, A RHLSE R TR A BRI 28 T
(B, 163 AR R

H AR A 7 b v 5 G die ™ B Y ELTE R R 0000
&1 AFs OTA FBs .ZEA PAT .DON %5, H. " LI AFB,
PR o, B S B g AE WF ST ALAA (International
agency for research on cancer,IARC)IHZE R 1 2K
HUEY) O N BA BUENE) , k41, OTA H FB, 4}
TARC %117y 2B 26 (b Al REEUE ) BUm ™, 4™
an U UL A R LR BE R ARG A R
X5 FEVEAE A B AR I DL R 3 [ AT Y B
PRfERLER 1,

RERPEENERSERESRMK

Several main types of mycotoxins in agricultural products
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HETAET FAFEHARAEE
Fu 4 K B o s 25021
PR - M h KA E mBAR. EEAR. 5% AL & 1000
T = P Gk EMA KSR, £ pkg
BR RIS Bk K
o : W, WEEhE%, &
T FoFHUALEER
OH H =)
e 8.5 4 71 8 % 8 (DON)
- ¢ b EROME K Mgkl ARFRAF -
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S, BSCR T A RS sk e mrh L IO AUTE T HA W R 2R AR 2R TR Y T
WP IOk i 2 R e e W i RR R BB R AR I s R R IE R . FLIR A
BIEM % B 2 R SR e IR T A R My ph T e R 1 40 e 5 A T
SEVERR B VR AR AR T B IR R TR R AR R OB g Y X TR
T R Ry 4 o L TR R S G i g AP H i EER MW AR 1 s,

22 Wik 5% UE WA A 0 06 ok R 5 25 9 ML D 43 S .
D 5 P R W 1T, 5 3 2855 T A2 M B A g
B 2 4 v 1 L 1 R o S R 5 i i Q

PRERERIERT, EAMACE s Y
AT R VE Y Ok Y SR AN R W i 5 A, (L B v
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e . N e Fig.1 Schematic diagram of the adsorption of lactic
FBO TV R A R - B 3 A i R HE R R A R TR ° & P

acid bacteria and yeast on mycotoxins
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211 FBRE MW HAER  FLERE  (Lactic acid
bacteria) 7E 1 2 &) H & KRAFAER, JLE 452k —
B NERERN—0, &8R-t fAIN
LA E A PURR, & BT T 0B 7
RUIEIEZH— 2R, RAE 1998 4F El-
Nezami 55V X ZL W2 1/ 7K Sh 245 & AFB, B9 GE
HEAT T VPl IER] AFB, BB PR B2 0E FL A
(Lactobacillus rhamnosus) %SG, EBREGE A
80% , Hernandez—Mendoza 55275 3L 12 B A9 44 P9 WF
S8 X AFB, fE A% PR IR, A
A 58 R B 3 o I B RO S n] g R, FLR TR R
AFB, (18 J50 B3 RICR A T T K 40 B 36 T 1) 45 4
T - A il I i 800 3K V2 A 2 ) 7L 1R T TR A A
o L TR B R R IZ A S A I G T
FLRR A% DON ZEA |OTA %5 £ 3 7 2 [ £ H
A W B R B A 2SO o SRR ZLAT B (L. rhamnosus )
BUEWIBR T X5 AFB, A BERZCRSN, % DON By )it
BRI RE = A, 5 20 wg/mL B9 DON [R5 3% 1
h 5, W B AR % 1k B 64%~93% , HLIE 4 5 K
{1 200 X H M S SR BEAT f 35 22 53 (P>0.05), A2

DAIE B 3 0 B4 T AR 57 . el b o ], 4R 3L
FEVE (L. kefire) HA AR = 0 0 & M RE 98 76 4= 15
5 e ME WAL R E A, X AFB, OTA (ZEA £
ol 0 DA 7 2R 1 U B 3K B 82%~100961,

I A S X LR TR R B L TR RE R A A AN I R
A, PMFFEIN R A REZE R R KR S 5 T
W 6 1 2k R 2 2 A 5T TR, & B0 400 i BE
MIBERERR | 20 B 2R 11 o0 A2 2L R TR W FF I R g
0 SR R A R A B AT R, FLIR B
2 o B b M 2 R | B AR 2R AL B A X
PAT W% i fe Ry B0 IR W A M BE i o 5 R
Z AR 1518 T B985 1Y G TR A B9 e 1L
PR 35 22 0] A7 A 1 A B4R S i KA B i
B KAE R 2 KA ) FL R b 40 M X T 2L 08 5
A0 B s SR = A TS A0, Niderkorn SEH0A
Jy, BOR B KA EAE SR, Ok ek R Ak B
B, 240 R O RO T el ol A Dy 4 il R R W G
Fa AR 3, FLAR 3 K, B KV FH B S 2 5 0 T R
PN LB 2R R RE T

x2 ABEMNERSZHERHNRMIER

Table 2 The adsorption of lactic acid bacteria on mycotoxins

SLER T R FE AL OB W 2 (% B A Ik
R F 4 5L A (Lactobacillus rhamnosus ) AFB, 80 [37]
DON 64~93 [39]
AFB,/ OTA 99 /176 [47]
AFM, 15.3~95.1 [48]
AFM, 53-87 [49]
ZEA 85 [50]
T-2 73 [51]
T 85 5L (L. casei) AFB, 14~49 [52]
AFB,; 55 [51]
T-2 64 [51]
AL SLAFH (L. plantarum) ZEA 95 [50]
AFB, 66 [51]
T-2 69 [51]
4 SLAFH (L. kefiri) AFB,/ZEA / OTA 82~100 [40]
KA E (L. fermentum) AFB, / AFG, 50/ 58 [53]
18 K SLAFH A (L. delbrueckii subsp. lactis) AFB, / AFG, 58 /70 [53]

2.1.2 PERE A WM AR RO R B (Saccha-
romyces cerevisiae ) =5 NISA % ¢ 5 e % V) I ¢
BRI, B 2 A RE A H A I A R AR Y,
Bejaoui 55 M LW PG 8% B 68 98 I B A 45 7 v i

OTA , 5 Fif 4 % B 5 3 K3 J5 , 36 OTA B I B %
ik 90% , 5k i TG AN M (4 OTA AW AR
35%) T 0 TG [ R )RR R 6% R AR S S 7 v
PAT 1 & 5, 5 KW B it ] LAGA 51 70,2891 2 bl
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B S5 RAE AFB, 8 W B 56 [R) A e WL 8 31, 2R3 1Y
PRI RETE 5 min Z N RIATE54S 993%0) AFB, I
R BB 5T IE W B 400 it o B 1 R B R BR AL S
— R BRGS0 % O R B 3 A
FHB,

ok TR VY T B b (B 22 B B & (Candida spp.) .
o ) v WE BB (Kloeckera spp.). 2% BB &
(Pichia spp.). %38 B¢t J& (Schizosaccharomyces
spp. ) FNZL I BE J& (Rhodotorula spp.) U #B A % fff
OTA FI PAT Y RE /15,

TE W B FL B B R 0, WERE T O v O T
ZAR A ERENS [ I W 2 Fh KR R . R
W o AN TR B 9% AFs FB, (ZEA DON 45 £ fif
TR RE R AT g% o TS 15 B A8 [ B PR A g
AFB, il FB, W R 2, AR AN 23 52 4 1 B 20 /0
BE I 85 A 5 B4 SEM M A B B (Metschnikowia
pulcherrima) | & W b 55 I £ (Geotrichum fermen-
tans ) F1 55 53 0 58 B 4k W B (Kluyveromyces marxi-
anus) ZF[RIFEX) AFs . ZEA DON E. A& K 4 Y W Fff
FOR , F R 2 2 MR AR, MK L] i
A1 B HA B BE B G 5% TE 3 3H B B (Kazachstania ser-
vazzii ) W RS [F] B B AFB, ZEA FI OTAH,

PR T 0T L T R IR B AL BRI, H TR
2200 T 1 B A M RE S5 A SRS | A0 RE Y 21
BRI A R ik 3 2Z 1R A AR TP, Luo 55
BT T 4 BREEREAN AT PAT /9 WL B RE 71, % B0 R
AR | AR A0 M RE A AR Z5 R X
PAT BAT BE4F M B BE T, 1T — ELROR 13X =
Y I 2 Sl 1) 23 i 2 TGS P B E T o Pereyra 45101
BT 52 L I R 0 D B ) B JEE X6 AR, 0% BfY LAY
A X DI FE T Luo ST 4 i
B S5 R 5 ) L TR B R WP RE RO, S FSE
N GORE TR TR DOE L T 7 2R A0 IR B P AL 2R 4R T
PE B TR 200 B 25 4 5 2 R 20 I ) = 4 KA
LG5 EE A LT B B-1, 6 AN p-1,3-H
RBH N S % 1 H 6 AR AR, b A A0 i BE 2H A
53 A IE B X B 2% W B A AR 00, B
RS T B T 200 N BE S5 0 | A0 B 2H ol il o0 o EL T
B R I BMAE AR LG 3 48 R bR B 22 1) i 58
B, B AH ELAE T RE % B L 1) i R T B 1T 10 I
BEPE S, i 3 — JRIE 58 R B, — R B B AR IR

Ca™fF HIfE 18 B—1, 3 SR WAl A1 B—1, 3 HifF 2
e RO T A L DR R A | 2k 1 iR G R 4 T Tl Y
o B—1, 37 SRl A i 4 o R 20 i RE B
JEEE, S AN RE = AR EE A, 6 3R PAT
F18T TR A I 31501, 33k JHTAE 50 Ay L TR R 2R 1Y O S I3 B
PEAE TR, BRI D AT ) i i A P
RS MERE A ERE, EE S SRR ER R
S54GRS () K B A P R Ty — b B g AT AT
RIOFI 22 4 1) L T 75 2R AR IR )
213 HEMAEWRWMIEN  BRILIRE S R
AL, — oA Yy B e ] B A — i Y I B LR
BERAES o MR RS b o388 Hh i 2 ot 5 T ik
FS10 (Aspergillus niger strain FS10) 1] DL B Ik £
KIh ZEA B K- TR AR RE 08 A7 R0 B AR 1%
F%Hh 89.56% 1 ZEA , LA K OK IR W h
60.01%19 ZEA" 8 ¥R AT B (Alicyclobacillus
spp. ) FA I I TR Pk BE 8% A7 R0 B 32 2R T R Y PAT,
HRF PSR B BEAR AR o0 AT R R 1, TN R AT
W (Propionibacterium spp.) TEFRALI MRS A ¥
(pH 4.0) T REA LB FB, Al FB®, e 4h, 2/
ERBA (Enterococcus faecium )™ HiA ZE /AT H CK1
(Bacillus licheniformis strain CK1 )74 A= 4 #5
A — 7 W B TR B 2R A RE
2.2 WMEMEREE

AR A= 10 08 AR T B A DG i mT Aol L T
B 2R A SO AL DR AR VRS R (R TE#E
SRR RN AL S, g B — oE i S WAL b
Sl IR K B MIBORAE FHSE P, A L
THEWE T, ) R AN 2 W R 2 i /Y
E IR BT, AT TE 8 0 R R 10 3 e ] R,
JBE B A 7 it v LT R R A BRAE T B L R
AR P e figp L TR 7 X ST 4R A 20 tiE42 60 AR
K, Ciegler FFM& B 1 BRI FC B (AT BEFR
TR TR ) BETE 28 CTF A MR Vi 1A b5 752 3 o
T4%H) AFB,, XIEHS | BREAT PR R R R AR A
A1 o LS AT AR NS TR 5 R R A A
IR SEA W I, F 9% FEAETE 2 A Tr ] — 2
Iz SRR LR R R AR, R e R
FRRCR s IR AR TR W e LT B R Y PILARD R
SR B AL T T 5% S 4 i I 25 o e L T 5 2 Tl il 71
AL, (H BRI AR rh TSR A B A T
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A GER  FSTUEW | 1 2 R A W 5 R A X AR TP A
CLEREA 7 AOFF T M5 5N 1 S5 B 0 A A, DA AR
o3RRI R 1A

22,1 LLERW B FEAEAE ] 20 BK B (Rhodococ-
cus )™ %5 5 H (Streptomyces ) it R~ KB (No-

cardia) ™™ ST I (Brevundimonas ) =" Fl 73 KT
W (Mycobacterium )®4J& F L # L, & + 3 i
o AL R Z 7, BERE AN R R 2R Y BT
B, Ho DLZLBRTA & 1 B A 68 ) o5k, 3R 3 B4
AR £ R T i LA R R IR UR ¢

®3 AHRERMNEHRZTENEMBER

Table 3 Degradation of Rhodococcus to mycotoxins

L e A AP R e R 2 3P0 A F Lk
4L 4L 3R (R. erythropolis) AFB, 94~97(72 h) [81]
AFB, 95.9(24 h) [76]
AFB, ~100(72 h) [75]
T-2 590(72 h) [75]
BB LR (R. percolatus) ZEA 95(72 h) [83]
AFB, 590(72 h) 83]
B E (R. rhodochrous) AFB, 98(72 h) [75]
T-2 95(72 h) [75]
HAR LR A (R, globerulus) AFB, 98(72 h) [75]
T-2 590(72 h) [75]
g kvt 403 (R. pyridinivorans) AFB, 98(72 h) [75]
AFB, 94.5(72 h) [84]
ZEA >70(72 h) [75]
F 4L B (R, ruber) ZEA 60(72 h) [75]
vk £ 2038 A (R. coprophilus) T-2 95(72 h) [75]
X K45 # (R. gordoniae) T-2 91(72 h) |75]

M 3 FTLLE 208k 0 55 A iR 8 3 (U
& AFB, \ZEA [T-2 %) R ffAE FH G R 58 %t
AFB, 11 B fif 350CR AR BE A B 90% LA 1 20218k 14
XF B IR H T AFB, YR A50% =3k 100% , % 3E L
B0 T-2 # 3  LEA 90% A I [ fif 57 41 Bk
TR JE A= 0 %08 a2 L TR 7 R 1Y I i VE T 7E Risa
G AR R T 30 E E IR R
T 18 PR LT BRI X RE 3R SE P Y AFB, B AT B AT
P, FLFR i 5 5 1k 90% LA b, UF W 2 25 Ak W A
ReF fovk L A1 2 25 D A0 R 0 RS LI 7K F-

B X B TR B 2R W CE W R AR AR AN AR G
T 8 SR 50 O N 3% O R A 7 W 1) B M I R A
P, AR UALTF-ZLER R ATCC 4277 (R. ery-
thropolis ATCC 4277) 415 ,7£ 30 C N & 24 h
J& ,AFB, (% R A 5 95.9% , F— 4 K6 %
it ) JE AR DN A, e ik ik o B O A AL S
Yy (B2 R ), FLG5 R 2R i 18 1 3 FOws 19 fig
8 v ] = el SR X AR R T AT £0F £LBR TR Y

o o
o o o
HO:
o ] OH ' OH
- = = [
o o O o O
o OCH, o OCH, L OCH;

Chemical Formula:C17H1206 Chemical Formula:C)7H1s07  Chemical Formula:CisH140s
Exact Mass:312.06 Exact Mass:330.07 Exact Mass:286.08

g

OH OH
H3C =
o < o
o OCH, 9 OCH;
OH

Chemical Formula:C1aH1604 Chemical Formula:CuH1O4
Exact Mass:236.10 Exact Mass:206.06

HyC

o:

o OCH,4

Chemical Formula:C1:Hi60s
Exact Mass:236.10

2 AFLAIKE ATCC 4277 3¢ AFB; i
Bt fi i 12 (R 5t 1)
Fig.2 Hypothesis of the degradation pathway of AFB,
by Rhodococcus erythropolis ATCC 4277
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AR 8428 | Cserhati 25758 i 388 1% 25 1 52 16 3T
il B B R AV S = 2 etk R 18 BRA AL
Ffif AFB, IZFLLERIE T, A 12 R A HA
WAL T IR =Y, 6 A SR T LR f# AFB,, {H
H=WAE R T AFB, By AL

M bR — R BB S A B, 2T ER B
R AR DR ZEBEHWER, — )
T 1 B Pl R A e DR A R B o € 1Y) 0 A AR L P
BRMEET, J— s T HAYEE 2R
PR AR = Wl ke 1 B 22 v L A I =2 R A
TR AL A FLT B R AR R A HLIE A R g
T3, B0 AL A FH B Vs B, S 3 SRR O
TR RN L A 7 20 e R AR S L R A W

8RR DG AR5 LB B 2R A= ) o ik A I B O [
FHE BRI

222 ZFMIFFEM MR 2 E (Bacil-
lus ) TERE MR ELR B R Iy W AR T HEWMEN B
Xof I3t A L T 2RI A A8 — AR LT S o
B v W o B A K R LR R AT ) —
Ty T AR B H AR 2 R AR R [
I, ZF AT BR T A — L8 DL A b B A R 5 2R
B, 0036 Al 2R AT B (B, subtilis) M A ZF fL AT
W (B. licheniformis) 1 48 G 2F # ¥F & (B. natto)
S, X SEAT 45 1Y 28 FRFF B0 BT 3 3R A9 B BR
FEE i RiE N

F4 FRAENERSENEBER
Table 4 Degradation of mycotoxins by Bacillus

F AT Ve fig & F AP £ & it 2 %1% S K
o R F8AF B (B. licheniformis) AFB, 94.7(72 h) [89]
OTA 92.5(48 h) [90]
ZEA 98(36 h) [91]
DON 82.67(48 h) [92]
A5 35 J0AF B (B. subtilis) AFB, 95(5d) [93]
AFB, 81.5(72 h) [94]
AFB, 54(2 h) [95]
DON 100(48 h) [92]
ZEA 99(24 h) [96]
ZEA 100(48 h) [97]
) 2 % AT H (B. natto) ZEA 78(48 h) [98]
ZEA 87(48 h) [97]
K0 5 J0AF B (B. pumilus) ZEA 95.7(24 h) [99]
S HE O BOAT W (B. cereus) ZEA 100(24 h) [100]
fif 5By 3 F0AF W (B. amyloliquefaciens) OTA 100(72 h) [101]
E X 3 584 1 (B. megaterium) OTA 80.3(72 h) [102]
HRBR 3 F8AF B (Lysinibacillus) ZEA 100(48 h) [103]

WK 4 FroR , WA ZE AT (B. licheniformis )
X OTA AFB, . ZEA 1 DON %5 Z il BL 18] # K #f &
BT =R B AR BE T AT X SR IE T ) OTA , Hb
KZEMFF B CM 21 (B. licheniformis CM 21) %
48 h W F Je B AT R4S 92.5% At it Bk 2ok S0 Hi A 25
HIFF B CFR1(B. licheniformis CFR1)7E5AFB, 3t
[FIFEE 72 h 5, % R AR R Rk 2] 94.79%); 5 —
RN £ 58 v 4 B A M A 2 JFT B CKI (B
licheniformis CK1) 7E 36 h Ji GE [ fif 15 7% 3 p

98% 1Y) ZEAPY; 1M i A< ZF /8 ¥ I NRRL B-50506
(B. licheniformis NRRL B-50506) #{ % A% 7F
FEFRFE R E 48 h )5 BEf# 97.2%1 DON®,

JE AT 0 22 L BE R B B R
fift RO AT BT Z 8 T ZEA WY R J7 I
FILJER, —J7 218 2 AT R X ZEA
4 3% Ao 0% M BT b A 2R LT TR | A R 2E AT R
DG ZFHIAT T /NSRS TR R EE AT I DL &
2 R AT A T L R A 803 3 A 51 80%~



442 oE A

M

2023 455 4 #)

1009711 5 —Jr i i ZEA A B 14k s
FEYI Z AR E B, ZEA JE—FR R B AR R
BER , HEA N BE B H WSO 8 i 2 b
HAT A= ) [ R LA B SR Y e R R R 9
W WL a— T K IR B B (a—zearalanol ) fll B—F K IR
B W5 (B—zearalanol )™ [K I [ i ZEA ALK H
BT ZEA (9 FEdE . DR, H AT R 25 R 5 R
ZEA WML 22 5 A R 30 R ik 7= 0 K % fit it A
T LR W REPERT ST T I . A WEIE R I ZEA B
] = Y ——1-(3,5- Z R A ) -6 - I -1—
—M-107-F , B EIR S I S g, (H AT R
ZEA R R T T N BRI 24, Bl S R A

TR R (ANl 3 FTOR ) 3k R e S E AT T R
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Table 5 Degradation of mycotoxin by Pseudomonas
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Advances in Biological Removal of Mycotoxins from Agricultural Products
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Abstract Mycotoxin pollution in agricultural products not only causes huge economic losses in the agricultural industry,
but also directly endangers human health. Although physical and chemical methods have played a certain role in the ear-
ly removal of mycotoxins, the removal of mycotoxins by microorganisms is increasingly recognized as a safe, efficient and
economic way. In this paper, two main removal methods (adsorption and degradation) of common mycotoxins in agricul-
tural products by microorganisms are reviewed. The former mainly includes lactic acid bacteria and yeasts, and the re-
moval of aflatoxin, zearalenone, deoxynivalenol, ochratoxin, T2 toxin, fumotoxin B, patulin and other mycotoxins by
bacteria adsorption is better; the latter are concentrated in Rhodococcus, Bacillus, Pseudomonas and yeast, which rely
on microbial metabolism to degrade the above toxins. By summarizing the research reports, this paper summarized the re-
search progress of common mycotoxins removal strains and their metabolic mechanisms, as well as the innovative changes
in the detoxification of agricultural products mycotoxins.

Keywords mycotoxins; microbial adsorption; microbial degradation



