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Recent Advancesin Mycotoxin Degradation by Photocatalytic
Technology in Grain and Oil
SHI Jing-jing, LIU Kuan-bo, WANG Yong-weil<, HE Bei-bei, WANG Li, LI Ai-ke
(Academy of National Food and Strategic Reserves Administration, Beijing 100037, China)

Abstract: Grain and oil crops was always faced with the problem of fungal diseases. Fungi produce
mycotoxin under certain conditions, which not only caused food waste, but also seriously endangered the
health of human and animal. Physical, chemical and biological detoxification methods can remove some
mycotoxin, but there were some problems to be considered, such as desorption, residual solvent and complex
degradation product. In recent years, the photocatalytic technology had achieved great process in degradation
of mycotoxin. In this work, the latest progress of photocatalysis technology in mycotoxin degradation in
grain and oil was briefly summarized which providing a reference for further understanding the mechanism
of photocatalytic degradation and promoting the application of photocatalytic mycotoxin degradation in grain
and oil crops.

Key words: grain and oil; mycotoxin; photocatalytic degradation

R B 2020-07-22

E&WMAB: RGNS HRMHBE I EAR L 55 27 L3 (2X1907 )

Supported by: Fundamental Research Funds of non-profit Central Instituties (No. ZX1907)

TEF®: fiff, 5B, 1990 A, Ht, BIFERIEA, o7 imeb b A FE YR B A . E-mail: sjj@ags.ac.cn.
BWEE: T, B, 1983 F A, W+, BN, B0 A Y B R IR & S5 H . E-mail: wyw@ags.ac.cn.




SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

RE%=

PECA EMRE SR AL (FAO) Giil4Bk
RRAELY 25% MM B Z TR RIS Y, 2150
WS mEGEE AR, HHEEER
SRR E AN S Y, TERECE . FE .
T AR AR A B RR D R R R
400 ZFp, HhXetEER . EINE R R M E R
BT 1) e B f oy T P

B B R LR SRR B | AR
AW, WS FRRERRERZS | TR 4N M RE
SN Ry B AL, R R R A ST AR TE S
HEGRS R MM S, FEEREGE K
BB A Pt e . R '
T80 T AR OR B T R 254, (R R R K
SRR R 5k B AT e R T Bl i B i
g AR M LR R RN R WA E S
Yy, (A AFAE R B A BRSO s T — AR A 1 A
% it A7 3 0 1 T O DR R R 5 P R BB R A
W €23 s R ERCN T T =R GAEL 7/ oot N 5
R RN A | e AT AE TR R A e RS
i LTk, KRR k& A R, FERE R
R, FIFBHMSEARIF R E . G B
T AR IC N, MG AR T R X AT K

A& — S BAT G T RE 2 T Y 2 T A4
B, ATRASE SO AR N 3 A TR Sk
K OGER T OB L kA A R N
S T A TR A B A Ak R R O R A LT
(e ) AZ=sC (h') X, Hede him &L aE S i T
YA 3 (<0, f1-0H), 54 HYME N .
AL AR B B RARAE TR PHABVE A Z AR
AUBEUR, AT LU AR R S B o o RE .
W, A AR BN A IR, A5 B = A 13 1
HE, TR AL, AT b
U A IR . B ARG AL A
Sl . R RS AUAR B T SEbR R . FEEE
SR, LML RI AT R . M RFTE . K
FF TR A5 B A, ] Bsf 43 A s S 1) A 3 AR 7 4 5
FEAR I, T K S S8 ) O et R T
Je 2RO B ARSI R A b ath 7 P ECTR R R
ORI, (HIRC /ML | INER R Y
w7 2K A B A T R R LA BRI
BAHEH R R R 5t . A SCK A A Ak

JCHEERTE FUR 7 R M ROt e, ol
[ fifp L R R A RS %

1 REAEBERSE

11 RENEHBRMESE

X524 F 3R CisHaoOs, XHFRAMLE T
J& 9k T W M B ( Deoxynivalenol, DON ), J& T
IR R, N 3 KEUEY, EEITY
INEE | RFERE RS ET o NS TS
MR R R 2 PR MRt VSR R,
WX i 2 3 AT B ReE IS5 R L BETT R TR R R
DR T R I T A P R oS B R ek
fifp e R T2 30 I A DR IR 1 B 2R ) A SR R B R
SEEE . SERE AR R B R 0 SRR,
B 5T OB A B AR D MR SefE L AR h
FeAEAE N A & — BRI E . SeAEAR TR AT 53
g 24898 ( 200~400 nm ) FIAT UL ( 400~800 nm ).

TiO, J&— M EE AN, B LIk
i . TiO, [ 8 A G T iR 2 — P RRaR I 254
HASM LRI, R Tk 3 2 76 AR
Bk o R AL 4 ol FH A BT Ak 350 1) 4 25 A [l
e, XA Fes04-TiO,-Si0,, 4 TiO, il
SiOL Lk 16 (viv), Zxd 5h EIMEEEST,
Wt i 2R 31 49% o 38 2o 1] $5RP IR S5 H4 1Y) TiO, T
eI AT SR, 3R T AR S R n
L, MHEYE FesOgq MUAFAESR T 1AL 7] Y [m] ek
R, BRAR T A . AN AT L KB
ST 4%, T AT LA AR 70 4 56 3 1 2R ATk )
46%, XARMAFI AL R 2 O6EE, Wi
ERFCEAR R, Wang U R Ak FULAR 5
B GE A R BCIRE a-Fe,O5, 44t 2 h ARl L
DGR, KR EER AR R IAF] 90.3%, TEX I
FEOGRE iR RAF R T BT, KB REN T
IREERIWT S . C12-C13 A E A O I . I
KA, FEBREE N CiaH 304 F1 C1aH 6030

A8 (RGO ) BHAT LS am st B g
Al LLR E RO eA TS O B RCR, A B
FH TR R . Bai UK R HI & T
RGO/ZnO. RGO/TiO,. RGO/g-C3N; % —ZHKE
A EE, Hi RGO/ZnO, 30 min P AN GRE R K
VWP MK T R E 99%, GRS A




RELZ=

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

295 2021 & B2 HA

—FF, m/z & 281.87. 333.09 F1 298.89, Xi L)
W DOM-1. [M+H™+2H,0]". [M+H]",
Rof Sk ok A rh 32 B2 PR SRS IR . Z-Scheme J&—
PR IR P HE AL R 548, 1T A Ak ) LA B
AEALRE T, A BT REIRIK I 35 3 43 Hh A Bl A
A Bai 25U I i BRI EE ZnO/g-CsNJ/RGO
AR, SEIKVE I K I 2R 1 A
RGO 51 ABUE TOLMEAPLH, 78 43 F 4
J5, Z-Scheme [F4 EEIG R T A Ak R X AK 75 2K Y
AALBE ST . SR g-CNy M EL, SRAMG RE S A AT
DLOGRRUR T MR o1 4R T T 4.8 £ 4 %
12 REUEBRENESE

# M HEZR (Aflatoxin, AFT) J2—K&H
TR IR IR R 2 2R AR S R AL B, B
FAEA: . KGR TSR PP, B, Stk
EEAYM S T AFT RREME, 1AL Y
PRI IR IH 2 48 TG R Al 58 1 SC B

TCZR 4B A% VI 15 T B2 48 R R im0 P 7 51
— B 77 2 Jamil 22008 i BT IR AR AL R B A
F] SrTigFe 3030 AR N, VA1 21 SR AY 7 BRESH
B340 pH R HE 5L A i3t («OH) M7=, Al
WA, 2h WEMERER B, (AFB,) M
filtRIREN T 88.2%. SAHEIE—FTIE Jy A il A 7]
m/z FEF (330, 312, 281.1, 251, 220, 205.1,
189.2. 177, 145.1, 105.2, 81.0., 44, 18), &
AFB S8k ik B8 P AU BB 400 I B I DT I, e
LTI o T PR A S — T v R R 1 B A Tl A
Bl Z LA TR R s AW R . SRR T
AL F T B30, Sun 252N TiO, 17 4878 T
s b T I P v 1R R B RN THO, ey fR A TG 2
SO LR, @it hFI-OH %1k AFB,, F#fi#
FIRFNT 98% (4 TiOy N 76% )o

AP S NS N T =T N T3
WE5E, bR T AR B G A R AT DL R RS
FLTR B R M2 Al AR, St eI ER T 2 A3
7 15 o Maol™ 45 ] B i R 4 K A RE, A
50~150 nm KRS g-C3Nyo TR g-C3Ny
(~30.8% ), 44K g-C3N4( ~70.2% )FEf#/K o AFB,
BORIETHT 2.28 fiF . HLFURG LR Al SE
AAUESH 4 [ 3k (05 ) Al h e At B b H 32
BEH . s R E] Ci7H 1407, CiqHi604.

CioH 1004 = A FEFEME 7Y . Ci17H1407 & H-OH
F-H 5 Wimg 25 XU RIS , CraHi604 2 K
RPN R ER A A A HY S 2T L, CiaHiO4
S R IR 23 il RN AR 2 A . il — 20
BT g-CNy e MR, Mao 45 P05 i 4 2
WO3/RGO/g-C3Ny S5 BBk 52 1 A A 1) 48
fbAE 1. +O;, . W' FI-OH A FEE [ S Hkh
AFB; IGREAR . CieH160s I C16HaoOs PR B il
YOZTEE A WA AR, T Ci3H 205 J2& F Wi
PRI PN 5 R 2L T A . Mao 25 i i B R
WO; #i4 CdS W — o474 Z-Scheme Yoiifk
I, JkHr AFB, WREff38IAE] 95.5%, 1Mi-OH 5
C8—C9 My fIN L Z N & AFB, i i £ E k4t , 0
& CdS My %t @it — L %%,

(HARTE RIS, UM S &R R Z HY
e B LU T R SR M R IR AR . Sandor 45 R A
T AR A OCAEAET], TR ZEA BT [fidk ) H 25
W AFB,. AFB,. AFG, fll T-2 %%, XA
BRIEFT, T MR 5PHE L HAETEAN
[] ) DGR i i A o AR B0 ) 2 SO AR A, 5 B
PN T 5 2 T R R AR L], AT S B
T AR DGR A

2 StEAEBRMPERSENSNA

Hil R R EBRZ RN+ . BERE
LR S 86 7 o R R ARR  B (R A
CLZ e/ NEE | /NZER KL A 3 v BT B R I 7
SR R . ELXRR I S SR R AT
TR, PR SEPOBE L 2018 AR /N AR
ft, FFHAIK TiO, i 2o B A P 7 Ot R fg N 22
H1f) DON, 24N 6 h 5, /NERFIRERLH
DON R0 5A 3] T 40.0%F1 32.8%. i
SO A R L B X F R B, BRI TiO, X /A 1Y
OB L PR, AR, JRITRIE . HLEE SR AE
K AR PRI A B, TERAMDERA R,
TiO, XJ MR 5 2 A R i o i & B 71, (B2 A R
B R PHYGRER A 4%, KBHYGHE & AT IF & F
WAEE K. Wu ZPTRI ERia 6 kR UCNP
(NaYF,Yb,Tm )& TiO,, 4B T (200~2 500 nm ),
i 3 2 IR B A B R A S R A i Oy OB AT
HMCIEAE ARG, S B A BH G 1) e SR
Xof/NZE R 3 AT OURERE 2 h NI R ff A




SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

RE%=

T 69.8% . FI W AH 15 — BT 1% 7 ik 45 2
CisHyOs. CisHz007. CisHagOs = F i 74 .
CisHy0Os H C9-C10 5 WA B BLOBLEHE 1M A 5
C15H2007 HH C9-C10 5 M 40E iU H C12-C13
WABEGPIR ;s CisHyOs 1 C12-C13 PR SETF IR
(1005 AR A 3 A Y I e L A BU N B2
0L 3R HepG2 By 40 MG P . A0 HUEAS | 40 B R 491
LN TEPE S (ROS ) K- 4H R YE TR &4k
REJI 54 bR, UESEREMR MR RAR ., XN E
I b T 58 R BV SRR A /N A B TR
o OMHEA AR ESEER AR R (E R
R/, R TOGREREXT /N2 B SR E A 0

TiO, FESERE A Y AFT 158 T 2 N
M, wRBA . WAL 3G T BT 2
Tt TiO, R A% . Xu %08 ot KB4 Tio,
Jia, EHMDET REARALE M Y AFB,, 5 KR
FIRBNT 81.96%, K=& CisH 006 Ml
Ci6H12050 C14H 006 KVE T AFB, KL T — 1A%
IR ERGE R, H 23R E AY—OCH; JE A i A Ak A%
C==0 %54, TMi C16H120s & AFB; 5 A= Z5 4R
SERIBUR N . 8 Tio, HEALSCR , HESh B
T35 92 A L Xu 20—l b BR 0 AL
B Sk 48 g A P T 9 U Bl M B TiO, BEVR 7R 3
BERTE, WGy AL AR il T Y AFB,
R 2R AT IR 73.02% . 33X Ff i sl PR AL AN (AT
PETHHEAL R, W EL AT LK S b B AFT 1544
POREHI, GESE TR B A R4 Tk Ak B
FHHT S o A T RS8O0 R A 15 A Tk 1 35 SR AN (E
254k, Magzoub 25524 Tio, Bl e 7EER - b, [
fi A6 LR Y AFB, Fll AFB,, FE&fiRH1AE] T
99.4% F199.2%, TS, B4 B iR IR |
AL E . A BRME . WERSARTER . WL .
IO FIHE RV BT . YT 2R S5 R AR A Wt i A8
b, UESCGRE A XA A T 8 SR EL A R

3 MIRRE

TR ARAE B 8 A7 i T B R B 2 AR ™
an LR RE R B AR R0, MR E
SRUE BB H S B IR SRR AL . R M3
AL TR, (HJE T R ML PRI B AT 2 0E
VLT ILAS R (1) MR 2% 2w 25 8,
G e Sl A AR A L &Y . TR

RRTEIB . 0 LW A BE2 R, Tk
2 S RN v E Y= o S MR O e V|
s T TR L PR EE , WAE AR £ I
WA BT, A BT AR R T, 1 i
fiif et (2) SCIRRZE MG & 75 2 4k
A R o RT3 A B A AL B

M2 AN S RIHDGRERE 4%, 5K IHAE 46%

A ] WO CBERE TS, AS B mT DG B 5 AR B

1M e AR A AR B B A B TR TG i <

TAMA . (3) SRR, BRI S 57

PERE W —PE5E, e FHA L A RAET-BL,

IBERESEARTE | LDANETE | JEAAS I [0 2% B

SEOR, EE TR, WECHELE, FfRE

W HE R PR R B4 (4) IR TEXT IR

TR 2R AR R IR AN (EL Y 52 W T AT 4 0 T

MRTSE . JCREMRTS , EAY (kR SR,

O ZIER . IR E A E S RS ) SE M

eI . oA A RRIE . WS

HEWITR . 7K R R ALY o B E AT S R 55 )

AT AR AL AL 42 T PPA LR AR X TR (H BRI o 6

Z, G RRA FUTR B 3R fec SRR N2

—, BAER Pl AR, A R AR

P BT R, AEAOR N R rhd e 5 a

AEFVH SR B A, SEMEX LESCHEF AR [B] T, DA Tt

SCHEAE AT TP 2]z R

5% Tk

(1 HT, B3, i % Bk . IR e 15
M]. dbxt: B, 2015.

XU R G, PANG G F. Research on current problems and
countermeasures of food safety in China [M]. Beijing: Science
Press, 2015.

[2] XIANGDONG S, PING S, HONG S. Mycotoxin contamination
of rice in China[J]. Journal of food science, 2017, 82(3): 573-584.

[3] SHIH, LIS, BAIY, et al. Mycotoxin contamination of food and
feed in China: Occurrence, detection techniques, toxicological
effects and advances in mitigation technologies. Food Control,
2018, 91, 202-215.

[4] TUMUKUNDE E, MA G, LI D, et al. Current research and
prevention of aflatoxins in China[J]. World Mycotoxin Journal,
2020, 13(2): 121-138.

[5] RTH6, Jikh. ORISR R W MR AT R[], S E SR
2F4R, 2019, 31(12): 5391-5398.

XU Z W, WAN J. Advances in research on adsorbents of mycotoxins
in feed[J]. Chinese Journal of Animal Nutrition, 2019, 31(12):

5391-5398.
[6] K37 HAHEHR LN BCH A )7 TS [D]. TLRI R,
2014.




RELZ=

ﬁ; IRHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

295 2021 & B2 HA

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[15]

[16]

[17]

ZHANG F. The research of ozone degradation mycotoxin and
other detoxification methods[D]. Jiangnan University, 2014.
B, AR, XU, FRSPEEFERPESRORD]. T EE
Ak, 2017, 12(6): 27-32.

LV C, XING F G, LIU Y. New mycotoxin prevention and control
technology at home and abroad [J]. China pig industry, 2017,
12(6): 27-32.

AL, W, B ML, S BRI R D B A
R R ) 4 T 2O 9 Bl 20 BHI]. Ml & iR, 2020,
28(4): 152-158.

DU W, CHANG X J, ZHAO Y F, et al. Research of fermentation
preparation technology and preliminary application for deoxynivalenol-
degrading direct inoculated microbial inoculum [J]. Science and
Technology Cereals, Oil and Foods, 2020, 28(4): 152-158.
DAGHRIR R, DROGUI P, ROBERT D. Modified TiO, for
environmental photocatalytic applications: a review[J]. Industrial &
Engineering Chemistry Research, 2013, 52(10): 3581-3599.
VFIIA, DUEW, Sz, 5. HOGABERE E L 2
AEA B T 37 0 & 5 R D). AERTHR& R2E 24, 2019,
33(4): 62-68.

XUMY,QIUTB,JITT Z, et al. Market development and
application of photocatalyst functional materials for environmental
purification in China and Japan[J]. Journal of Beijing Union
University, 2019, 33(4): 62-68.

ARMESS, KRR, SkAESE, SF 0 BROLHE LB AR B R
R RN ], TS YBTRER, 2018, 31(2): 12-14.
ZOU S N, ZHENG K, ZHANG H Y, et al. Application of
graphene photocatalysis in black smelly river regulation [J].
Pollution Control Technology, 2012, 31(2): 12-14.

AR, XNTRh, 2R0h, SF. RV e T TR B KRR T
IS VER[I/OL). W ERRIH2A4R: 1-8. http:/kns.cnki.net/kcms/
detail/11.2864.T7S.20200713.0952.006.html.

LIS, LIU N J, CAI D, et al. Recent advances in prediction of the
risk of the deoxynivalenol contamination in grain[J/OL]. Journal of
Chinese Cereals and Oil Association: 1-8. http:/kns.cnki.net/
kems/detail/11.2864.TS.20200713.0952. 006.html.

Fokik, BRSCE, SRERRE, SOt FRERL S R OhE
FERIERR ML, Jbnt: A2 Tl i dt, 2015,

ZHU Y F, YAO W Q, ZONG R L, et al. Photocatalysis:
environmental purification and exploration of green energy
application [M]. Beijing: Chemical Industry Press, 2015.
MISHRA S, SRIVASTAVA S, DEWANGAN J, et al. Global
occurrence of deoxynivalenol in food commodities and exposure
risk assessment in humans in the last decade: A survey[J].
Critical Reviews in Food Science and Nutrition, 2020, 60(8):
1346-1374.

X3t T RENE TiOL-Si0, S FADL T SRRt L it
DON [WF5E[D]. R IR, 2018.

DENG Y. Photocatalytic degradation of deoxynivalenolwith
magnetic TiO,-SiO,inverse-opal photonic crystal microspheres
[D]. Nanjing Normal University, 2018.

WANG H, MAO J, ZHANG Z, et al. Photocatalytic degradation
of deoxynivalenol over dendritic-like a-Fe,O; under visible light
irradiation[J]. Toxins, 2019, 11(2): 105.

BAI X, SUN C, LIU D, et al. Photocatalytic degradation of
deoxynivalenol using graphene/ZnO hybrids in aqueous
suspension[J]. Applied Catalysis B: Environmental, 2017, 204:
11-20.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

[26]

[27]

[28]

[29]

[30]

(311

[32]

BAI X, LI H, ZHANG Z, et al. Carbon nitride nested tubes with
graphene as a dual electron mediator in Z-scheme photocatalytic
deoxynivalenol degradation[J]. Catalysis Science & Technology,
2019, 9(7): 1680-1690.

XUPH. FRES RN TASEORITRM]. JUat: Blefhifit, 2018.
LIU Y. Research on mycotoxin processing and detoxification
technology [M]. Beijing: Science Press, 2018.

JAMIL T S, ABBAS H A, NASR R A, et al. Detoxification of
aflatoxin B; using nano-sized Sc-doped SrTij;Feo;0; under
visible light[J]. Journal of Photochemistry and Photobiology A:
Chemistry, 2017, 341: 127-135.

SUN S, ZHAO R, XIE Y, et al. Photocatalytic degradation of
aflatoxin B, by activated carbon supported TiO, catalyst[J]. Food
Control, 2019, 100: 183-188.

MAO J, ZHANG L, WANG H, et al. Facile fabrication of
nanosized graphitic carbon nitride sheets with efficient charge
separation for mitigation of toxic pollutant[J]. Chemical Engineering
Journal, 2018, 342: 30-40.

MAO J, ZHANG Q, LI P, et al. Geometric architecture design of
ternary composites based on dispersive WO; nanowires for
enhanced visible-light-driven activity of refractory pollutant
degradation[J].
2568-2578.
MAO J, LI P, WANG J, et al. Insights into photocatalytic

inactivation mechanism of the hypertoxic site in aflatoxin B,

Chemical Engineering Journal, 2018, 334:

over clew-like WO; decorated with CdS nanoparticles[J].
Applied Catalysis B: Environmental, 2019, 248: 477-486.
SANDOR G, AGACHI P S. The effect of bentonite on AFB,,
AFB,, AFG; and T-2 mycotoxins decomposition in sunflower oil
under the irradiation of ultraviolet light[J]. Studia Universitatis
Babes-Bolyai, 2011, 56(1): 249-259.

BT, i, BT, % RO N IR R
AR RIFFE (). Ab2EA: 1-7.

SHAN X X, YANG J, LIAO Z L, et al. Degradation of wheat
vomiting toxin by titanium dioxide photocatalysis [J]. Chemical
Reagents : 1-7.

WU S, WANG F, LI Q, et al. Photocatalysis and degradation
products identification of deoxynivalenol in wheat using
upconversion nanoparticles@TiO, composite[J]. Food Chemistry,
2020: 126823.

ZHOU Y, WU S, WANG F, et al. Assessing the toxicity in vitro
of degradation products from deoxynivalenol photocatalytic
degradation by using upconversion nanoparticles@TiO, composite[J].
Chemosphere, 2020, 238: 124648.

WU S, WANG F, LI Q, et al. Detoxification of DON by
photocatalytic degradation and quality evaluation of wheat[J].
RSC advances, 2019, 9(59): 34351-34358.

XU C, YE S, CUI X, et al. Detoxification of aflatoxin B; in
peanut oil by iodine doped supported TiO, thin film under
ultraviolet light irradiation[J]. Current Nanoscience, 2019, 15(2):
188-196.

XU C, YE S, CUI X, et al. Modelling photocatalytic detoxification
of aflatoxin B; in peanut oil on TiO, layer in a closed-loop
reactor[J]. Biosystems Engineering, 2019, 180: 87-95.
MAGZOUB R A M, YASSIN A A A, ABDEL-RAHIM A M, et al.
Photocatalytic detoxification of aflatoxins in Sudanese peanut oil
using immobilized titanium dioxide[J]. Food Control, 2019, 95:
206-214. @




