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Research progress in the application of nanotechnology in the prevention
and control of aflatoxins in feed
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Abstract : The contamination of aflatoxins (AFT) in feed seriously threatens animal health and production performance. Among
them , aflatoxin B,( AFB, ) has attracted much attention due to its wide- spread contamination and high toxicity. Traditional AFT
prevention and control schemes have many limitations , while the rise of nanotechnology provides new solutions for AFT preven-
tion and control. This paper reviewed the applications of nanotechnology in the field of AFT prevention and control in feed. In
terms of pollution prevention, nanocarriers significantly improved the targeted delivery and sustained-release performance of anti-
fungal drugs. Regarding detection technologies , nanomaterials significantly enhanced the detection sensitivity and contributed to
the realization of on-site rapid detection. In the post-pollution treatment, nanocatalysis and adsorption technologies could effec-
tively reduce the bioavailability and toxicity of AFT. Future research should be focused on the biosafety and stability of nanoma-
terials,and at the same time,should help promote the development of low-cost preparation processes and the construction of a
standardized system,aiming to provide solid theoretical and technical support for the scientific application of nanotechnology in
the field of AFT prevention and control in feed.
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w5 M 55 7 &K (aflatoxin, AFT) J& 1 75 [ 2 (Asper-
gillus flavus) 77 M85 (Aspergillus parasiticus ) & HAb
2 T LR IR AR W), 3 8 LR ) T 7 A R A
AR 3 DX R B R ) v 3 3 A7 T, R i) 2 B
K AEA R RN SR SRR RTE S ok
AFT Z/ 14 F B W L E A E & 5% B,
(aflatoxin B, , AFB, ) | ¥ il # # % B, (aflatoxin B,,
AFB,) . #5 I E K G,(aflatoxin G, ,AFG,) . FHh##
# G,(aflatoxin G, ,AFG,) , i AFB, F P fe i, & —
CUEHES €LY/ €l I 7ol N b2 7N 27 R e
FAREY). AFT W] DL 3Z 5 e 2% 28 I R o) >R £ 9k
AFT 15 YL iRl ] DL 803 & 4= 7 e I, #1031
JIE T8 S A= IRE , 51 e SR HAER 7 by
B3 B M A (R TR R AL A A
FRSE , AN SSREH 1 Dol in T 28O AL BT iR,
GRAY NP i ARl NN 15 MR YA/ A5 15
Wl A AFT KU 5 2%, BT AFT B8R, 20
BB SRR RHEE 4 FEAIG AFT /&35 M EH 2k 4. 4
R, AR BT A0 ) 65 TR A K B T R AR I | R o
ST IO FH RSO 32 AR SCTE ARG 3R (] P /M 26 S
HRAYIEAT b 2708 T AR EORTE AFT By 45 U AT 58
BT e USSR AR FARAE AR A 7 rp B4 L
S

1 KT AREN

YORFEARNE R — D438 R HoR O A T
— YA — A 2 AR L LR RUBE (1~ 100
nm ) Xt JFEF 55 F A AR B R AL D X — R
GG TAEGE 0 Jm R, 266 R L T2 55 22 A4
JEEIYLAE I8 2 %) O P (L. 0T A0k, LA AR b B 2 40 3
PRI P RIF 5 22 SRR 1 R A 34 3 T o T A,
¥ B MEENUKE ARBEE MYk R ATEY R
AU A B AR AR B R B & R B AR
BleE3 I TR R 298, H Aoy 2058 it
FEAO AN S AL SIS & R AR T
Al PRI R RN GRS AR

BBIGRE A MR T & o LB T B 4 $ it
TRVH TG B T R AR, 2 B
IR G R AT DL it 22 AL & $E e il A
TP, E ARG (1) 5 A0 RE 4 4 & A R S A

HAER; (2) M B AR TR 8 (3) 15 06 P4
A SE) MK E AR A AFB, ARSI R AL T Z )
BEALA KA B}, A48 B 9KBLT (AuNP ) BRFEGIK
BL(CBN) PG KK (MNP) i F 52 (QD) #l |
Mg Aok (UCNP) %5 38 bR iR g KA kL 5%
SRy ARG A, v R B RO R
R A DR ARG B kD AR B R S e A
LB 2E SR A, AR HE TR B 4 K A% B 1 B
R X AGIRARAE A 5 B A PO A I A A SR AR 12
W . SR Wl A 245 5% BA 43 At KoK IR T Y s
E NS TRTE X B R 7P 5 NLSE L7 7B N
2z e A I ARG G A B S RGBT A AT
IR EEATIC  fh 2% 5% B K8 3% o 100 2 S5 4 RO
. E T, 2K A RS A T2 I A YA 5 A
RSB BT ) 5 48 38 07 vk HAT 2 0
LA VE R RS R QR R B T 1)
o A (RAE SE B B AT 4T R Ge i A ) e 4
PEVEAG A RZ 0 PEH . 3060 55 40 KA R i B F Ak
PR AR AR B A I A 2 KU 45, DA fe KB
i AR AR LK B35 RN 2R i R 1 1 7 UGS

2 ETHRERMEARPERRE
RKINEHBESRTE

TEAB A AL 7R F v VEISOIR I 1 L T8 B 45
FER AR TR Y A KR B AR KRR E
PRE — A B W R A (H P R R 5 VDI Bk
F A LT A A A S Ul 8 T R R A A AL
AR E i H ) B 45 32 SR Tk 2k 24 A X S R
PR L R T O T B — g CR  (H AT REAT R LR
AL (1) AR =R 2575 5 (2) WA TR E Y i
25K 5 (3) 38 3 B Y A OO B A fe e
2.1 #RERIX B & KR 4E

YRR R LR A ) AL 2R R (R R LR
T AR PR B SR AL RS Y 20 TR S5 ) TR ST
TR AR B R 2 0B (3R 1) WP TSR B, 9 oK Ok
AIE A A L A R S O 220 SIS R A
i REE 6 S8 AL 00 ) L R A 4T Ingle SEU R
R A ZE /5% ( Phoma glomerata , MTCC- 2210) 47K
FEICH) A T 48 E 9 K UKL ( CuONPs ) | HARSM it
B A S B d/ MR (MIC) 2 220 pg/mL,
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BER TR AR B, eI B 47 i i i
T Dlkhechi %5 REF5E T Zn0 [ TiO, B H B2 A 4K
WokL P I B PERE , & B ZnO-Tio, 40 K Pk 78 150
e/ mL MR EE T B3 00 S Bt LA 0 1 3 5 LA
SRAGAE ROS Az L AE T RV AL 8075 5 g 01 5 VT AE G
HAER M, Zn0 NPs IR AR 5 Hopt B i
REAFAE S VI R H AT, 9k Bkl 4 T 2 B %
SR Ab, JErp AR 6 LR RS R TR A
Tl A HAR PR BAT AR 7 i S 3 A B 1%
AU A BIF ST A
R kIR BE &K HER

2.2 ETHXHERANEYEREEHESED
=R A

FEYIKE T ( Essential Oils, EOs) 1E b R IRFLHE 7,
FEE U AR Bl T B T 1 T8t 9 8 4k,
R ) A T A o o R 2R Y Y T R
BEBCR SR, EOs (1 42 1 FHAFTE LU T ORI B .
(1) B PSR P BUPBEZE 5 (2) R E D6
R, oy B A WA 5 (3) AR MEAIG; (4) 48 1 v 5%
T ETRE GO BT R AR S fif PRk 2 ] R 1
TRHT S Wi S EOs M AEYRI KA
R P (] I A AR HL X £l A 08 A 2 M, PT A RO 5

Table 1  The inhibitory effect of nanoparticles on fungal growth Hy T B fAH AFT A R  H AT ,Z M IIEE
KA bl e BEL AR T B A EOs 1R, EE AR
Nanoparticles Mould (pg/mL) Ref
L. L. I 31 e WK (Metal NPs) TEIEGK BHRH (UK
. Bl A A ’ ’ - Ny -
Se 106. 00 Bt 75 RA WK BORL S R 58 OB K
n i E . NN NS = J
o MR S o) LD A AR A G AR AR AN S T E DR
G s 000 (7] I ™) 22 R T AE AR K 2
Zn0-Ti0,/ Au ek 3 N
o s o (18] HEPRTIMZEAITR] AFB, 7207 1 130 .
nvu-11u, .
Cu/ Chitosan HihE AR 180. 00~220. 00 [12]
Fe, 04 iR 160. 00 [19]
R2 ETHWARIPREWHEHE LD AFB, B 4£
Table 2 Reduction of AFB, production based on nano-encapsulated plant essential oils
[T EIES RS BUR 275 3CHk
Essential oils Nano material Effects Ref
4 [ UL B MR RE 25 2T ZE ARk BE T BT A R i R Ak et v i i s
FAR PCRBARTER s ki 345 1 BT, 20
R o TEAR MR BT B e] S e i 25 2 (KA AFB, AR W& i 58 2], B RERR IR S I
i PRI g e P 0 25 7 AR, 2]
g B A A fp UG M W 2T}, IR AT G2 e PR RS AR, A R K R e A A7 A2 v
o ARME G g AvB, 54 MUIR o LA 123
TR RAE N A SR L B 4 3E I R B 3 A
Pk S B K R jﬁén VR ARRE P, A RO T RARAAIIRI B AFB, #9752 AR BT A 4 [24]
B N K et -, 4K K AR Y
o S ;Efgﬂlﬁﬂ AFB & 1, AR E R NG BT Ak JE A F R A RS , AR )% 4 [25]
b BRI AR P A7 AT G LAY B B
B BRSO K S TP BRI, AFB, 0 R T A A AR T B B 9 SR A B 4 [26]

R LW T Ak B

Upadhya %7 2R FI B 8 vk il 45 T 52 REN
L R A AK 2R Th, 25 R R W i B ORG uh e
1 wl/mL ¥ BE R AT 58 4 40 8 i 25 09 4 K, 1
0.75 pL/mLyEE T R AT 52 4= BH I AFB, B9 A9 6 0L,
FXH A R 8 % R B S, SR R A
PIMA 251k Das %578 FF & T — Fh 3k 750 BN K I T
BRI RS T B 2 R &R T oK R A A7 301 1] B AFT Bl

IR S BT ORI A L, 9K B IR R A
0. 04 pL/mL MRRARHR BE T BRIl 58 2 0 i) AFB, 1953
WA X R SR AN T REIR T (1) AOK B B EH KT
KAy bR (2) se SRR S I TR A S 8%
(3) GRS TR 4 A BE 1 7 5 M A B AR JH. Ros-
han %52 RGWISE T 58 IRME LGN OK BB C R N
K& ( Toddalia asiatica essential oil ) ¥t i 77 T4 F 1%



%2

I, F AR RERN T WA E AR R B R 3EE 135

it B A0 A LA IZ DR IR R8T I8 AFT 5 0L
FAEILR (ver-1 1 ome-1) WIFRIA , A RLEHET T AFT
YA BGERE X—Z IR AFT (145 F 7K B 2 42 1t
TR BB A HE N R B A T K B R kG
FEGT B A N b e B Y 22 O A (LA sk
LAV A AFVE) X RIRIR R A AR E A
BRI AEAOD A Tl B T A iz
FHHI5E.

3 MABAEEHBESZKRN T
B Rz A i3

T, AFT A4S I 3 SR T 0% ADG ISR AR
WFEEHZR AR (TLC) R AR (GC) | BTk ik
(MS) 725 R A (033 32 (HPLC ) it 6 £ 928 W B ik
(ELISA ) 4500 RV 1 67 1k AR S (BT A7 e
VRS 2% A R B REAS AL BRI AU
BB B ELAS 5 255 ) 10 490 K R A 51 Ay i ek
(R RS 5 A L 3 o SR Sk I T AR S
30 R R ARSIy T R S A5 A B AR ARG I 54
RYORFARTE AFT K00 e ) 1 32 224 vh e AR B 7
PAR =ANJr 1 . (1) BEShATAR B ; (2) 36T S el
FEARBREI 5 (3) YK AL EATT %

3.1 ETFWHARBEARAHE@ATAET %

R R AL B B AL R AFT 4 BT Y G kb
T | L2 M ARG I 24 SR 1% o e R T S A G 1 T
AL BRI VEAL AR A A B (SPE) TR-IRAAHU(LLE) 3
J5% [ #H 43180 ( MSPD ) F1 QuECKERS % 25150 40 >k b4 et
P I A BRI T AL 58 J5 3 W B A bR S AR 2

A8 FH2RAR A g R Ak 28 S0 S A

Zhu PV IR T — R IR TSR AL RE 9N K AR Y R AL
BT, T/ INAE FAE A B b AFT G 32 05 3k
FESE S N R OL R vk Re, 1O Fh 2 AFT
(AFB, AFB, AFG, AFG,) i i FR (LOD) 24 0. 024
~0.067 pe/kg, IR K F] 93.8% ~ 105. 1%. Yu
A TR BRI ARG KR A
B A [ A 22 BB BER, BT ART 19 5 RO AR
SyRT AR E AR T MR R | i HBCES I R A R S
PR SCHES R, 78 FORFIICRAE f P i) LOD 4 0. 1~
0.3 pe/kg, i AK T BR W HL 2 A9 B K 5% B4 PR #t. Liu
SRR T — b T A A O g R B A A
HPLC I 5E AEEREA H K AFB,, LOD 35 % 25 pg/mL,
SFBT RN 80. 9% . %W AT T i A Al L A
S LW PR RE S R T A I A

25 BT  AOKRER 0 A R ik T 5 e B o
(00, B v 1 T Ak B %) A BRI R S A
Ml i, S A A ™ b A DR A3 B B AL T R R A 4
ARICH.
3.2 EFHRFEARANEREMEERN T

FE AFT R I v, g oK R = 22 R 5 LA T DI
(DAY T ZE; (2) 57 & E; (3)fFFTHK;
(4) DR H DBe gk #4865 ELISA FIA  CLIA
FICA SEA5 5 5 A4S G, AT JF &t RO T i
T T2 5 6 ) ARSI 3 S RS I B AR 1 &
HEFIETT AT 52 IR 3 B AR IR AR R T — {4
TR P AT AR . 36 3 4 T 9K TE AFB,
G I S5 355 1 R g JH 1 .

=3 KEIARTE AFB, 6 iAE f T Ak B s B 2 A

Table 3 Application of nanotechnology in the pretreatment of samples for AFB, detection

AR GIEUSLY 2N ViR IR FEA fr th B FE T R IEVES 275 30k
Nano materials Preparation Analysis methods Samples LOD(pe/kg)  LOQ(pg/kg) Recovery (%) Ref
GO/silica SPE HPLC-FLD Tk 0.20 0.50 76. 80~ 104. 70 [32]
PU/GO SPE-DLLME HPLC-FD KE 0. 11 0.37 76.00~101. 00 [33]
MIPs@ SBA-15-MPS SPE HPLC-FLD IR 0.05 0. 20 98.90~119.70 [34]
Ui0-66-NH, @ MIP DLLME HPLC-UV gty 0. 09 0. 30 85.60-97. 10 [35]
Fe;0,-MWCNTs-NH, MSPE HPLC-DAD INEH 0.15 0.52 88. 80-96. 00 [11]

Xiong 45 | F 4 4 K HE 1l ELISA I 7E 1) {5
S g, SEBL T FORABE AL R AFB, B4 PR E A
.27 s B E AR (SR @BV Z0 ) #E4T Al AL

Kl LOD 35 % 4.0 pg/mL, TAREE 5 4 7 27 0] i
N 82% ~115%. Ouyang %57 Fe T 1 S 40K BT &
T —FhHRE R I J vE  TTAE 10 20480 58 M AFT (9 31
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Sk, 78 KoK FAE A () LOD 4051k 1.4 pg/mlL
2.9 pg/mL.Huang % 51T T —F 3 TR E B
TG AR AR ( HE /YR Se il 2 i, Hek
PEVEFA 1~10 ng/mL, Hta ik FDEHGE ) LOD 435
J90.22 pg/mL F1 0. 76 pg/mL.i% ) T 2410 8%
A i A% Eh A B S R, O ART A IR T
B T A

KRB AR W Z T T AFT A % 58 4805 Al
KEUA R (AT I I bR 2 52 2% | BUA A8 e S Bk AR R

HKWEFE N T e 2 T2 AR R AR RO A
ERIRA R L.
3.3 ETHRERFNEBHESTRRURA
AR DR He e R | e /NI AR
IRASSFEA 3, 0B b 22 A A I 45U e B BRI )
(K 4) N0 A Wy 1 AR B A% L AR 1, 9K A LU
JCHE (AR GRSE I PUfA 731 B 3 3R 5 1 AN A5 )
Y FF R B O T

R4 WK ARLE AFB B ERE A

Table 4  Application of nanotechnology in the detection sensor of AFB,

AR LA R A K B Lk EE BTN

Type of sensors Electrode modification Samples LOD(ng/mL)  Linear ranges( ng/mL) Ref

?{i: NIRRT DNA-AuNPs-HRP FRATEA 3.30 x10™ 1. 00x10°* ~200. 00 [39]
2

E T A IR Nanocomposite-QOD-gold nanorods — E XK A4 FlI/NE 3.75x107 0.01~100. 00 [40]

e I RS Graphene oxide/aptamer e SKAEHAE YN 1. 00x107 5.00x107 ~1.00x10° [41]

TR Lt R AgNPs A R ARG T R} 0.09 0.20~6.00 [42]

7\% —

2 TR L0t s Aptamer/ AuNPs LA KA 0.18 1.00~6. 00 [43]
i3

vl PG AR Metal-organic framework/aptamer K K G HI4- 15 0.35 0~180. 00 [44]
ar

TGRS QDs/gold nanoparticles e 20. 00 50. 00~ 1. 00x10° [45]

MR B TC AT, T AFB, A0 o k24 L
SRR 43 h3lh B AL RS | S AL IR N 2 7 BN b A%
JRAF AL Singh S5O TF R 1 BTG A0 K
TR B4 Fi AL 2 G R A5 BB T K BE A A LOD hy
0.58 pg/mL, LML HE A 1 ~10 pg/mL, AR K
98. 6% , FER I L5 ML TP HE 77 Ahmad 7
AR A% 5T g oK kL 4R BR B 3% T A R P 2O %
(SERS) A=W f& &4k o, I F /N2 v AFB, B9 K,
LOD £ %] 0. 03 ng/mL.Sergeyeva %% JF % iy MIP S
2PAL RS AE ERB AL i By LOD 24 20 ng/mL, iR
JCHFAE 22 CF AT RRE RAE 1 AR R DU 25 3 ] i Y
REFALPGHE L

JUE YA UL AR AE AFT A8 I 45038 i B i
FOLH (AL BRI RS I 22 5Pk AR, He A 4l ok b4
RF5 A Z 5 5 ] A A 0 S A B T T S 04 P
PRGBS R (UMREE L pH (H5F ) X kil 2%

RAFAEEAE R T Y025 B AR RE TR O 32
AR T GERIRL G B — U REAL AR A B i i R
B e S T 2R M R 22 D RE A 1T 1)
J& B AR L 22 2 U i) S PR

4 HABAREEHESZERESNEH
Rz R R

g AFT BisE 5 ik EEAFHY L AL Y)
M, 1T RS2 15 S £ ARDRL P B AT 5 0f:
U/ 28 G BN AL A 5 ik BRORE A AR fi
AFT (AT RESZ WA 7™ fl (9 75 IR 00 (6 BCE e v A 1
P A= Wit 7 15 R B8 A2 e T 4 32 R0 (BRI W)
LA™ Wyl RE A ARDEFA 8 57 iy, EL BB 1L Al
7Y RERZ WA IRV BT AR OR , 9K B4 BHE AFT i
TP N TSRO 3 R 3% 5 B4 TSR H]
g
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Table 5 Application of nanotechnology in AFT detoxification

R FEL &SR A IR 225 ik
Nano materials Aflatoxin Sample Detoxification efficiency( % ) Ref
Mg0-Si0, AFB, \AFB, AFG, AFG, INEE 80. 0~100. 0 [50]
MOF AFB, B/ S 61.8~76.3 [51]
a-Fe,0; AFB, Fok 85.0 [52]
rGO-AuNP AFB, (AFB, AFG, AFG, AFM, AFM, AN EKRAUKAE 48.5~100 [53]
MGO/TiO, AFB, B/ S 96.0 [54]
g-C;N,/NiFe,0, AFB, Wk 90. 0 [55]

4.1 ETFHXREUBERNEDSSEMER

F1 2007 4F &3 Fe, O, 41 KR T 1 13 A Ak Py g A
TEMELK , 90K BRI 98 S 35 K 5. 5 R ARG AH L,
YRR il HA TG R e Ve R MR M, W AR AR
BT SO AR DL A B S0 81 71222 Ren %1%
FIRZE S AL B A0 K A BLRE A AFB, 755 50 g/
mL AFB, i FRFEAR A 258 85% LA I+, H A A4k
JF R 52 W] [ A R50R. Sun ™ ZEHF & T 3 T 40K NiFe,
O, M YCHEIL IR A 22, 1T DL BB G 90 434 Ji5 % il 2
HERRM T 90% , fE15 e Ab A FEA Th K AFB Mk
M 315. 21 pg/kg 2 18. 50 wg/kg. 1% 07 1% BA M55
RO AR A5 87 i S0 35 SR, AN OK 4%
ARATTE AL, EL IR A AL 0GR 7 5% B 43 B4 5% 1 B
Rt fige 7= W R M S AT S TR A 9T, 45 1) 5 53 e A oy
T RGP A Y A
4.2 ETHXREHBERANEHRSESEERR

W B PRI HL 428 35 o 255 T 92 o7 FH A R sk
o AFRT 925 5k A% 56 W B 590 (G 52 A2 1) = Rl
A1) BAEREAS AFT AR (R AT e TR
P AR, £E 2 51 & S RE R T R B G K 2 AL
BECANBRAIK A B SERIER G Y AIK Fe, 0,55 ) N
fiff DR [ SR 1L 15 FEL . Zhang 267 F & 40K
SO SE I AEW AR08 B R T AFB, TR B R0 A5
S 4R 1. 36 175, Zahoor %58 | FHH R i 1 4% 19
REPERRIIK E B MR K& 1A 57 50 56 b e 3 R 47
) AFB, ZBRACR , AT 1 by 16 2 1 A R 4K
W BRI 5 4T3 Ak 15 28 B B, (R LA S R BN AFT
Pt BB TR AORIF ST 7 18] R A BIF 5 I B A5 PP 40 K
W R0 79 2 0 <2 4 M RN R B AR T, OO0 Ak 4 T
2R F T AT

5 HiLTRE

AWFTERGERBE T AR B AE R i 8 7 R
B P P A ISP T S8 2R R, B SR T AR AR A
fift A A R A T AFT 175 G B4 0 G BB AR SR M
KELARTETEE AFT B 45 950858 B AR e A0 3 A6 1)
BHEURFA 7 FRT  GOKR B R] 25 5 THIT LR 25 TR
FO 1) 3 1 N ZERETERE , A AW HE] AFT 75 5% ; £ 1]
BHFAFPRTT T ARBEAF A PR A B A A 482 7
T AFT ARSI 5 450 R MR Aff 1 5 A ADRL I A 4] i
PR, AR AL A0 IR B A P Al 25 R AR AFT B9 22
FIFHEE R, , DR B sh ) i bk 22 42 SR T, S BT 5E4T)
T I 1 25 R A, LA B AT A AR o] 5 A v LA
PR T2 AL B A ) A P VA A R 45 (1) A
RN N A T AR A BHE 3 A N A A G AL
] A P2 A DAl L R IR I S5 DB 2 )
R[N N JF AAR A 2 il 25 T 20 B Al
PR, #5758 35 B ARDRE 2 AR HE R 2R F0 IR A HESE,
XFFHESI AR BORTE R AFT 42 450 ) m] p 22
J FLA R S i e B 0 O R B DR 2 4 e
B ol B K R S BB DR T 2.
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