R EmiB Modern Food Science and Technology 2022, Vol.38, No.3

ETFEEEHBE (ZIF-8) pItEEERE %R SN
KPR EHREEZ B

BEAHE", RER", BELX', RER ", BE", ImE", FEI, BRa ', g
(1. XRREZ2IKRFALAFE TAFRE, AR 430023) (2. KRBHAFFE M IHKFTHRELLET, HILAX
430023) (3. LB RZ S THEAE L LHRE, HILKRX 430023)
(4. LW ARF AL SF R AATRNE], LAFE 266100)

WE: AfrdwEEE B, (aflatoxin B, AFB,) HRiEMN 7 ik P 5ARemis et 2R, E3 R TEBAIE LB
T IER AT AFB . EAR KRG AT BRI A48 (horse radish peroxidase, HRP ) 3372305 kB 2R L2 My A4#t
( zeolite imidazole frameworks-8, ZIF-8) FAEA1Z 5 A7ied. £ I HRP@ZIF-8 L oMAHERMLIF. SRFHOH &N T fefitiia s
AL E M, e P S R3S SR L G AFB), BTN IR AES PR AFB s, ERESMT, M AFBRE
4938 m, FAEA 0.01~20 ng/mL Wi, FA Y RALKMAEX R y=0.03%ClappH0.79, R’=0.99, MY 72 pg/mL, )it & Avds
FHARA R T Z 49K, AFB, R AE 49 R IE S E 96.00%~105.00%. 82.00%~110.00%Z 18], AA%HAT AR £ 3]s
T 5%. ZokRAERE. Bk, REL B, TATRE. ERFLERS Y AFB, 4R ZAM,

xR FWEEE B oKL BREMS; FAF ML BIKRLIUE Kb

MERS: 1673-9078(2022)03-299-306 DOIL: 10.13982/j.mfst.1673-9078.2022.3.0691

Sensitive Detection of Aflatoxin B, in Rice Flour by Enzyme-linked

Immunoassay Based on Metal Organic Framework (ZIF-8)

HUANG Zhoumei'?, WU Xuyue™*, HUANG Jinfa*, YUAN Zhenhong™?, BI Jie"*, WANG Jiahua®? SHU Zaixi',
XI1AO Anhong*?, DAI Huang***

(1.College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China) (2.The Key
Laboratory for Deep Processing of Major Grain and Oil (Wuhan Polytechnic University) Ministry of Education, Wuhan
430023, China) (3. Hubei Provincial Key Laboratory of Agricultural Products Processing and Transformation, Wuhan
430023, China) (4. Shandong New Hope Liuhe Group Co. Ltd., Qingdao 266100, China)

Abstract: In order to solve the problem of poor stability of signal markers in the rapid detection method of aflatoxin B; (AFB,), an
enzyme-linked immunoassay based on metal organic frameworks (MOFs) was established to detect AFB, in rice flour. In this study, a
biomimetic mineralization method was used to encapsulate horseradish peroxidase (HRP) in the zeolite imidazole framework structure
material-8 (ZIF-8) as a signal marker. HRP@ZIF-8 composites could maintain stable catalytic activity under extreme conditions such as alkaline
condition and high temperature. On this basis, an indirect competitive immunocolorimetry was established to detect AFB;. The samples
containing AFB; can be directly identified by naked eyes. Under the optimum conditions, the absorbance decreased in the range of 0.01~20
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ng/mL with the increase of AFB, concentration, showing an obvious linear relationship with y =0.03xCapg+0.78, R%=0.99. The limit of
detection was 72 pg/mL, and the precision and specificity were both acceptable. The recoveries of AFB; in rice flour and flour were
96.00%~105.00% and 82.00%~110.00%, respectively, with relative standard deviations less than 5%. The method is simple, rapid, sensitive and
specific. It can be used for trace determination of AFB, in cereals such as rice flour and flour.
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A ZIF-8 % HRP HiJ5 1 SEM K&, AT LAE HH 1)
B4 5154 10042.8 nm F 100+3.2 nm.  ZIF-8 FIJESH
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SNAY DL IRUSLE 1 K ELA
Fig.2 SEM images of ZIF-8(a), HRP@ZIF-8(b) and
HRP@ZIF-8/PDA(c); (d) Raman spectra of HRP, ZIF-8,
HRP@ZIF-8, HRP@ZIF-8/PDA; (e) XRD diffraction; (f) TGA
analysis chart; (g) UV-vis spectra and digital image (inset) of
ZIF-8, HRP@ZIF-8, HRP@ZIF-8/PDA,
HRP@ZIF-8/PDA/IgG and blank samples

22 gk HRP R v 3 30 o o

HRP@ZIF-8 /£y ELISA HI{Skr4ist, fiHE HRP
(IR BRI AFB, Arill i) R U AIRIR . 4 1 e
BRAER) HRP WA R0, P —E BT 1 ZIF-8
FHEAFEIREER HRP, H5¥46 HRP WRFEEFEAT LU,
DR o S FEmER FE AN R k% . 5 RNl 3 o, Bl
% HRP KM 0.2 mg/mL #i0%] 1 mg/mL, HRP 1]

BECR I 58.00%FE 1 E] 98.60%. 24 HRP < fE 745
BN, EEREZET N, X AT REE TR HRP IRE
TSR, S35 HRP #HEEAE . FHI,
&R HRP WA 1 mg/mL.
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80F [F] £
X
s 60F
'A‘I\’
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Fig.3 Optimization of HRP concentration

2.3 HRP@ZIF-8/PDA #4 & Mt | &

N T HAIF HRP@ZIF-8 1l HRP@ZIF-8/PDA 44
SEMERRENE, RIL T AFRER pH (XY
HEMEMEALTEER IR . 45 R0 4a s, BEETR
FERIT i, WEES HRP A VR IR A, iR
FE#l 100 C B, AHXTIE AN 47.78% . T
HRP@ZIF-8 F1 HRP@ZIF-8/PDA “EWIE & kIS
TE T S AR IE AR FER] T0%AHXTEE (B 4a).
HRP@ZIF-8 I E B SE ZIF-8 1E N2, "] LAFE
FIRE (80 C. 90 CTHI 100 ‘C) F4FH 1Lf13
HRP A f % m M i ¥ . HRP@ZIF-8 il
HRP@ZIF-8/PDA AW -EHEL 12 iR B i A
AIRESRE T ZIF-8 HINITELERIXT HRP [ 254
ZIF-8 WITELEH HRP FREITESS A, R T HRP
SERIR AN R R SR BB S, ] 1
oG MR FE, ZIF-8 NItEZE i — e L 4ERF
HRP JFH 458, {f HRP fREFZEVIMEAIETE. a1l 4b
B, X TiEES HRP, A pHAE N 5.5, 4 pHEA
3. 6+ 7+ 8 A1 9B, WFES HRP 2 AR FFH bR s i
[ 86.57%- 82.23%- 70.72%F1 63.53%. XA
HRP ZERRIRME BRI SR T A IS YERAIG . R,
HRP@ZIF-8 Al HRP@ZIF-8/PDA “EE &+ FHE pH
3.0~9.0 Yu [N R L 5 HRP 5 & A A TS
P, FRRRERIRYE (pH 3) FIBME (pH 9) 444~
S AEE] 93.41%. 79.24%F01 92.92%. 80.30%[FIFHXS
AT - 25 5 % B HRP@ZIF-8 Al HRP@ZIF-8/PDA
AN A RTE TR PRI A A 55E Ah SRIA HH 38 5 i
ZME, ATREE T ZIF-8 VRN w B R AiE e
MIhAe T . 4 RKIUE T HRP@ZIF-8
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Fig.4 pH-relativity activity profile (a) and
temperature-relativity activity profile (b) of HRP, HRP@ZIF-8
and HRP@ZIF-8/PDA

2.4 MOF-ELISA #6377 i th 2 57 & R 80E 3T

i
I ) S NAAR 2 R AN 0 0.014 0.02+ 0.05.
0.10. 0.20. 0.50. 1.00. 2.00. 5.00. 10.00. 15.00
F1120.00 ng/mL AFB,, WSV (A0 A 1 I @
PRSI £ A v] LR it . 25 P Sa o, B
H AFB IRFEF &, RN JG VS €428 B S é}ﬁzt
Toth, 1E 450 nm WOLEEIEHTRK. 2 AFB, IREE
N 20 ng/mL, HRBE LN BIEH. [Fi AFB,
WIEY 450 nm ALTROFEE £ H R EFIZIE R R,
4Nl 5b Fi7R « AFB I JEAE 0.01~20.00 ng/mL Z [A]IFf,
75 B 28 1t B H 7 BN p=0.03%Ciapsit0.79
R*=0.99, KPR A 72.00 pg/mL, 1T E bRk (GB
27612011 M2 EFr#E B EEHRR
=) P LA AFB, B KRR (20
ng/mL), HAGMRFFK T 3~4 NMESH . XFEETF
F HRP BRIl ELISA 77 &kl AFB, 773, ik
FIEAI AFB; I HEATIE RS 0.1~10 ng/mL, £
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Fig.5 (a) The UV-visible spectra of AFB; with different
concentrations; (b) Linear relationship between AFB,
concentration and absorbance

72 A (a) AFB,REMEZR|T (1~13) 5514 0. 0.01.
0.02. 0.05. 0.10. 0.20. 0.50. 1.00. 2.00. 5.00. 10.00. 15.00.
20.00 ng/mL.

2.5 FRELR

N T WEF TS MOF-ELISA - b 8,32 6 46
AFB, MRERE, AEFFTIEH AFB,. AFGi. AFG,
DON S5t E BT, SRl 2
5tPE. MOF-ELISA L5 5.00 ng/mL AFB; A1 50.00
ng/mL H AR FC R A RAEAHR 4 TR TR, Wil 6
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AFB, BAr¥D) ¥l 2B EE A, maa
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1M AFB,. AFG;. AFG, 1 DON (KW GREASLER /N,
WOEREAE 0.81~0.82 8], 52 HHKIMNE (0.83)
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%[ AFB, AFB, AFG, AFG, DON

2.6 oA E S B
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Table 1 Detection results of the AFB; levels in spiked rice flour and wheat flour
BB Ak B/ (ng/mL) AR/ (ng/mL) ECE /% RSD/%
0.50 0.484+0.17 96.00 2.26
1.00 1.05+0.11 105.00 4.15
P
2.00 1.88+0.05 94.00 2.32
5.00 5.06+0.15 101.20 2.70
0.50 0.41+0.03 82.00 4.39
1.00 1.10+0.03 110.00 2.18
@y
2.00 2.08+0.07 104.00 3.21
5.00 5.06+£0.06 101.20 1.20
3 g AR R T HAWVE E AT, (RIS sebs
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ZIF-8 JEI A 256 B T HRP a5, Hdidst
$é. @A HRP WK FEFT3R13 ) HRP@ZIF-8 445
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