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Research Progress on Colorimetric Sensors Based on Redox-Type Nanozymes for Food Safety Detection
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Abstract: In foods, there are many types and sources of harmful substances that can accumulate in the human body, thereby
posing a threat to human health. Therefore, it is crucial to develop efficient, rapid and portable visual detection devices with
low detection limits. In recent years, nanozymes, nanomaterials with natural enzyme-like activity, have played an important
role in the construction of colorimetric sensors due to their tunable enzyme activity and high stability, enabling efficient
and rapid visual detection of harmful substances in foods. Redox-type nanozymes are the most researched nanozymes.
Therefore, this paper introduces the types of redox-type nanozymes and elucidates their catalytic mechanisms. It focuses on
reviewing the application of redox-type nanozymes in constructing colorimetric sensors for detecting common representative
harmful substances (heavy metals, pesticide residues, and mycotoxins) in foods. Finally, we summarize the advantages and
disadvantages of colorimetric assays based on redox-type nanozymes in the field of food safety detection, and propose some
solutions to the problems in order to provide a reference for future research.
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Fig. 1  Application of redox-type nanozymes for the detection of

common representative harmful substances in foods
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Fig.2  Catalytic mechanism of redox-type nanozymes
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Table1  Application of different redox-type nanozymes in the detection of
Pb* in foods
. K/ (mmol/L) Vil (nmolls) WlR 5%
” Kb SRR i m PR 2

HKE KRR Khrkm HO, B 10, B o) @
TA-AWNPs ~ POD fidiini ¢ 190 02 kit 67 SIXI0 4]
il — Xt = LB 20x100 [
W0, o0 - X ‘ , -
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MT.4 )@ (metallothionein) ; TAFAFHE (tannic acid) »
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M4 A4 RPY ", IHFEH0,FE AL TMB R A4 S 1k R
B, JET IR T 9K L AL RS, SEEL T PP HE
W R vERI, A VG 925 ~500 ng/mL, il R
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Table 2  Application of different redox-type nanozymes in the detection of
Hg” in foods
K,/ (mmol/L) V! (nmolls) Wilw 5%

AR KEBEN il
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AuNPs POD, OXD FEK 190 030 27x10° 3X10° 04 [50)

(SMoSeNS — POD K 1280 1317 2326 4685 35l
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GO POD K - - - - uy %
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]
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Application of different redox-type nanozymes in the detection of
Cr* in foods
I Kl I K,/ (mmol/L) Vol (nmolls) wiw 52
Ll Bt R HO, VB ho, TMB (moll)
BiO-BDC-NH, ~ POD  fifik 719 0410 385X107 S8IX107 219 [59]

Table 3

CDigCN,  POD  HRK ST 035 38 267 30 [60)
FeO@PDAPB  POD  EA 1070 0182 LEXI® LeX10  SLL o [6l)
R-Cu0 POD - 5404 339xI00 808 19IXI0 (6]
PELAQNGs — OXD [ - - - — LX)
CePyCMOF  POD ik 3009 - 2.9 - 51 [64]
0 0XD kK - 1097 — s [65)

fE: BDC. X% — F® (phthalic acid) ; PDA.%¥ % [
(polydopamine) ; PB.3f% 1% (Prussian blue) ; R-CuO.Z5 /& AL4H
(thombohedral-Cu0) ; PEL¥ZJ# T (polyethylenimine) ; Cu-PyC.
N -4 FR R AL A4 (pyrazole-4-carboxylic acid copper) .
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H,O, /7 7E % B vl oK JE L I TMB A Ak e i €, T 52
BIXTCr* BRI . Goswami%E VR F CDAE M A7 S M4
b (CD/g-C3N,) il % 2K PODYE 1 (99 KB, 7] LA
SHEH,0, 7 AR EH AL, T AL TMB R AE B AR 4L
TEBRPEAN T, Cr BIAF 1618 CD/g-C N, ) fi Ak 375 1 1
R, Pk, JFR T — R L A M Ce® T, AR A
0.31 umol/L. Xu XianyuanZ%°"'l\Fe,0,. PDA X PB#| %%
H 47 25PODIE M {1 Fe,0,@PDA/PBYN K E A AR L (ke
MCr o HEWIMCr 1, 9KEGTE MR 3R, (EH,0, /7 1F
DG T TMB AL A R (=, S2BL T X Crt T i
PRI o
2,14 7EHAbE SRR R
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Table4  Application of different redox-type nanozymes in detecting
other heavy metals in foods

) " * K/ (mmol/L) V,l (nmolfs) BilE 5%

il K [ . o

i kR WEOFE w0,  MB MO, TMB (mmoll) R

s¢ Ce(IV)-ATP-Tris

s LA S [ — X100 58T 6]
AT PADIT oXD  HEKk - 0.5 - 038 159 67
o M, XD HRK - 0m -2 415 [

ot o, POD ARk 5H 04

VE: CPN.ECAL RS9 K ik (coordination polymer nanoparticles) ;
CNF. 2] 4k Z 9K 47 4k (cellulose nanofiber) ; DTT.XUHR 75 %
(dithiothreitol)

80X10° 35IXI0° 165 [46]

Wang LinjieZ 5% F{ Ce® " FATPAE Tris-HC12Z i ¥
W 2 A A 15 3 2 A JROX D M [ Ce(IV)-ATP-
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M. Wang JiajiaZs Y% 91 A% H 12 7] LU % Mn,O,NPs{]
FKOXDIEME, R T A% T IR W Pt £ 2 T ml DA 1) i v
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o, X2 T O™ 5 BEAL IR Hh A Bl 3 5 A 45 30 1
Rk, MISEHEL T XFCd il .
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I R A

TEFPRE . FRAE BN T2 st (0 R 2570 e 2 ik
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MY, FlaRZRERES . RSHIH T E T AL FE A
K 1 LU A% SRR 38 A A I Bt R R 25 R R A o

#5 A BRI € P oA 25 i R
Table 5 Application of different redox-type nanozymes in the detection of

pesticides in foods

o K s Ky (mmollL) Vol (nmolls) iR 5%
i p B * e
R’ IS WO BE THo, ™B  HO, TMB  (moll) ik

g Ag0 0D HL - 05— 3xIE 61 ()
B NHABDC  POD  HE 32 MR 133 1RXI00 448 [7])

LHA  AgON  OXD HE O — 000 — 40 B4 M)

AgP0,UI0-66  0XD \ — 025 - 8.6 07 7
T ok .

CeO,@AUPtNRs  POD B 0010 039 6 52XI0° 15 [74]

HifBE NCDYEMOF-Zr  POD MK 145 037 33XI0T IRXWC M5 [T)

e
0XD %H{\ - 00822 - 177 121 [12]
ot

e FeMnO,

Zhan XiangqiangZ5" "5 37 T — Rl T 7 7 A Ag,0
Pt R B8 S R AR SR 7. SR SRR H T A, 0]
VERREEERS, KO, « FI'OL MR, ek &t R i
WAL, TSI AT ARAL ARSI . Liu Shuli%s Ui A Lt
R ETER AT WU A 25 535008,  LLCu® " HINH,-BDCHy
MR T A IhEEMOF (NH,-CuBDC) . NH,-CuBDC
BEH A KPODIEME, SRR EER, MBI AT
i, HANHIAChEHEALIETE, JRE5 R ATChE 6 ATCh
HIRE 77, ITChAE 5NH,-CuBDCEE & 1) H B s, A
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AF 2 3 155 A0 2 A i 75 55 250 0 B R ™ A 1) XUk I B4
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YK BRI £ 5P AFB, IR A

6 AL R OB € S AFB, R
Table 6  Application of different redox-type nanozymes in detecting

AFB, in foods

K/ (mmollL) V.l (nmolls) wiR 5%
1,0, TMB 10, ™R (amolL) L

i po0 MK gexiot ossis 8 W08 LIIXIG [

B |

AUNi-COLDHNC  POD ik - - - — I [80)
Mi0, POD 4 - 0.103 - L8710 375%107 [81]
MNPSPBNPs  POD  fif 0215 68X107 - —ABXIT 8
Ti,C,NEs POD  fik 38U 094 493 56.7 3018

W CysEBE R (cysteine) ; LDH.ELRAE ALY (layered double
hydroxides) ; MNPs. #1444 Kkl (magnetic nanoparticles) ;
Ti,C,NEs. Ti,C, 40Kl (TiyC, nano-enzymes) o

W EAIEJE R YUK 5IE AL A, 7 LASEBLAFB,
HimR. & —HKl. Fan YuxiuZ%UYfi F{ L-Cys-FeNiNPs
il & T —F TR AFB, [ B 60 i A4 f% j% 85 . L-Cys-
FeNiNPs B G 22PODiF 4, MAFB fFZLER, 5L-Cys-
FeNiNPs# [H (11 Be A 45 G g /b 7 HIg AL s, 145 H,0,
S A H RO, « kb, TR S TMB B SN,
SEFLXTAFB, [l . Zhang XiaoboZ5™Mii F AuNPs4l &
Ni-CoZ IR HM KT (Au/Ni-CoLDHNC) #4%E
TR AFB, [ AL S R R B v il IE R AR S
KDNAMIZAE, ¥ B A Z5PODIE 1 (1) Au/Ni-CoLDHNCs
i 5 /EDNAPUTH AR b, 7= 4 W35 T HL, 0,38 Jf AL 2215
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etk E S, SEIAFB, 1R 2047 B 46 0 .

Li ShuofengZ k@& 7 —F & TMnO,44 K 1

(MnO,NFs) ] Lt £ 7175 ' XURE 2038 e 1 72 1 45 A 1
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Table7  Application of different nanozymes in detecting OTA in foods
ok b K,/ (mmollL) Vo (nmolls) Rl 5%
RS HO,  TMB no, ™M (L)

: AR _ _ _ _ -
PRNRS OXD 9IX107 [86]
A

MO,  0XD /J;fg” T —20MXIC L7IX10T 8]
AwPt@IL@Fe,0, POD uﬁ;% 00145 06715 67567 4239 0.304 [88]
Fe(OH),  POD ﬂ; 07 - - — 18107 [89)
CoNCNT ~ 0XD ﬂz - 0.39 - 2 520X107[90)

s ILESFiA Gonic liquids) ; NCNT.Z45 2Bk 44K (N-doped
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Be AR 28 & BIMnO 0] 2 (5 IR P 1) S A g 3 im s 48 K 1l
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MnO,ZR I LT, X I 2 KRG ) i 40 7% 1 FEAIK, ([ TMBEI
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Table 8  Application of different redox-type nanozymes in the detection of
other mycotoxins in foods
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1 AuNPs [ & 7 L 2 1 bt )5 R AL G A g3 FIM 13 50,@
AuNPs@Ag, 4 7 DONLL (AL K2 . 24 DON4y
TAEAERS, 25agetEth 5[ e 796 FLIR ks &,

T T M13,0@AuNPs@Ag 1 ] 52 &, PRILEA %K
PODiE M, FHTMBEALNERES, HEAFS MR, A
T S ILDON RIS W o

MOF B A LB R . KR M SR, st
MOF (Zr-MOF) [K H A5 25 B LL AN & 2R A IR 5 g
AR A B RN Rz e H, AT ORI Zr-
MOF 4K i 245236 T (A 5T R S I B 1R 85 22 (146 .- Sun
Yuhan®5Y5 T B BRAS 1 DN A DY i {4 . DNAZK 5 Al
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