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Development of a Cu-N-C Nanozyme-based Colorimetric Sensor for Rapid
Hydrogen Peroxide Detection in Pork Skin with Pickled Pepper
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2.Key Laboratory of Cold Chain Food Processing and Safety Control, Ministry of Education, Zhengzhou 450001, China;
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Abstract: To develop a novel colorimetric sensor for the rapid detection of hydrogen peroxide, single-atom Cu was
immobilized on an ultrathin, nitrogenated two-dimensional carbon matrix via a thermal method, yielding a Cu-N-C
nanozyme. This nanozyme was then characterized using transmission electron microscopy, X-ray photoelectron
spectroscopy, X-ray diffraction, and Fourier transform infrared spectroscopy. The colorimetric sensor based on this
nanozyme was used for the rapid detection of hydrogen peroxide in pork skin with pickled pepper. The results revealed that
the Cu-N-C nanozyme exhibited excellent peroxidase activity, catalyzing the decomposition of H,0, to generate hydroxyl
(*OH) and superoxide anion radicals (O, ). These radicals were capable of oxidizing 3,3',5,5'-tetramethylbenzidine (TMB)
to oxTMB, resulting in a distinct blue color. The colorimetric sensor based on Cu-N-C nanozyme was used for H,0,
detection with good selectivity, showing a good linear relationship in the range of 1~1000 pmol/L with a detection limit of

0.81 pmol/L. The detection results obtained by the developed sensor closely matched those obtained using national standard
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methods, indicating its effectiveness and suitability for the rapid detection of H,O, in pork skin with pickled pepper. The

proposed method has the advantages of simplicity, sensitivity and low cost, which can achieve the rapid detection of H,O,,

showing a promising market prospect.

Key words: pork skin with pickled pepper; hydrogen peroxide (H,0,); rapid detection; colorimetric method; nanozyme
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Fig.1 Schematic diagram for synthesis and colorimetric
analysis of H,0, based on Cu-N-C nanozyme
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Fig.3 Structural characterization of Cu-N-C nanozyme
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Fig.5 Enzyme steady-state kinetic analysis of Cu-N-C
on TMB and H,0,
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R 1 R, ARSI Cu-N-C 9K 51
ML AP (HRP) FIHAWBE S th & i o S e
94 K g A4 B E L 4%, Cu-N-C X} TMB #1 H,0, K9
K, % T HRP FlZ Flid A Ak 9N oK g, 2] Cu-N-
C X} TMB 1 H,O, PIFPEEY I H B UF a5/ ) .
[F]As, Cu-N-C Xf TMB £l H,0, 4 V.. i T ZFpid

EAC DK, FWT Cu-N-C HAT R UFILRI0CR
XATREH T Cu-N-C 94K il 4= 5 19 5855 Cu 3%
PEAE G AN BRI Cu T Z2 5 i, NIMTREXS O, #1
-OOH A3 S4B W ST PR RIVE A, PRI R B AL 55 i
eis e

# 1 Cu-N-C FHA AL R BRI ER A 3 1228

Table 1 Steady state kinetic parameters of Cu-N-C and other

peroxidase nanozymes

K, (mmol/L) V. (10 mol/(L-s))
R 230k
TMB H,0, TMB H,0,
HRP 0.434  3.70 10.00 8.71 [28]
PPy NPs 0.293 0.184 2.992 3.645 [29]
Au/Co;0,-CeO, NCs 0.122 0.272 0.8 0.4 [23]
Au-NCs 359 16.71 0.861 1.302 [30]
Fe-PTs 0.38 18 5.28 1.32 [31]
Mo-CDs 0.245 0.176 3.20 4.76 [32]

Cu-N-C 0310  0.568 2.112 13.348 A3

2.3 H,0, Hytt&iain

TERAE IR ST T, AG Cu-N-C 9K
S EEA, BFSE HL0, e AL B Es p R I B o
&l 6A FIE 6B Fis, i H,0, W G, thtf
SRS RO, 233 WTINTR, ARXT R Y 652 nm ARG
BE (A WSR3, H H,0, HeHERT Ags, ZIH]5
R AFIILRIPEIR R . ANl 6C TR, PR i i [
A 1~1000 pmol/L, 2T HEH A ¢5,=0.00283%[H,0,]
+0.41654, R*=0.99, Kl KR LOD -4 0.81 umol/L. 7E
2% 2 ARSI R HyO, L das 5 AT IS AH
He, JETF Cu-N-C ¥ H,0, ML /aas HAT 5y
PRSI S0 Bl AN ARATR RS B, 18T 22 B5HA L LY (A% /%
#, 2] Cu-N-C 9K B HA 1 4 1 3 S A W i s
P, K R PR A BT N K il R AT SO S g A T
#2 KT Cu-N-C ¥ H,0, W EfLRE 5HAL 1,0, Ll

JERAS ARG RE L4
Table 2 Comparison of detection performance between H,0,

colorimetric sensor based on Cu-N-C and other H,0,
colorimetric sensors

gkttkt A5 SRS (umol/L) AR (pmol/L) 27 3Tk
SiO,-AgNPs Ltk 0.1~1x10° 10 [33]
VO, NFs L@k 25~1x10* 18 [34]
VO,NSs LGl 488~6.25x10* 266 [34]
VO,NRs Lkl 488~1.5625%10°* 410 [34]
FeSNSs  Hueafil 5~150 0.19 [35]
Ag NPs [y el 0.2~32 0.09 [36]
R-Co,0, NPs  HL{aiil 1~30 0.43 [37]
Co0,0, MMT NPs H {6 10~100 8.7 [38]
Ce-MOF K 4x10°~1.6x10° 10 [39]
Fe;0,-Fe'/Fe;C L (a6l / 6.71x10°° [40]
Fe"Fe" LDHNS Lt il 0.1~50 0.05 [41]
CoMoO, i / 0.27 [42]
Fe-Ag,SNCs  H kil 10~150 7.82 [43]
Cu-N-C  LLtafeill 1~1000 0.81 23S
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Table 3  Analysis results of H,0O, determination in pork skin with pickled pepper
. ARl Al 1
Bedh AR (pmol/L) - —— ; ——
Kl (umol/L) — [HIAH(%)  AXARHEIR 22 (%, n=3) Kl (umol/L) ISR (%)  HEXHARHENR 22 (%, n=3)
0 64.39 92.46 2.25 69.64 - 7.77
Wk 50 112.66 94.17 3.56 110.20 92.11 2.60
194 100 164.24 96.82 2.14 158.63 93.51 2.14
150 206.82 94.16 1.37 206.12 93.85 1.33

FR B EE RO E YD) AT IR . PR T 1 i &5 R A
23 imN. FEF L, SEBRRESR R H,0, F RN
R 92.46%~96.82%, FHXT AR UENw 22 /N T 3.56%, FE
Tk, HyO, M I3 92.11%~93.85%, FHXT
WrfEIRZE/NT 7.77% 0 LRI AR R AU 19 25
IRFEEAAH ], Wiz b (AL J8eats BT 388 i MM,
TEREI AL 2 S5 RE h HP HL,0, By &7 i A 1R
BRI -
3 4

ASHHFT R A BRI Cu-N-C GHK R, 122490
K EAA R A 0928 ok A AL W B IS M, T LR AR
H,0, At r—A: 323k A i 3 (-OH) i A &+
A 3 (0,7, #EMTEEJG TMB &AL R i 5 7= 1)
oxTMB., #tF FiRJFHE, sty T H,0, thffl
B, T T PR A I M ABORS B rh Y H,O,, 2 PR
i 1~1000 pmol/L, £l fR > 0.81 pmol/L, H,O, I
[\] i 2 A 92.46%~96.82%, FH X b HE i 22 /N T
3.56%. TRk, H0, i IR N 92.11%~
93.85%, MHXIIRUEIRZE/INT 7.77%. S5HRFTH, A0F
GEFRST IIFET Cu-N-C K m) b el Jr ik HoAA
Pk . RAEUE S LS R AR,
BEAN & AT as B W FE RN, AT LAk =t
ey Lh LRSS I E RS2
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