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Abstract: To rapidly detect the anthocyanin content in food, a Zn-MOF/MWCNTs-COOH/GCE electrochemical nanosensor

was fabricated using carboxylated multiwalled carbon nanotubes (MWCNTs-COOH) and zinc-based metal-organic frameworks
(Zn-MOFs) as composite modifiers. By employing cyanidin-3-O-glucoside (C3G) as the target analyte, a rapid detection
method for anthocyanins in food matrices was established. The nano-electrochemical sensor was characterized using scanning
electron microscopy, cyclic voltammetry, and electrochemical impedance spectroscopy. In the cyclic voltammogram, during the
electrochemical reaction on the glassy carbon electrode (MWCNTs-COOH/GCE) and Zn-MOF/MWCNTs-COOH/GCE sensor, a
well-defined oxidation peak of C3G was observed, while no reduction peak was detected, which indicates that the electrochemical
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redox reaction is irreversible. The oxidation peak current of C3G on the GCE was 8.31 pA, while those on the MWCNTs-COOH/
GCE and Zn-MOF/MWCNTs-COOH/GCE sensor were 54.41 and 71.04 pA, representing 6.5-fold and 8.5-fold increases,

respectively. Linear sweep voltammetry was then employed to determine the optimal experimental conditions: a citric acid buffer

at pH 3.0 should be used as the electrolyte buffer, along with 6 pL of the composite modifiers (MWCNTs-COOH and Zn-MOF)

in a 3:1 volume ratio. Under these conditions, the oxidation peak current of C3G showed an excellent linear relationship, with a

concentration between 5 and 80 umol-L™" and a detection limit of 1.9x10” mol-L™" (S/N = 3). The developed method was used to

determine the anthocyanin content in black rice, and the results were in good agreement with those of the pH differential method,

with recoveries ranging from 105.29% to 110.54%. The method has the advantages of simple operation, rapid response, high

precision, and excellent anti-interference performance, making it practical for the rapid determination of anthocyanin content in

food matrices.
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Fig.1 Electrochemical sensor preparation process
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determined by different analytical methods

Zn-MoF/MWCNTs-COOH/GCE

0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90

C3G¥KJE / (umol-L™)
B 11 R[E C3G ik EXf H AL IE R IR AR 00
Fig.11 Effect of different C3G concentration on oxidation

*T”\f\:r ‘%’VC%"—A pH 71’77}‘—_/2'&:
51.24 49.92
vk i E
(iﬁif / 50.87 50.54
50.98 50.25

R 2 BAHRPCIGMIREIYSZE
Table 2 Recovery of C3G plus standard in black rice

samples (n=3)

peak current LS 3;’;%) ) (ﬂﬁ%b =% /% RSD/%
E:aARRRE (a~e: 5~80 umol' L") C3G 49 CV B ; b 0 12137 — —
# C3G REL fE B AR XA A,
kit 10 62.297 8 110.54  2.54
2.5 EBRHF RN E R AT E YR I wE 20 725123 10634 1.78
$5 1.3.6 6 K BE AT AL R, SR Zn-MOF/ 40 93.3612 10529  2.15
% 3 AETFERNFRHCIGHIZTEE
Table 3 Comparison of C3G in samples detected by different methods
M 7 ik # KT H Hr s FR = /% HE Lk
SRR R 2 % 2~50 mg-L" 0.058 mg-L" — [26]
&R Gtk 2k 0.2~50 pg-mL™ 0.1 mg-kg™ 96.5~100.7 [27]
# &5 BORAR G A F N 1~50 mg-L" 0.08 mg-kg 95.54~97.62 [28]
AFEP AL R Eamr 1x107~10 pmol-L™ 6x10"" mol-L™ 96.4~102.8 [29]
pH 7+ £k EATAIE 11.39~221.72 mg-L™ — 98.28~99.01 [30]
WAL S AR RS Pk 5~80 pmol-L"! 1.9x107 mol-L™ 105.29~110.54 ik
VE: —. Bk AR
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2.6 FEFRIE

2.6.1 AR T A

DAFriiR gz il (pHE 3) JyHLflT, [H € C3G
PR 4x10° mol- L fIZME R, A B INAS R BE F
THHABT, RGVTAG TF W PR A S
W%t Zn-MOF/MWCNTs-COOH/GCE 1% J& g8 46 Wl 7 %
TR . &5 R 12 Fros:

TEFTEE N, Br C3G A & E G, RALEE
B AR 5T A B A A, TR B AR S HE B
FRA IR B SR, RN 125 f53EE (5%10° mol-L™)
ff) Ca™, Fe'. Fe. K'. CI. SO,” LA K 10 1% ik &
(4x10* mol'L'™) ) GABA. 4 & . Ve Xf C3G H
T A SN, AT 1% 5 17 10 £
(4x10* mol'L™) FHERE TR MAL 2.54%, (B
KT 5% TR DL RS RER, ZERBER
FRIET N C3G A B A B s PP, wT LA 2
SERBRAE: b BRI 43 A o

N
AIMMMMMY

N\
LMY

N\

A
LMY

1 1
C3G €3G+ C3G+ C3G+ €3G+ C3G+ C3G+ C3G+ C3G+
CaCl, K,SSO, FeSO, FeCl, GABA JiE Ve LEM

2H 5
B 12 RETFHBBET C3G EAIERRH N

Fig.12 Influence of different interfering substances on oxidation

4

peak current of C3G

262 ETAMKHHEEM

H 1) 2 1o (%) P Ak 2 A% B AR AE AR [R] SR A T X [ e
WS C3G ¥ W4T 10 IRE I, W 15 4 A 0 |
A B A RSD N 2.32%, RAHEGME R K&
BB E T 4 CIKFEA IR G, BHl
SN RIS A N R, RAE S, EALIE IR
NZ R 95.85%, B L1 93.21%, = AZN
86.48%, 5 VU JH 41K 81.32%. L ik4h B LW, Zn-
MOF/MWCNTs-COOH &1/ il He AL F i EE
FaE M, &H T & A e 2= I PR A I 44T

3 g
AT LR IEA L BERR AR . £ 4 B AT WL 2
JEMMEL SR RIEE 2 B R A e B AL
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A RHE 2 6T GCE R4 T md. REgK
AL AR AR T R R AL 22 BE B 9K T R4
S FLPE R RE R 1 DL R & SR A AL AR v L SR TR AN
ML SR 21 C3G 7 T B T YK ik
FEIERES, AT K L7 76 FEAR R T 1) % A e 3 R R v
Kol RBUE . CVIESHTRE, C3G 7E&1M kR
RAEZR ARSI AT S A R B, B &R A 1E
AR I LA A S B B S B O . FEAR A R
PER, ARIREAE 5~80 pumol L ¥ [ Py R IR T 1 46 1
MR, AR HBR A 1.9%107 mol- L™ S BRAF &b 46
WA, kR E 2 A 105.29%~110.54%, (5] 2 5L 8%
i, AR EEMESY. e KR T
pH /R 255, HARMEEDR, WEFE . PiTiiae
SR A ASTRINER S T — AP A I R &
(AL 22 AT 732, B R AR TS 2R R PR A 4 it
WA T %
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