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Development and application of vitamin C sensor with synergistic
sensitization of gold nanoparticles and multi walled carbon nanotubes
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Abstract: [Objective] A low-cost and high response electrochemical sensor for vitamin C was developed to
realize the rapid detection of vitamin C content in fruits and vegetables. [Method] MWCNTs/Au/PGE
electrode with strong catalytic response to vitamin C was constructed by modifying gold nanoparticles and multi
walled carbon nanotubes on pencil lead electrode. The electrode was characterized by scanning electron
microscopy, X-ray photoelectron spectroscopy, Raman spectroscopy and cyclic voltammetry. The application
range and optimal condition of the electrode pH were determined by differential pulse voltammetry. The
standard curve and equation were established by time-current method to realize rapid detection. Finally, the

vitamin C content of tomato was detected by standard addition recovery method. [Result] The vitamin C
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electrochemical sensor based on MWCNTs/Au/PGE electrode could accurately determine the vitamin C content

in the range of pH 4-8, and its performance was the best when pH was 5. During rapid detection, the detection

mass fraction range was 1-500 pg/g, sensitivity up to 0.244 pA-(pg/g) '-cm”. The interference rates of the

sensor to glucose, malic acid and citric acid were less than 1.77%, and the relative standard deviation (RSD)

measured by the same sensor for many times was 2.7%. The vitamin C content of tomato sample was 69.42
ug/g, the recovery was 109%-113%, and the RSD was less than 2.26%. [Conclusion] MWCNTs/Au/PGE

electrode has the advantages of simple preparation process, low cost, high sensitivity, wide measurement range,

strong stability and anti-interference. It provides a new idea for the rapid detection of vitamin C in fruits and

vegetables.
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Fig. 2 Electrochemical performance of MWCNTSs/Au/PGE
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Fig. 3 Differential pulse voltammetry curves of MWCNTs/Au/PGE in the content gradients of vitamin C (VC) at different

pH
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4 J&, TEAH R 26 R 00 B N SR AR 1B 1Y) 85.3%,
Tt B 22 KN [) CR AT S5 A% AT B R B AR e 1
2.7 MWCNTs/Au/PGE %44 & C 1 REEETH
& 53 4
NIEAE MWCNTs/Au/PGE £ S2Bx N 2L
S AR LR 4R C SREATRN, WK 6
Fim o P B it S S e 4 i i 8 IR AR SRV U8
258, WEVE VT pH=4.9, i%$% pH=5 [] PBS Ny
FRRE SR SR IbRERY, BL10 £ Ryt FRElon
B, IMANYEAE R C AR 3 ¥k (54 10 AT 20 pg/g),
MRIERAE D 2 (& 4) v SRR OIAR I #6 R MR I 4 AE
7 C &, M R 10 £ R FR il m
$erE C EE. IbsEERA AR 3) iHE:
TR [ENSCER =R 1 — BRI 5 1) /
Tk & x 100%, (3)

THREER R 1 PR, 10 BRI 44 3R C R

a: T HIEME: b A FME IS 108 o AR AR HL: d: Ak 2RI g8
FFE 10 £5 )5 AV

a: Fresh pressed tomato juice; b: Filtered fresh pressed tomato juice;
c: Electrode packaging mold; d: Electrochemical test of the filtered tomato
juice diluted 10 times

6 10 FHEBHEESITREE R C AEBMNELRE
Fig. 6 Determination of vitamin C content in 10-fold
diluted fresh tomato juice

F1 MAREREEEUEENERTHEER CRE
Table 1 Electrochemical determination of vitamin C
content in tomato juice by standard addition

recovery method n=3
HES A v
s i/ ol i/ ,
(fﬂ :.ﬁ Glled) {5 2/%
ug, & He g. % Relative
Spiked Detection
. ] Recovery standard
mass fraction  mass fraction o
deviation
0 6.14 2.26
5 11.64 109.95 1.68
10 17.04 109.03 0.81
20 28.77 113.16 2.00

HOHON 6.14 pg/g, 3 RINFREIZEIEILE 109%~
113% Z [8] o R HAY 23 5 R A A B 6k 1) e
S5 RAURTEE, 2 MOTVE TN E YA R C & EAH
T, BARSE RN 2 s, PLESEREZH, MWCNTS/
Au/PGE ] DL #E A Mo U o1 2 A SR s p i 4 AR R
C &, BARIFIISEHM.

®2 TEGERNEMRMTHHEERCAE

Table 2 Vitamin C content in tomato juice detected by different methods n=3

NN RIE R wHEAERC) (ugg")  AHXTFRIE R 2 /%

Ry Yt fe o _ WOEEROee ) AR ”

. . Determination coefficient vitamin C Relative standard
Test method Linear equation 5 o

(R) content deviation
FHIE Lk y=0.6827x-0.013 1 0.996 6 76.91 7.63
Molybdenum blue colorimetry

R y=0.049 7x + 0.054 7 0.998 0 69.42 6.50

Electrochemical method

DAABEWE R RR TR,y A REE XA EFTCRBRE,; BAFHERM TR T, A0, x W EEFCRE NI
1) In the linear equation of molybdenum blue colorimetry, y is the absorbance and x is the vitamin C content; In the linear equation

of electrochemical method, y is the current value, x is the vitamin C content
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43 %

3 WS

BT YA R C 5 o AL, DU
MEgEER CTEZTHPL . 2 THE L EE"
FVRAH € 1% 20 [ S UG 5 IR AR 5 AT AE R A BB
FSCA 17 7 R0 T AL BT ] 4 55 By, T R e R 14 B
1B BGE RN S g s i e 77 . Sk R
&R T A4 3R C LIRS, AT IT DL 4K R
WL 22 BE R 9 KB P RS IR AT 2B 0, MR T i L
) MWCNTs/Aw/PGE HL#l . AHF 50K H 434 HL R
XPS YeHL T RETE Fi 2 ST BOW MWCNTSs/Au/
PGE 3T > AL, 450 EH, XH 24 1&
MWk A ESRE R IDUVIBIR G KL M.
Dokur £ 8 FH G B 9 KBS H 2 08 AR I 2
IR E, BB R P T R A AR BT 7S /N, AR 72
] MWCNTs/Aw/PGE FLHR ()35 P THI AR IA 0.204 cm?,
tb PGE N7 59.3%. & BA AW 5T AR FH 1) 43 25
B 7% 5 W 8 A8 TR PR TR 4 K 65 g, 458 T Fl R 37T
PETAREE FHE AL RCR . A ORAIEFT 1) %% F Rl B 7E R 3%
PR pH Y P R, 3R 56K 2 4 ik Ak 22 i 4y
A E T pH=4~8 21 T I & & — H Jii e B2 i 28
FI & 2ot o6 R R4 H 28 AN, 76 pH=5 I, Bl
HAEBRRKMRBE. R4 RS REREC
SR FH 4 R THOREASE FUL TS 0 P A 28 R B pHL 2% 1
FIF o HE— 2R F0I R A At pH=4.9, Ft
LI 2 PR AE pH=5 IR5E N, SR I 8] FL e vk s e
PG o ZIEMITRLEAE 2R C MRS IR 1~500 pg/g,
REGTIL 0.244 pA-(ng/g) "-em . LL 10 {75558 (1) ik
PEFE AT o AT S, &5 35 40 0 L ek Bl
BgEAER C SRME. KITE XKL
FL 4 F A 22 AR B S DR I R 4 R €
&, MERIIEE N 6.6~160.0 png/g, SARAWT 5T T
AR RIS PERE TE AL, T8 A PR B 3E & K 2 HUk e
i I RS o L S5EPSR B — M AN 5 B A e
KEGH P IAERKR SR, AN 4 5 T )
AR ZE, 5 T A A% W0 A0 355 B 5 B 80 Sy SE 30
[ FE A TE L R AT MR T )5 B2t 5 75 1)

A FC R 5 2 A A v A A 28 50 B AR L TR
T YUK R 2 BE R 9K R A 9K S50, B
IDhifi & T — PP AR« i b7 () 4 2R 31 C AR IR
B 25 R B, MWCNTs/Auw/PGE EA 5% (1) pH #&
MYE R, X442 C HA mig s, B iriria
S8 PR RN B I AT o % A AR SR S AT AR I, [ R
£ 109%~113% 2. [8], RSD ¥J/NTF 2.26%. AW 5
A HE PSR SR 4R R C B AE B .
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