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for rapid detection of vitamin C (VC). Methods The carboxylated nanoporous carbon powder material
(NCP-COOH) was modified on the surface of the screen printed electrode (SPCE) to provide a large number of active
sites for binding the amine-modified aptamer, and a novel aptasensor was constructed. In the presence of VC, the
aptamer on the sensor surface specifically binding with VC, resulted a decrease in the differential pulse voltammetry
(DPV) response signal and the quantitative detection of VC was realized according to the change of signal. The cyclic
voltammetry and electrochemical impedance spectroscopy were used to investigate the construction process and
electrochemical performance of the sensor. The optimal detection conditions of VC were determined by optimizing
NCP-COOH material concentration, aptamer concentration, buffer pH, incubation time. Results NCP-COOH had
large specific surface area, good conductivity and biocompatibility, which could be significantly improved the
electrochemical performance of the sensor. Under the optimal experimental conditions, the sensor had a good
response to VC in the range of 0.1-1000.0 pg/L, and the limit of detection was 0.01 pg/L. The recovery rates were
92.5%—-100.5% when used for the determination of actual samples and the measurement results were consistent with
the GB 5009.86—2016 National standards for food safety-Determination of ascorbic acid in food. Conclusion The
method is convenient, rapid, sensitive and selective, which can be applied to the accurate determination of VC in
vegetable samples, and provides a new method for the rapid detection of VC in agricultural products.

KEY WORDS: carboxylated nanoporous carbon powder; vitamin C; aptamer; screen printed electrode;

electrochemical sensor
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B P, AR A B ARRES R v, HgiE i e Hh
7o, AT ANRELZ VC Al 51 Rz BRFIFEIET H i A ER K
SR TR S T, DR e T R Y VO IR
HAHREE L,

MR, VC K 3 27 oA SR s e ik i
ROV iU A 2 kU R (X AR A
IR B . BT 2% . K S . FAkA
TR IRE PR BRPERT R . AR & TR
TR 2 BN, (B850 VO Bk A5 s BOR AT DL 2
REHCR G b RO AR 5K, AH R T 52 2R i T
T MG AR AR B (AR e, S S BURS o 0 2 ) e —
kAL, BFIULE ST iR Pl SRR . RS
R VC B AR IR T T b

HIAL 2 PO AL e T AT & — sl | SRR | R
PEUT . AR S S AR T AR B T2 st
SR, TR A B A A IR A  AI F BIR
o ICAE R B 52 B . 22 W BRI R LA /N . (4. 5
FIufigfl . oAz S5 S nT LA b AR (] BRAS 2145 3K A
Pl Rk AR RT LA A R i B2 M R, R
i RPUL ORISR R . ZFLRAE N —F L R 1Y
WAB A R}, R B LEE b 2 T Bk B2
H, A LA A RT3 m R L 35 5%, 4R i

il

PRAZKBE, S HARY) A 15 28 St 1A R0 1% i
TS A P TR DA R R A R A 1 H Ak 2R A I R
PR AT TR ) RS20 A LA 22 0 ETL R Fi A Ay
%, KA VC @ EUARVE IR RTT, Rk 2Lk
#4 %} (carboxylated nanoporous carbon powder, NCP-COOH)
YERNESTORY), R EET — g B Ak 22 38 e A% IR %,
T VC BYIGE, AR VC g TR
TR E Bt — R A .

1 MR5ERE

1.1 M RFI5EE

TEFE NI T A A BT

BRATALBR . BRI B . = H R B e (tris
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4% D, (vitamin D,, VD,). 442 D; (vitamin D, VDs),
#iEF E (vitamin E, VE)(ZHE =98%, £[H Sigma A );
&R (aptamer, Apt): 5-NH,-(CH,)-GTG GAG GCG GTG
GCC AGT CTC GCG GTG GCG GCC-3’(Z# it
YR A R WD), 91K 2 FL Ak ¥ >R (nanoporous  carbon
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Palm-sens 4C Hfb2F R4 (ff 2% Palm 482 A);
C18J02 7142 X E[1 il EE, #% (screen printed electrode, SPCE)(ZK
AR AL A BOCHAHECA R A F]); BP21D 34 K (ks B2
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R B AR B e b, IR AR, T
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Fig.1 Preparation and detection diagram of VC aptasensor
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HEF RIS B AR 55 S HL RS, Apt/NCP-COOH/SPCE(& 3A,
o)LL 2 TR 40.13 pA, BHALERG N 247.8 Q(I 3B,
c); LA BSA HPAHMRMEIL SAS, BSA/Ap/NCP-COOH/
SPCE(EI 3A, Q)L — 8/ VA 33.39 A, FEAT{ELREE
K, k5205 Q(EI 3B, d); LA VCJ&, BT VCIiEERE A
YIRTE BUBHAS T W FHE RS, Bl VC/BSA/Apt/NCP-COOH/
SPCE HLifi R4 30.22 pA(El 3A, e), FLBHEME—A300R
980.8 Q(l 3B, e), DA RZ5RERM, %A AF0E BUARAL AR
I £ B X VC A3 5508 B R AL 2 (5 S5 IR
23 LIWEHFHIMRK

%X T NCP-COOH [l &k BE7E 0.5~2.5 mg/mL i [
PN AL RS A 10 pg/L VC BYSEIR, HIE 4A AT, BEH
NCP-COOH Jit # ¥ & (3% m, A7 B 3% K, 24
NCP-COOH Jfi im ik [ #B i 1.0 mgmL )5, Al i
NCP-COOH it it ¥ & (1% 38 Jnn iy B 1K, 97 DA 55 56 36 ¢
NCP-COOH (it & #¢ £ 24 1.0 mg/mL.

A TR (2. 4. 6. 8, 10 umol/L) Apt 4f 10 pg/L
VC Kl 5% md . W 4B Fi7R, X4 Apt #JE R 2~6 pmol/L
B, AT 5 EFHER 2 Apt HEEE KT 6 umol/L J&, Al JEA R
FEANAR, 33X 2% B 3 PO AT H A 2 1T 1) 245 45 38 B IR FIDIR S
At Apt Fy A R 6 pmol/L.
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Fig.4 Relationship between different experimental conditions and A/ (n=3)
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VC MLk, MY AL EH/ANT VC AL, HILIEH,
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5 Fr#il i BSA/Apt/NCP-COOH/SPCE X 10 pg/L
VC HETINE, SR ME 6B FiN, FHXTHRE 2 (relative
standard deviation, RSD) 3.78%, (& E#S HA B
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W41 4519 BSA/Apt/NCP-COOH/SPCE {347 T 4°Cuk4 th
—BialfE AT VC R LSRN, 5. 10, 15 d JRERGS
S5 T 5 S AR LE AT B R T 2.04%, 4.91%F1
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Fig.5 Performance analysis of sensors

®1 AMRERFS5HM VC BULFERBFHLER

Table 1 Comparision of the proposed aptasensor with others VC electrochemical sensors

&I LMV R/ (ng/L) et R /(pg/L) 22 SR
P,Mo-V/Ru(bpy)s/Cs-Pd/ITO 2.20x10'~2.08x10° 1.76x10" [27]
AuNPs@TS-COF/RGO/GCE 1.41x10°~1.59%10° 7.57x10? [28]

C;F;-azo"-Nb;0g/GCE 3.52x10°~1.95x10° 8.30%x10° [29]
MCH/Apt/AuNPs/PANT/GCE 1.0x1073~1.0x10? 1.0x10™* [30]
FeVO./GCE 1.76x10%~5.28x10* 6.69%10" [31]
PB-Co750.1/SPE 1.06x10°~8.81x10° 1.92x10? [32]
BSA/Apt/NCP-COOH/SPCE 0.1~1000.0 0.01 BN
35 35
R
LsRIlE? ] GERETRE

Ko (RS B (A)FIEEHE(B)
Fig.6 Selectivity (A) and reproducibility (B) of sensors
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2.6 #Hm VC BNNE

#1145 47 19 BSA/Apt/NCP-COOH/SPCE il T 52 b
R VC IR, R, HEAT bR I SE 86 . S5 R
F 2 s, R ERERA 92.5%~100.5%, RSDs N

1.8%~4.3%, %555 & R0RHH 1% 5 GB 5009.86—2016
CEah 2 E T &8P PO mmR e ) —2
F A BT 7 A BT E R P, W T I BR AR b
VC Rk .

F2 EBNENFNRS VC HIMELER(=3)

Table 2 Determination of VC in lotus-root and tomato solution (n=3)

. o FRL b2 3 A% R vk 1R BB sk
FE il JAR & /(mg/100 g) — —
5 £:/(mg/100 g) [E R /Y% RSDs/% 5% B /(mg/100 g) B R /Y% RSDs/%

0 46.63 - 3.6 47.17 - 3.2

e 50.00 92.88 9.5 3.7 93.81 93.3 2.1
FEFE

100.0 145.70 99.1 2.9 147.50 100.3 3.6

200.0 244.50 98.9 43 246.80 99.8 3.9

0 12.58 - 2.8 12.79 - 3.3

- 50.00 62.09 99.0 1.8 62.66 99.7 1.9
il

100.0 113.10 100.5 4.1 112.90 100.1 2.6

200.0 201.60 94.5 3.9 202.30 94.8 3.5

- JTOEUE.,
3(1): 5-13.

3 & i
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AL AR T VC bt . R R E, NCP-COOH
FERTEBUR . A ARG, K A A A nT DU R in
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NCP-COOH /i K ) F: B A AU b 4R T+ 17 F e 2 1 R 1)
BRI, SCHL THRIRERE S IR, b VC PG
PEALT A . AL R . R BT
o000 PR, A T S T R AN A e I R, I T
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PR BT R ELA T I O R
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