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Determination of kojic acid in soy sauce by MoS,/Au nanoparticles
modified electrode
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(School of Food and Biological Engineering, Henan University of Animal Husbandry and Economy,
Zhengzhou 450046, China)

ABSTRACT: Objective To establish a method for rapid determination of kojic acid in soy sauce by MoS,/gold
nanoparticles (MoS,/AuNPs) modified electrode. Methods The gold nanoparticles were prepared by reducing
chloroauric acid by sodium citrate, and the modified electrode with gold nanoparticles loaded on MoS, was prepared
by the constant potential deposition method. The electrochemical characteristics of kojic acid on different modified
electrodes was explored, and the effects of buffer solution type, pH, amount of MoS, and deposition time on the
electrochemical behavior of kojic acid were discussed. Results The kojic acid concentration and peak current
showed a good linear relationship in the range of 5-500 pmol/L and the regression equation was iy, (LA)=0.00952C
(umol/L)-0.21898, +*=0.99345. The limit of detection was 3.9 umol/L, the recoveries were 97.2%-105.5%, and the
relative standard deviations were less than 8.0%. Conclusion The modified electrode constructed by this method
has good anti-interference, reproducibility and stability, and is suitable for the analysis of kojic acid in soy sauce
samples.
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Fig.l1 Cyclic voltam curves (A) of different modified electrodes in K;[Fe(CN)g] solution and differential pulse curves (B) in kojic acid solution
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Fig.2 Effects of different types of buffer on the oxidation peak and
current values of kojic acid (n=3)

2.2.2 pH *f BRI 89 7 A
HFEAS RS ZE R FSY, BEIERRK pH
Xof AR S (R M A K o ARBFRHT T ANA] pH (3.6, 4.0,
4.4, 5.0, 5.6, 6.0)1Z IR T R 4T W 06 R A 1) 5 i
FEARTE], A pH BUATEEBR-ArG RR NG vk, I i
R AL LI, SEATINGE 3 IR, SRR, B pH A
i, VR R AR BLSEHEE IS,  pH Dy 4.4 B, SR
Wk, R, mefEZE il pH b 4.4,
2.2.3  MoS, 645 & xt th B T 49 Fh
MoS, YE BB AL, AT LG R 32 5 il 1%
WA, H W20 BRI RN, SO ERRER
[ AL AR =2, 4. 6. 8. 10 pL)#Efiflifk, 17

ME 3 W, 49R SR, BEERHREMIM, Shidi g i
S A, YR ER 4 oL B, R AR, FEER
PR, R AN, SEIREES, Xl
Re Rt THRMREEM R AR, SRk,
SMTHE KT H 1238 BH 2 i 850 SO B 4wl /28 — b4
) e AT U o
2.2.4 R AR 1) 3t o B8R 49 B0l

TR ) B 06 R B PUBURL . SR AR LA RUR 6T
k4 A RITURRAFE] (50, 100, 150, 200, 250, 300 s)%f
B A AL L TR R S, SPATINE 3 IR, 5 ARFRW, FE
FaE NN Ob: N R 2 e S I N VREN S by N
OB )R 200 s B, AR RN (B S T T [, 3 AT RE RS F
F R RTURR F iR 8] TIRALRE, Y BRATE K
B TSR B — 2 TR I, gt Yol 2 e i 3, 2 o 2 U R o
FIBE T8 0N, SOSEBEURRE R) R 200 s,
2.3 T{EfhZ& B Aa PR

TERAE TR ST, Be il — 5 40 e B 46 B 1y it B
VR, IE L E D IR R LR, SEATE 3 )k, W
3A BN, W R R 3 - X R 4 A 6 0 e A e 42 T U
OyME, BB, YR ETE 5~500 pmol/L YL N, HREE
S I RAF ARG R, Qi 3B s, MG R
g (0A)=0.00952C (umol/L)-0.21898, 1*=0.99345, K
B 3.9 pmol/L (S/N=3), J5ik R .
24 EMME. BEM. FHE

FEAHR 2514 T il 4% 19 5 A AR 43 5% 170 pmol/L
VA R AT A, A5 0 R S P A R R 22 R 5.3% Rl —
MEMIHRACEATINGE 10 W, AR ER 22/ T 4.1%. #%
B AT 4 °CF, 7 d G XY 170 pmol/L 1) #h BR ¥ 7
WIZE, FE A R BT a6 e N 89%, FREH A A R 4T



55 21 4

WRIBRR, 45 B A B B A3 A K Aol W v R O st v AR 8449

F) 2 I AR E 1

AN, #E 20 umol/L [ RHERE R HY, 548 T —LEn[ HE
LR/ N FAE PR TR I 2 B2 . 25 3RI, 50 f%
MIEAEE . bR, BRIREN. BEMRE AT . SRR T il
2 P 00 2 G 5 MR (LA 5 8 A/ IN T 5%), W] ik
HE IR H AR R THiEE T .

2.5 ERRMEmAET

¥ AuNPs/MoS,/GCE JHI i 5 % ith v il iR 75 f2t
FE, WP SZBRAE ST AR MRS S . R R e EE T B R
W E N 97.2%~105.5%, HIXF b5 i f 22 (relative  standard
deviations, RSDs)/NTF 8.0%, 1B % i ik1d& F 3 il o il
RO B . AR 1.

B

0.8 0.9 1.0 1.1 1.2

RV

0 100 200 300 400 500
fH ER % B /(umol/L)

P 3 IRl R IR P 22 Tk ot £ (A) K ot e e -5 0 Wi 3 A 2 P 5 1T 26(B)
Fig.3 Differential pulse curves of kojic acid with different concentrations (A) and linear fitting curves of kojic acid concentrations
and peak current (B)
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Table 1 Determination of kojic acid content in samples (n=3)

FE i FE il 5 {E/(umol/L) JIA B4R HE £ /(umol/L) iR & {8/ (umol/L) [T /% RSD/%
50 73.682 97.2 7.91
Fih 25.058 60 88.359 105.5 6.12
70 96.058 101.4 5.59
3 & i electrode [J]. Sens Actuat B Chem, 2017, 241; 406-412.

AW G AL s Gk A il 4 T B Ak, ik
T ol A% o BN v P R R E S, RS AT,
JH AuNPs/MoSy/GCE X HH 8 & s a4 T 22 43 ik o AR 22 2
5E o HERTFE 5~500 pumol/L ¥ & 3 1B Py 5 LA Ak g v g 2 30
H R AR 2R, AR S IAR ECR Ry 97.2%~105.5% T
AR ARENRAEE, B MEEtE R, T
REFI5, AT FH T35 AE i b il R 0 2

SE

[1] CHAUDHARY A. Recent advances in the exploitation of kojic acid in
multicomponent reactions [J]. Curr Org Chem, 2020, 24(14): 1643-1662.

[2] MAHMOUD AE, IBRAHIM A, MAYER P. Zn(ii) and Cd(ii)
thiosemicarbazones for stimulation/inhibition of kojic acid biosynthesis
from Aspergillus flavus and the fungal defense behavior against the metal
complexes' excesses [J]. J Biol Inor Chem, 2020, 25: 797-809.

[3] BULEANDRA MR, ABINCA AA, TACHE F, et al. Rapid voltammetric

detection of kojic acid at a multi-walled carbon nanotubes screen-printed

[4] MONTAZERI M, EMAMI S, HASGARIAN O, et al. In vitro and in vivo
evaluation of kojic acid against Toxoplasma gondii in experimental models
of acute toxoplasmosis [J]. Exp Parasitol, 2019, 200: 7-12.

[5] XIN RW, HUI MC, XUE-WEI GAO, et al. Intercalation assembly of kojic
acid into Zn-Ti layered double hydroxide with antibacterial and whitening
performances [J]. Chin Chem Lett, 2019, 30(4): 919-923.

[6] A:fgcpl, I, 5KI5, 4. R - AR AT A b B e L) 55 2 B S
BTG PER 2R T]. DREE 50T, 2020, 20(5): 9-15.

LI MB, ZHANG Q, ZHANG F, et al. Effects of ultrasonic-kojic acid
combined treatment on polyphenol oxidase activities in fresh-cut purple
sweet potato [J]. Storage Process, 2020, 20(5): 9-15.

[7] WANG RF, HU XY, AGYEKUMWAA AK, et al. Synergistic effect of
kojic acid and tea polyphenols on bacterial inhibition and quality
maintenance of refrigerated sea bass (Lateolabrax japonicus) fillets [J].
LWT, 2021,137: 110452.

(8] HBAW, ThUode, fN, 4. B LGRS b i A2 i £t
HAAR[D). £k 5 &k, 2020, 46(3): 276-280.

SHAO DX, MA XY, XIN MH, et al. Poly L-citrulline electrode

electrochemical determination of kojic acid in food [J]. Food Ferment Ind,



8450

1 i 2 A iR AR I

1l LERVES

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

2020, 46(3): 276-280.

SREMIR, RN AL, BAIAE. = SRR e iR &
[7]. A4k, 2000, (3): 1, 50.

ZHANG LM, CHENG LZ, LU HS. Improvement of curic acid content by
iron trichloride [J]. Biotechnology, 2000, (3): 1, 50.

T, 142- MR RN AR O R AME D). PEEREYE, 1998, (3):
161.

ARt

DING HB. 142-Preparation of curvature acid cream for the determination
of curvature acid content [J]. Chin J Aesthet Med, 1998, (3): 161.
SZULEJKO JE, KIM KH, BROWN R, et al. Review of progress in
solvent-extraction techniques for the determination of polyaromatic
hydrocarbons as airborne pollutants [J]. Trend Anal Chem, 2014, 61:
40-48.

PR, RSP, AREE, 2. frdh dr il B U
h [ AR 2R, 2014, 24(14): 1991-1993.
CHEN KX, ZHENG SX, LIN J, ef al. Study on the gas chromatographic
analysis method of sulfuric acid in food [J]. Chin J Health Lab Technol,
2014, 24(14): 1991-1993.

AL, LM S AT B B i ST R
A, 2021, (3): 172, 174.

AT RS ).

R[] B

LI YK. Application of near-infrared spectroscopy in food analysis and
detection [J]. Chin Food Saf Magaz, 2021, (3): 172, 174.

BT, BRAE, Ffh, 5. BT UTZLAMEHE P E A R AR A4 7
BRAEST[T]. EERLE, 2018, 39(8): 249-255.

ZHAO X, ZHANG R, WANG W, et al. Quantitative detection of sulfuric
acid in flour by near-infrared spectrum [J]. Food Sci, 2018, 39(8):
249-255.

WIC, T SCHR, TR, A5 R SOROR € T R AR 1 ) A S
[7]. fk2AiRA, 2020, 42(3): 254-258.

XU W, HE YJ, ZHANG P, et al. Study on the preparation of the chiral
crown ether fixed phase of high performance liquid chromatography [J].
Chem Reagents, 2020, 42(3): 254-258.

B, TR, VEEAR, . HPLC A 1k o il i s 4
KSR B FR STk, 2015, 36(3): 115-117.

YAN L, ZHANG XZ, TAN JL, et al. The content of peric acid and

A

benzoyl peroxide in flour was determined by HPLC method [J]. Food Res
Dev, 2015, 36(3): 115-117.

AR, XU, G, 55 IRV G5 BT g R Ak
SRR IR HI[T]. ARAFRESE S5 H, 2020, 32(9): 1724-1727.

YU SY, LIU YJ, YANG Y, et al. Study on the liquid chromatography
separation method of the sulfuric acid and its application in the cosmetics

analysis [J]. Chem Res Appl, 2020, 32(9): 1724-1727.

[18]

[19]

[20]

[21]

[22]

[23]

TR, PNRA, XM, S RO €35 - IR BTk [ s 5 /22
b 4 FACEEMBE G RD]. PR IERG, 2019, 31(1): 35-40.
WANG S, SUN LL, LIU Y, et al. Spectrometry simultaneous
determination of thiourea, kojic acid, thiabendazole, thiadiazole and
tetracycline in flour by ultra performance liquid chromatography tandem
mass spectrometry [J]. Chin J Food Hyg, 2019, 31(1): 35-40.

SKRATT . e AOROR €2 T v 0 TR o i R A AN o B TP 0]
2%,2017, 29(12): 79-82.

0]

ZHANG DF. Uncertainty evaluation for determination of kojic acid in
flour by HPLC [J]. Strait Pharm J, 2017, 29(12): 79-82.

OLA A, SUGI Y, SOA C, et al. Analysis of production kojic acid from
endophytic fungi Aspergillus flavus isolated from Annona squamosa
leaves using an OSMAC approach [J]. Iop Conf Ser Mater Sci Eng, 2020,
823: 12003.

AVAZPOUR S, PARDAKHTY A, NABATIAN E, et al. Economical
approach for determination of kojic acid by nanostructured ionic
liquid-based carbon paste sensor [J]. Bionanoscience, 2020, 10(1):
502-511.

ELINSON MN, RYZHKOVA YE, KRYMOV SK, et al

Electrochemically induced multicomponent 'one-pot' assembling
benzaldehydes,
Monatshefte Fur Chem, 2020, 151(4): 1-7.

FREUX, BREE, 25500, 55, JETRRIETCIASE & 90K SN T 5
PR R PEA]. fra SR T, 2021, 47(3): 176-180.

CHEN WE, CHEN W, CAI Y, et al. Rapid detection of Listeria

N,n'-dimethylbarbituric acid, and kojic acid [J].

monocytogenes by nucleic acid aptamer combined with nano-enzyme [J].

Food Ferment Ind, 2021, 47(3): 176-180.

(rEshit: E5mH 5 m)

FRERR, tHt,
BRRERN.
E-mail: zhuimeng860209@163.com

WA, TEMRFEA

EEE, HL, 8, TEMRAEA
BRBEY.
E-mail: pancm7570@163.com



