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Abstract

The voltammetric behaviors of kojic acid (KA) were investigated at polyvinylpyrrolidone (cross-linked) modified acetylene black
paste electrode (denoted as PVP/ABPE) in 0.1 mol/L, pH 5.0 HAc-NaAc buffer. A well-defined and sensitive oxidation peak appears
at 0.84 V. Compared with an unmodified acetylene black paste electrode (ABPE), the PVP/ABPE remarkably enhances the oxidation
peak current of kojic acid, indicative of good potential in sensitive determination of kojic acid. After optimization of experimental con-
ditions, a fast and sensitive electrochemical method was developed for the determination of kojic acid. This method exhibits good lin-
earity over the range from 1.0 x 10~®mol/L to 1.0 x 10~*mol/L, and the detection limit is as low as 5.0 x 107 mol/L. In order to
validate the feasibility of this proposed method, it was used for quantitative analysis of kojic acid in some food samples and the results

were satisfying.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Kojic acid (5-hydroxy-2-(hydroxymethyl)-4-pyrone, see
Fig. 1) is a natural product found in fermented food, and
is becoming more and more important because of its vari-
ous effective features, such as antibacterial action, seques-
tering heavy metal ions which accelerate oxidation,
retardation of melanism, and inhibition of the enzyme
which deteriorates foodstuffs. In everyday life, it is widely
used as a food additive and preservative, as a skin-whiten-
ing agent in cosmetics, as a plant growth regulator as well
as a chemical intermediate (Chen & Iubo, 2002; Chen &
Liu, 2002; Kotani, Ichimoto, Tstsumi, & Fujita, 1976; Sar-
uno, Kato, & Tkeno, 1979; Chen et al., 1991). Otherwise,
kojic acid also plays an important role in monitoring fer-
mentation process. However, because the 4-pyrone in kojic
acid molecules had aromaticity like benzene, it is not clear
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whether kojic acid in all kinds of foodstuffs have side effects
on human health. So detection of trace amount of kojic
acid is necessary. At the present time, several methods have
been reported to determine kojic acid including high-per-
formance liquid chromatography (HPLC) (Huang, Lin,
Huang, & Wen, 2004; Kimura, Hirokado, Yasuda, &
Nishjima, 2000; Shih, 2001), stopped-flow method (Tani-
gaki, Obata, & Tokuyama, 1980), electroanalytical method
(Vachalkova, Bransova, Brtko, Uher, & Novotny, 1996;
Shih & Zen, 1999). To the best of our knowledge, a conve-
nient and direct electrochemical method for determination
of kojic acid using cross-linked polyvinylpyrrolidone mod-
ified acetylene black paste electrode (PVP/ABPE) was
firstly reported here.

PVP is a water-fast polymer and shows strong adsorp-
tion character to phenolic compounds, which is attributed
to hydrogen bond between imide in the center of polymer
and hydroxyl group in phenolic compounds. In this work,
the above-discussed excellent properties of PVP were fully
utilized to improve the sensitivity of determination of kojic
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Fig. 1. Chemical structure of kojic acid.

acid. As expected, the oxidation peak current of kojic acid
was significantly improved at PVP/ABPE, compared with
that at an unmodified ABPE. Based on this, a sensitive
and simple electrochemical method was developed for the
determining kojic acid. This newly-proposed method pos-
sesses following advantages: low cost, high sensitivity and
rapid response, which demonstrated with foodstuff samples.

2. Experimental
2.1. Reagents

Cross-linked polyvinylpyrrolidone (PVP) was purchased
from Acros Chemical Reagent Co., USA. 1.0 x 1072 mol/L
Kojic acid stock solution was prepared by dissolving kojic
acid (Sigma) into water, and then diluted to working solu-
tions with different concentrations. All the kojic acid solu-
tions were stored at 4 °C. All the chemicals were used
without further purification and all the solutions were pre-
pared with doubly distilled water.

2.2. Apparatus

All the electrochemical measurements were performed
on a CHI 650B electrochemical workstation (Shanghai
Chenhua Co., China) in a three-electrode system. The
working electrode was a PVP/ABPE. A Pt wire and a sat-
urated calomel electrode (SCE) were used as the counter
and reference electrodes, respectively.

High-performance liquid chromatographic determina-
tion was carried out on an Agilent 1100 with an UV detec-
tor. The kojic acid in foodstuffs was analyzed using a
Cosmosil 5 C18-AR-II column. A mixture of 0.05 mol/L
KH,PO, buffer solution (pH 2.5) and methanol (99:1, v/
v) was used as mobile phase. The UV detector was set at
280 nm.

2.3. Preparation of PVPIABPE

The PVP/ABPE was prepared by mixing 10.0 mg acety-
lene black (AB), 4.0 mg PVP and 12.0 pL paraffin oil in a
small mortar to form a homogeneous acetylene black mix-
ture. Then the mixture was pressed into the end cavity of a
homemade poly (tetrafluoroethylene) (PTFE) cylindrical
electrode body (diameter: 2.0 mm), and the electrode sur-
face was polished manually on a piece of weighting paper.
It is important that the amount of paraffin oil must be care-

fully controlled because the conductivity of the electrode
decreased with excessive paraffin oil, and insufficient paraf-
fin oil was not beneficial to the uniform mix of acetylene
black.

2.4. Experimental procedures

A certain volume of 0.1 mol/L HAc-NaAC (pH 5.0)
was used as supporting electrolyte in a conventional elec-
trochemical cell. At the beginning of experiment, PVP/
ABPE was activated by successive cyclic voltammetric
sweeps between 0.40 V and 1.20 V at 100 mV/s to get a sta-
ble cyclic voltammograms. After that, a known volume of
kojic acid solution was placed into the cell to make up
10.0 mL mixture solution. The accumulation was carried
out at open circuit via stirring the solution for 2 min, and
then kept quiet for 15s. Linear sweep voltammograms
were recorded from 0.40V to 1.20V at a scan rate
100 mV/s. After each measurement, the modified electrode
was refreshed by successive cyclic voltammetric sweeps in
blank supporting electrolyte (between 0.40 and 1.20 V at
100 mV/s) to get a reproducible electrode surface.

2.5. Preparation of kojic acid sample

Two kinds of sauce and vinegar samples were purchased
from a local super market. Kojic acid was extracted from
the various commercial foods with 0.05 mol/L KH,PO,
buffer solution (pH 2.5). The extract was centrifuged, and
then the supernatant fluid was filtered through a 0.45 pm
membrane filter.

3. Result and discussion
3.1. Electrochemical responses of kojic acid
Fig. 2 shows the successive cyclic voltammograms of

5.0 x 107> mol/L kojic acid at a PVP/ABPE. In 0.1 mol/L
HAc-NaAC buffer (pH 5.0), a well-defined oxidation peak
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Fig. 2. Cyclic voltammograms of 5.0 x 10> mol/L kojic acid at PVP/
ABPE in 0.1 mol/L HAc-NaAc buffer (pH 5.0). Scan rate: 100 mV/s.
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appears at 0.84 V on the first anodic sweep from 0.40 V to
1.20 V and no corresponding reduction peak is observed in
the reverse scan, suggesting that the electrode process of
kojic acid was totally irreversible. During the following
successive cyclic sweeps, the oxidation peak decreases sig-
nificantly. It may be caused by the fact that the electron
transfer was blocked by the adsorption of reaction prod-
ucts resulting in the decrease of reaction sites on electrode
surface.

In order to illustrate good potential of PVP in the sensi-
tive determination of kojic acid, the -electrochemical
responses of 5.0 x 107> mol/L kojic acid were compared
at bare ABPE and PVP/ABPE by linear sweep voltamme-
try (LSV). Curves (a) and (c) depict the LS voltammograms
of ABPE and PVP/ABPE in 0.1 mol/L HAc-NaAC buffer
(pH 5.0) without kojic acid, and three is no observable oxi-
dation peak. After addition of 5.0 x 10~ mol/L kojic acid,
a well-defined oxidation peak is observed at the unmodified
ABPE (curve b) and PVP/ABPE (curve d), respectively.
Compared with those at unmodified ABPE (curve b), the
oxidation peak current of kojic acid increases greatly at
the PVP/ABPE (curve d), and meanwhile, the oxidation
peak potential shifts negatively from 1.00 to 0.84 V. The
significant peak current enhancement and obvious negative
shift of oxidation peak potential reveal that PVP facilitates
the electron transfer of kojic acid. PVP, a polymeric sor-
bent with hydrophobic backbone and heterocyclic groups,
exhibits high accumulation efficiency toward kojic acid,
therefore, the concentration of kojic acid at PVP/ABPE
surface increases remarkably, and the oxidation peak cur-
rent increases and oxidation overpotential lowers in the
presence of PVP (see Fig. 3).

3.2. Choice of supporting electrolytes and solution pH

In this work, the oxidation response of 5.0 x 107> mol/
L kojic acid in various supporting electrolytes were exam-
ined by LSV. The supporting electrolytes include pH 5.0-
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Fig. 3. Linear sweep voltammograms of bare ABPE (a, b) and PVP/
ABPE (c, d) in the absence of kojic acid (a, ¢) and in the presence of
5.0 x 107> mol/L kojic acid (b, d). Other conditions are the same as in
Fig. 1.

9.0 phosphate buffer, pH 3.5-5.6 HAc-NaAc buffer, pH
1.0-4.0 sodium citrate-hydrochloric acid (HCI) buffer,
pH 5.0-7.0 sodium citrate-sodium hydroxide (NaOH)
buffer, pH 1.4-4.5 sodium tartrate-tartaric acid buffer,
pH 7.6-9.2 borax—hydrochloric acid buffer, pH 9.2—
12.3 borax-sodium hydroxide buffer, HCIO4, H,SOy,
HCI, HAc, NaOH and KCI (each 0.1 mol/L). The results
show that higher peak current and better peak shape was
obtained in 0.1 mol/L HAc—NaAc buffer solution. Conse-
quently, 0.1 mol/L HAc-NaAc buffer solution was chosen
as supporting electrolyte for quantitative analysis of kojic
acid.

Additionally, the influences of HAc-NaAc buffer pH on
oxidation peak current and peak potential were also
researched by LSV, and the results described in Fig. 4. It
can be seen that the oxidation peak current of kojic acid
almost keeps unchangeable over pH range from 3.5 to
5.6 (curve a). However, the oxidation peak potential shifts
negatively with increasing solution pH (curve b), obeying
the equation E,=1.1541-0.06267 pH (R = 0.9953). The
slope of 63 mV/pH suggests that the number of proton
and electron involved in the oxidation of kojic acid is
equal.

3.3. Effect of mass ratio of AB vs. PVP

The oxidation peak current of kojic acid dependence of
the amount of PVP was also examined. As gradual increas-
ing the amount of PVP, the oxidation peak current of kojic
acid also gradually increases, attributing to the fact that
more PVP exhibits much higher accumulation efficiency
to kojic acid. However, the oxidation peak current of kojic
acid increases slightly when the mass ratio of AB versus
PVP exceeds 10:4, what’s more, more PVP will enhance
the background current of PVP/ABPE since PVP is electric
insulator. Therefore, the best mass ratio of AB/PVP is
10:4 to achieve high sensitivity and better oxidation peak
shape.
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Fig. 4. Dependence of pH on peak current (i,, curve a) and peak potential
(Ep, curve b) of 5.0x 107> mol/L kojic acid at PVP/ABPE. Other
conditions are the same as in Fig. 1.
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3.4. Effect of accumulation time

Accumulation is a common and effective way to improve
the sensitivity in electrochemical determination. Fig. 5
depicts the effect of accumulation time on the oxidation
peak current of kojic acid. It is found that the oxidation
peak current of kojic acid increases as prolonging accumu-
lation time. However, it increases greatly within the first
2 min and then slowly. It was a typical adsorption charac-
ter that brought on the saturated adsorption of kojic acid
to electrode surface if enough accumulation time was
offered. In the current work, the accumulation time was
selected as 2 min to acquire higher sensitivity and shorten
analysis time.

3.5. Electrode process of kojic acid on PVP/ABPE

The effect of scan rate (v) on the oxidation process of
5.0 x 107> mol/L kojic acid at PVP/ABPE in 0.1 mol/L
HAc-NaAc buffer (pH 5.0) were examined by LSV. The
peak current (i,) increased linearly with scan rate over
the range from 0.025 to 0.30 V/s, which expressed as
follows:

iy = 1572630 + 0.5142(R = 0.9983) (1)

Thus, the electrode process was controlled by adsorp-
tion step. This was consistent with the discussion about
successive cyclic voltammograms of kojic acid.

Otherwise, the relationship between oxidation peak
potential (E},) and v was investigated. As increasing v, E,
gradually shifts positively described by the following
equation:

E,=0.02415Inv + 0.9101(R = 0.9974) (2)

As far as totally irreversible electrode process controlled
by adsorption step was concerned, the relationship between
E, and v was determined by following equation (Laviron,
1974):
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Fig. 5. Effect of accumulation time on peak current of 5.0 x 10~> mol/L
kojic acid at PVP/ABPE. Other conditions are the same as in Fig. 1.

E, = E” + (RT /an,F) In(RTK" Jon,F) + (RT /an,F) Inv
3)

where E° is formal potential, T is temperature, o is the
transfer coefficient and n, is the number of electron trans-
ferred in the rate-determining step, k° is the electrochemical
rate constant, F is the Faraday constant. The slope RT/
on,F of 0.02415 indicates that the value of an, is 1.03.
On the basis of assumption of o was 0.5 for multi-electron
transfer process, the value of n, could be calculated to be 2.
Combining with the data from the plot of E, vs. pH, it can
be concluded that the electrochemical oxidation of kojic
acid at PVP/ABPE involves total loss of two electrons
and two protons. From the molecular structure of kojic
acid, the oxidation maybe occurs at hydroxyl group.

3.6. Calibration curve

Under the optimized conditions, the calibration curve for
kojic acid at PVP/ABPE was characterized by LSV. In the
range from 1.0 x 10~® mol/L to 1.0 x 10~* mol/L, the oxida-
tion peak current (i) of kojic acid increases linearly with its
concentration. The linear regression expresses as following:
ip = 0.03152 x 10%¢ + 0.6297 (ip, in pA, ¢ in mol/L,
R = 0.9987). This method can detect 5.0 x 10~ mol/L kojic
acid after 2 min accumulation (S/N = 3).

The relative standard deviation (RSD) of 3.8% for 12-
times parallel detections of 5.0 x 10~ mol/L kojic acid sug-
gests excellent reproducibility of PVP/ABPE. Additionally,
the reproducibility between multiple electrode preparations
was estimated by comparing the oxidation peak current of
5.0 x 107> mol/L kojic acid. The RSD is 4.6% for 10 PVP/
ABPEs, revealing that the method for preparation of PVP/
ABPE has good potential applications.

The long-term stability of the PVP/ABPE was tested by
measuring the current response at a fixed kojic acid concen-
tration of 5.0 x 107> mol/L over a period of three weeks.
The PVP/ABPE was used daily and stored in air. After
three weeks, the current response only decreases 5.1%, sug-
gesting that PVP/ABPE reported in this work has long-
term stability.

3.7. Interferences

The influences of some organic compounds on the oxi-
dation response of 5.0 x 10~ mol/L kojic acid were evalu-
ated. It is found many common organic compounds do not
interfere with the oxidation signal of 5.0 x 10~ mol/L kojic
acid (signal change < 4%), such as 100-fold concentration
of glucose, amylum and dextrin, 50-fold concentration of
ascorbic acid (AA), dopamine (DA), uric acid (UA), L-glu-
tamic acid, rL-phenylalanine, L-aspartic acid, Dr-valine,
L-cysteine and L-cystine. However, two-fold concentration
of L-tryptophan and five-fold concentration of L-tyrosine
had influences on the oxidation of kojic acid (signal
change = 10%) due to the fact that their oxidation poten-
tials were similar to that of kojic acid. In addition, effects
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Table 1
Determination of kojic acid in sauce and vinegar samples (n = 5)
Samples Detected by Detected by this RSD (%) Recovery
HPLC (mg/mL) method (mg/mL) (%)
Sauce A 5.010 5.001 4.9 99.6
Sauce B 4.656 4.687 5.1 101.3
Vinegar A 1.485 1.479 5.0 98.5
Vinegar B 1.509 1.524 52 99.2

of many inorganic ions were also tested. 100-fold concen-
tration of Ca’", Mg2+, SOi‘, NO;, HCO; and 10-fold
concentration of Zn®" did not affect the determination of
kojic acid. However, one-fold concentration of Fe’' and
APP", two-fold concentration of Cu®>" make the oxidation
current of kojic acid greatly decrease and the signal
changes are —25%, —16% and —8%, respectively. This
may be caused by the fact that these metallic ions could
form complexes with kojic acid and affect the adsorption
of kojic acid at electrode surface.

3.8. Determination of kojic acid in foodstuffs

In order to demonstrate its application in practical anal-
ysis, the proposed electrochemical method was used to
detect kojic acid in sauce and vinegar samples. 1.0 mL of
kojic acid sample solution was added into 9.0 mL
0.1 mol/L HAc-NaAC (pH 5.0), and then the electrochem-
ical measurement described in the procedure was per-
formed to determine kojic acid content under the
optimum conditions. The concentration of kojic acid was
calculated using standard addition method. The results
were illustrated in Table 1. The relative standard deviation
(RSD) of each sample for five parallel detections was less
than 5.2%. Otherwise, the recovered ratio of this method
was investigated, and the value is between 98.5% and
101.3%. These experimental data indicate that determina-
tion of kojic acid using PVP/ABPE was effective and sensi-
tive. At last, in order to estimate the feasibility, precision
and efficiency of this method, high-performance liquid
chromatography (HPLC) reported by Huang et al. (2004)
was also used to detect kojic acid in samples. It is found
that the results obtained by PVP/ABPE are in good agree-
ment with those obtained by HPLC.

4. Conclusion

A sensitive and reliable electrochemical method was
proposed for the determination of kojic acid utilizing the

excellent properties of PVP. Compared with an unmodified
ABPE, the PVP modified ABPE significantly enhances the
oxidation peak current of kojic acid and lowers its oxida-
tion overpotential. Finally, this method was successfully
applied to determine kojic acid in foodstuff forms, which
verified by HPLC.
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