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Voltammetric Determination of Kojic Acid in Cosmetic Bleaching Products Using a Disposable Screen-Printed Carbon Electrode Ying Shih*+ and Jyh-Myng Zen*++ + ++
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A preanodized screen-printed carbon electrode is used for the determination of kojic acid in cosmetic bleaching products by square-wave voltammetry. The preanodization process leads to a marked enhancement of the current response of kojic acid at the screen-printed carbon electrode. The linear range is up to 260 mM in pH 10 Britton-Robinson buffer with a detection limit (SyN ˆ 3) of 0.17 mM. The electrode has the advantages of low cost, of being easy to handle, and it can be either disposable or reused since the renewal gives a reproducible surface. Quantitative analysis for the kojic acid content in cosmetic products was performed by the standard addition method. Keywords: Kojic acid,, Screen-printed electrode, Cosmetic bleaching products



1. Introduction Kojic acid (5-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one, Fig. 1) is a good chelator of transition metal ions and scavenger of free radicals [1 ±2]. It is shown that the mechanism of kojic acid is the inhibition of tyrosinase, the essential enzyme for melanin formation, activity by chelating the copper in tyrosinase. In practical application, kojic acid has been used as a cosmetic skin-whitening agent. It can also prevent serious sunburn caused by an accumulation of melanin in subcutaneous tissue produced via a tyrosinase-catalyzed metabolic pathway. In order to adapt dosing and to verify compliance, content monitoring is necessary. There are very few reports concerning the determination of kojic acid up to now [3]. An of®cial assay method for the analysis of kojic acid in commercial bleaching products and skin lighteners is still needed to be developed. Electroanalytical technique in conjunction with disposable electrodes has many inherent advantages that address this kind of detection. The major merit of screen-printed electrode is that it can be mass produced at low cost. Additional advantages are the short analytical time and the possibility of miniaturization. Indeed, chemical modi®ed screen-printed electrodes have been used for several determinations [4 ±7]. We report here a simple method for the determination of kojic acid using a preanodized screen-printed carbon electrode (SPCE). It is well known that the preanodization of glassy carbon electrode has great in¯uence on electron transfer reaction [8]. The preanodization followed by cathodization for a very short time introduces C5 5O functional group on the surface, which can mediate electrode transfer reactions at the interface [9 ± 11]. Recently, our group has reported an interesting observation



Fig. 1. Molecular structure of kojic acid. Electroanalysis 1999, 11, No. 4



that the selectivity and sensitivity of uric acid detection is dramatically improved when the Na®on-coated glassy carbon electrode or bare glassy carbon electrode is preanodized at ‡2.0 V (vs. AgyAgCl) [12]. Using re¯ective mode FT-IR spectroscopy, we successfully addressed that the enhancement of sensitivity on a preanodized bare glassy carbon electrode is from the direct interaction of uric acid through hydrogen bonding with the surface functional group 4C5 5O generated during preanodization. In this article, the preanodization process is further applied to the SPCE for the detection of kojic acid. The factors that in¯uence the electrode response such as pH, preanodization potential, preanodization time, preconcentration time, and square-wave (SW) parameters are evaluated. Practical analytical utility was illustrated by selective measurements of kojic acid in commercially available cosmetic bleaching products.



2. Experimental Kojic acid (Sigma) and all the other compounds (ACS-certi®ed reagent grade) were used without further puri®cation. Aqueous solutions were prepared with doubly distilled deionized water. A stock solution was prepared by dissolving 142.11 mg of kojic acid in 100 mL of water. An aliquot was diluted to the appropriate concentrations with pH 10 Britton-Robinson (B-R) buffer before actual analysis. B-R buffer was prepared from 0.4 M acetic acid, 0.4 M phosphoric acid, and 0.4 M boric acid and adjusted to different pH values with 1 M NaOH or 1 M phosphoric acid. As to sample preparation, 0.5 g bleaching cream was dissolved in 50 mL water and ®ltered through a Lida ®lter (0.22 mm). Then, 0.3 mL of the ®ltrate was added into 9.7 mL of B-R buffer as test solution. In the case of bleaching solution, 10 mL was directly added into 10 mL B-R buffer as test solution. Electrochemistry was performed on a BAS-50 W electrochemical analyzer. A BAS VC-2 electrochemical cell was employed in these experiments. The three-electrode system consisted of either a preanodized SPCE or a bare SPCE working electrode, a AgyAgCl reference electrode (Model RE-5, BAS), and a platinum
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wire auxiliary electrode. Since dissolved oxygen did not interfere with the anodic voltammetry, no deaeration was performed. The SPCEs were fabricated using carbon inks (Acheson, Japan) and printed in a group of 16 (with a 1 mm gap between each) onto a polypropylene (PP) base. The SPCEs were then cured under an UV irradiation at intensity of 1.85 mWycm2 for 1 h. Each electrode consisted of an 862.5 mm working area with a 1761.5 mm connecting strip. The SPCEs were equilibrated in the test solution containing kojic acid before measurement. SW voltammograms were obtained by scanning the potential from ‡0.3 to ‡1.0 V at a SW frequency and amplitude of 20 Hz and 60 mV, respectively. At a step height of 4 mV, the effective scan rate was 80 mVys. The kojic acid quantitation was achieved by measuring the peak current of the oxidation peak after background subtraction. The standard addition method was used to evaluate the content of kojic acid in a real sample.



3. Results and Discussion 3.1. Voltammetric Behavior Figure 2 demonstrates the effect of preanodization on SPCE in the determination of kojic acid by SWV. On scanning from ‡0.3 V toward a positive potential at a untreated SPCE, only a much smaller anodic peak at around ‡0.65 V was observed for 50 mM kojic acid. A clear increase in anodic peak was observed when a preanodized SPCE was used for detection. Apparently, the preanodization process provides the SPCE an excellent accumulation force to the kojic acid. The transport characteristic of kojic acid at the preanodized SPCE was further investigated. The current response obtained in linear scan voltammetry at the preanodized SPCE was found linearly proportional to the scan rate, which indicated that the process was adsorption-controlled. More evidences for the adsorptive behavior of kojic acid was demonstrated by the medium exchange technique. Almost the same voltammetric signal was observed when the preanodized SPCE was switched to a medium containing only supporting electrolyte.



Fig. 2. The effect of preanodization on SPCE in the determination of kojic acid by SWV; a) untreated, b) treated. Electroanalysis 1999, 11, No. 4
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3.2. Analytical Characterization Since the preanodization process is essential to the kojic acid determination, the preanodized potential and the preanodized time were studied in detail. The effect of preanodized potential in the determination of kojic acid on SPCE is shown in Figure 3A. As can be seen, the peak current is constant up to ‡1.6 V and increases further very steeply until ‡2.0 V. It is believed that the irreversible oxidation of SPCE starts around ‡1.6 V, introducing the C5 5O functional groups proportionately on the surface. The steep increase in the peak current can thus be explained by a substantial chemical interaction between the kojic acid and the C5 5O group present. It is true that various functional groups are generated on carbon surface on preanodization. However, a recent report on preanodized carbon surface illustrated that on such exclusive preanodization, C5 5O is preferentially formed on the surface and the relative percentages of the other species are much less [12]. Therefore, the saturation of peak current beyond ‡2.0 V could be due to saturation of C5 5O production on the surface during the preanodization [13]. The preanodization time also has in¯uence on the peak current. As shown in Figure 3B, the peak current increases as preanodization time increases and starts to level off at around 10 s. A preanodization potential of ‡2.0 V and a preanodization time of 10 s were therefore chosen for the subsequent work. Both the electrode and the detection aspects should be considered to arrive at the optimum conditions for kojic acid determination. The effect of pH on the voltammetric response of the preanodized SPCE for 100 mM kojic acid was studied and the results are shown in Figure 4. As can be seen, the current response starts to increase rapidly in more basic environment. At pH 4 10, the current response starts to have a high deviation. A pH 10 was therefore chosen for all subsequent electrochemical measurements. The acid dissolution constant (pKa) can be obtained from the mid-point between the lowest and highest peak current values, which is around 8.5. Compared to the literature values of 7.90 and 8.03 [14], the result is reasonable. The effect of the preconcentration time at open circuit on the SW response for 100 mM kojic acid were studied next and the results obtained are show in Figure 5. As can be seen, the peak current increases as the preconcentration time increases and starts to level off at around 15 s. It takes a longer time for the peak current to level off for a lower concentration of kojic acid. This phenomenon is as expected and further con®rms the adsorption-controlled behavior of the preanodized SPCE. Therefore, in order to increase the sensitivity of detection, a longer time is needed for the lower concentration of kojic acid. For convenience, a preconcentration time of 15 s was used in most of the subsequent work. The peak current obtained in SW voltammetry is dependent on various instrumental parameters such as SW amplitude, SW frequency, and step height. These parameters have interrelated effect on the response, but here only the general trends will be examined. It was found that these parameters had little effect on the peak potential. When the SW amplitude was varied in the range of 10 ±100 mV, the peak currents increased with increasing amplitude until 60 mV. However, when the amplitude was greater than 60 mV the peak width increases at the same time. Hence, 60 mV was chosen as the SW amplitude. The step height together with the frequency de®nes the effective scan rate. Hence, an increase with either the frequency or the step height results in an increase in the effective scan rate. The response for kojic acid increases with SW frequency; however, above 20 Hz the peak current was unstable and obscured by a large residual current. By
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Fig. 3. Effect of A) preanodization potential and B) preanodization time on the peak current of 100 mM kojic acid obtained at the SPCE.



Fig. 4. Effect of pH on the peak current of 100 mM kojic acid obtained at the preanodized SPCE.



Fig. 5. The effect of the preconcentration time at open circuit on the SW response for 100 mM kojic acid at the preanodized SPCE. Electroanalysis 1999, 11, No. 4
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Table 1. Optimized instrumental parameters for the determination of kojic acid with the SPCE.



Table 2. Determination of kojic acid in bleaching products with the preanodized SPCE.



Preanodization potential Preanodization time SW amplitude SW frequency Step height Preconcentration time



Bleaching products



Original value [mM]



Bleaching solution [a]



Bleaching cream [b]



‡2.0 V 10 s 60 mV 20 Hz 4 mV 15 s



maintaining the frequency as 20 Hz, the effect of step height was studied. At step heights greater than 8 mV, too few points are sampled, thus affecting the reproducibility of the detection; whereas at step height of 4 mV the response is more accurately recorded. Overall, the optimized parameters can be summarized as shown in Table 1. Under optimal conditions, the SWV current response is linearly dependent on the concentration of kojic acid up to 260 mM in pH 10 B-R buffer with slope (mAymM) and correlation coef®cient of 0.033 and 0.998, respectively. The detection limit (3s) is 0.17 mM. Although the main advantage of SPCE is low cost and can be disposable, the reproducibility of the preanodized SPCE was also studied. The results of 15 successive measurements show a coef®cient of variation of 1.82 % in 100 mM kojic acid. The SPCE can be easily renewed by repetitive scanning in pH 10 BR buffer solution after being used in measuring kojic acid. Thus, the electrode renewal gives a good reproducibility surface.



Spike [mM]



Detected value after spike [mM]



Recovery [%]



28.30  0.55



20



48.02  0.90



98.06



13.28  0.26



40 60 80 100 20



68.45  0.87 89.67  0.65 106.47  0.58 125.63  0.84 34.14  0.83



100.37 102.29 97.71 97.33 104.30



40 60 80 100



53.68  1.15 71.76  0.24 91.87  1.06 111.32  2.07



101.00 97.47 98.23 98.04



Dilution factor: [a] 1y1000; [b] 3y10000



40, 60, 80, and 100 mM. Note that virtually the same recoveries were observed when the spiking step was applied before or after sample preparation steps. As shown in Table 2, the recoveries of kojic acid from the cosmetic matrices were satisfactory with values ranging from 97.33 % to 104.30 %, con®rming that quantitative and reproducible results can be obtained with this method.



4. Conclusions 3.3. Sample Analysis The preanodized SPCE was applied to the measurement of kojic acid in commercially available cosmetic bleaching products and typical results are shown in Figure 6. The accuracy of the method was determined by its recovery during spiked experiments. Two commercial cosmetic products, which contain kojic acid, were spiked with kojic acid standard solution at a concentration of 20,



This study has demonstrated that the preanodized SPCE can be applied to the detection of kojic acid in cosmetic products with excellent sensitivity and selectivity by SWV. The preanodized SPCE is very easy to construct, and hence mass production is feasible. Because of its stability, precision, and low cost, the preanodized SPCE is convenient for routine analysis of kojic acid in commercially available cosmetic products.



Fig. 6. Typical SW voltammetry responses for the determination of kojic acid in A) bleaching cream and B) bleaching solution without (1) and with (2 ±6, 20 mMyspike) addition of kojic acid. Electroanalysis 1999, 11, No. 4
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