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Synopsis

3-O-ethyl ascorbic acid may be a good whitening ingredient in cosmetics. However, before it can be successfully
used in cosmetics, its biofunctionality and stability need to be comprehensively investigated. The reduction and
2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging ability of this compound were analyzed to assess 
its antioxidant potential. In addition, the tyrosinase inhibitory ability was analyzed to show the whitening
capacity of 3-O-ethyl ascorbic acid. Response surface methodology (RSM) was used to determine the optimal
conditions for the ascorbic acid derivative in cosmetics. Based on the DPPH radical scavenging ability results,
the half-inhibitory concentration (IC50) value of 3-O-ethyl ascorbic acid was 0.032 g/L. It also showed a good
reducing ability at 1.5 g/L concentration. Based on the tyrosinase inhibition analysis, the IC50 value was 7.5 g/L.
The optimal conditions to achieve the best stability were determined from the RSM as 36.3°C and pH 5.46.

INTRODUCTION

Ascorbic acid is known as a good whitening ingredient in cosmetics (1). It has also been 
used to protect the skin from damage caused by ultra violet (UV) rays (2,3). However, the 
degradation of ascorbic acid reduces the biofunctionality of cosmetics containing it. 
Therefore, a more stable derivative such as 3-O-ethyl ascorbic acid would be preferred. 
The chemical structures of these compounds are shown in Figure 1. Although a resonance 
structure is formed between two hydroxyl groups at the ortho position of ascorbic acid, 
ascorbic acid is a relatively unstable compound. It can be easily oxidized when oxygen is 
present. Because the ethyl group prevents 3-O-ethyl ascorbic acid from being oxidized, 
3-O-ethyl ascorbic acid is more stable than ascorbic acid (4,5).

Because of their free radical scavenging ability, ascorbic acid and its derivatives are known 
as good antioxidants (6). In addition, Yen et al. reported that ascorbic acid has a powerful 
reducing ability (7). Because 3-O-ethyl ascorbic acid is proposed for use in cosmetics, its 
antioxidant ability has been evaluated in this study.
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Tyrosinase catalyzes the oxidation of L-tyrosine to 3,4-dihydroxyphenylalanine (DOPA), 
which can in turn transform into DOPAchrome (8). These catalyzed reactions result in 
the formation of melanin, which is responsible for skin pigmentation (9). The inhibitory 
activity of tyrosinase (EC 1.14.18.1) has been extensively studied (10-13). 3-O-ethyl 
ascorbic acid successfully inhibits the synthesis of melanin; however, its high water solu-
bility hampers its permeation across the skin. In addition, the instability of this water-
soluble compound leads to complications for formulation chemists (14).

Before 3-O-ethyl ascorbic acid can be successfully used in cosmetics, its stability needs 
to be comprehensively investigated. Storage temperature and pH are two factors that 
generally affect the stability of active ingredients in cosmetics. Changes in these two fac-
tors may cause the degradation of ingredients. Thus, optimal conditions need to be deter-
mined when using 3-O-ethyl ascorbic acid in cosmetics. In this study, response surface 
methodology (RSM) was used to study the stability of 3-O-ethyl ascorbic. RSM is a good 
technique to determine the optimal conditions for many applications. Huang et al. suc-
cessfully used RSM models to obtain the optimal conditions for using ascorbic acid 
2-glucoside, which is also used in cosmetics (15). Central composite design was used to 
establish a second-order RSM model to predict the stability of 3-O-ethyl ascorbic acid. 
The second-order regression model (equation 1) included linear, quadratic, and interac-
tive components.

 
2

0
=1 =1 =1 <

= + + + + ,
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Y X X X X  (1 )

where Y is the response value; Xi and Xj are the input variables; β0 is the intercept; βi is 
the linear coeffi cients; βii is the square coeffi cients; βij is the interaction coeffi cients; and 
ε is an error term.

This study aims to assess the antioxidant and reducing abilities of 3-O-ethyl ascorbic 
acid. The DPPH free radical scavenging ability, which is commonly used to represent the 
antioxidant ability, was evaluated. The tyrosinase inhibitory activity of 3-O-ethyl ascorbic 
acid was also investigated. The stability of this compound was studied using RSM. The 
optimal conditions to retain the best stability were determined.

F igure 1. Chemical structures of (A) ascorbic acid and (B) 3-O-ethyl ascorbic acid.
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MATERIALS AND METHODS

3-O-ethyl ascorbic acid was purchased from Cosmol (Gyeonggi-do, Korea). Citric acid was 
purchased from Nihon Shiyaku Reagent (Osaka, Japan). Methanol (High performance liq-
uid chromatography (HPLC) grade) was purchased from Mallinckrodt (St. Louis, MO). 
Phosphoric acid (HPLC grade) was purchased from Wako Pure Chemical (Osaka, Japan). 
Methylparaben was purchased from Ueno (Hyogo, Japan). 2,2-Diphenyl-1-picrylhydrazyl, 
ascorbic acid, sodium phosphate monobasic, sodium phosphate dibasic anhydrous, butyl-
ated hydroxyanisole (BHA), and mushroom tyrosinase were purchased from Sigma-Aldrich 
(St. Louis, MO). Potassium ferricyanide (K3Fe(CN)6), iron (III) chloride (FeCl3), and 
trichloroacetic acid (TCA) were purchased from Merck (Darmstadt, Germany). L-3,4-
dihydroxyphenylalanine (L-DOPA) and kojic acid were purchased from Acros (Morris, NJ).

DPPH FREE RADICAL SCAVENGING ABILITY

The analytical method was based on the reports by Singh and Rajini and Chan et al. (16,17). 
The 3-O-ethyl ascorbic acid solution sample (50 µL) was mixed with 50 µL of 160 µM 
DPPH in ethanol. The mixture was kept in a dark room at 25°C for 30 min. The absorbance 
of the mixture was measured at 517 nm wavelength using an enzyme-linked immuno-
sorbent assay (ELISA) reader (TECANR, Grödig, Austria). Each measurement was per-
formed at least twice. The radical scavenging activity was calculated as follows:

 
 

Sample

Blank

DPPH radical scavenging activity (%)= 1– ×100% ,
A

  
A

 (2)

where AS ample and ABlank represented the absorbance of the sample and blank solutions, 
respectively. A low measured absorbance represented a strong DPPH radical scavenging 
activity.

The antioxidant ability of 3-O-ethyl ascorbic acid was further analyzed based on the ki-
netic model provided by Lai et al. (18). A fi rst-order model was used to show the relation 
between the antioxidant ability and 3-O-ethyl ascorbic acid concentration.

 *d
= – – ,

d
A

A
k A

C  
(3)

 
– ln(1– ) = ,AX kC  (4)

wher e A is  the antioxidant ability of the sample, A* is the maximum antioxidant ability 
of the sample, XA = A/A*, C is the 3-O-ethyl ascorbic acid concentration, and k is the 
rate constant. Equation 4 was used to generate a linear plot. The slope of the line corre-
sponded to the rate constant.

REDUCING ABILITY ANALYSIS

The reducing ability of the samples was measured following the method described by Lee 
et al. (19). Samples of the 3-O-ethyl ascorbic acid solution (100 µL each) were placed into 
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vials. Each vial was added with 100 µL of 1% (w/v) K3Fe(CN)6 and 100 µL of 2 mM 
phosphate buffer (pH 6.6). These mixtures were placed in a water bath at 50°C for 
20 min. After the temperature dropped to 25°C, 100 µL of the 10% (w/v) TCA solution 
was added to each vial. The mixtures were centrifuged at 3,000 rpm for 2 min. Then, 100 µL 
of the supernatant was transferred to a 96-well plate. Each well contained 100 µL of dis-
tilled water and 20 µL of the 0.1% (w/v) FeCl3 solution. The absorbance was measured 
using the ELISA reader at 700 nm wavelength. A BHA solution was used as the internal 
standard. Each measurement was performed at least twice.

TYROSINASE INHIBITORY ABILITY ANALYSIS

Twenty microliter of 3-O-ethyl ascorbic acid (1.5, 6.0, 10.0, 16.0, and 20.0 g/L) was 
placed in a 96-well plate. Then, 40 µL of a tyrosinase solution (12 U/mL) and 0.1 mM of 
L-DOPA solution (dissolved in a sodium phosphate buffer at pH 6.8) were added. The 
mixed solutions were kept at 25°C for 25 min. The absorbance was measured at 475 nm 
wavelength using the ELISA reader (20). Kojic acid was used as the internal standard. 
The tyrosinase inhibitory rate (%) was calculated from equation 5:

 
sample

control

OD
The inhibition rate (%) = 1– ×100%

OD  (5)

The absorbance of the  sample (ODsample) and control (ODcontrol) was measured at 475 nm 
wavelength. The IC50 value was determined from a dose–response curve in which 50% of 
the target activity was lost.

STABILITY ANALYSIS

The stability study was based on the RSM experimental design. The concentration of the 
3-O-ethyl ascorbic acid solutions was 3 g/100 mL. These prepared solutions were kept in 
an incubator. After 24-h incubation, the residual amount of 3-O-ethyl ascorbic acid was 
measured using HPLC. Methylparaben was the internal standard. The ingredient mobile 
phase including 0.25% (v/v) phosphoric acid and methanol was designed based on the 
method reported by Kang et al. and Nandhasri and Suksangpleng with slight modifi ca-
tions (21,22). The wavelength was set at 254 nm. The fl ow rate was 0.8 mL/min and the 
injection volume was 10 µL.

STATISTICAL ANALYSIS

The statistical evaluation was performed using analysis of variance (ANOVA) and regression 
calculations with STATISTICAR (version 7.0, StatSoft, Inc., Tulsa, OK). All data are pre-
sented as mean ± standard deviation (SD). A difference was considered to be statistically 
signifi cant when the p value was less than 0.05 ( p < 0.05). The signifi cance of the regression 
coeffi cients as associated probabilities was also evaluated. Regression coeffi cients were used to 
generate a mathematical model to predict the system responses. A 3-D mesh plot and a 
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contour map were drawn to point out the main effects of temperature and pH on 3-O-
ethyl ascorbic acid.

RESULTS AND DISCUSSION

DPPH FREE RADICAL SCAVENGING ABILITY

Figure 2A shows the DPPH radical scavenging ability. When the concentration was 0.04 g/L, 
the DPPH radical scavenging ability of ascorbic acid and 3-O-ethyl ascorbic acid was 
82.91% and 55.52%, respectively. Ascorbic acid had better radical scavenging ability 

Fi gure 2. (A) DPPH radical scavenging ability. (B) First-order kinetic model (black fi lled circle: ascorbic 
acid; white fi lled circle: 3-O-ethyl ascorbic acid).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE238

because it has more hydroxyl groups on the ring structure. However, when oxygen was 
presented, ascorbic acid easily degraded and resulted in a reduced biological ability. The 
ethyl group in the 3-O-ethyl ascorbic acid prevented it from being oxidized. Because of 
its better stability, this ascorbic acid derivative may be an ideal cosmetic ingredient.

Based on equation 4, linear equations were achieved from the regression of −ln(1 − XA) 
plots (Figure 2B). The slope of the linear regressions represents the reaction rate con-
stant (k). For ascorbic acid and 3-O-ethyl ascorbic acid, the k values were 59.70 and 
30.03 L/g, respectively. The half-inhibitory concentration (IC50) was calculated from 
equation 4. The IC50 values were 0.014 and 0.032 g/L for ascorbic acid and 3-O-ethyl 
ascorbic acid, respectively. A higher k value represented a better DPPH radical scaveng-
ing ability. Although the radical scavenging ability of the derivative was lower than that 
of ascorbic acid, 3-O-ethyl ascorbic acid was still a good antioxidant and could be used 
in cosmetics.

REDUCING ABILITY ANALYSIS

The ability of chemical compounds to provide electrons was indicated as the reducing 
ability. In this study, a higher absorbance measured at 700 nm wavelength represented a 
stronger reducing ability. Figure 3 shows the reducing ability of 3-O-ethyl ascorbic acid 
and BHA. Because BHA is a good electron donor and has the ability to reduce free radi-
cals, it is often used as a standard for this analysis. As seen in Figure 3, when the concen-
tration was higher than 1.5 g/L, the reducing ability reached a plateau. On the other 
hand, when the concentration was lower than 0.75 g/L, there was no signifi cant difference 
between 3-O-ethyl ascorbic acid and BHA. Although the reducing ability of the ascorbic 

Fig ure 3. Reducing ability analysis of 3-O-ethyl ascorbic acid and BHA (black fi lled circle: BHA; white 
fi lled circle: 3-O-ethyl ascorbic acid; black fi lled triangle: ascorbic acid).
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acid derivative was lower than that of the standard, 3-O-ethyl ascorbic acid still had good 
reducing ability.

TYROSINASE INHIBITORY ABILITY ANALYSIS

Tyrosinase catalyzes the formation of DOPAchrome from tyrosine. The product was de-
tected at 475 nm wavelength. In this study, the tyrosinase inhibition rate when using a 
20.0 g/L 3-O-ethyl ascorbic acid solution was 88.63%. The inhibition rate was also ana-
lyzed for 16.0, 10.0, 6.0, and 1.5 g/L solutions. The results are plotted in Figure 4. The 
linear regression was used to calculate the IC50 value (7.5 g/L) of 3-O-ethyl ascorbic acid. 
The IC50 value of kojic acid was 0.04 g/L (data are not shown). Kojic acid inhibits the 
ability of tyrosinase by chelating the copper ion, which is a cofactor of the enzyme (23). 
This compound has been widely used in Asia as a skin-lightening agent (24). Although 
kojic acid had a lower IC50 value, it has safety issues, which have been discussed in the 
past (25). Because 3-O-ethyl ascorbic acid was a stable and effective component, it could 
be safely used in most cosmetics.

STABILITY ANALYSIS

3-O-ethyl ascorbic acid solutions (3 g/100 mL) were kept in an incubator under specifi c 
temperature and pH for 24 h before running the HPLC analysis. The entire experimen-
tal design based on the RSM is shown in Table I. Two independent factors, including 

Figu re 4. Inhibition rate of tyrosinase activity using 3-O-ethyl ascorbic acid.
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temperature and pH, were involved in the RSM regression model. The response value was 
the peak area ratio of 3-O-ethyl ascorbic acid and methylparaben. Based on preliminary 
studies, the central point was set to 45°C and pH 6.00. After running the regression analy-
sis, the coeffi cients of the second-order regression model were determined and substituted 
in equation 1.

 
2 2

1 1 2 2 1 2= –3.8093+0.1063 – 0.0004 +1.8378 – 0.1222 +0.0139Y X X X X X X  (6)

This regression RSM model (R2  = 0.822) was used to predict the system’s response. Table II 
shows the ANOVA results of independent factors from the 3-O-ethyl ascorbic acid stabil-
ity study. The p values and regression coeffi cients of the model are shown in Table III. 
Because the linear term of pH was a signifi cant factor (p < 0.05), the peak area ratio was 
signifi cantly affected by changes in the pH. Thus, 3-O-ethyl ascorbic acid was very sensitive 
to pH. However, temperature and pH were both included when running the regression 
analysis. Because the analysis included nonsignifi cant terms, the regression results might 
be affected by these nonsignifi cant terms and resulted in a reduction of R2 value. Figure 5 

Table II
Analysis of Variance for the Overall Effect of Factors on 3-O-Ethyl Ascorbic Acid Stability 

(X1: Temperature, °C; and X2: pH)

SS df MS F p value

X1 (linear) 0.3984 1 0.3984 3.1981 0.1482
X1 (quadratic) 0.0408 1 0.0408 0.3273 0.5978
X2 (linear) 1.1618 1 1.1618 9.3266 0.0379*
X2 (quadratic) 0.3454 1 0.3454 2.7730 0.1712
X1 × X2 (interactive) 0.3913 1 0.3913 3.1409 0.1510
Error 0.4983 4 0.1246
Total SS 2.7981 9

*Signifi cant at p � 0.05.

Table I
Experimental Design and Observed Response Values (Area/IS) with Two Independent Factors, 

X1 (Temperature, °C) and X2 (pH)

Run no.

X1 X2 Response values

Temperature pH Area/IS

1 45.0 (0)a 8.12 (+1.414) 2.176 ± 0.018
2 60.0 (+1) 7.50 (+1) 1.297 ± 0.009
3 66.2 (+1.414) 6.00 (0) 2.887 ± 0.036
4 60.0 (+1) 4.50 (−1) 2.891 ± 0.005
5 45.0 (0) 3.88 (−1.414) 2.962 ± 0.053
6 30.0 (−1) 4.50 (−1) 3.097 ± 0.005
7 23.8 (−1.414) 6.00 (0) 2.973 ± 0.024
8 30.0 (−1) 7.50 (+1) 2.754 ± 0.021
9 45.0 (0) 6.00 (0) 3.021 ± 0.013

10 45.0 (0) 6.00 (0) 2.977 ± 0.030

 a(−1.414), (−1), (0), (+1), and (+1.414) are coded symbols for levels of independent factors.
Response values are means of three replicates (means ± SD), and they represent the area ratio of 3-O-ethyl 
ascorbic acid and methylparaben (internal standard, IS).
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shows the 3-D mesh plot of the RSM model. The surface curve of the fi gure represented 
the HPLC peak area ratio of 3-O-ethyl ascorbic acid and methylparaben. A larger peak 
area ratio indicated that more 3-O-ethyl ascorbic acid was detected. The highest calcu-
lated point of the surface curve in Figure 5 was 3.133, which occurred at 36.3°C and pH 
5.46. When cosmetics were stored at the optimal conditions, 3-O-ethyl ascorbic acid had 
the best stability. Because this compound was very sensitive to changes in pH, buffers 
would be required for cosmetics to maintain the optimal pH (5.46). On the other hand, 
the stability of 3-O-ethyl ascorbic acid was not signifi cantly affected by temperature. 
These results would be useful for cosmetic manufacturers who could use 3-O-ethyl ascor-
bic acid in their products.

CONCLUSIONS

Based on the reducing and DPPH radical scavenging ability analysis results, 3-O-ethyl 
ascorbic acid is a good antioxidant. Moreover, this compound inhibited the activity of 
tyrosinase to prevent the formation of melanin. Therefore, it could be used in cosmetics 

Figur e 5. Response surface plot showing the effect of temperature (°C) and pH on the stability of 3-O-ethyl 
ascorbic acid.

Table III
Regression Coeffi cients of the 3-O-Ethyl Ascorbic Acid Stability RSM Model

Regression coeffi cient Estimate

Intercept, β0 −3.8093
β1 0.1063
β11 −0.0004
β2 1.8378
β22 −0.1222
β12 0.0139
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as a whitening ingredient. The optimal conditions to retain the best stability were suc-
cessfully determined using a RSM regression model. Because changes in pH signifi cantly 
affected the stability of 3-O-ethyl ascorbic acid, buffers would be required to maintain the 
optimal pH (5.46). This ascorbic acid derivative is a stable and effective component that 
could be safely used in most cosmetics.

REFERENCES

 (1) M. Yoshimura, Y. Watanabe, K.  Kasai, J. Yamakoshi, and T. Koga, Inhibitory effect of an ellagic acid-
rich pomegranate extract on tyrosinase activity and ultraviolet-induced pigmentation, Biosci. Biotech. 
Bioch., 69, 2368–2373 (2005).

 (2) P. G. Humbert, M. Haftek, P.  Creidi, C. Lapière, B. Nusgens, A. Richard, D. Schmitt, A. Rougier, and 
H. Zahouani, Topical ascorbic acid on photoaged skin. Clinical, topographical and ultrastructural eval-
uation: double-blind study vs. placebo, Exp. Dermatol., 12, 237–244 (2003).

 (3) J. Y. Lin, M. A. Selim, C. R.  Shea, J. M. Grichnik, M. M. Omar, N. A. Monteiro-Riviere, and S. R. 
Pinnell, UV photoprotection by combination topical antioxidants vitamin C and vitamin E, J. Am. 
Acad. Dermatol., 48, 866–874 (2003).

 (4) Y. Nihro, S. Sogawa, T. Sudo,  T. Miki, H. Matsumoto, and T. Satoh, 3-O-Alkylascorbic acids as free 
radical quenchers. II inhibitory effects on some lipid peroxidation models, Chem. Pharm. Bull., 39, 
1731–1735 (1991).

 (5) J. Hsu, 3-O-Ethyl ascorbic aci d: a stable, vitamin C-derived agent for skin whitening, Cosm & Toil, 128, 
676 (2013).

 (6) N. P. J. Stamford, Stability,  transdermal penetration, and cutaneous effects of ascorbic acid and its de-
rivatives, J. Cosmet. Dermatol., 11, 310–317 (2012).

 (7) G. C. Yen, P. D. Duh, and H. L . Tsai, Antioxidant and pro-oxidant properties of ascorbic acid and gallic 
acid, Food Chem., 79, 307–313 (2002).

 (8) F. Solano, S. Briganti, M. Pic ardo, and G. Ghanem, Hypopigmenting agents: an updated review on 
biological, chemical and clinical aspects, Pigment Cell Res., 19, 550–571 (2006).

 (9) C. Olivares and F. Solano, New  insights into the active site structure and catalytic mechanism of ty-
rosinase and its related proteins, Pigm. Cell Melanoma. R. 22, 750–760 (2009).

 (10) Y. S. Chen, S. M. Lee, C. C.  Lin, C. Y. Liu, M. C. Wu, and W. L. Shi, Kinetic study on the tyrosinase and 
melanin formation inhibitory activities of carthamus yellow isolated from Carthamus tinctorius L, J. 
Biosci. Bioeng., 115, 242–245 (2013).

 (11) L. G. Fenoll, M. J. Penalver,  J. N. Rodriguez-Lopez, R. Varon, F. Garcia-Canovas, and J. Tudela, Ty-
rosinase kinetics: discrimination between two models to explain the oxidation mechanism of monophe-
nol and diphenol substrates, Int. J. Biochem. Cell Biol., 36, 235–246 (2004).

 (12) W. C. Liao, W. H. Wu, P. C. T sai, H. F. Wang, Y. H. Liu, and C. F. Chan, Kinetics of ergothioneine 
inhibition of mushroom tyrosinase. Appl. Biochem. Biotechnol., 166, 259–267 (2012).

 (13) T. Pillaiyar, M. Manickam, an d V. Namasivayam, Skin whitening agents: medicinal chemistry perspec-
tive of tyrosinase inhibitors. J. Enzym. Inhib. Med. Chem., 32, 403–425 (2017).

 (14) N. P. J. Stamford, Stability,  transdermal penetration, and cutaneous effects of ascorbic acid and its de-
rivatives, J. Cosmet. Dermatol., 11, 310–317 (2012).

 (15) W. Y. Huang, P. C. Lee, L. K.  Huang, L. P. Lu, and W. C. Liao, Stability studies of ascorbic acid 
2-glucoside in cosmetic lotion using surface response methodology, Bioorg. Med. Chem. Lett., 23, 1583–
1587 (2013).

 (16) N. Singh and P. S. Rajini, Fr ee radical scavenging activity of an aqueous extract of potato peel, Food 
Chem., 85, 611–616 (2004).

 (17) C. F. Chan, C. Y. Lien, Y. C.  Lai, C. L. Huang, and W. C. Liao, Infl uence of purple sweet potato extracts 
on the UV absorption properties of a cosmetic cream, J. Cosmet. Sci., 61, 333–341 (2010).

 (18) L. S. Lai, S. T. Chou, and W.  W. Chao, Studies on the antioxidative activities of Hsian-tsao (Mesona 
procumbens Hemsl) leaf gum, J. Agric. Food Chem., 49, 963–968 (2001).

 (19) Y. L. Lee, M. T. Yen, and J.  L. Mau, Antioxidant properties of various extracts from, Hypsizigus mar-
moreus, Food Chem., 104, 1–9 (2007).

 (20) I. Kubo, Q. X. Chen, K. I. Ni hei, J. S. Calderon, and C. L. Cespedes, Tyrosinase inhibition kinetics of 
anisic acid, Z. Naturforsch. C, 58, 713–718 (2003).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



ANTIOXIDANT ABILITY AND STABILITY STUDIES OF 3-O-ETHYL ASCORBIC ACID 243

  (21) M. Y. Kang, S. H. Kim, Y. K. Sung, M. Kim, J. C. Kim, and I. Han, Enhanced iontophoretic delivery 
of magnesium ascorbyl 2-phosphate and sodium fl uorescein to hairless and hairy mouse skin, J. Cosmet. 
Dermatol. Sci. Appl., 2, 283–287 (2012).

  (22) P. Nandhasri and S. Suksangpleng, Application of high performance liquid chromatography to determi-
nation of seven water-soluble vitamins in white sauce, J. Sci. Soc. Thail., 12, 111–118 (1986).

  (23) G. Battaini, E. Monzani, L. Casella, L. Santagostini, and R. Pagliarin, Inhibition of the catecholase ac-
tivity of biomimetic dinuclear copper omplexes by kojic acid, J. Biol. Inorg. Chem., 5, 262–268 (2000).

  (24) G. Nohynek, E. Antignac, T. Re, and H. Toutain, Safety assessment of personal care products/cosmetics 
and their ingredients, Toxicol. Appl. Pharmacol., 243, 239–259 (2010).

  (25) C. L. Burnett, W. F. Bergfeld, D. V. Belsito, R. A. Hill, C. D. Klaassen, D. C. Liebler, J. G. Marks, Jr., 
R. C. Shank, T. J. Slaga, P. W. Snyder, and F. A. Andersen, Final report of the safety assessment of kojic 
acid as used in cosmetics, Int. J. Toxicol., 29, 244S–273S (2010).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)


