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The Stability of Ascorbic Acid with Propylene Glycol, Butylene Glycol and Ethoxydiglycol in

Aqueous Solution: An Application in Skin Care Formulation
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ABSTRACT

Ascorbic acid (vitamin C) is a water-soluble compound and extensively used as an active
ingredient in many cosmetic products. The several benefits of ascorbic acid on the skin are the
contributions to collagen synthesis, depigmentation and antioxidant activity. However, ascorbic acid
is very unstable in an aqueous solution. It is usually oxidized in cosmetic formulation containing
water as a solvent. Therefore, the control of instability of ascorbic acid poses a significant challenge
in the development of cosmetic product formulations. In this study, the stability of ascorbic acid in
aqueous solution with propylene glycol, butylene glycol and ethoxydiglycol was investigated under
different pH conditions (pH 3.0, 4.0 and 5.0) for a period of 90 days. The apparent first-order rate
constants (k,,s) for the degradation of ascorbic acid in the aqueous solution were determined. The
study indicated that the degradation rate of ascorbic acid was higher in accord with the increase in
pH. In addition, the propylene glycol was found decreasing the degradation rate of ascorbic acid in
the aqueous solution. These results play an important role in the cosmetic industry for improving the

stability of skin care formulas containing ascorbic acid.

Keywords: Ascorbic acid, Vitamin C, Stability, pH, Propylene glycol, Ethoxydiglycol, Butylene glycol.
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Figure 1 Degradation pathways of L-ascorbic acid in aqueous solution (modified from (Lee, Kim, et al.,

2004)
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Figure 2 Chemical structure of (a) ethoxydiglycol, (b) propylene glycol, (c) butylene glycol
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Table 1 Composition of aqueous formulations containing 15.0% ascorbic acid

Ingredients (% w/w)

Formulation

NO. pH DI- L-ascorbic Ethoxydiglycol Propylene Butylene 5.0 M NaOH
water acid glycol glycol (aq)
1a 3.0 83.33 15.0 - - - 1.70
1b 4.0 76.60 15.0 - - - 8.30
1c 5.0 68.33 15.0 - - - 16.70
2a 3.0 78.33 15.0 5.0 - - 1.70
2b 4.0 71.70 15.0 5.0 - - 8.30
2c 5.0 63.33 15.0 5.0 - - 16.70
3a 3.0 78.67 15.0 - 5.0 - 1.33
3b 4.0 75.00 15.0 - 5.0 - 5.00
3c 5.0 65.00 15.0 - 5.0 - 15.00
4a 3.0 78.33 15.0 - - 5.0 1.67
4b 4.0 73.33 15.0 - - 5.0 6.70
4c 5.0 63.33 15.0 - - 5.0 16.70
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Figure 3 Change in retention rate of ascorbic acid with time in aqueous solution for formulation (a) 1a—

1c¢ (b) 2a—2c (c) 3a—3c (d) 4a—4c
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Table 2 Apparent first-order rate constants (k) for the degradation of ascorbic acid and retention rate

(r) of ascorbic acid after 90 days in aqueous solutions in dark at pH 3.0-5.0°

Formulation NO. pH Ingredients k. (day™)” r(%)°
1a 3.0 0.0059 68.3
1b 4.0 0.0083 55.2
1c 5.0 0.0097 50.3
2a 3.0 5.0% ethoxydiglycol 0.0048 751
2b 4.0 5.0% ethoxydiglycol 0.0062 63.4
2c 5.0 5.0% ethoxydiglycol 0.0083 54.6
3a 3.0 5.0% propylene glycol 0.0047 76.8
3b 4.0 5.0% propylene glycol 0.0069 63.5
3c 5.0 5.0% propylene glycol 0.0073 61.4
4a 3.0 5.0% butylene glycol 0.0051 741
4b 4.0 5.0% butylene glycol 0.0081 59.6
4c 5.0 5.0% butylene glycol 0.0137 39.0

Note: 2 All aqueous formulations were stored in a dark cupboard at 30.0£2.0 °C for a period of 3 months. The samples

were analyzed periodically for the content of ascorbic acid by using iodimetric method.

®The apparent first-order rate constants (k,,s) were determined from the plots of log concentration Vs. time.

¢ Retention rate of ascorbic acid after 90 days.
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