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Abstract
To optimize the emulsion stability and antibacterial activity against Escherichia coli (E. coli) of cosmeceuticals using
Scutellaria baicalensis extracts and olive wax as natural emulsifiers, we conducted a study. The independent variables were
the amounts of Scutellaria baicalensis extracts and olive wax added. The response variables included the emulsion stability
index (ESI) of the cosmeceuticals product and the inhibition diameter against E. coli. Through central composite design-re-
sponse surface methodology (CCD-RSM), we obtained a statistically significant and reliable regression equation within a 95%
confidence interval. By optimizing multiple responses, we determined that the optimal emulsification conditions that satistied
both ESI and E. coli inhibition diameter were 3.7 wt% of Scutellaria baicalensis extracts and 2.7 wt% of olive wax. The
predicted ESI and E. coli inhibition diameter were 97.9% and 9.7 mm, respectively. When actual experiments were conducted
under the optimal conditions, the measured ESI and E. coli inhibition diameter were 95.0% and 9.4 mm, respectively, with

an average error rate of 3.2 £ 0.4%.
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Table 1. CCD-RSM Variance Analysis of Regression Coefficients of
the Various Response Values

ESI E.Coli Inhibition Diameter
Source (%) (mm)
F-value P-value F-value P-value
Module 17.13 0.001 67.33 < 0.0001
Yy 3.25 0.114 232.39 < 0.0001
Yo 54.25 < 0.0001 3.35 0.110
v 6.57 0.037 58.47 < 0.0001
v 22.44 0.002 52.99 < 0.0001
Y1Ys 1.86 0.215 2.14 0.187
Lack of fit 5.49 0.067 1.37 0.373
R 92.44 97.96
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(a) ESI
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(b) E.Coli Inhibition Diameter
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Figure 1. Contour graph of ESI and E.coli Inhibition diameter according to independent variables.
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Figure 2. Scatter plot of in 95% confidence interval of ESI and E.coli Inhibition diameter.
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Figure 3. Multiple optimization graph of response surface for ESI and
E.coli Inhibition diameter.
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Figure 4. E.coli Inhibition diameter of cosmeceuticals containing
Scutellaria baicalensis.
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