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Abstract

In this study, the stability criteria of cosmeceuticals emulsion containing Flos Sophorae Immaturus extracts was established
using the Box-Behnken design model (BBD-RSM). As optimization conditions of the emulsification using the BBD-RSM,
the amount of surfactant and additive, and emulsification time and speed were used as quantitative factors while mean droplet
size (MDS), viscosity and emulsion stability index (ESI) were used as reaction values. According to the result of BBD-RSM,
optimum conditions for the emulsification were as follows; the emulsification time and speed of 17.8 min and 5505 rpm,
respectively and amounts of the emulsifier and additive of 2.28 and 1.05 wt.%, respectively. Under these conditions, the MDS,
viscosity, and ESI after 7 days from the reaction were estimated as 1875.5 nm, 1789.7 cP, and 93.8%, respectively. The
average error value from our actual experiments for verifying the conclusions was below 5%, which is mainly due to the
fact that the BBD-RSM was applied to the optimized cosmeceuticals emulsification.
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Table 1. Four Variables and Corresponding Response Values Using BBD-RSM

Experimental factors levels

Response values

Surfactant [wt.%]  Additive [wt.%] Time [min] Speed [rpm] MDS [nm] Viscosity [cP] ESI [%)]
1 2.50 1.0 17.5 5,000 2,081 1,643 87.3
2 2.25 1.0 15.0 5,000 2,127 1,638 85.6
3 2.00 1.0 15.0 5,500 2,235 1,504 82.1
4 2.25 0.8 17.5 5,000 2,086 1,368 82.7
5 2.25 1.0 17.5 5,500 1,872 1,783 93.0
6 2.25 1.2 17.5 6,000 2,067 1,601 86.2
7 2.25 1.0 17.5 5,500 1,893 1,768 92.1
8 2.25 1.0 20.0 6,000 2,086 1,687 86.2
9 2.25 1.2 15.0 5,500 2,063 1,563 90.3
10 2.50 1.2 17.5 5,500 2,235 1,725 90.0
11 2.25 0.8 15.0 5,500 2,142 1,275 87.1
12 2.25 1.2 17.5 5,000 1,998 1,577 853
13 2.50 1.0 20.0 5,500 2,101 1,672 88.4
14 2.50 1.0 17.5 6,000 2,170 1,707 91.2
15 2.00 1.2 17.5 5,500 2,367 1,548 83.7
16 2.25 1.2 20.0 5,500 2,035 1,596 91.0
17 2.50 1.0 15.0 5,500 2,079 1,647 87.3
18 2.25 1.0 15.0 6,000 2,045 1,669 83.9
19 2.25 1.0 17.5 5,500 1,886 1,759 95.0
20 2.50 0.8 17.5 5,500 2,453 1,469 85.0
21 2.00 1.0 17.5 5,000 2,214 1,643 84.2
22 2.00 1.0 17.5 6,000 2,304 1,652 86.8
23 2.25 1.0 20.0 5,000 2,047 1,675 88.7
24 2.00 1.0 20.0 5,500 2,143 1,621 89.5
25 2.00 0.8 17.5 5,500 2,512 1,399 81.0
26 2.25 0.8 17.5 6,000 2,203 1,483 85.1
27 2.25 0.8 20.0 5,500 2,103 1,347 84.8
Table 2. BBD-RSM Variance Analysis of Regression Coefficients of the MDS, Viscosity and ESI
MDS Viscosity ESI
Source

F-value P-value F-value P-value F-value P-value
Module 5.74 0.002 15.41 0.001 4.11 0.009
X 5.39 0.039 10.26 0.008 5.61 0.035
X, 6.75 0.023 67.18 0.001 13.09 0.004
X, 0.39 0.545 3.80 0.075 1.05 0.326
X, 1.30 0.277 2.71 0.125 221 0.163
X} 53.17 0.000 7.35 0.019 13.74 0.003
X2 25.63 0.000 120.37 0.000 18.57 0.001
X2 1.74 0.212 23.82 0.000 6.39 0.026
X2 4.43 0.057 3.92 0.071 17.38 0.001
X X, 0.20 0.663 1.43 0.254 0.43 0.524
X X, 0.49 0.498 1.06 0.324 2.34 0.152
X X, 0.00 0.995 0.38 0.550 0.10 0.758
X, X 0.00 0.947 0.19 0.670 0.53 0.48
X, X, 0.09 0.774 1.04 0.329 0.13 0.722
X, X, 0.55 0.473 0.05 0.835 1.98 0.184
Lack of fit 69.65 0.014 16.11 0.06 2.11 0.184

R’ 87.01 94.73 82.73
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Figure 1. Contour graph of MDS according to various variables using
BBD-RSM.
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Figure 5. Multiple optimization graphs of MDS, viscosity and ESI using BBD-RSM.
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