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Abstract
In this study, emulsification process were conducted to manufacture the natural sunscreen from raw materials such as shea
butter, olive emulsifier wax, and green tea extract. The emulsification was optimized by using the central composite design
model-response surface methodology (CCD-RSM) where the response values were established as the mean droplet size (MDS)
and emulsion stability index (ESI) after 7 days in addition to UV absorbance at 300nm. The amount of emulsifier and addi-
tives and emulsification time were established as operating variables and the optimal conditions of sunscreen emulsification
were accepted as 3.70, 2.47 wt.%, and 15.42 min, respectively according to the result of CCD-RSM. On the other hand,
the response values were estimated as 1173.80 nm and 99.56% for MDS and ESI, respectively, after 7 days, in addition to
UV absorbance at 300 nm (2.47). The average error from actual experiments was a low level as about 3.0 + 1.5%, which is
mainly due to the fact that the optimization using CCD-RSM applied in this study was in the relatively high significant level.
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Table 1. Response Surface Methodology of Two Variables and Corresponding Response Values

Emulsification Condition

Experimental data

Ne- Surfactant[wt.%] Additive[wt.%] Emulsification time[min] MDS[nm] ESI[%)] UV Absorbance[-]
1 3.50 2.50 15.00 1160 99.4 2.567

2 2.66 2.50 15.00 1460 94.0 2.042

3 4.00 2.00 20.00 1468 922 2.035

4 4.00 3.00 10.00 1542 88.1 1.962

5 3.00 2.00 20.00 1768 83.2 1.537

6 3.50 2.50 15.00 1176 99.1 2.567

7 3.50 2.50 23.41 1312 97.6 2.187

8 3.50 2.50 6.59 1433 95.7 2.147

9 3.50 3.34 15.00 1433 95.2 2.074

10 3.50 1.66 15.00 1376 96.8 2.187

11 4.00 3.00 20.00 1511 88.4 1.965

12 4.00 2.00 10.00 1511 91.2 2.027

13 3.00 2.00 10.00 1799 80.5 1.433

14 3.00 3.00 10.00 1678 83.2 1.837

15 3.50 2.50 15.00 1228 98.1 2.301

16 3.00 3.00 20.00 1606 88.1 1.891

17 3.50 2.50 15.00 1189 98.8 2.396

18 3.50 2.50 15.00 1204 98.7 2.396

19 3.50 2.50 15.00 1223 98.5 2.374

20 4.34 2.50 15.00 1300 97.6 2.289

SISIT). st SHAPTE 270 o A 7 SRS (e dEs 2 53419 H71H3.68 wt.%), HAFEEE H71H2.49 wt.%),
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Table 2. CCD-RSM Variance Analysis of Regression Coefficients of the MDS, ESI, and UV Absorbance

Source MDS ESI UV Absorbance (at 300 nm)

F-value P-value F-value P-value F-value P-value

Module 566,518 62,946 1.59 0.240 3.42 0.034
X 86,691 86,691 247 0.147 5.11 0.047
X, 937 937 0.01 0.921 0.33 0.579
X 10,601 10,601 0.38 0.553 0.1 0.761
X} 173,799 173,799 4.49 0.060 8.66 0.015
X3 202,298 202,298 4.28 0.065 10.07 0.01
X2 165,507 165,507 3.63 0.086 8.61 0.015
X X, 15,931 15,931 0.93 0.359 2.39 0.153
XXy 105 105 0.17 0.685 0.06 0.804
X, X 105 105 0.01 0.923 0.01 0.926
Lack of fit 162,316 32,463 273.93 <0.0001 6.01 0.036

R 7735 58.88 75.50

0E gy @

Amount of Additive [wt.%]
Amount of Additive [wt.%

Emulsification Time [min]
Emulsification Time [min]

Emulsification Time [min]
Emulsification Time [min]

24

Amount of Additive [wt.%] Amount of Additive [wt.%]

Figure 1. 3D surface and contour graph of MDS after 7 days accor- Figure 2. 3D surface and contour graph of ESI after 7 days according
ding to various variables. to various variables.

wt.%), SAFEE H7FH2.3~2.7 wt.%), F-3H117K14~17 min) & 3} 3kl el ESINkS- et H A 212 F3AIY H71RK3.71 wt.%),
9 274 sl AF oz % ESIE 4™, CCD-RSM #4 4 E2EEE A7F2.42 wt%) 1E]3 §-3A7H15.42 min) 0.2 4k
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Figure 3. 3D surface and contour graph of UV absorbance according
to various variables.
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Figure 4. Optimization graph of response surface for MDS, ESI and UV Absorbance.
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