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Abstract

In this study, an optimization for the production of water emulsion was designed by adding an extract of wheat sprout, which
is known to contain a large amount of antioxidants. The central composite design of reaction surface analysis method (CCD-RSM)
was used for the optimization process. The amount of emulsifier, emulsification time, and added amount of wheat sprout extract
were selected as independent variables based on our preliminary experiments. The mean droplet size (MDS), viscosity, and emul-
sion stability index (ESI) were set as the responses to evaluate the stability of the emulsion. For each independent variable, the
P-value and coefficient of determination were evaluated to verify the reliability of the experiments. From the result of CCD-RSM,
optimum conditions for the emulsification were determined as 23.6 min, 7.7 wt.%, and 3.9 wt.% for the emulsification time,
amount of emulsifier, and amount of sprout, respectively. From the optimized condition obtained, MDS, viscosity, and ESI after
7 days from reaction were estimated as 252.3 nm, 616.7 cP, and 88.7%, respectively. The overall satisfaction was 0.9137, which
supported the validity of the experiments, and the error rate was measured at 0.5% or less by advancing the experiments.
Therefore, an optimized process for producing an emulsion by adding the malt extract was designed by the CCD-RSM.
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Table 1. Response Surface Methodology of Four Variables and Corresponding Response Values

Experimental factors levels

Response values

Emulsifier [wt.%)] Time [min] Extract [wt.%)] MDS [nm] Viscosity [cP] ESI [%)]
1 7.0 16.6 3.5 364 480 78.9
2 8.7 25.0 3.5 317 538 82.7
3 8.0 20.0 3.0 343 524 82.3
4 7.0 25.0 3.5 274 583 87.2
5 7.0 334 3.5 343 500 80.6
6 8.0 20.0 4.0 236 644 89.4
7 6.0 20.0 4.0 345 512 80.4
8 7.0 25.0 43 309 542 83.9
9 8.0 30.0 4.0 292 563 85.2
10 7.0 25.0 3.5 274 596 87.4
11 7.0 25.0 2.7 338 513 81.2
12 8.0 30.0 3.0 271 573 87.0
13 5.3 25.0 3.5 397 424 76.3
14 7.0 25.0 3.5 277 603 86.2
15 7.0 25.0 3.5 272 591 87.3
16 7.0 25.0 3.5 268 590 87.1
17 6.0 20.0 3.0 414 443 75.6
18 6.0 30.0 4.0 438 435 75.1
19 7.0 25.0 3.5 284 588 87.5
20 6.0 30.0 3.0 433 425 73.1
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Figure 1. Contour graph of MDS, viscosity, and ESI according to various variables using CCD-RSM.
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Figure 2. Scatter plot of MDS, viscosity, and ESI of wheat sprout extracts added O/W emulsion.
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Figure 3. Optimization graph of response surface for MDS, viscosity and ESI.
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