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Abstract

An O/W (oil in water) emulsion, wheat germ oil raw material, was produced by using natural wheat germ oil and composite
sugar-ester. The effects of variables such as the hydrophile-lipophile balance (HLB) value, added emulsifier amount, and emul-
sification time on the average particle size, emulsification viscosity and ESI of O/W wheat germ oil emulsion were
investigated. The parameters of the emulsification process produced by the central composite design model of the response
surface methodology (CCD-RSM), which is a reaction surface analysis method, were simulated and optimized. The optimum
process conditions obtained from this paper for the production of O/W wheat germ oil emulsion were 8.4, 6.4 wt%, 25.4
min for the HLB value, amount of emulsifier, and emulsion time, respectively. The predicted reaction values by CCD-RSM
model under the optimum conditions were 206 nm, 8125 cP, and 98.2% for mean droplet size (MDS), viscosity, and ESI,
respectively, based on the emulsion after 7 days. The MDS, viscosity and ESI of the emulsion obtained from actual experi-
ments were 209 nm, 7974 cP and 98.7%, respectively. Therefore, it was possible to design an optimization process for evalu-
ating the stability of the emulsion of wheat germ oil raw material by CCD-RSM.
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Table 1. Basic Experimental Setup of Response Surface Methodology
Emulsification Condition Experimental Data
No. HLB[_;/alue Emulsifier [wt%] E;llllz ﬁ? Viizgiity ][iz
1 8.0 6.0 25.0 215 7884 97.4
2 6.0 5.0 30.0 283 5728 84.2
3 8.0 7.7 25.0 239 7582 96.1
4 6.0 5.0 20.0 312 4496 83.5
5 8.0 6.0 25.0 206 7882 97.5
6 8.0 43 25.0 253 5877 85.8
7 10.0 7.0 20.0 277 6926 93.1
8 114 6.0 25.0 269 7279 84.1
9 8.0 6.0 3341 228 6440 94.6
10 8.0 6.0 25.0 206 7881 97.4
11 8.0 6.0 25.0 220 7879 97.2
12 8.0 6.0 25.0 206 8120 97.0
13 10.0 5.0 30.0 265 6957 89.7
14 8.0 6.0 16.6 253 5932 95.1
15 4.6 6.0 25.0 329 4717 78.6
16 10.0 5.0 20.0 275 6744 87.2
17 6.0 7.0 20.0 272 5579 912
18 6.0 7.0 30.0 261 6818 88.9
19 8.0 6.0 25.0 207 7678 97.9
20 10.0 7.0 30.0 215 7558 92.1
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Figure 1. 3D surface and contour graph of MDS according to various
variables.
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Figure 2. Probability plot of the MDS of the emulsion.
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Table 2. Various Analysis of Regression Coefficients and Equation of the MDS, Viscosity and ESI

MDS Viscosity ESI
Source
F-Value P-Value F-Value P-Value F-Value P-Value
Model 18.51 < 0.0001 50.19 < 0.0001 485.50 < 0.0001
T, 19.78 0.001 145.34 0.00 271.36 0.00
Ty 9.10 0.013 50.57 0.00 707.37 0.00
Zy 12.10 0.006 25.93 0.00 0.43 0.525
T1Ty 0.17 0.688 4.92 0.051 14.04 0.004
T Ty 0.89 0.367 6.73 0.027 8.03 0.018
Tyl 1.01 0.339 0.46 0.512 35.29 0.00
azf 106.21 0.00 119.44 0.00 3056.24 0.00
z2 19.08 0.001 42.23 0.00 482.96 0.00
2
azg 14.08 0.004 95.85 0.00 71.32 0.00
Lack of fit 6.89 0.027 4.01 0.077 225 0.197
. = A elsl EAmMaolat HLB 3k Sabdel F7hek fakA)
= s | =5 7rul eAw fatele] Amel disl CCDRSME ARk
- == Figure 3& 7} Sgdo] 2 whex)Q) f3lo) Hre] wheuwn
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Fae] At Sk Akt fotele] At A, fat)
£ e - =

1000

ation time [min]
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Emulification time [min]

Figure 3. 3D surface and contour graph of viscosity according to
various variables.
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Figure 4. Probability plot of the viscosity of the emulsion.
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Figure 5. 3D surface and contour graph of ESI according to various
variables.
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Figure 6. Probability plot of the ESI of the emulsion.
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