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Optimization of the process conditions for the emulsification
of rice bran oil using response surface methodology
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Abstract In this study, the optimization of the manufacturing process for the oil-in-water emulsification of rice bran oil
was performed by response surface methodology (RSM) using varying amounts of the emulsifier (0.05-0.25%), varying
rotation speeds of the homomixer (4,000-8,000 rpm), and varying water to oil ratios (0.8-1.6%) as independent variables,
and the emulsion stability index (ESI) as the dependent variable. The optimization conditions predicted by the RSM model
were 0.2%g of the total amount of the rice bran oil emulsion, emulsified at the homomixer rotation speed of 6,700 rpm
using a water to oil ratio of 1:3. The ESI of the rice bran oil emulsion prepared under the optimized conditions was
95.7%, which was similar to the predicted value of 94.4% obtained by the RSM model. The transmission stability and
the backscattering values were found to agree with each other over time and the turbiscan stability index was less than
0.7, indicating that the aggregation and upper floatation were less while the dispersion stability was maintained.
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Table 1. Independent variables and comparison between actual
and predicted values (ESI)

Independent variables ESI (%)
Run No. X X2 X3 Actual  Predicted
! 2 3 values values
1 0.15 6,000 1.2 83.5 85.0
2 0.15 6,000 1.2 82.5 85.0
3 0.15 6,000 1.2 85.1 85.0
4 0.20 5,000 1.0 68.1 65.8
5 0.20 7,000 1.4 89.5 92.4
6 0.10 5,000 1.0 432 434
7 0.10 7,000 1.4 48.9 54.3
8 0.15 6,000 1.2 88.5 85.0
9 0.10 7,000 1.0 44.1 44.5
10 0.20 5,000 1.4 71.1 73.8
11 0.10 5,000 1.4 45.1 48.3
12 0.20 7,000 1.0 79.5 79.4
13 0.15 6,000 0.8 482 50.7
14 0.25 6,000 1.2 76.0 76.0
15 0.15 6,000 1.2 86.2 85.0
16 0.15 6,000 1.2 87.2 85.0
17 0.15 4,000 1.2 51.2 50.8
18 0.15 8,000 1.2 73.1 70.4
19 0.15 6,000 1.6 74.0 68.5
20 0.05 6,000 1.2 18.5 15.5

DAmounts of emulsifier (%)
f’The rotation speed of homomixer (rpm)
IThe ratio of water to oil amounts
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Fig. 1. Effects of PGE contents (a), the rotation speed of homomixer (b), and the ratio of water to oil contents (c) on emulsion stability

index.
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Table 2. ANOVA for optimization of process conditions for the emulsification of rice bran oil

Source DF" Seq SS? Adj SS? Adj MS? F value p value
Model 9 7639.54 7639.54 848.84 60.62 0.000
Linear 3 4358.14 4358.14 1452.71 103.75 0.000
X, 1 3657.23 3657.23 3657.23 261.2 0.000
X, 1 383.18 383.18 383.18 27.37 0.000
X, 1 317.73 317.73 317.73 22.69 0.001
Quadratic 3 3185.44 3185.44 1061.81 75.84 0.000
X2 1 1579.9 2423.69 2423.69 173.1 0.000
X2 1 589.9 933.48 933.48 66.67 0.000
X 1 1015.64 1015.64 1015.64 72.54 0.000
Cross-product 3 95.96 95.96 31.99 2.28 0.141
X, X, 1 78.75 78.75 78.75 5.62 0.039
XX 1 4.96 4.96 4.96 0.35 0.565
XX, 1 12.25 12.25 12.25 0.87 0.372
Residual 10 140.02 140.02 14.00
Lack of fit 6 118.80 118.80 19.80 3.73 0.112
Pure error 4 21.22 21.22 5.31
"Degree of freedom
ISequential sum of squares
dAdjusted sum of squares
YAdjusted mean of squares
X,: Amounts of emulsifier (%)
X,: The rotation speed of homomixer (rpm)
X;: The ratio of water to oil amounts
Table 3. Regression coefficients of the predicted quadratic 80l7 felE M= &y 3 =A
polynomial model PR FEEL Az SlAE A Sl EF 8 A
Parameter  Estimate Standard p-value VIFY 4, 5 el A, f—’,—i}xﬂﬂ et Wk, wdsE, ddd,
error #HLE 5ol s ojoF dhh(Parkzt Row, 2013). . el A
Intercept 84.99 1.49 0.000 = ARE §ELE S PGEE 3R AAste, f3iA
X, 15.119 0.935 0.000 1.00 A7rER F3HA B4 27 mE g ke Ax HH T
X, 4.894 0.935 0.000 1.00 A 27 =3 & } olg 98 wYd 18 ZRIWS
X, 4.456 0.935 0.001 1.00 olg3le] FATAYAL Y vkedS HAAEla AdkE I B
X’ 9.818 0.746 0.000 1.08 Ao wRy HAstE WFE AUvh 23 FAEAE Tl
X’ -6.093 0.746 0.000 1.08 WS 7He] A3AeS BAstal Wl wE whEX|(ESD) ¥st
X7 -6.356 0.746 0.000 1.08 5 543 321 WESREWH(Fig 2)3 23 S TH Z(Fig. 3)
XX, 3.14 132 0039 100 o 32 AU} Fig. 20 2 3ae 23} A9 f3A T u]
XX, 0.79 1.32 0.565 1.00 8o AT $3A St 2R FALTo FAE el
i XX 1.224 . 1.32 0.372 1.00 W Aoz 8ala|e] dheEe H A 0.15% OO R 3l FRUA
R*=98.20% R* (adj)=96.58% B AEEE 5,000 rpm o FCE AR Al f3REYA0] A 24
DVariance inflation factor 9k Fig. 2b 2 3b= 38 9N HE&es A5y 424 o)
(a) (b) (c)
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gs1 50 e 50 9
25 = 25 16 25 = 16
0 0 9 _
P o 712 % 12 x3
006 g - 4000 006 gy <7 s b 6000 g 7 o8
Emulsifier (%) Speed of homomixer Emulsifier (%) Ratio of water to oil Speed of homomixer Ratio of water to oil

Fig. 2. Response surfaces for the effects of emulsifier amounts, rotation speed of homomixer and, the ratio of water to oil amounts on

ESL
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