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Optimization of Supercritical Fluid Extraction of Tocotrienol
from Grape Seed
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Abstract In this study, supercritical carbon dioxide extraction (SFE) was utilized for the extraction of tocotrienol from
grape seeds. The optimal conditions for vitamin E and tocotrienol extraction were determined via response surface methodology
(RSM). Central composite design was utilized to assess the effects of oven temperature (30-50°C, X1), operating pressure
(17-25 MPa, X2), and extraction time (1-5 hr, X3) of supercritical fluid extraction. Vitamin E and tocotrienol contents were
8.65mg/100 g and 7.88 mg/100 g at 40°C, 20 MPa and 5 hr, respectively. The predicted extraction condition was validated
via actual experimentation. The predicted extraction conditions were 40°C, 3.8 hr, and 20.7 MPa. The vitamin E and
tocotrienol contents under these conditions were 8.20mg/100 g and 7.42 mg/100 g, respectively. The vitamin E and
tocotrienol contents of solvent extraction with hexane were 8.18 mg/100 g and 7.24 mg/100 g, respectively.
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Table 1. Values of independent variables and treatment conditions by the central composite experimental design

Coded and real values*

Treatment Vitamin E Tocotrienol
No. X, X, X, (mg/ 100 g) (mg/ 100 g)
1 -2(30) 0(21) 0(3) 5.52+0.13 4.93£0.16
2 -1(35) -1(19) -1(2) 4.63+0.13 4.25+0.24
3 -1(35) -1(19) +1(4) 6.69+0.28 5.95+0.24
4 -1(35) +1(23) -1Q2) 5.42+0.35 4.81+£0.26
5 -1(35) +1(23) +1(4) 7.35+0.22 6.59+0.15
6 0(40) -2(17) 0(3) 5.16+0.04 4.60+0.05
7 0(40) 0(21) 2(1) 2.58+0.07 2.30+0.06
8 0(40) 0(21) 0(3) 7.26+0.15 6.60+0.28
9 0(40) 0(21) 0(3) 7.05+0.16 6.38+0.22
10 0(40) 0(21) +2(5) 8.65+0.21 7.88+0.16
11 0(40) +2(25) 0(3) 5.23+0.33 4.70+£0.28
12 +1(45) -1(19) -1(2) 4.18+0.43 3.74+0.30
13 +1(45) -1(19) +1(4) 5.89+0.39 5.224+0.38
14 +1(45) +1(23) -1Q2) 5.39+0.09 4.77£0.04
15 +1(45) +1(23) +1(4) 7.30+0.06 6.48+0.04
16 +2(50) 0(21) 0(3) 5.28+0.62 4.67+£0.54

*X,: Temperature (°C), X,: Pressure (MPa), X;: Time (hr)
Values are mean+SD of triplicate analyses.
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Fig. 1. Contour plot and response surface curve on the predicted response surface of tocotrienol content as a function of temperature
(°C) and pressure (MPa).
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Fig. 2. Contour plot and response surface curve on the predicted response surface of tocotrienol content as a function of temperature
(°C) and time (hr).
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Fig. 3. Contour plot and response surface curve on the predicted response surface of tocotrienol content as a function of pressure (MPa)
and time (hr).
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Table 2. Comparison between predicted and experimental values at optimum extraction conditions

Variable Vitamin E (mg/100 g) T ienol (mg/100 g)
itamin E (m ocotrienol (m;
X, X, X, £ £
Predicted value 40 207 28 8.20 7.42
Real value ’ ’ 8.42+0.28 7.62+£0.29

Values are mean+SD of triplicate analyses

Table 3. Comparison of vitamin E and tocotrienol content
between solvent extraction and supercritical carbon dioxide
extraction

. Vitamin E Tocotrienol

Extraction methods (mg/100 ) (mg/100 g)
Solvent extraction 8.18+0.30 7.24+0.21
Superecritical fluid extraction 8.65+0.21 7.88+0.16

Values are mean£SD of triplicate analyses
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Table 4. Analysis of variance between vitamin E and tocotrienol contents and independent variables

Vitamin E Tocotrienol
Variables DF
Sum of squares F-value Sum of squares F-value
Temperature, °C 4 10.41 10.53%** 9.70 11.45%%*
Pressure, MPa 4 15.38 15.56%** 13.14 15.51%**
Time, hour 4 80.42 81.37%** 65.66 77.52%**
***Values are significantly different (p<0.001).
Table 5. Coefficients of the quadratic regression model for the determination of total vitamin E and tocotrienol contents
Vitamin E Tocotrienol
Effects DF
Coefficient t-value Coefficient t-value
Intercept 1 7.16 37.74%%* 6.47 36.83%**
X, 1 -0.11 -1.57 —-0.12 -1.78
X, 1 0.26 3.68%** 0.23 3.48%%*
X, 1 1.24 17.21%** 1.12 16.80%**
X, 1 -0.44 —6.12%%%* -0.42 —6.35%%*
X, 1 -0.49 —6.83%** -0.46 —6.91%%*
X 1 -0.39 —5.38%** -0.35 —5.26%**
XX, 1 0.15 1.44 0.14 1.44
XX 1 —-0.04 -0.44 —-0.04 -0.40
XXy 1 0.01 0.08 0.04 0.40
= 0.9075 ?=0.9045

***Values are significantly different (p<0.001).
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