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Abstract

The aim of the present study was to examine the effects of different pressure and temperature combinations on the
concentrations of tocols homologues, policosanol, phytosterol, and y-oryzanol in crude rice bran oil (RBO) using
supercritical carbon dioxide (SC-CO,). To effectively separate oily substances from bioactive substances, fatty acid
ethyl esterification was performed by sulfuric acid or the lipase catalytic method. In sulfuric acid esterification, y-
tocotrienol content was decreased by ca. 50%, whereas in lipase esterification, y-tocotrienol content was not
decreased. Therefore, lipase catalytic esterification was performed for the fatty acid alkyl esterification of RBO. The
fractional extraction of RBO ethyl esters was performed using SC-CO, in the condition of 9.62 Mpa, 10.34 MPa,
or 11.03 MPa and 45°C, 50°C, or 55°C. During the fractionation of RBO using SC-CO,, a little tocols content was
extracted with fatty acid ethyl esters, but policosanol and phytosterol were not extracted. Especially, there is a high
correlation (R*=0.9306) between the density of CO, and tocols contents extracted to the fractions. The concentration
rates of tocols and phytosterol were the highest in the condition of 55°C and 9.62 MPa. Therefore, the lower CO,
density applied, the more efficient the concentrations of tocols and phytosterol were in this study.
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< 9% HPLCEZIS R ©]572 n-hexane/iso-propanol
(99:1, v/v), Lichrospher Si 60 column(250x4.6 mm i.d, Merch
co. Germany), 33 HZ7](JASCO FP-1520, Jasco Co.
Japan)2] 298 nm/325 nm(exc/emi) IF-S AR L, &S
I mL/min®| 1t} £+ EZ=Z o-tocopherol, B-tocopherol, y-
tocopherol,  d-tocopherol,  o-tocotrienol,  B-tocotrienol, -

tocotrienol, &-tocotrienolS AFE-3le] FF-EH-S A X3S
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1. CO, Cylinder 6. Liquid pump & compressor 11. Sampling valve
2. Check Valve 7. Pressure guage 12. Electric heater
3. Filter 8. Inlet valve 13. Sample collector
4. Sub-cooler 9. Extractor with heating jacket 14. Flower meter

5. Refrigerated circulator 10. Magnetic heater 15. Flower totalizer

Fig. 1. Diagram of supercritical carbon dioxide extractor.
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Fig. 2. Preparation of fatty acid ethyl ester from rice bran oil
by acid-catalyzed (A) and enzyme-catalyzed ethanolysis (B)
(FAEE : Fatty acid ethyl ester, MAG : Monoacylglyceride,
DAG : Diacylglyceride, TAG : Triacylglyceride).
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Fig. 3. Tocols contents of rice bran oil and rice bran oil fatty
acid ethyl ester after ethanolysis.
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Table 1. Extraction rates of oily substances from rice bran oil
fatty acid ethyl estrs by supercritical CO, under different
pressures and temperatures.

Temp. Pressure  CO, density Extraction rate

()] (MPa) (Kg/L) (oily substances g/100 g CO,)

45 9.62 0.44 0.86£0.09

10.34 0.55 1.77£0.19

11.03 0.60 2.47+0.04

50 9.62 0.35 0.21+0.00

10.34 0.42 0.61+0.07

11.03 0.49 1.13+0.08

55 9.62 0.30 0.110.00

10.34 0.36 0.36+.02

11.03 0.42 0.7240.01

R* 0.9502

* Correlation coefficients (R?) between carbon dioxide density (Kg/L)) and
extraction rate (oily substance g/ 100 g CO,).
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Fig. 4. Contents of tocols (A), y-oryzanol (B), policosanol (C), and phytosterol (D) in the rice bran oil fractional extracts obtained
at different supercritical conditions.

Table 1). YRHF o2 27} Wi, fgo] £S5 U7 027 del7 sy 229 s=

ojkstghAe] W7} FolX| =, Y7t oAb E £9 7 olgo 2 E 5E E8ste] FE3aL, 2 &
ojskstetael gt 4o & Ert wole Bow o o] g =4 TS A A= Fig 49 ¢

HA At} (Temelli et al., 2011). wWehA] & A= % T} Tocolst BE ZAdA AHA EIHE 410 mg

AA olitstetAo] W7l molA 4 E oily substances] 100 g oil HE7F F=257] Al &stdon, 2] g

FEEETFAAE AR AMRETH met o B2 49 tocolse] FEHUL, TR 5

Me FE200 et 24-81 mg/100 g oil HEloIA FE5

Table 2. Sum of the distillate fraction 1 to 5 of each nutraceuticals contents and the correlation coefficients between CO, under
different pressures and temperatures.

Temp. Pressure CO, density Sum of fraction 1 to 5

QY (MPa) (Kg/L) Tocols (mg/100 g) y-Oryzanol (mg/100 g)  Phytosterol (mg/100 g)  Policosanol (mg/100 g)

45 9.62 0.44 73.617.1 6.910.1 0 0

10.34 0.55 175.4£1.5 8.7£0.1 0 0

11.03 0.60 215.045.1 9.940.2 0 0

50 9.62 0.35 53.8£1.9 5.7£0.3 0 0

10.34 0.42 86.9+1.8 6.110.1 0 0

11.03 0.49 131.3£2.2 10.240.2 0 0

55 9.62 0.30 46.110.9 4.610.0 0 0

10.34 0.36 60.0+1.7 5.0£0.1 0 0

11.03 0.42 86.2£1.3 8.1£1.5 0 0

R* 0.9306 0.7934 - -

* Correlation coefficients (R?) between carbon dioxide density (Kg/L.) and sum of tocols or y-oryzanol from fraction 1 to 5.



7k AR EE 5= 367

Table 3. Concentration ratio® of nutraceuticals in the residues from rice bran oil fatty acid ethyl ester after supercritical CO,

extraction.
Temperature (°C) Pressure (MPa) Tocols’ y-Oryzanol ™ Policosanol™ Phytosterol™
45 9.62 8.2° 8.6 7.0 9.0%
10.34 7.7% 8.6 6.6 8.8°
11.03 7.3% 8.5 6.4 8.7°
50 9.62 8.1% 8.7 6.9 8.9«
10.34 7.9% 8.6 6.7 8.7°
11.03 7.8 8.5 6.6 8.5%
55 9.62 8.3° 8.9 7.0 9.3
10.34 8.2° 8.8 7.0 9.1¢
11.03 8.0 8.5 6.8 9.0%

§ Means of three replicates

* Means within a column with different superscript letters are significantly different (»p<0.05).
** Means within a column with different superscript letters are significantly different (p<0.01).

*#% Means within a column are not significantly different.

17 o "o 2B 9} A FZEE= tocolsFo] 7
45°C, 11.3 MPa%l 2.1, o|n] FZ 5= tocols
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