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Abstract

By using supercritical carbon dioxide fluid, an attempt was made to extract surface-active substances from defatted
rice bran. Extraction was carried out according to D-optimal design and results were analyzed by response surface
methodology to establish optimum condition. It was found that pressure, temperature and co-solvent (ethanol) influ-
enced in a different extent on the extraction efficiency (i.e., yield and interfacial tension) of surface-active sub-
stances. Among them, co-solvent was found to be a major influencing factor, where maximum yield (2.62%) was
observed at the highest content (250 g). In addition, it also affected most on the interfacial tension at the oil-water
interface but in this case the lowest interfacial tension value (9.51 mN/m) was found when added lowest (50 g). In
conclusion, it was estimated that the optimum extraction condition was to be pressure 350bar, temperature 62°C and
co-solvent content 50 g in this study, where extraction yield was 0.69% and interfacial tension to be 10.1 mN/m.
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Fig. 1. Flow diagram of supercritical fluid extraction(SFE) system.
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Table 1. Experimental combinations according to codes of
experimental design at various extraction conditions of
pressure, temperature and co-solvent content

Table 2. Extraction yield and interfacial tension data of n-
hexane-soluble fractions of the SFE extract for response surface
analysis

P (bar) T (°C) C(g) Actual parameters Extraction conditions Variables
Treatment Pressure Temperature Co-solvent No. Ppressure Temperat ~ Co- .

! X, X (bar) (]?’C) (g (bar) ure I()"C) solvent (g) Yield (%) ¥ (mN/m)
1 -1 -1 -1 150 33 50 1 150 33 50 0.59+0.04"  12.28+1.9"
2 1 -1 -1 350 33 50 2 350 33 50 0.53+0.1' 12.8041.34¢"
3 05 <05 -1 200 41 50 3 200 41 50 0.64+0.03' 13.8740.83"
4 05 05 -l 300 57 50 4 300 57 50 0.75+0.1" 12.2842.17"
5 -1 1 -1 150 65 50 5 150 65 50 0.79+0.01"  14.79+0.8¢
6 1 1 -1 350 65 50 6 350 65 50 0.78+0.23"  9.65+1.19'
7 05 -1 -05 300 33 100 7 300 33 100 0.96+0.17"  14.61+0.2%
8 05 1 -05 200 65 100 g8 200 65 100 1.23£0.07¢  13.41£1.34%
9 -1 0 0 150 49 150 9 150 49 150 1.30£0.03%  15.55+1.44
10 1 0 0 350 49 150 10 350 49 150 1.4140.07%  15.9140.72%f
11 05 -1 05 200 33 200 11 200 33 200 1.40£0.14%  18.57+0.2%
12 0.5 1 0.5 300 65 200 12 300 65 200 1.8240.14%  14.76+0.2¢
13 -1 -1 1 150 33 250 13 150 33 250 1.5+0.08° 20.03+0.81°
14 1 -1 1 350 33 250 14 350 33 250 1.68£0.03°  19.67+0.53%
15 05 05 1 300 41 250 15 300 41 250 1.7840.06d°  19.4342.15
16 05 05 1 200 57 250 16 200 57 250 2.21+0.35%  18.87+1.07%*
17 -1 1 1 150 65 250 17 150 65 250 1.9640.08  17.95+1 4%
18 1 1 1 350 65 250 18 350 65 250 2.61+0.01°  17.7640.6"¢
19 1 1 350 65 250 19 350 65 250 2.3340.16°  17.35+1.28%

¥H A A(K100C KRUSS GmbH, GER)E ©]-&3}] oil-
water Aol =759 TtHYun & Hong, 2007). ©]E $l3}
of akgs)] F3ES ntetradecanedl| &3fste] Ao R
BtR e, =42 deionized distilled water(RiosS Millipore,
France)& AH&-3}3itt.

SAXE

FAIAEl= SAS Package(Statistic Analysis System, ver.
9.2, SAS Institute Inc)E ©]-&3Fe] FAHEA(ANOVA)F
Duncan's multiple range test® 212 x}o]E A3t}

%%%E 65°C, H2gvleF 250g &7

A FEL 261H0.01%E 7P EUO
%%E 33°C, REgwlEF 50g ZANo. 2 AF

L2 0.53410.1%= 71 29t 2 =

2 W] 3e S B41% 53 Fig 200 U
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Bz

" Values are Mean£S.D., n=3
2+ Means followed by the same letter in column are not significantly
different (p <0.05)
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Fig. 3. Response prediction plot for the effect of pressure, temperature and co-solvent content on the extraction yield.
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hexane fractions.
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Table 3. Second order polynomials for yield and interfacial tension data of the extract by SFE under different conditions of pressure,
temperature and co-solvent content

Response variable (Y,)

Yield (%, Y,)

y (mN/m, Y,)

Y, = 1.396 + 0.059X, + 0.209X, + 0.622X, - 0.041X,? - 0.025X,X, - 0.035X,” +
0.033X,X; + 0.078X,X, - 0.110X,>
Y, = 15.780 - 0.522X, - 0.796X, + 3.158X, - 0.050,% - 0.551X X, + 0.482X,> -
0.596X X, + 0.460X,X, - 0.378X,>

Second order polynomial R*  Lack of fit (p-value)
0.980 0.886
0.950 0.222

U X, : Pressure (bar) ; X, : Temperature (°C) ; X, : Co-solvent content (g)

Y, = Bt iﬂixi + iﬂ,,X? +

Z 23: BiXiY;

i=lj=i+1
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