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Abstract

Extraction of soybean oil from full fat soybean flour was performed using a supercritical carbon dioxide
extraction system. Extraction pressure and temperature of the process were 3,000-7,000 psig and 40-70C,
repectively. For the extraction of 1g of soybean oil, 25/ of carbon was consumed at 7,000 psig and 60C,
whereas more than 250/ of carbon dioxide was consumed at 3,000 psig and 60C. The solubility of soybean
oil in supercritical carbon dioxide decreased with the increase in temperature below 6,000 psig, and the
reverse trend was observed above 6,000 psig. At 6,000 psig the solubilities were shown to be constant
regardless of extraction temperature. Soybean oils . xtracted with supercritical carbon dioxide were lighter
in color and contained less phosphorus than those extracted with hexane.
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Introduction

Most vegetable oils have conventinally been obtai-
ned from oilseeds by either pressing and/or organic
solvent extraction methods. Because of some disad-
vantages and limitations of conventional organic sol-
vent extraction methods, several alternative extrac-
tion methods have been developed, and one of them
is supercritical fluid extraction method". Supercriti-
cal fluid extraction is a rapid extraction process com-
pared to organic solvent extraction due to higher dif-
fusivity, and lower density and viscosity of supercri-
tical fluid than organic solvent®.

In the current supercritical fluid techniques, supe-
rcritical carbon dioxide (SCCOQOs) i1s most widely used
since it has relatively low critical temperature (31.1
C) and critical pressure (73 bar)®. Furthermore car-
bon dioxide is non-toxic, non-corrosive, non-flamma-
ble, cheap, and readily available in large quantity and
in high purity®. SCCO, extraction has been practica-
lly and successfully applied to the decaffeination of
coffee, extraction of hop resin, spices and tobacco™,
concentration of aroma compounds®, extraction of
oils from oil-bearing materials” '?, and fraction of
lipids materials®.

As described earlier, SCCO, extraction system of
soybean oil was well established, and the effects of
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extraction conditions on the properties of soybean
oil were also determined in a limited range of opera-
tion pressure and temperature”",

The objectives of the pressent study are (i) to ob-
serve the effects of extraction pressure and tempera-
ture, and SCCO consumption on the degree of extra-
ction of soybean oil, (ii) to access the kinetics of ext-
raction process, and (iii) to determine the effects of
extraction conditions on the characteristics of SCCO
extracted soybean oil with the comparision of he-
xane-extracted soybean oil, in the wide range of ext-
raction pressure and temperature.

Materials and Methods

Materials

Full fat soybean flour (100-120 mesh) was purcha-
sed from a local market in Korea. Gaseous carbon
dioxide (CO,) was of commercial grade. All reagents
used were of analytical grade unless otherwise speci-
fied.

Equipment

The extraction equipment was assembled in our
laboratory and the system was basically the same as
Autoclave Engineers supercritical extraction scree-
ning system manufactured by Autoclave Engineers,
Inc. (Erie, Pennsylvania, U.S.A.) as shown in Fig. 1'%,
Pressurized CO, from cylinder was fed to a liquid
pump (Model 110, Haskel Engineering Corp.) th-
rough a check valve, 5p particulate filter, and cooling
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1. CO; cylinder 6. Pump

2. Check valve 7. Back pressure

3. Filter Regulator

4. Subcooler 8. Air compressor

5. Refrigerated 9. Rupture
Circulator 10. Heating circulator
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11. Preheater
12. Extracter
13. Metering valve
14. Electric heater
15. Separator

16. Rotameter

17. Flow totalizer

18. Air bath

P: Pressure gauge
T: Thermocouple

Fig. 1. Supercritical carbon dioxide extraction equipment

apparatus. Pressure of Co, was maintained constant

by a back pressure relief valve. After the compressed
Co; is heated up to desired supercritical temperature
by heating apparatus, it was introduced to an extrac-
tor. The extractor was mounted vertically in a tem-
perature-controlled oven. Pressure and temperature
of the system were determined by pressure gauges
and thermocouples, respectively. Gas leaving the ex-
tractor passed through a micrometering valve to a
separator. Micrometering valve was heated by atta-
ched heating element in order to prevent freezing
of the valve. The instantaneous flow rate of Co, th-
rough the extractor was monitored by a rotameter,
while total flow was measured by a totalizer before

being vented to the atomosphere!!®,

Extraction

Full fat soybean flour (20g) was filled in the extra-
ctor and stamped down carefully. The extractor con-
taining the sample was inserted into the extraction
module, and extraction was carried out at different
pressures of 3,000, 4,000, 5,000, 6,000 and 7,000 psig,
and temperatures of 40, 50, 60 and 70T according
to the slightly modified procedure of Friedrich et al.
19 Average flow rate of CO, gas at atmospheric pres-

sure was 10/min. The amount of soybean oil extrac-
ted with SCCO, was determined gravimetrically. So-
ybean oil extract was collected into four fractions (F1,
F2, F3 and F4) according to the progressive extrac-
tion at 50C and 7,000 psig. The degree of extraction
was expressed in extraction yield calculated as wei-
ght percentage of soybean oil obtained from one
gram of dry full fat soybean flour™. Soybean oil was
also extracted by hexane in a Soxhlet apparatus for
6 hrs.

Analyses

Phosphorus contents of oil samples were determi-
ned by AOCS method™. Fatty acid composition of
oil samples were analyzed by gas-liquid chromatog-
raphy according to AOCS method using a gas chro-
matographys (Hewelet-Packard, HP 5890)*”. Color
of oil samples was measured by Lovibond Tintometer
(Model E) with a 5% inch cell.

Results and Discussion
In order to evaluate the solventing power of SCCO,

for soybean oil from full fat soybean flour, extraction
yields were determined at different extraction condi-
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Fig. 2. Effects of extraction pressure and carbon dioxide consumption on the extraction yield of

different temperatures

tions. Fig. 2 shows the effects of extraction pressure
and carbon dioxide consumption on the extraction
yield of soybean oil at different temperatures. Data
obtained were statistically analyzed by stempwise
variable selection method of regression analysis, and
were shown in response surface plotting"®. Extrac-
tion yield increased obviousely with the increase of
pressure and the amount of consumed carbon dio-
xide at all temperatures tested. Maximum extraction
yield was 95%. Extraction yield remained relatively
constant regardless of the increase in pressure at 40
T and 500/ of carbon dioxide, whereas extraction
yield increased with the increase in pressue at 70C
and 500/ of carbon dioxide.

Effects of extraction temperature and carbon dio-
xide consumption on the extraction yield of soybean
oil at different pressures are shown in Fig. 3. At low
extraction pressures such as 3,000, 4,000 and 5,000
psig, extraction yield decreased with the increase in
temperature with a same amount of carbon dioxide,
whereas the reverse trend was observed at 7,000
psig. However, extraction yield was constant with the
change in temperature at 6,000 psig. At 7,000 psig
and 70C, the extraction of 50% soybean oil from full

fat soybean flour required 50/ of carbon dioxide,
whereas about 1,000/ of carbon dioxide was required
for the extraction of same amount of oil at 3,000 psig
and 70C.

Fig.4 shows the effects of extraction pressure and
temperature on the solubility of soybean oil. The so-
lubility was constant (0.026g oil/l CO,) at 6,000 psig
regardless of temperatures tested. Above the pres-
sure of 6,000 psig, the solubility increased as tempe-
rature increased, in contrast the reverse trend was
observed below 6,000 psig. The solubility at 7,000
psig and 70C was 0.052g oil/l CO,, which was 25 ti-
mes higher than that at 7,000 psig and 40C. However,
the solubilities of soybean oil in supercritical carbon
dioxide decreased from 0.034 to 0.007g oil/i CO;
when the temperatures increased from 40C to 70C
at 3,000 psig.

It is reported that the solvent power of supercriti-
cal carbon dioxide for soybean oil is highly depen-
dent on pressure and temperature™'™. At the pres-
sure below 6,000 psig, solvent power decreases with
increasing temperature because the density of SCO-
0, decreased, which reduced solvent power of SCCO,.
Density of carbon dioxide changes rapidly between
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1,070 psig (critical pressure) and 6,000 psig, wherea
above 6,000 psig the density does not change rapidly.
Therefore, at pressure below 6,000 psig, the solubility
of soybean oil in supercritical carbon dioxide was inf-
luenced strongly by pressure. However, at pressures
higher than 6,000 psig, solvent power increased as
temperature increased. The density of SCCO, was
not majorly affected by the change in temperature
above 6,000 psig, and higher temperature enhanced
the solubilization of oil in SCCO,

Phosphorus conten, color and fatty acid composi-
tion of SCCO, and hexane-extracted soybean oil are
shown in Table 1. Oil was extracted at 50C and 7,000
psig. Phosphorus contents in SCCO, -extracted soy-
bean oils were extremely low (4-22 ppm) compared
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Fig. 3. Effects of extraction temperature and carbon
dioxide consumption on the extraction yield of soybean
oil at different pressures

to 520 ppm in hexane-extracted soybean oil. List et
al. reported that the extremely low solubility of phos-
pholipids in SCCO, -extracted soybean oil resulted
more neutral lipids in oils and this is one of the adva-
ntages for refining, i.e., skipping the degumming pro-
Cess(s.u)‘

Color of initial fractions, F1 and F2, of SCCO, -ext-
racted soybean oil showed less red and yellow color
intensities, and ranged from 0.7 to 1.0 red (R) unit
compared to 3.0 unit of hexan-extracted oil. Final fra-
ction (F4) showed 3.3 red unit which was slightly
more red than hexane-extracted oil. Yellow color of
SCCO; -extracted soybean oil ranged from 19 to 304
and that of hexane-extracted soybean oil was 30. Yel-
low color of soybean oil was less affected by extrac-
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Solubility (g oil/l COy)

Fig. 4. Effects of extraction pressure and temperature on
the solubility of soybean oil

Table 1. Phosphorus content, color and fatty acid com-
position of SCCO», and hexane-extracted soybean oil

SCCO, fractions

Analytical Hexane
item F1 F2 F3 F4
Yield(%) 35 70 84 95 96
Phosphorus(ppm) 4 4 12 22 516
R 10 0.7 25 3.3 30
Color Y 190 250 300 304 300
Fatty acid

composition (%)
Palmitic acid 119 119 103 101 11.7

Stearic acid 35 35 4.7 5.3 4.0
Oleic acid 204 204 231 243 216
Linoleic acid 543 543 529 518 534
Linolenic acid 9.3 94 8.8 8.2 88
Others 0.6 0.5 0.3 0.3 0.5

tion solvent than red color. Color of total SCCO,-ext-
racted soybean oil was less than that of hexane-ext-
racted oil and this result can be applied to bleaching
process.

Fatty acid composition of hexane-extraced soybean
ranged within the typical values of soybean oil (Table
1). In SCCO; -extracted soybean oil, the contents of
oleic acid and stearic acid increased gradually from
F1 to F4, and the contents of palmitic, linoleic and
linolenic acid decreased. This is due to the differen-
ces in solubility of individual fatty acids in SCCO,*¥

The results conclusively showed that SCCO; ext-
raction was effective in obtaining soybean oil under
mild thermal condition, and the SCCO; -extracted oil
contained much less phospholipids and color than
hexane-extracted oil. SCCQO; extraction can be used
for rapid extraction, to simplify degumming and
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bleaching processes.
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