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J.P. FRIEDRICH and E.H. PRYDE, Northern Regional Research Center, Agricultural 
Research Service, US Department of Agriculture, 1815 North University Street, Peoria, 
I L 61604 

ABSTRACT 

Supercritical fluid extraction has recently become a reality in the 
petroleum, coal and food industries and is rapidly increasing in im- 
portance as its advantages become known. Advantages of carbon 
dioxide as a supercritical fluid include its low toxicity, low cost, 
lack of flammability, lack of reactivity, wide range of solvent prop- 
erties at different pressures and temperatures, and improved proper- 
ties of separated components in certain cases. Disadvantages of such 
extractions include high capital costs for batch extraction and lack 
of engineering hardware technology for continuous operation. In 
the supercritical CO: extraction of oil from soybeans, equilibrium 
solubility and high flow rates are readily achieved in a short-path 
batch reactor. The oil has a lighter color, less iron and ca. ~/~0 of 
the phosphorus contained in hexant~extracted oil. The lower phos- 
phorus content results in lower refining losseg During extraction, 
some fractionation is observed to take place, with some more polar 
and/or higher molecular weight compounds having a tendency to 
increase in the later fractions. In a long cylindrical batch extractor, 
the flakes perform much like the stationary phase of a chromato- 
graphic column. The same advantages that result from extraction of 
soybeans also apply to the extraction of oil from cottonseed and 
corn germ. Cottonseed oil obtained by supercritical CO 2 extraction 
has a lower gossypol content and requires less alkali for refining. 
In the extraction of wheat germ and bran, the oil has a lighter 
color, a milder odor and less unsaponifiables than that obtained by 
hexane. Free fatty acid contents were comparable, but tocophero] 
was higher in the supercritical CO 2 extract. 

INTRODUCTION 

Over  one  billion bushels (30 mill ion tons) of  soybeans are 
crushed each year for  domest ic  use. Hexane  has long been 
the  preferred solvent  for extract ing the 6 mill ion tons  of  oil 
f rom these beans. Recent ly ,  economic  and social factors 
have revived interest  in government  and industry in search- 
ing for  cheaper  and safer solvents. Ethanol  and isopropanol  
have been suggested; but  e thanol  is no t  an effect ive solvent  
at the concent ra t ion  of  its water  azeotrope,  and fur ther  
rect i f icat ion is costly. Isopropanol  has a higher boiling 
poin t  than e thanol  and therefore  is diff icul t  to remove  f rom 
bo th  oil and flakes. 

Supercri t ical  fluid (SCF) t echnology  may be a viable 
al ternat ive to current  extract ion methods.  The  solvent 

propert ies  of  SCF have been recognized for  over 100 years 
but  commerc ia l  appl icat ions have been slow in developing,  
possibly due to the sophist icated and expensive high- 
pressure equ ipmen t  and technology  required. A l though  
pressures to 3,000 arm are c o m m o n  in the  chemica l  indus- 
try today,  applicat ions have usually concerned  systems 
opera ted  in a cont inuous  manner.  With the rapidly escalat- 
ing costs and uncer ta in  availability of  pe t ro leum solvents, 
and with the potent ia l  heal th and safety-related p rob lems  
of  both  hydroca rbon  and chlor inated hydroca rbon  solvents, 
the social and economic  env i ronment  has stirred renewed 
interest  in SCF extract ion.  Supercri t ical  carbon d iox ide  
(SC-CO2) is an ideal solvent because it is nontoxic ,  non- 
explosive, cheap, readily available and easily r emoved  f rom 
ext rac ted  products .  

This paper  reviews our  exper ience with SC-CO2 extrac- 
t ion o f  soybeans, co t tonseed  and corn germ and repor ts  
some new data  for o ther  oil-bearing materials. 

EXPERIMENTAL 

A flow diagram of  the ex t rac t ion  apparatus is shown in 
Figure 1. One or more  cylinders of  commercia l -grade  CO2 
(A) are placed on a 1,000-1b capaci ty scale (B) with ~A-oz 
sensitivity. The  cylinders are wrapped with heat ing tapes 
control led  by an electric con tac t  face on the cyl inder  pres- 
sure gauge (TP). Cyl inder  pressure is main ta ined  at 1,200- 
1,250 psig, providing a nearly constant  suc t ion  pressure for  
the compressor.  The  pressure gauge and cyl inders  are pro- 
tected by a 1,500-psi rupture  disc (RD-1). The  gas passes 
through l/s in., 11,000 psi, 304 SS tubing and check valve 
(CV) to a 5-gi par t iculate  fil ter (F-I ) ,  which pro tec ts  the 
compressor  diaphragms from scales and o the r  foreign 
matter .  The  10,000-psi double-end,  air-driven compressor  
(C) delivers about  19 standard L/min  at 8 ,000 psi wi th  a 
suct ion pressure of  1,000 psig. The  gas pressure is con- 
trolled by a variable (2 ,000-25,000 psig) back-pressure 
relief valve (RV). The  tempera ture  (TC-1) and regulated 
pressure (RP) of  the  gas are measured pr ior  to enter ing the  
manifold leading to the extractor .  The  2-L electr ical ly 
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FIG. 1. Supercritical carbon dioxide extraction apparatus: (A) CO 2 cylinder, (B) balance, (TP) tank pressure, (RD1-3) rupture disc assemblies, 
(CV) check valve, (FI&2) gas f'dters, (C) diaphragm compressor, (RV) back pressure regulating valve, (RP) regulated gas pressure, (TC1-3) 
thermocouples, (SV1-6) shutoff valves, (ACI&2) gas coolers, (MV) micrometering valve, (FM) flow meter, (FT) flow totalizer and (EP) ex- 
tractor pressure. 
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heated extractor (27/16 in. id x 29�88 in. long) is a hydraulic 
cylinder made of 4340 steel with a working pressure of 
15,000 psi at room temperature. The head, which contains 
a gas inlet, thermocouple (TC-2), rupture disc (RD-2) and 
glass wool particulate filter, is threaded into the cylinder 
and sealed with a standard O-ring closure. The compressed 
gas is then allowed to flow through the vertically mounted 
extractor in either direction by opening and closing the 
appropriate shutoff valves (SV-1, 2, 3 and 4). If the com- 
pressed gas temperature is above that required for the 
extraction (temperature varies with pressure), the gas is 
passed through an air cooler (AC-1 or 2) prior to entering 
the temperature-controlled extractor. The oil-laden gas 
leaves the extractor and passes through an electrically 
heated micrometering valve (MV) into a temperature- 
controlled, 1-L receiver. The receiver is slightly above 
atmospheric pressure, so the pressure drop across MV re- 
sults in rapid cooling. Without applied heat, the extracted 
oil would freeze in MV and make flow control impossible. 

The oil and gas phases separate in the receiver. The oil 
settles to the bottom and can be withdrawn as desired 
through SV-5. The CO2 is passed through a filter (F-2) to 
remove entrained oil (<0.5% under all extraction condi- 
tions tried) and then through an instantaneous flow meter 
(FM) and a flow totalizer (FT) before being exhausted. Any 
pressure drop across the extractor is shown by a difference 
between regulated pressure (RP) and extractor pressure 
(EP). Likewise, any CO2 leak in the system is indicated by 
a difference between the CO2 weight loss measured at (B) 
and the total flow through the system (FT). A final rupture 
assembly (RD-3) is placed just ahead of the blowdown valve 
(SV-6) for the entire system. During the extraction, MV is 
adjusted[ until the desired flow (within compressor capac- 
ity) is indicated on the instantaneous flow meter (FM). The 
excess compressor capacity is then recycled through the 
backpressure valve. 

Extractions were run on 0.2-2.4 kg quantities of oil- 
bearing materials. 

RESULTS AND DISCUSSION 

Soybeans 
Extraction at 5000-10,000 psig. The solubility of vegetable 
oil in SC-CO2 varies with temperature and pressure (Fig. 2). 
For example, at 50 C the solubility increases with increas- 
ing pressure from <0.1% at 3000 psig to nearly 3.5% at 
10,000 psig. However, above 8,000 psig a decelerating rate 
of  increase is observed. Although one might expect a series 
of parallel solubility isotherms, the 50 C and 60 C iso- 
therms cross at ca. 6,000 psig. This crossover of the solubil- 
ity curves may be related to the densities of the SC-CO2. 
Between its critical pressure (1,070 psig) and 6000 psig, 
CO2 is quite compressible. The density, which is related to 
solute holding power, changes rapidly in this range;whereas 
above 6,000 psig the density does not change as rapidly. 
Therefore, the expected increase in solubility with increase 
in temperature would be observed at the higher pressures; 
but at the lower pressures, the increased solubility effect 
due to temperature may be overcome by the decrease in 
density and related decrease in solute holding power. 
Equilibrium solubility is readily established and maintained 
during the extraction of soybean flakes until nearly 90% of 
the oil has been extracted. Therefore, an increase in pres- 
sure from 5,000 to 8,000 psig significantly improves extrac- 
tion efficiency at constant temperature (Fig. 3) (1), where 
extraction efficiency is defined in general terms as weight 
of  oil extracted per unit weight of CO2 passed through the 
substrate. On this basis, extraction efficiency should be 
maximized at the highest temperature that is consistent 
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FIG. 2. Effects of  temperature and pressure on solubility of  soybean 
oil in sopercritical carbon dioxide.  Data points on curves represent 
an average of  2 or 3 determinations.  
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FIG. 3. Effects of  pressure on the extraction efficiency of soybean 
flakes at 50 C. 

with product integrity, and at the highest practical pressure 
above ca. 6,000 psig. 

Extraction above I0,000 psig. Another unusual and unex- 
pected solvent characteristic of SC-CO2 occurs at pressures 
above 10,000 psig. Contrary to previous predictions (2), at 
temperatures above 60 C the solubility of seed oils increases 
dramatically with increasing pressure above 10,000 psi 
(3-5). The apparent maximum solubility (>40%), as deter- 
mined from extraction of the flakes or ground seed, is mass 
transfer controlled and varies with seed type, configuration 
and morphology. Below this apparent maximum, all ex- 
tracted seed triglycerides exhibited the same equilibrium 
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solubilities under identical condit ions of  temperature 
and pressure, The rapid response of  solubility to tempera- 
ture and/or pressure allows much faster extraction rates and 
provides more economical methods of oil recovery. Because 
CO2 is relatively incompressible at high pressure, recom- 
pression (pumping) costs are greatly reduced and the oil can 
be recovered by slightly reducing the pressure at constant 
temperature. Alternatively, reducing the temperature at 
constant pressure also affords good oil recovery. 

An a t tempt  to find an explanation for the unusual sol- 
vent properties of SC-CO2 is being sought in solubility 
parameter calculations (6). The solubility parameter  is of  
great practical value in predicting solubilities in systems at 
atmospheric pressure and room temperature. Through 
empirical expression, the estimation of these parameters 
allows extension of the concept  to some supercritical fluids. 
The true solubility parameter is related to the internal pres- 
sure, which can be directly determined from pressure/ 
volume/temperature data. With a program written in 
Fortran IV and literature data, the internal pressure for 
SC-CO2 has been computed at temperatures ranging from 
40 to 100 C and for pressures up to 21,000 psi. Parameter 
values determined by use of these computed internal pres- 
sures (7) for SC-CO2 are somewhat lower than those given 
by the usual empirical expression (8) computed from densi- 
ties and critical pressures for corresponding conditions. It 
appears possible to compute solubility parameters for 
other supercritical fluids in the proper temperature and 
pressure range by slight modifications of the computer  
program. 

Effect of  otber ]'actors on extraction. Other potential 
factors affecting extractabil i ty include moisture, particle 
size and SC-CO2 flow rate (9). Extractions of vegetable 
seeds with SC-CO2 were run at constant temperature (50 C) 
and pressure (8,000 psig) while varying the moisture level 
and particle size. Soybean extractions were examined ex- 
tensively; other seeds studied included peanuts and cotton- 
seed. The rate of extraction and ult imate oil yields were 
quite low with cracked soybeans; however, good extraction 
rates and nearly theoretical oil yields were obtained from 
ground or thinly flaked (<0.010 in.) seeds. Moisture levels 
between 3 and 15% had little effect on extractabili ty.  Oil 
composit ion was not influenced by either parameter. Scan- 
ning.electron microscopy was used to study seed structure 
before and after extraction with SC-CO2. At high flow rates 
the extractor  dimensions (internal diameter [idl x internal 
length j i l l )  become an important  factor. As the linear 
velocity increases for given id/il, a point is reached at which 
close packing of  the substrate results in undesirable pressure 
drops. The ideal id/il must be determined based on the 
particle size, moisture and type ofsubst ra te  being extracted. 

Oil properties. Exhaustive extract ion of full-fat soybean 
flakes with SC-CO2 yields an oil that  is comparable to 
hexane-extracted oil, except for significantly lower iron and 
phosphorus contents. In a long cylindrical batch extractor,  
the flakes act much like the stationary phase of  a chroma- 
tography column, which permits the recovery of  light- 
colored, essentially degummed, crude oil (Table I) (1,10). 

The insolubility of phospholipids in SC-CO2 is evidenced 
by the low phosphorus content  of all oil fractions (Fig. 4). 
As expected, some fractionation takes place, with increas- 
ing concentrat ions of phosphorus appearing in the smaller 
final 2 fractions. The sparing solubility of phospholipids in 
SC-CO: is further substantiated (Table I) by the signifi- 
cantly lower chromatographic refining loss (0.6%) com- 
pared to hexane-extracted oil (1.9%). Therefore, the 
slightly lower oil yield (18.3%) and higher residual oil con- 
tent  of  the flakes (2.1%) from SC-CO2 extract ion compared 
to hexane extract ion (19 and 0.7%) are somewhat mislead- 
ing. The hexane-extracted oil contains ca. 1.5% phospho- 
lipids (1) based on the accepted calculation (percent  
phosphorus • 31.7), whereas the SC-CO2 extracted oil con- 
tains about  0.13% on the same basis. Likewise, the residual 
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FIG. 4. Phosphorus content  of soybean oil fractions exta-acted with 
supercritical carbon dioxide at 8 , 000  psig and 50 C. Numbers in 
~rarentheses are the percentages of the total oil represented by each 

action. 

TABLE I 

Comparison of  SC-CO a - and Hexane-Extracted Crude Soybean oil  

Analyses AOCS method a Hexane SC.CO z b 

Yield Ac 3-44 19.0 18.3 
Residual oil (%) Ac 3-44 0.7 2.1 
Chromatographic refining loss (%) Ca 9f-57 1.9 0.6 
Free fatty acid (%) Ca 5a-40 0.6 O.3 
Peroxide value (meq/kg) Cd 8-53 <O. 1 <0. i 
Unsaponifiables (%) Ca 6a-40 0.6 0.7 
Fe (ppm) Ca 15-75 1.45 0.3 
Phosphorus (ppm) c 505 45 

aAOCS Official and Tentative Methods. 
bExtraction conditions: 50 C and 8000 psig. 
Cphosphorus determination by atomic absorption. 
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oil f rom the  SC-CO2 ex t rac ted  flakes is very high in phos- 
phorus (2 ,500-3 ,000 ppm). 

F rac t iona t ion  is also observed with the unsaponif iables  
(Fig. 5); however ,  there is no significant d i f ference in total  
unsaponif iables be tween  SC-CO2 and hexane-ext rac ted  oils 
(Table I). 

Free fa t ty  acids (FFA) ,  because o f  their  lower  molecular  
weight,  would  be expec ted  to concent ra te  in the  earlier oil 
fractions. A l though  this is observed through the first 3 
f ract ions (Fig. 6), the final 3 fract ions show increases. 
These acids have no t  been isolated or  identified.  They  con- 
s t i tute  a very small percentage of  the free acids in the oil 
and, based on their  lower  solubil i ty in SC-CO2, may have 
higher molecular  weight  or  more  func t iona l i ty  than typical  
FFA.  

The  iron con ten t  of  commerc ia l ly  ex t rac ted  hexane 
crude oil is significantly higher than SC-CO2-extrac ted  
crude oil (Table I). Like the phosphorus,  the iron con ten t  
o f  hexane  oil is reduced to the same levels found  in SC-CO2- 
ext rac ted  oil by degumming and alkali refining (Table II). 

The  refined, bleached and deodor ized (RBD) SC-CO2- 
ext rac ted  oil has good qual i ty  (Table III). The  odor  and 
flavor scores initially, and after 4 days'  storage at 60 C, are 
not  significantly d i f ferent  than the RBD oil ob ta ined  f rom 
degummed  hexane  crude oil. SC-CO2 extract ion,  therefore,  
has the advantages of  using a safe, readily available, l o w  
cost solvent;  and, of  el iminating a processing step (degum- 
ming) and its a t tendant  oil losses w i thou t  sacrificing the 
quali ty of  the finished oil. 
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TABLE II 

Effec t  o f  Oi l  Process ing  on  P h o s p h o r u s  a and  Iron C o n t e n t s  

Hexane SC.CO 2 b 

Processing step Fe (ppm) P (ppm) Fe (ppm) P (ppm) 

Crude 1.45 505 0.3 45 
Degummed 0.69 63 _c _c 
Refined O. 11 28 0.07 35 
RB d 0.09 25 0.08 25 
RBD e O. 09 12 O. 11 20 

aphosphorus determination was by atomic absorption. Values for 
refined, RB and RBD oils are near lower detection limits for AA 
method. 
bExtraction conditions: 50 C and 8000 psig. 
CDegumming not required for SC-CO a extracted oil. 
dRefined and bleached. 
eRefined, bleached and deodorized. 

Meal properties. Soybean  meal obta ined  by SC-CO2 extrac- 
tion, when toasted above 80 C and fed at 23% o f  the  diet, 
p roduced growth rates in chicks not  significantly d i f fe ren t  

TABLE III 

O d o r  and  Flavor  Scores  and  Descr ip t ions  for  H e x a n e -  and  SC-CO 2 - E x t r a c t e d  S o y b e a n  oil  

Odor Flavor 

Descriptions Hexane SC-CO; a Hexane SC.CO 2 a 

Buttery 

Buttery 
Beany 
Grassy 
Rancid 
Nutty 

O-Time: 8.6 NS b 7.8 7.5(0.0) c NS 7.8(0.0) c 
0.2 0.2 0.7 0.5 

4 days, 
60C: 7.6 NS b 7.1 6.6(1.3) c NS 6.0(1.7) c 

0.6 0.9 0.6 0.9 
0.3 0.3 0.3 0.4 

- -- 0.3 0.5 
0.3 0.3 0.4 0.2 

- - 0.3 -- 

aExtraction conditions: 50 C and 8000 psig. 
bNo significant difference. 
Cperoxide values (meq/kg). 
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from those obtained with commercial feeds (11). The raw 
SC-CO2-extracted meal caused reduced growth, pancreatic 
hyper t rophy and a change in digestive enzymes, as does the 
raw commercial product. 

Corn Germ 

The quality and storage characteristics of  defat ted germ 
flour obtained by SC-CO2 extraction are superior to those 
of  germ flours obtained by conventional hexane extraction 
(12,13). SC-CO2 extraction efficiency for removal of tri- 
glycerides and bit ter  constituents (bound lipids) and for 
inactivation of peroxidase enzymes contributes to excellent 
initial flavor and storage stability of the germ flour. This 
highly dispersible protein flour has good potential  as a 
balanced protein supplement in food formulations. Super- 
critical extraction of dry-milled corn germ yields a crude 
oil having a lower refining loss and lighter color than does 
oil obtained by expeller pressing. However, a distinct dis- 
advantage of the process is that the crude oil obtained by 
SC-CO2 extract ion does not contain the native antioxidants 
normally found in crude expeller oil and therefore is much 
less stable to oxidation. 

Proximate analyses of 4 extracted corn germ samples are 
given in Table IV. The effectiveness of the SC-CO2 extrac- 
tion was essentially the same for both the tempered and 
"as-is" germ. Only a small amount  of triglycerides remained 
in these SC-CO~-extracted flours, indicating excellent oil 
removal by extraction. In comparing these samples with 
laboratory prepared hexane-extracted germ flour, it was 
evident that SC-CO2 is more effective than hexane both in 
reducing the total residual lipid level and in reducing the 
peroxidase activity. Reducing particle size of the germ by 
wet-grinding in hexane improves the extraction of lipid, but  
does not reduce the peroxidase activity. 

Probably the most significant discovery in this applica- 
tion of SC-CO2 extractions was the nearly 10-fold reduc- 
tion in residual peroxidase activity of the germ flour, This 
heat-resistant oxidative enzyme normally is difficult to 
eliminate from food products even by toasting. The condi- 
tions used for SC-CO2 extraction apparently denature 
peroxidase enzymes more effectively than do those used for 
hexane extraction. The mechanism of enzyme deactivation 
is not clear. This denaturation usually can be reflected in 
the reduction in nitrogen solubility index (NSI) of the 
untoasted SC-CO2-extracted flours. Ca. 25% of the total 

nitrogen in germ flour is made up of free amino acids and 
peptides. The remaining nitrogen, comprised of high 
molecular weight proteins, was denatured as shown by the 
NSI value in Table IV. The reduction in peroxidase activity 
coupled with the low content  of residual oil would indicate 
favorable control  of oxidative rancidity during storage. 

SC-CO2-extracted corn germ flour with an initial flavor 
score of 5.8 (moderate  flavor) showed little or no change in 
5 weeks' storage at 37 C (5.8 score) or storage for two 
months at 29 C (6.0 score). As a frame of reference, all- 
purpose wheat flour has a score of 8.0 initially and after 
accelerated storage. 

Cottonseed 

Flaked cottonseed was extracted with SC-CO2 at tempera- 
tures ranging from 50 to 80 C and pressures 8,000 to 
15,000 psig (14). The crude oils were characterized for 
color, free fatty acid, total gossypol, phosphorus, refining 
loss and unsaponifiable mat ter  and compared to hexane 
prepress and expeller produced commercial crude oils. 
Extraction of cottonseed with SC-CO2 offers several advan- 
tages over conventional extract ion methods, including 
lighter colored crude oil, less refining losses and lower 
caustic soda requirement for the refining operation. Pre- 
liminary data show that  the gossypol content  of SC-CO2- 
extracted crude oil is markedly lower than that  of  hexane 
prepress or expeller crudes. 

Miscellaneous Oil-Bearing Materials 

New data for SC-CO2 extract ion of a variety of oil-bearing 
materials are given in "fable V. Pressures ranging from 8,000 
to 11,000 psig and temperatures of  50-78 C resulted in 
essentially complete extract ion of such materials as paprika, 
rice bran and wheat bran. Composi t ions of the resulting oils 
are shown in Table VI. Fa t ty  acid contents  are as expected. 
Noteworthy are the chlorophyl contents (as indicated by 
the green color) of  avocado oil depending on extract ion 
condit ions used, and also the high tocopherol  content  of 
wheat germ oil. 

The Future of Supercritical Carbon Dioxide Extraction 

At present, supercritical extract ions on a commercial scale 
are limited to decaffeination, product ion of a soluble hops 
extract  and extract ion of certain petroleum products. More 

TABLE IV 

Proximate Analyses  of  Corn Germ Flours Exuracted by Hexane and SC-CO 2 a 

Residual lipid 
Bound c Peroxidase e 

Flours Triglyceride b lipid Protein d Ash activity NS1 f 

SC-CO;-extracted 
8% Tempered germ 0.9 2.3 21.0 10.5 0.94 24 
"As-is" germ 0.7 2.0 20.7 8.9 0.97 30 

Hexane-extracted 

Liquid classifiedg 0.5 4.7 23.8 13.8 6.75 51 
"As-is" germ h 2.0 8.7 20.9 11.2 7.28 58 

aExtraction conditions: 50 C and 8000 psig. 
bResidual triglyceride. 
CSoxhlet extraction, 20 hr hexant~ethanol azeotrope (82:18). 
dKjeldahl, N • 5.4. 
eUnits/min/g germ. 
fNitrogen solubility index. 
gUpper cut fraction obtained by classification. Sample was toasted, dry heat, 200 F, 20 rain. 
hSoxhlet extracted, 5 hr. 
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TABLE V 

Supercritical Carbon Dioxide Extraction of Miscellaneous Oil-Bearing Materia/s 

Pressure Moisture Residual Oil recovered 
Oil-bearing material (psig) Temperature (C) Time (hr) conten t  (%) oil (%) (g/lOO g) Oil description 

Avocado (freeze-dried pulp) 11,000 70 24 3.4 5.3 58.2 Green oil a 
Co ttonseed 8, 000 50 8 8.6 0.5 30.8 Light 
Paprika 8,000 50 7 <5 2.0 7.2 Viscous, deep red 
Peanuts 1 O, 000 70- 75 8 9.0 O. 9 48. 0 Light oil 
Peanut h earts 10, 000 50 11 2.8 1.4 42.6 Light b 
Rice bran 9,500 70 6 6.3 0.9 19.2 Waxy 
Sorghum bran 9,600 78 11 6.1 0.4 5.0 Waxy 
Sotghum germ 10, 000 70 7 9.4 0.2 16.8 Yellow oil 
Soybean 8, 000 50 8 11.4 0. 7 19.4 Light 
Wheat bran 8, 000 50 5 11.4 - 4.0 Waxy 
Wheat germ 8, OO0 50 6 10.1 1.3 7.0 Light oil c 

aA green oil was produced at 10,000 psig and 80 C. Below 10,000 psig and 70 C, a yellow oil was obtained. 
bFlour was bitter. 
CBland odor. The oil contained 4.5% tocopherol. 

TABLE VI 

Composition of SC-CO z -Extracted Oils from Miscellaneous Oil-Bearing Materials 

Oil-bearing Fatty acid (GC area %) 
material 14:0 16:O 16:1 18:O I8:1 18:2 20:0 18:3 

Free 
22:0 Unsaponifiables (%) fatty acid (%) 

Avocado - 16.5 7.4 0.4 54.7 18,3 - 1.3 - 2.9 0.2 
Cottonseed a 1.2 26.4 0.7 2.8 24.0 43.3 0,3 0.7 1.3 
Paprika 7.0 14.4 - 3.6 13.2 50.9 1.0 8.8 - - - 
Peanuts - 10.7 - 2.6 57.6 29.6 1.1 1.1 1.9 0.3 0.1 
Peanut hearts - 16.9 - 1.9 38.4 36.9 1.0 1.9 2.9 1.2 0.2 
Rice bran 0.3 I8.0 0.3 1.2 40.0 38.3 - 2.2 - 5.0 13.5 
Sorghum bran -- 12.7 0.6 1.8 32.0 50.2 - 2.7 - - 23.1 
Sorghum germ - 12.8 0.4 1.0 32.3 51.4 - 1.9 - 2.6 5.6 
Soybean 0.1 11.3 - 3.8 23.6 53.6 - 7.3 - 0.6 0.2 
Wheat germ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  no data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.6 8.9 

ao.4% Cyclopropenoid acids also present. 

w i d e s p r e a d  a p p l i c a t i o n s  i nc lud ing  vege t ab l e  oil e x t r a c t i o n s  
will d e v e l o p  s lowly  as e q u i p m e n t  u sed  in t h e  o l d e r  p ro -  
cesses  w e a r s  ou t ,  a n d  as t h e  i n d u s t r y  b e c o m e s  m o r e  f ami l i a r  
w i t h  t h e  s o m e t i m e s  su rp r i s ing  c h a r a c t e r i s t i c s  o f  superc r i t i -  
cal f luids .  S u c h  c h a r a c t e r i s t i c s  are j u s t  n o w  b e i n g  dis- 
cove red ,  and ,  n o  d o u b t ,  m a n y  m o r e  r e m a i n  y e t  t o  be  f o u n d  
as  r e sea rch  p rogresses .  S u p e r c r i t i c a l  f lu id  e x t r a c t i o n  was  
r e c e n t l y  d e s c r i b e d  (15)  as o n e  o f  t h e  " p a c i n g  t e c h n o l o g i e s "  
in t h e  fa t s  a n d  oils i n d u s t r y .  

Su re ly  o n e  o f  t h e  m o s t  i m p o r t a n t  c o n s i d e r a t i o n s  in 
d e v e l o p i n g  n e w  e x t r a c t i o n  p r o c e s s e s  is t h e  s a f e t y  aspec t .  
CO2 is n o n t o x i c ,  n o n e x p l o s i v e  a n d  n o n f l a m m a b l e ,  as wel l  
as b e i n g  r ead i ly  avai lable  a t  a l o w  cost .  T h e  s a m e  c a n n o t  be  
sa id  a b o u t  h e x a n e .  A b o u t  2 y e a r s  ago,  an  e x p l o s i o n  r i p p e d  
t h r o u g h  t h e  s e w e r  s y s t e m  o f  Louisvi l le ,  K e n t u c k y ,  as t h e  
resu l t  o f  a leak f r o m  a h e x a n e  e x t r a c t i o n  p lan t .  S e w e r  
repa i r s  a m o u n t e d  to  16 m i l l i o n  dol lars ,  s t r e e t  r epa i r s  w e r e  
1.5 mi l l i on  dol lars ,  w a t e r  l ine  repa i rs  w e r e  0 .7  m i l l i o n  
do l la r s  and ,  o n  t o p  o f  all t ha t ,  a 2 5 0 - m i l l i o n - d o l l a r  class 
a c t i o n  sui t  was  f i led  aga ins t  t h e  c o m p a n y  c o n c e r n e d  (16) .  
A n e w  SC-CO 2 e x t r a c t i o n  p l a n t  w o u l d  n o t  even  a p p r o a c h  
t h a t  to ta l !  
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