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Oxidative Stability of Seed Oils Extracted with Supercritical
C a r b o n Dioxide
G.R. List* a n d J .P. F r l e d r l c h
Northern Regional Research Center, ARS/USDA, 1815N. University St., Peoria, IL 61604

Dry-milled corn germ, soybean and cottonseed flakes
were extracted (at 70-90 C and 12,000 psi} with super-
critical carbon dioxide (SC-CO2) to yield crude oils.
Oxidative stability of the crude oils was determined
and compared to similar products obtained by conven-
tional expeller and/or prepress solvent extraction. Un-
der Schall oven storage condit ions (60 C}, SC-CO2-
extracted oils undergo rapid deterioration and fail to
show the normal induction period observed with con-
ventional expeller and solvent~extracted crude oils. T h e
levels of tocopherols found in SC-CO2-extracted oils
are comparable to those obtained by expeller or sol-
vent extraction, while phospholipids present in signifi-
cant amounts in conventional crude oils are essentially
absent from SC-CO2-processed crudes. T h e addit ion of
phosphatides to SC-CO2~xtracted crude oils improves
oxidative stability, which suggests that bothtocopherols
and phospholipids are required to stabilize crude oils
against autoxidation. Heating of SC-CO2-extracted crude
oils to deodorization temperatures improves oxidative
stability. T h e destruction of fat hydroperoxides under
these condit ions probably accounts for improved oxi-
dative stability. A combination of heat and the addi-
t ion of citric acid and phenolic antioxidants resulted
in further improvement of oxidative stability.

Previous repor ts from this laboratory (1-8) and else-
where (9--14} have described the extract ion o f oilseeds
and wax esters with supercritical carbon dioxide (SC-
CO2). This technology has many potential advantages
over hexane extract ion o r expeller pressing. These in-
clude l igher color, less color fixation, more neu t ra l oil
and a lower refining caustic requirement. The crude
oils are, however, less s table toward autoxidation t h a n
conventionally processed oils (5-7}. We report here
some oxidative s tabi l i ty eva lua t ions o f SC-CO2-
extracted oils, a long with some practical methods t o
stabilize them a g a i n s t autoxidation while in storage.

EXPERIMENTAL

Centra l Soya (Ft. Wayne, Indiana}. T e n o x 20 was ob-
ta ined from Tennessee Eastman (Kingsport, Tennes-
see}. Deodorizations were carr ied out in a continuous
s y s t e m designed by Bitner e t al. (15}.

Oxidative stability was determined according t o a
modification of the Olcot t method (16}. Crude oil sam-
ples of 10.00 _ .01 g were stored a t 60 C in 100-ml
beakers u n d e r Schall oven (forced draft} conditions,
followed b y t i t ra t ion of the peroxides according t o t h e
official AOCS method (17}. Soy flakes (9.0% moisture}
were prepared from William's Variety seed, and ex-
t rac ted a t a flake thickness o f .015". Dehulled cotton-
seed (8.6% moisture} was cracked and flaked to a thick-
ness o f .007". The dry-milled corn germ was a commer-
cially prepared sample and was extracted a t 3% mois-
tu re . Crude oils from t h e CO2-extraction were slurr ied
with a small amount of fi l ter aid and filtered u n d e r
v a c u u m prior to fur the r processing and analysis.

RESULTS A N D DISCUSSION

The tocopherol, phosphorus and iron content of SC-
CO2, expeller and solvent-extracted oils are shown in
Table 1. The tocopherol content of CO2- and conven-
t ional ly-extracted co rn , soybean and cottonseed oils
is about e q u a l with re spec t t o the extract ion method
used. Generally, CO2-extracted oils show slightly less
tocopherol content t h a n commercially extracted c rude
otis. Because virtually all the phosphorus in crude oils
is associated with phospholipids, a conversion fac to r
can be used to es t imate t h e phospholipid content o f
c rude vegetable oil (18}. The major difference between
CO2-extracted oils and expeller-or solvent-extracted
crudes is shown by their phospholipid contents. For all
practical purposes, phospholipids are insoluble in SC-
CO2. Expeller-processed cottonseed and corn oils con-

TABLE 1

Tocopherol, Phosphorus and Iron Content of CO2-, Expeller- and
Hexane-Extracted Crude Oil

The SC-CO2 extract ion methodology, oil processing and
analytical methods have been described previously (5-
7}.Samples o f c rude dry-milled corn oil, cottonseed oil Soybean CO2
and crude degummed soybean oil were obtained from Soybean Hexane
Illinois Cereal Mills (Paris, Illinois}, Producer's Cot- Corn-dry CO2
tonseed Oil Co. (Fresno, California} and Riceland Foods Corn<lry Expeller
(S tu t tga r t , Arkansas}, respectively. The fluid lecithin Cotton- CO2seed
was a commercially prepared p roduc t obtained from Cotton- Expeller

seed

1Presented at the American Oil Chemists' Society Annual Meet-
~nTgin Philadelphia, PA, in May 1985.

o whom correspondence should be addressed.

Extrac- Toco- Induction
tion pherol Phosphorus b Ironc periodd

Off type methoda (~g/g} (ppm) [ppm} {days}
900-1000 1-3 0.3 2
1200-1500 500-600 0.7 8
1200-1800 1-3 0 2
1500-1700 120 0.3 10

700 1-5 0.2 3.5

920 380 1.9 10

aCO2extractions80 C, 12,000 psi.
bAOCS method Ca 12-55.
cAOCS method Ca 15-75. ~
dDays to P.V. 20:10 g off, 100-ml beaker, 60 C forced draft oven.
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FIG. 1. Oxidative stability of SC-COcextracted oils (80 C, 12,000psi). A, SC-CO2-, expeller- and solvent-
extracted crudeoils; B, SC-COz- and solvent-extracted crude degummed soybean oils; C, SC-CO2- and
expeller crude dry-milled corn oils; D, SC-CO2~extracted crude soybean oil. Heated oils deodorized in
thin film continuous deodorizer.

tain appreciable amounts of phospholipids. The phospho-
lipid content o f t h e commercial samples was 1.92%,
0.97% and 0.3% for soybean, cottonseed and corn oil,
respectively (18). The iron c o n t e n t of C02-extracted
oils is lower than t h a t of commercial samples, probably
because they are exposed to less metal. The oxidative
s tabi l i ty o f SC-C02 and commercially extracted c rude
oils was determined. In addition, c rude oils t e s t e d with
lecithin and commercial antioxidants were evaluated.
The results are summarized in Figure 1. Figure 1A
shows the relat ive oxidative s tabi l i ty of SC-C02 and
commercially extracted oils. Commercially-extracted
c rude oils all show a significant induction period before

peroxide development occurs dur ing 60 C storage. On
the o t h e r h a n d , CO2~xtracted oils show little o r no
induction period. CO2-extracted soy and corn have a b o u t
the same stability, while cottonseed oil is somewhat
more stable. Gossypol pigments are known t o function
as ant ioxidants (19), and because gossypol is partially
soluble in SC-CO~, the SC-CO2~xtracted c rude oil would
be expected t o exhibit some oxidative stability.

Oxidative s tabi l i ty da t a for a SC-SC2~xtracted soy-
bean oil are shown in Figure 1B and compared to a
hexane-extracted crude, degummed oil containing 100
p p m phosphorus. The SC-CO2 crude oil f resh from the
extractor shows rapid buildup in peroxides a f te r stor-
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age. Deodorization o f the oil resulted in improved oxi-
da t ive stability. A crude hexane-extracted degummed
soybean oil containing 100 p p m of phosphorus was
also subjected to 60 C storage, as was a 50:50 mixture
of the hexane- and CO2-extracted c rude otis. The b lend
of CO2- and hexane-extracted oils was nearly as s table
as the hexane-extracted oil alone. The marked improve-
ment in s tabi l i ty is a t t r ibu ted t o t h e phospholipids
p r e s e n t in t h e hexane-extracted oil.

A similar experiment with c rude CO2-extracted corn
oil is shown in Figure 1C. The stabil izing effect o f
added soybean phosphatides and the beneficial effects
o f heat are similar to t h a t a l ready discussed for soy-
bean oil. More work is needed to establish the mini-
mum amount o f soybean phosphatides required to sta-
bilize SC-CO2-extracted oil. However, as little as 50
p p m phosphorus {0.16% phosphatide; pe rcen t phos-
phorus × 32) {18) affords improved oxidative stability.
Commercial soy phosphatides {2%) used in stabilizing
corn oil correspond t o a b o u t 625 p p m phosphorus; this
amount should be in excess of t h a t required to stabilize
t h e oil against oxidation.

The effect o f heating, citric acid t rea tment and the
phenolic ant ioxidant , te r t ia ry-buty l hydroquinone
{TBHQ} on the oxidative s tabi l i ty of SC-CO2-extracted
soybean oil are shown in Figure 1D. The results indi-
cate t h a t a combination of h e a t , citric acid and TBHQ
is qui te effective in stabil izing CO2-extracted c rude
soybean oil.

The oxidatives tabi l i ty of unheated crude oils t rea ted
with t h e ant ioxidant TBHQ and with citric acid in
combination with TBHQ is shown in Table 2. The per-
oxide values of the t rea ted oils show marked improve-
ment over t h a t o f t h e untreated controls. Citric acid
and TBHQ are effective in stabilizing soybean, cotton-
seed and corn oil a g a i n s t oxidative deterioration. How-
ever, citric acid in combination with TBHQ shows no
synergistic effect over TBHQ alone. This effect has
been reported by o t h e r investigators {20}.

Many factors contribute t o t h e oxidative s tabi l i ty
of fats and otis. These include t h e fa t ty acid composi-
tion, tocopherol, phospholipid and trace-metal contents.
Lard, a sa tu r a t ed fat, does not contain tocopherol, b u t
shows improved oxidative s tabi l i ty when tocopherols
are a d d e d t o the fat (21}. Highly unsaturated f a t s , such
as soybean and corn oil, contain high levels of toco-
pherol. On t h e o t h e r hand, studies made on soybean oil
have shown t h a t too much natural ly occurring toco-

pherol can function as a prooxidant {22). T h u s , depend-
ing on the fa t ty acid composition of a fa t , tocopherol
can act e i the r as an ant ioxidant or a prooxidant.

Severa l investigators have shown t h a t the oxida-
tive stability of soybean oil decreases with processing
{23,24}. Crude oil is the m o s t stable, and refined and
bleached oil the l e a s t stable. Degumming and alkali
refining reduce the phospholipid content of vegetable
oil from 1-3% t o essentially zero (25}. Decreased sta-
bili ty shown by such oils has been a t t r ibu ted to loss
of phosphatides. The function of phosphatides in pro-
tec t ing crude oils from oxidat ion is unclear. Whether
phosphatides act as true antioxidants, metal inactiva-
tors o r as oxygen barriers a t the oil]air interface is
uncertain. Studies carr ied out on lard showed t h a t
phosphatidylcholine and phosphatidylethanolamine ex-
ert a s t r o n g synergistic ant ioxidant effect in the pres-
ence of tocopherol, b u t b y themselves act as prooxi-
dan t s {19}.

The improvement in oxidative s tabi l i ty afforded
b y hea t ing {Fig. 1B-D} SC-CO2-extracted oils probably
results from destruction o f minute amounts of hydro-
peroxides formed dur ing extract ion o f the oils from the
seed. Hydroperoxides are destroyed rapidly a t deodori-
zat ion tempera tures . In addition, hea t may d e s t r o y
complexes be tween metals and secondary oxidat ion
products {26}. This would account for the marked im-
provement in oxidative stability observed for SC-CO2-
extracted soybean oil t r ea ted with citric acid and TBHQ
(Fig. 1D}.

The peroxide values of freshly extracted oils are
usual ly zero and rarely exceed 0.5 meq/kg. Severa l
SC-CO2 extractions were made in which the extract ion
vessel, flakes and o t h e r equipment were flushed with
n i t rogen pr ior t o hea t ing and pressurization. Crude
oils from t h e s e runs were no more stable than those
extracted wi thout flushing t h e s y s t e m with inert gas.

Although more work is required t o elucidate the
mechan i sm by which SC-CO2-extracted oils u n d e r g o
oxidative deterioration, this s t u d y suggests t h a t a num-
b e r of factors are involved, including t h e highly un-
sa tu r a t ed nature of t h e oils and the absence of phosphol-
ip ids which act as oxygen inhibitors in unheated oils.
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TABLE 2

Effect o f Ant iox idants o n the Stab i l i ty of Unheated Crude Oils
Extracted with SC-COz

Peroxide value {meq/kg)

Days storage a
Oil {60C) Cont ro l Tenox-20b TBHQ

Soybean 8 93.9 12.5 3.7
Cottonseed 6 34 2.5 2.0
Corn {dry milled} 6 20 2.5 2.1
al0 g oil, 100-mlbeaker, 60 C, forced draft oven.
bContains citric acid and tertiarybutylhydroquinone (TBHQ);

antioxidants added at 0.02% by weight active ingredients.
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