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NLY a minor part of the ‘‘lecithin’’ potentially
available in soybean oil has found industrial
application. Interest is nmow increasing in ex-

tending the use of soybean phosphatides, in part be-
cause of recent research work that has resulted in
new information eoncerning the specific chemical,
physical, and biological properties of the particular
phosphatidic components.

The crude phosphatides are a complex mixture in-
cluding oil, lecithin, cephalin, phosphoinositides, and
sugars in free and bound form, together with minor
amounts of sterols, sterol glucosides, pigments, and
antioxidants. In earlier work at this laboratory a
sample of oil-free phosphatides from hexane-extracted
soybean oil was fractionated and calculated to econ-
tain 24% lecithin, 25% cephalin, and 339, phospho-
Inositides (7). The phosphoinositide fraction 1s known
to consist of at least two major components which
differ in composition and solubility properties. Car-
bohydrates comprise about 6 to 8% of crude phos-
phatides. Sucrose, raffinose, and stachyose have been
identified as free sugar components while galactose,
mannose, and arabinose have been found only after
hydrolysis (9). R

Laboratory fractionations have variously employed
acetone, ethyl aleohol, methyl alcohol, and acetic acid.
For reasons of costs, use restrictions, heat of vapori-
zation, flash point, and similar considerations, investi-
gation of other solvents appeared to be pertinent prior
to setting up larger scale separations. Since isopropyl
alcohol appeared to fill many of the requirements of a
commercial solvent, the present study of its efficiency
as a fractionating solvent was performed.

In the current work, commercial unbleached crude
phosphatides from hexane-extracted soybean oil were
extracted with successive portions of isopropy!l alco-
hol. Data were obtained on composition of fractions
and volume of solvent required.

Analytical Methods

The acetone-insoluble material in the fractions re-
sulting from isopropyl alcohol extraction was deter-
mined by mixing the sample at about 40°C. with
acetone and then cooling at 0°C. until the acetone-in-
soluble material had settled out. Acetone extractions
were continued until little more material was dis-
solved, and the acetone-insoluble residue was dried in
vacuum. A small amount of phosphorous-containing
material, together with triglycerides, was dissolved
by the acetone, the amount being partly dependent
on the free fatty acid content of the extracted mate-
rial (6). However no more effective fractionating
solvent is known for removing the triglycerides.

Phosphorous (12), total nitrogen, choline (3), am-
ino nitrogen (2, 13), inositol (1), and sugar (10},
were determined on the fractions as deseribed pre-
viously (7, 8).
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Lecithin was calculated as 56.8x choline nitrogen.
This factor is based on a molecular weight for the
fatty acids of 278.3 (11). In a similar manner ceph-
alin in the isopropyl alcohol-soluble fractions was
calculated as 52.3x Burmaster (periodate) mitrogen.
Since the nitrogen measured by the Burmaster proce-
dure is less than the non-choline nitrogen (total N-
choline N), part of the nitrogen is unaccounted for.
Use of Burmaster nitrogen therefore gives a minimum
value. Since ethanolamine occurs as a constituent of
the phosphoinositides, an estimate of cephalin in the
isopropyl aleohol-insoluble fractions cannot be based
on Burmaster values. Sugar was calculated as galac-
tose in order to compare with previous work. The
aceurate estimate of phosphoinositides is not possible

.since their composition is not known, but, as an ap-

proximation, values have been calenlated on the basis
of 12.5% inositol in pure phosphoinositides, which was
used in a previous publication (7).

TABLE I
Extraction of Crude Phosphatides With Isopropyl Alcohol

Acetone-insoluble } Solvent
Extract ! used (ml.
No. of extract (% of (% of per 100 g.
crude phos- (% of crude phos- | crude phos-
phatides) extract) phatides) phatides)
28.8 31.2 9.0 100
12.90 42.4 51 150
4.0 49.1 1.9 150
4.5 55.2 2.5 150
2.3 65.2 1.5 100
516 1 ... 20.0 650

Extractions of Crude Phosphatides with
99.49/, Isopropyl Alcohol

The crude phosphatides were mixed with 99.4%
isopropyl aleohol in a Waring blendor at room tem-
perature. Although the temperature rose during mix-
ing, it was not allowed to exceed 40°C. during the
extraction. After each of the first three extractions
the mixture was allowed to stand one hour or more
in order to settle out most of the solid material. The
supernatant was subsequently drawn off and centri-
fuged. Then this residue was combined with that
remaining in the mixer for further extraction. After
the third extraction sufficient oil had been removed
to allow filtration of the extracts through a Buchner
funnel. This filtration procedure was used to remove
the fourth and fifth extracts. The increased amount
of extract obtained in the fourth extraction was un-
doubtedly due to the more complete removal of ex-
tracts by filtration.

Solvent was removed from aliquots under vacuum
while carbon dioxide was bubbled through the so-
lution. Traces of solvent remaining were taken off
subsequently in a vacuum desiccator. The first ex-
tract with isopropyl aleochol was a brown fluid; the
following extracts were yellow and had greasy to
waxy consistency. The isopropyl alecohol-insoluble
residue was a light brown powder.

In some cases proportional parts of the smaller
fractions, e.g., I1I, IV, and V were combined for an-
alyses. Amounts of extracts and analyses are shown
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TABLE II
Nitrogen, Phosphorous, Sugar, and Inositol of Fractions (% of Extract)
Fracticfm Van Slyk Total Mol
. . (% o Total Choline an Slyke | Burmaster ota ol. ratio .
Fraction crude phos- N N N N P P/N Inositol Sugar
phatides)
o %o %o % % % %
Extract L...oeeinciiicnrirrennenens 28.8 0.63 0.37 0.16 0.15 1.21 0.87 0.05 2.30
Extract II......covoiiiiriieninmrnneniancineninnn. i2.0 0.98 0.43 0.25 0.24 1.91 0.88 0.06 2.74
Extract ITT, IV, and V.. 10.9 0.97 0.49 0.35 0.31 2.13 0.99 0.09 3.72
Isopropyl alcohol-insoluble... 48.5 0.81 | 0.09 0.55 0.43 3.01 1.68 6.2 9.75
Ethyl alcohol extract I...... 6.8 1.22 | 0.47 0.57 0.52 2.74 1.02
Ethyl alcohol extract IT.......ccoouveriinmniressunninennan, 3.9 1.19 i 0.30 0.62 0.61 2.83 .08 U L0 b L
TABLE III
Composition of Fractions Obtained by Isopropy! Alcohol and Ethyl Alcohol
Inositides 1 Cephalin Lecithin | Sugar
Fraction (%of | (% of (% of (% of
(% of crudeophos- (%o of erude phos- (% of ernde phog- | ernde phos-
extract) phatides) extract) phatides) fraction phatides) phatides)
Extract I 0.4 0.1 7.8 2.2 21.0 6.0 0.65
Extract IL....ocoiinvanrennnnnn 0.4 0.1 12.5 1.5 24 .4 2.9 0.33
Extrapt III, IV, and V. 0.7 0.1 16.2 1.7 27.8 3.0 0.40
Total isopropyl-alcobol soluble....cvvviiiiciseviininierireciccins| e 0.8 | .. 54 | ... 11.9 1.38
Isopropyl alcohol-insoluble, 50.0 24.2 | e | e 5.1 2.5 4.72
TOtAL...irimiriiiniiirieircirrimtresireecacrnenersne s e sean e nrnanaere] aeeses 24.5 [ S R, 14.4 6.10
Ethyl alcohol extract L...c.occcmiiiscscnniiiisioniennsimnicnvnnnniececine]  cveeee L aenene 27.2 1.9 26.6 1.8 | .
Ethyl alcohol extract IL......c.ccceiivcvnveenncrcnceivcrenvicovnicperceseed  wveee | e 31.9 1.2 17.0 0.7 | .
TABLE IV
Extension of Crude Phosphatides With Acetone Followed by Isopropyl Alechol
i i Isopropyl al-
Acetone ex- ’ Acetone used Isopropyl Isopropyl al- cohol used Isopropyl al-
Acetone extract no. tract (% of (ml./100 g. alcohol cohol extract (ml./100 g. cohol extract
crude phos- crude phos- extract (% of crude crude phos- (% of acetone-
phatides) phatide) no. phosphatides) phatides) insolubie)
Lot pessssenssssssss s sresssssassassssnssassrasen 19.6 300 A 5.4 200 7.6
1 3.7 200 B 6.3 200 8.9
III 3.9 200 C 4.3 200 6.1
IV, 1.1 150 D 3.0 200 4.3
Vet rrrreseentosssannivosnesiasnssessassssnessssnnessees 0.7 150 E 2.2 200 3.2
VI 0.5 ' 150 F i 1.5 200 2.1
Totals, 295 { 1150 Total 22.7 1200 32.2

in Tables I, II, and III. Of the erude phosphatides,
51.6% was soluble in isopropyl alecohol. The extract
consisted of 20.0% acetone-insoluble phosphatides to-
gether with 31.6% oil based on the crude phospha-
tides. The phosphatides in the extract consisted of
about 68% lecithin and 31% cephalin. Almost all of
the phosphoinositides remained in the insoluble por-
tion. In order to learn the completeness of isopropyl
alcohol extraction, isopropyl aleohol-insoluble material
was further extracted two times with absolute ethyl
aleohol, using 7 ml. solvent per gram of material for
each extraction. The ethyl aleohol extracted an ad-
ditional 10.7% of the crude phosphatides. These con-
tained practically all the residual lecithin together
with additional cephalin.

Extraction of Crude Phosphatides with Acetone
Followed by Extractions with
Isopropyl Alcohol

In order to evaluate the merits of various possible
fractionation procedures, the direct isopropyl aleohol
extraction of ecrude phosphatides was compared with
the isopropyl alcohol extraction of oil-free phospha-
tides. The crude phosphatides (100 g.) were extracted
with acetone in the Waring blendor to remove the oil.
It was necessary to use more solvent in the mixer to
get sufficient suspension of the material than was the
case with isopropyl alcohol ; moreover six extractions
were judged necessary to remove the oil. A part of
the acetone-insoluble material was dried in vacuum.
Of this residue, which represented one-half of the in-
soluble material, 35.3 g. were extracted 6 times with
100-ml. portions of isopropyl aleohol, which volume

corresponds to 200 ml. per 100 g. of erude phospha-
tides. The extracts after filtration and evaporation
were analyzed in the same manner described for the
direct isopropyl alcohol extraction.

As shown in Table IV, acetone removed 29.5% oil
and isopropyl alecohol dissolved 22.7% phosphatides.
The sum of extracted material is 52.5% compared
with 51.6% extracted by isopropy! alechol directly.
The amount of solvent used was 11.5 ml. acetone and
12 ml. isopropyl alcohol per gram crude phosphatide
compared with only 6.5 ml. isopropyl alecohol per gram
by the direct extraction.

Discussion

Selection of a procedure for commerecially fraction-
ating ‘‘soybean lecithin’’ depends on the products and
purity of produets desired and on the cost of the nec-
essary procedures. Based upon the information of this
paper and previous work, several alternative schemes
may be proposed to obtain various produects.

One proposal is actually on the verge of commercial
implementation. The first step consists in separation
of the oil from the phosphatides by acetone extraction,
a procedure which is a commercial operation both in
this country and in Germany (4, 5). The second step
consists in fractionation of oil-free phosphatides with
ethyl aleohol to give a fraction containing lecithin and
cephalin, and an insoluble fraction containing prima-
rily the two phosphoinositide fractions (7).

A simpler fractionation can be performed, as shown
here, by extracting crude phosphatides with isopropyl
aleohol if there is no objection to oil occurring in the
soluble fraction. In such a fractionation lecithin and
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phosphoinositides are quite well separated, but ceph-
alin is distributed between the two fractions. Thus
in present work when commerecial crude phosphatides
were extracted five times with a total of 6.5 ml. of
isopropyl alechol per gram, the combined extracts
contained 61% acetone-soluble material, 23.2% 1leci-
thin, and 10.6% cephalin, Practically all the inositol-
containing material and 77% of the sugar remained
in the insoluble fraction.

It is obvious that the separation between oil and
phosphatide components achieved by acetone extrac-
tion followed by isopropyl alcohol or ethyl aleohol
cannot be obtained by the use of isopropyl aleohol
alone; but the direct extraction with isopropyl alco-
hol gives a good separation of the inositol containing
fraction from the other components and, in addition,
uses a much smaller volume of solvents. If it is de-
sirable, the oil may later be removed from the soluble
portion by acetone in the usual way.

While five extractions and a total of 6.5 ml. of iso-
propyl aleohol per gram of phosphatides were used in
this work, for some purposes a less complete extrac-
tion may be satisfactory. For example, by extracting
only two times with a total of 2.5 ml. isopropyl aleohol
per gram 40.8% of the crude phosphatides would be
extracted as indicated by the data in Table I. This
extract would contain 34% acetone-insoluble material
and the remainder would be mainly oil. The fraction
remaining after the isopropyl aleohol extraction would
contain 91.8% acetone-insoluble material.

Separations of lecithin from cephalin in the soluble
portion and of the phosphoinositides of the insolu-
ble portion have been accomplished as yet only by
methods suitable for small-scale laboratory purposes.
However, current reports indicate that commercial
fractionations of soybean phosphatides are following
elosely upon knowledge of ecomposition and laboratory
separations and that further developments depend up-
on the growth of more fundamental information.

Summary

Isopropyl alecohol has many advantages as a com-
mercial solvent and gives useful separations of soy-
bean phosphatides. When commercial crude phospha-
tides were extracted five times with a total of 6.5 ml.
isopropyl aleohol per gram, 31.5% oil, 12% lecithin,
and 5.5% cephalin were dissolved. Practically all the
inositol-containing material and about 77% of the
sugars remained insoluble. Further extractions with
ethyl aleohol removed the remaining leeithin together
with additional cephalin.

After removal of the oil from the crude phospha-
tides with acetone, the extraction of the isopropyl
alecohol-soluble material required twice the amount of
isopropyl aleohol unsed for the direct extraction de-
scribed above.
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Variations in the Chemical, Physical, and Organoleptic
Properties of Soybean Oil Hydrogenated Under

Widely Varying Conditions

REX J. SIMS, Swift and Company, Chicago, lllinois

T is generally accepted that there is a relation-

ship between the flavor stability of soybean oil

‘and its oxidative stability. Consequently many
workers in the field subscribe to the assumption that
the flavor deterioration of fats is due to an auto-
oxidative process of some type involving the polyun-
saturated glycerides (1, 2).

In the work to be reported here soybean oil was
hydrogenated to various degrees of hardness under a
variety of conditions so as to produce fats of widely
varying oxidative stability. No correlation was ob-
served between flavor scores of fresh or aged prod-
ucts and their oxidative stabilities as measured by the
active oxygen method (3, 4). Furthermore the con-
tent of polyunsaturated glycerides appeared to bear
no relationship to flavor stability.

As reported by other workers (5), at moderate pres-
sure chemical selectivity was found to vary directly
with catalyst eoncentration and with temperature up
to 200°C., and inversely with hydrogen pressure and
rate of agitation. But at hydrogen pressures over 500
psi. the effect of changes in catalyst concentration and
agitator speed was reversed. That is, selectivity then
varied inversely with catalyst coneentration and di-
rectly with agitator speed.

The percentage of high-melting trans isomers formed
during hydrogenation (6) is also a funection of pres-
sure and varies inversely with it. Yet higher melting
produects were obtained, for a given drop in refrac-
tive index, when higher pressures were used. Ap-
parently the amount of fully saturated glycerides



