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A method has been deseribed for the separation of unsa-
ponifinbles into their major chemienl elasses by silieie acid
adsorption ehromatography. Methods are also presented for the
isolation of unsaponifiables frec of fatty acids. The chromato-
graphie procedure was tested on sywthetic mixtures of hydvo-
carbous, esters, aleohols, and sterols and thenm applied to the
unsaponifiables of extracted and pressed olive oils, soybean, tea-
seed, and rapeseed oils, lard, and tallow. The major sterol of
all the unsaponifiables examined was found to be B-sitosterol.
Analytical data such as infrared analysis, carbon-hydrogen an-
alysis, melting points of derivatives, and paper ehromatography
of the sterol fraetions are also presented.

HE UNSAPONIFIABLE part of fatty materials has

always held the attention of rescarchers since

it contains substances of particular scientific
and practical interest which are related in some
manner to the origin of the oil. Although some in-
formation is available on the composition of the un-
saponifiables of oils, most of the data are concerned
only with such physical and chemical properties as
the melting and solidification points (4,8,22), the io-
dine value (1,15), and the refractive index (21).
Since these values reflect little of the complex nature
of the material, we thought it would be of interest
to develop a general method for the systematic reso-
lution of unsaponifiables. Previous publications of a
similar nature were the work of Ruzicka and co-
workers (24) on the unsaponifiables of extracts of
swine organs, of Fuhrmann (14) on the unsaponifi-
ables of olive oils from Tunisia, and of Cruz-Aufion
{b) on the unsaponifiables of soybean and cotton-
seed oil.

This paper describes the isolation of unsaponifi-
ables from fats and oils and the separation of this
material into various components by elution chro-
matography on silicic acid columns. The elution is
performed by a series of solvents or mixtures of sol-
vents of increasing polarity and permits the quanti-
tative isolation of the following series of components:
The saturated hydrocarbons; the polyene hydrocar-
bons (squalene); the waxes; the esters of sterols;
the aliphatic alecohols; a group of materials the nature
of which will make up a separate paper, containing
triterpene aleohols; the free sterols; and a group of
substances still unidentified which may be alteration
products.

Although the method was developed to study the
unsaponifiables of extracted olive oil, it may also be
applied to other fats and oils. The resolution of
unsaponifiables containing eompounds of a different
chemical type from those listed will, of course, de-
pend upon the functional group of the compounds,
and application of the elution scheme will, in general,
permit their separation. As an example of this, in the
separation of teaseed oll unsaponifiables (Figure 7),

1 Report submitted to the Fourth Congress of the Intermational Soci-
ety for the Study of Fatty Materials, Graz, September 1-3, 1959.
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we have isolated by our method a group of substances
giving the so-called Fitelson reaction (11).

Methods

Preparation of Unsaponifiables. Fifty grams of oil
are saponified by boiling on a water bath with 500 mi.
of 2-N alcoholic potassium hydroxide for 1 hr., then
transferred to a 5-liter separatory fumnnel containing
500 ml. of distilled water. The flask is rinsed with 500
ml. of water, which are also added to the funnel; 500
ml. of peroxide-free ethyl ether of recent distilla-
tion are added, and the mixture is vigorously shaken.
After standing for 12 hrs., the aqueous layer is re-
moved and rc-extracted twice with 1 liter of ethyl
ether, allowing only 15 min. for the layers to separate
in these extractions. The ethereal extracts are com-
bined and washed to neutrality, using about 250 ml.
of water for cach wash.

After the first water wash a 2-hr. standing period
is required for complete separation of the layers, but
the succeeding washes require only 10 min. The ether
solution is dried over anhydrous sodium sulfate, and
the solvent is evaporated under reduced pressure in
a stream of nitrogen.

Eemoval of Fatty Acids from Unsaponifiables. The
unsaponifiables thus obtained always contain consid-
erable amounts of free fafty acids which must be
removed. One of the two following methods is pre-
ferred for their removal rather than washing with
alkaline solutions.

About 400 mg. of unsaponifiable matter dissolved in
smallest possible amount of chloroform are added to
a column containing 10 g. of basic copper carbonate
[CuCO4-2 Cu (OMH).], which had previously been
wached with 100 ml. of CHCl;. The flow rate of the
columi can be increased by prior mixing of the copper
carbonate with Celite in a one-to-three ratio. The un-
saponifiables are eluted with 450 ml. of chloroform,
and the final 10 ml. of this should leave a residue of
less than 1 mg.

An alternate procedure for fatty acid removal em-
ploys a column of 24 g. of Brockman alumina. The
sample is added to the column in a small volume of
ethyl ether, and the unsaponifiables are removed with
250 ml. of the same solvent.

Chromatography of Unsaponifiables. Approximately
100 mg. of unsaponifiable matter dissolved in a mini-
mum volume of hexane was added to the top of a
13-mm. chromatographic column containing 3 g. (30-
to-1 ratio adsorbent to sample) of Mallinckrodt’s 100-
mesh silicic acid. After the charge had almost com-
pletely passed into the column, the sides were washed
twice with 1-2 ml. of hexane, and elution with the
first solvent was started. Sinece extreme care must be
taken to prevent the column from becoming dry when
changing from one solvent to another -a stopcock or
other means of discontinuing the column flow should
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be provided at the bottom outlet of the column. Frac-
tions of 4 ml. each were collected in small weighed
flasks, and when successive fractions contained no
residue, the next solvent of increasing polarity was
added according to the scheme outlined in Table I.
Changes in the eluting solvent were accomplished by
removing the solvent remaining above the silicic acid
with a pipette while the column flow was stopped. The
next solvent was added slowly to prevent disruption
of the ecolumn structure.

Analysis. The weight of each fraction was deter-
mined by evaporating the solvent in a small weighed
flask in a stream of nitrogen and weighing the residue.
The analytical data were obtained on the various
fractions by semimicro methods. The presence of
sterols was detected by the well-known Liebermann-
Burchard reaction (3); esters were revealed by the
formation of the corresponding ferric hydroxamate,
according to Goddu ef al. (17). The infrared spectra
were recorded by a Baird Model 4-55 double beam
spectrophotometer.

Results and Discussion

Although silicic-acid chromatographic adsorption
techniques have been widely used for the separation
of fatty materials into their major components ac-
cording to their polarity, the further separation of
the classes by this procedure into individual com-
pounds is much more difficult and requires very
special conditions. Tikewise, in our case, the unsa-
ponifiables were resolved into eight fractions corre-
sponding to as many series, cach of which econsisted
of various homologous substances. Tt was possible to
extend the separation of the classes by paper chro-
matography, particularly Fractions B and G (Table
[}, the higher aleohols (31), and the sterols (7),
respectively.

TABLE T

lution Scheme, Chromatosraphic Separation of Unsaponifiables

Fraction Iluant Eluted sut
Hexane Paraffing and olefins
Carbon disulfide Polyene hydrocarbons
Hexane 5% Benzene ‘Waxes

Sterol esters
Sterol esters

.| Hexane 10% benzene
Hexane 20% henzene
Hexane 30% henzene HMigher aliphatic aleohols
| Hexane 2% ethyl ether Triterpenoid alcohols
...| Hexane 89% e¢thyl ether Starols

. Chloroform 5% methanol © Unidentified substances

The results of the present work pertain only to
unsaponifiables as they are usually defined. The ma-
terial present in the unsaponifiables and isolated by
¢hromatography was produced by saponification. Thus
the waxes and sterol esters were replaced by free
aleohols and sterols. Working on model mixtures con-
faining squalene, we have found httle evidence of
structural changes produced by the saponification,
extraction, and adsorption treatment althongh there
is the possibility of structural modifications such as
the shifting of double bonds.

Preparation of Unsaponifiables. Tn our experience,
unsaponifiables produced by standard methods con-
tained high percentages of free fatty acids. These free
acids later contaminated the triterpene alcohol and
free sterol fractions and were difficult to remove. By
working with model mixtures of free acids, B-sitosterol
and docosanol, we found that passage of the mixture
over basic copper carbonate effectively removed the
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TABLE I1

Separation of Synthetic Mixture?

Wt.

Fraction Eluant Eluted substance recovered
(mg.)

Tube No.

1- 6A Carbon disulfide | ... | .
7— 47 B Hexane 5% henzene Acetyldocosanol 25.5
47— 76 O Hexane 10% benzene Acetyl-B-gitosterol 25.0
77— 86D Hexane 20% Benzene | ... | ...
87-110 B Hexane 30% benzene Docosanol 25.5
111129 F ‘ Hexane 8% ethyl-ether B-Sitosterol 24.5

2 Synthetic mixture composed of 25.1 mg. of acetyldocosanol, 25.6
mg. (1)f acetyl-B-sitosterol, 25.1 mg. of docosanol, and 25.0 mg. of B-sito-
sterol.

free acids and permitted quantitative recovery of
the unsaponifiables which are not absorbed. The re-
covery of the fatty acids was accomplished by sus-
pending the copper carbonate in ether and treating
with dilute HCI.

By measuring the peroxide value before and after
the chromatographic treatment, it was also shown that
the treatment induced no further oxidation of the
material.

Several treatments based on neutralization of the
fatty acids, followed by extraction of the unsaponifi-
ables, were tried. The best of these, although of
greater complexity than the adsorption procedure,
was to neutralize the mixture with stoichiometric
amounts of lithinm ethylate in aleohol solution. This
was then extraected three times with hot benzene to
remove the unsaponifiables. It was possible by this
procedure to produce unsaponifiables of zero acid
number and with no contamination of metallie lithium.

Chromatoyraphy. We found little in the literature
directly related to the application of ehromatography
to the unsaponifiables. The investigations by Trappe
(29,30), by Fillerup and Mead (10), by Borgstrom
(2), and by Spengler (25,26,27,28), and recently by
Hirsch (20) are more properly concerned with lipids.
In the development of our procedure, model mixtures
of the type of compounds found in unsaponifiables
were subjected to various chromatographic schemes.
Although the separation of hydrocarbons from unsa-
ponifiables had been reported (9,12,13,18,19,20,23),
it is interesting to note that we were able to separate
paraffing and monocene-hydroecarbons from the polyene
squalene. The former were first eluted with hexane,
and the latter then removed with carbon disulfide.

Table IT gives the results obtained with a model
mixture of acetyl-docosanol, acetyl-B-sitosterol, doco-
sanol; and B-sitosterol, every component of which was
casily prepared in a pure form and the chromato-
graphic behavior of which is closely similar to that
of natural mixtures of waxes, stevol esters, fatty aleo-
hols, and sterols. This mixture was chromatoeraphed
according to the elution scheme shown in Table TT
that differs only slightly from that of Table I. Figure
1 depicts graphically the trend of this separation.

When the scheme of Table 1T was applied to the
separation of the unsaponifiables of olive oil, it was
observed that the sterol fraction was contaminated
by a compound giving a yellow Liebermann-Burchard
test. The elution scheme was modified to include the
use of 2% ethyl ether in hexane prior to using 8%
ethyl ether (Table I), resulting in complete separa-
tion of material from the sterol fraction. While the
data indicate that this material contains a triterpene
alcohol, a separate investigation is in progress to char-
acterize it.
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F1¢. 1. Elution of synthetic mixture.

From the many preliminary tests conducted, the
final elution seheme given in Table 1 was adopted and
was found ecapable of separating the classes of com-
pounds found in the unsaponifiables.

Identification of Chromatographic Fractions. The
unsaponifiables of extracted olive oil were resolved by
our method into eight distinet fractions according to
the scheme of Table I. The graphic representation of
this separation is shown in Figure 2. The character-
istics of each fraction are reported below:
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Fractions -~
Chromatagraphy of the unsaponitiable of extracled olive orl

F1g. 2. Elution of extracted olive oil unsaponifiable,

Fraetion A. This was a white, waxy solid after crystalliza-
tion from acctone and had a melting point of 62.5°C. Carbon-
hydrogen values (C=84.97%, H =14.93%) agree well with
those calculated for a CuwHe hydrocarbon. Infrared analysis
revealed only CH. and CHx groups.

Fraction B. The fraction eluted with carbon disulfide was
a colorless liquid with a blue fluorescence. This fluorescence
was probably due to contamination as it disappeared when
the fraction was rechromatographed. The index of refraection
of this and similar materials was 1.4961 to 1.4964 in the range
of reliable values reported for synthetic squalene. The infra-
red curve shown in Figure 3 is identieal with those for syn-
thetie and natural squalene.
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Fie. 3. Infrared speetrum of squalene isolated from olive oil
unsaponifiable. .

Fraetion C. The small amount of material contained in this
fraction allowed only a general identification. The presence of
ester groups was confirmed by both infrared analysis and
chemical test (ferric hydroxamate formation).

Fraction D. This was also a very small fraction and did not
permit a thorough examination. It gave a positive sterol test
and is very probably sterol esters. This material and Fraetion
C must be products of incomplete saponification of original oil.

Vor. 37

Fraction B. This material was erystallized from 96% ethanol
and yielded a waxy product melting at 78.5°C. The carbon-
hydrogen values (C=81.7%, H =14.02%) are very similar to
those ealeulated for the higher aleohol CaHsO (C = 81.60%,
H =14.21%). The presence of higher aleohols in the unsa-
ponifiables has been reported by several investigators, including
Fuhrmann (14), Graeian (16), and others.

The acetyl derivative after erystallization melted at 60°C.,
and the carbon-hydrogen values (C=79.05%, H =12.89%)
were similar to those caleculated for a CxsHsO. ester. (C=
79.24%, H =13.20%). The infrared spectrum confirmed the
materials as fatty aleohols. The material was subjected to
paper chromatography, and this research will be the subject
of a speeial paper (31).

Fraction F. This is a very ecomplex material, and its pres-
ence neeessitated the modification of our original elution seheme
as previously mentioned in the text. The data so far in our
possession would lead us to assume that it is a group of sub-
stances common to many fats. The fraetion containg two groups
of materials; one of these forms is an insoluble digitonide
although it is not a sterol; the other does mot form a complex
with digitonin. A separate work is in progress concerning
the composition of Peak F.

Fraction G. This was chromatographed on paper using the
same teehniques as deseribed in previous publications (6,7).
B-Sitosterol appeared to be the main sterol present, but in the
latter fractions there were at least three other stcrols present,
one of which gave an R¢ value very close to that of cholesterol.

The early fractions (Figure 2), 90-97, were com-
bined and crystallized from absolute alcohol and
vielded a product melting at 134.5-135.0°C. When
this was acetylated and recrystallized from alcohol it
melted at 119.0-119.5°C. A mixed melting point with
acetyl-B-sitosterol of melting point 124.0°C. gave a
melting point of 119.0-119.5°C. The carbon-hydrogen
analysis (C = 81.77%, H = 11.36%) agreed with that
calculated for CogHyO (C = 81.52%, H =1147%).

The acetyl derivative was brominated and the car-
bon-hydrogen analysis (C = 60.77%, H = 8.11%) was
very close to that for CogHygBr,O.
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F1a. 4. Infrared spectrum of B-sitosterol isolated from olive
oil unsaponifiable.

Figure 4 presents the infrared spectrum of the sterol
in Nujol suspension, and it is characteristic of a sterol
containing unsaturation in the 5-6 position. It is also
identical with the spectrum of B-sitosterol isolated
from tall oil. Despite the low melting point of the
acetyl derivative, it seems to us that the main olive oil
sterol is B-sitosterol, associated in minor amounts with
at least three other sterol-like materials.

Unsaponsfiables of Other Oils. The method was also
applied to the unsaponifiables of pressed olive oil,
soybean oil, teaseed oil, rapeseed oil, lard, and tallow.
The curves of these separations are shown respectively
in Figures 5 to 10. It is interesting to note that the
material of Fraction F, occurring just prior to the
sterols, contains the substance that gives the yellow
Liebermann-Burchard test. Paper chromatograms of
all the sterol fractions confirmed the presence of only
one main sterol component and several minor sterol
components in each. The nature of these minor sterols
will be the subject of a future work.
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