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Introduction

Antloxlidants are those substances which 1inhibit the
oxidatlion of an oxidlzable materlal, so that the length
of time required for oxidation 1s lncreased. For the
naturally occurring antloxidants 1solated from vegetable
oils the term "inhibitol®" has been suggested, the ending
-0l inferring hydroxyl groups. Such groups have been
found present in these natural compounds.

It was the purpose of this study to 1solate thess
natural occurring antlioxidants from several vegetable
oils and attempt to concentrate an active portion by
fractionation of the 1solated materlial. The work 1s
Incomplete so far as 1lsolating a chemlcal entity 1s
eoncerned, but a definlte concentrating of the actlive
material was accomplished.

The term fat or oll 1s referred to 1n this work
as belng the materlial which can be extracted from plents
or plant products or from animal matter with ethyl ether,
petroleum ether, or other similar solvents, and to consist
essentlally of mixtures of glycerides. Both terams, oll
‘"and fat, are frequently used 1nterchangeably 1n sclentifle

literaturee.



Historical

Although the olls 1n ripening seeds and nuts are
exposed to extreme oxidative conditions of alr, light,
heat, and moisture, they seldom become rancid. This fact
points to some mechanism which protects the natural olls
from oxidation, either, by keeping at a low level, the
oxygen in contact with the oill or by forming s substance
vhich tends to inhibit oxidation.

Although Moureu and Dufresisse (1) in 1922 emphasized
the i1mportance of antloxygens, the 1solation of substances
inhibiting oxidation from fats and oils was not dilscovered
until several years later. Anderegg and Nelson (2) in
1926 first noticed that a small amount of wheat embryo
0il, when added to the animal diets they were using,
protected the cod liver oll in the diet from rapid
oxidation. NMattill (3) 1in 1927, also working with animal
dlets, noted the actlion of wheat germ o0ll in protecting
vitamins £ and E from oxlidation. He and his assoclates (4,5)
in further studlies of fat oxldation in relation to the
vitamins, found that when fats were comblned in diets,
they tended to mutually influence the auto-oxidizability.
Thus, as an example, the 1nduction perlod of a mlixture of
lard (27 hours) and cod liver oll (3 hours) was approx-
inately 9 hours.

Mattill and Crawford (6), working with corn oil,

noted that each step of the commercial purificatlon of

the o1l decreased the induction perlod. They found that



the antioxidant fraction could be councentrated in the
unsaponifiable fraction of the oil and attributed some of
the actlon to the sterols present. Later, thils observation
regarding the activity of the sterols was refuted (7).
Olcavich and Mattill (8,9,10) 1in 1931 described a
crystalline antioxidant iIsolated by fractlionation with
organic solvents from the unsaponifiable material of the
lipids of lettuce. They could not concentrate the anti-
oxidant by crystallizatlion but flnally obtained, by
fractlonal distlllétion in vacuo, a white solid. The
oily fraction distilling from 160°- 180°C. at 0.001 mm.,
on cooling ylelded crystalline material which, when purified,
proved to have marked antioxlidant capaclty. Thls materlal
formed colorless crystals from acetone, leaflets fronm
chloroform, m.p. 142°C., was very soluble 1in alcohol,
ether, acetone, and dilute alkall, moderately soluble in
chloroform and benzene, and 1nsoluble in petroleum ether
and water. They assigned the formula 61331h°5 and noted
that the compound contained hydroxyl groups whilch were
responsible for the activity, since 1ts inhibiting abllity
vas lost on acetylation but regained on hydrolysls of the
acetate. In this separation they definitely segregated
vitamin E and the antloxidant materlal into two different
fractlions - nelther possessing the characteristic property
of the other. Thelr active antloxldant fraction was con-
centrated 1n methyl alcohol when the substance was

partitioned between petroleum ether and 92% methyl alcohol.



Gossypol, a crystallline compound 1solated from
cottonseed oll, has been shown to have marked antioxidant
activity (7,11). This compound contains several phenolic
groups which are sufficlent to account for 1its activity.
Its structure was postulated as & blnaphthyl derivative,
however, the positions of the methyl groups in the molecule
have not been definitely clarified (12).

Sesamol, the phenollcec substance responsible for the
Villavechia and Baudoln color tests of sesame oil, was
found to be an effective inhibitor 1in fats and olls (13).
It was thought that perhaps the gradual 1liberation of
sesamol from sesamolin, a glucoside of sesamol, created a
favorable environment for preventing oxidation. Sesamol

possesses the formula,
H.C—O~.
é._.
OH
and has been synthesized by Boeseken, Coden, and Kip (1l4).
By resyntheslzing glycerides from distilled fatty
acids obtained from vegetable olls, Hilditch and Slelghtholme
(15) showed induction periods of greater length in the
natural oill than in the synthesized glycerides. The evidence
obtained was conclusively in favor of the view that the
induction period phenomenon was caused by the antioxygenic
action of the non-glyceride components of the oils.
In 1934 Bradway and Mattill (16) fractlonated the

unsaponifiable materlial from tomato, carrot, and wheatl germ

olls, agaln with the object of separating the antloxldant



and vitamin E. With tomatoes, as 1n the case of lettuce,
diphaslic separation of the material between petroleum

ether and 92% methyl alcohol separated the fractions

into a vitamin B portion and an antioxidant portion
respectively. However, in the case of wheat germ oll,

no clear cut separation of the two fractions could be made
by this diphasic separationj in fact, the more active
antloxldant fractlon was found 1n the petroleum ether
fraction. Tnhney concluded that 1n these natural antioxidant
fractlons there must be different types of active compounds
present. Olcott and Mattill (17) fractionated the unsaponifiable
from wheat germ, cottonseed, and palm oills, and concentrated
the antioxldant by distillation under high vacuum. Active
fractions were obtained but no further 1identificatlion as

to the chemical nature of the fractlons was made.

In 1936 the activity of a commercial preparation of
lecithin was tested (18) but was found to have very little
actlvity. The activity present was found to be due to
cephalin, an lmpurity, and not to lecithln. The particular
portion of the cephalin moleculs responsible for its
antloxygenic action was probably the monobasic phosphoric
acid radical. The tocopherols,d ,p ,¥ , were tested in
1937 (19) and were found to be effective in protecting
lard. The degree of protection offered by them was not
proportional to the vitamin B activity.

Green and H1llditeh 1n 1937 (20), after digesting

Soya bean meal with dlilute solutlons of organlc aclds,



extracted with methyl alcohol & vliscous gum which
possessed marked antioxidant properties. It was similar
In properties to those concentrates 1solated by Olcott
and Mattill (loc. cit.) from the unsaponifiable fractions
of wheat germ oil. The yleld of the concentrate was many
times greater from the extracted oll cake than from the
fatty olls themselves.

Olcott and Mattill (21) divided the inhibitors they
studied into three groups: - (I) the acid type, (II)
inhibitols and hydroquinone, and (III} the phenolle type,
including & -napthol, pyrogallol, catechol, and others.
The vegetable olls are protected by types (I) and (III)
but not by (II); distilled esters of vegetable olls,
lard, and esters of lard, and distilled fatty aclds are
protected by types (II) and (III), but not by (I).

& synergistic effect was noted iIn many cases, which
showed that 1in general, any type (I) inhibitor, used in
conjunction with any type (II) or type (III) compound,
prolongs the induction period of animal fats and of
pure esters to a much greater extent than would be

expected from a summation of the effects of each used alone.



Experimental

A. Apparatus

The technlque involving the use of the Barcroft-
Karburg apparatus as described by Johnston and
Frey (17) with slight modificatlions was used in this
worke.

As the fatty olls, l.e. olive o0l1l, Soya bean oil,
Alfalfa seed oll, etc., presented a rather long
induction period, olelc acld was chosen as the test
materlal. Olelc acld was also used because of the
fact already cited that natural antioxidant fractions
1so0lated from vegetable oils have no 1nhibiting effect
when replaced 1n the same or different vegetable
olls (12,13). The oleic acld used was purified from
crude oleic acld by distillation under reduced pressure
of , - Smm. at 2050 - 210°C.

The reaction vessels of the Barcroft-Warburg
apparatus were placed in a water bath at a temperature
of 59.7°F0.1°C. Glycerol might have been employed,
but the temperature used and the volume of glycerol
necassary to fill the bath did not warrant 1ts use.
The shakling apparatus was not used because the agitation
caused hot water to be thrown on the manometers, thus
giving changes 1n readings because of the increase 1n
temperature on parts not actually suspended in the
bath.

The determinations were made by plpetting 1 ml.
of the olelc acld into the flask proper (Figurel ),



not into the central cup. Those fractlons to be
tested were then added in small quantities, spproximately
100 - 150 mgms., elther with a dropper or a small
spatula, directly to the oleic scid. The flask was
thenflushed with a rapid stream of cylinder oxygen
at & pressure of 10 - 15 em. of Brodle solution, with
which the manometers were filled. This solution
consisted of the following lngredients: 6500 ml. of
water, 23 gms. of sodlium chloride, 5 gms. of sodium
glycocholate, and a few drops of alcoholle thymol
solution. A pressure of 10,000 mm. of Brodie ;olutlon
is approximately equivalent to 760 mm. of mercury.
The manometers were set at 29 em. and equilibrated
for 15 minutes. The system was then closed and
pressure readings made every 15 minutes, or at other
definite intervals. 1In cases where the oxldatlion
proceeded rapidly to a point where the manometer could
no longer be read, the manometer was reset so that
the oxidation would continue for the same length of
time as 1in the adjolning determinations. In cases
where the olelc acid blank had to be reset several
times, readings up to 380 were made and then thils
manometer was opened and the measurement stopped.
fhere actlive 1solated fractions were being measured,
in which the activity was so great as to give little
or no oxidation, readings were made for 280 minutes

and then stopped.



Since the Barcroft-Warburg apparatus employs &
manometric measurement, 1t was necessary to account
for changes 1n teuperature on the parts of/the
manoneters which are not controlled by suspension 1n
the constant temperature bath. Therefore, with each
determination an empty manometer was used as a
thermobaremeter; any changes 1n surrounding temperature
recorded a change in the pressure and the manometers
contalining reactling materlals could be thus corrected
for these changes. The measurements may be converted
by converting the pressure readings to cubic millimeters
or the results may be interpreted directly from the
pressure measurements. The latter method was used in
this work as the determlinations were relative.

B. Materials used

Three vegetable olls were used, namely; Alfalfa
seed ol1l, Sesame 0l1l1l, and Soya bean oil. Most of
the fractionation work was done on the Soya bean
0il as sufflcient quantltles of the others were
unavallablee.

Three pure sterols and a hydrocarbon from
Alfalfa seed oll were tested for antloxidant activity.
These sterols were d-splnasterol, B -splnasterol,
§-spinasterol. The hydrocarbon was not identifled.
These compounds were 1solated and furnished by

¥r. L. Carroll King. In addition to the pure sterols

a mixture of cerude Soya been sterols was tested.
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C. Isolation procedures

In previlous experiments, other workers found that
the antloxidant fractlons were found in the
unsaponiflable fractlons of the various vegetable
olls along with the sterols (6). Since sterols can
also ba removed directly from the oils by alcoholic
extraction, 1t was thought that this method might
also be applied to the isolation of the anti-
oxldant fractlon.

Equal volmes of Soya bean oil and 95% ethyl
alcohol were refluxed for 2-3 hours and then allowed
to cool overnight. The alcohol layer at the tap
was slphoned off, and the alcohol removed by distillation
leaving & brownlsh, viscous oil. This 01l was then
dlissolved 1In ethyl ether and the ethereal solution
washed three times with a solution of sodium
bicarbonate and then washed with water untll neutral
to 1itmus paper. In this procedure, & persistent
enulsion was lnvarlably formed which was finally
broken by the use of 95% ethyl alcohol and sodium
chlorlde. The ether was then removed from the
0il on a steam beth leaving a fatty aclid free residus.

The residue obtalned was then partitioned
between a petroleum distillate (Skellysolve B) and
90% methyl alecohol. Here agalin an emulsion formed
but it broke readily when allowed to stand about an

hour. The epiphasic layer was washed three tlimes

with methyl alcohol and the hypophaslec layer thres
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times wilth Skellysolve B and the respective washings
combined with the original solutions. In both cases
the solvent was removed on the steam bath. The
petroleum distillate layer ylelded an ©ll even more
viscous than the original alcohollc extract, while

the methyl alecohol layer ylelded a gummy-like solld.
These two fractlons are hereafter referred to as

the ®petroleum ether fraction® and the ®methyl alcohol
fraction'.

Both the petroleum ether ffaction and the methyl
alecohol fractlion were then separated into a sterol
fraction and a non-sterol fraction. This separation
was sccomplished by the additlion of 200mg. of digitonin,
dissolved in ethyl alcohol, to 200mg. of the fraction
also dissolved in ethyl alecohol. The resulting
solutlion was allowed to stand 3-4 hours until the
sterols were completely precipitated.

The sterols, precipltated as diglitonldes, were
removed by centrifugation until the supernatant
alecohollic solution was clear. The digitonides were
decomposed according to Schdnheimer and Dam (18) by
dissolving them 1n pyridine and preclpltasting the
diglitonin with ethyl ether. Ten times the volume of
pyridine was used. The digitonin was removed by
centrifugation and the sterols recovered by
evaporation of the pyridine and ether on the stean

bathe.
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The alcohollc supernatant liquld was evaporated
on the steam bath and a viscous o0i1l, much lilghter in
color than the original, resulted. 1In both casses
part of the oll was used for antioxldant determination.
The remainder of the oll was redissolved in alecohol
and water was added untll a permanent cloudiness

developed. It was necessary to centrifuge these

cloudy solutlons to obtain an epiphaslie layer and

a hypophasic layer. The latter consisted of a brown
011, in both cases, and has been labeled "PENS 1%

and "MANS 1%, denoting that from the petroleum ether
non-sterol fractlion and the methyl aleohol non-
sterol fractlion respectively. Water was added in
small amounts to the eplphaslic layer and the
centrifugation repeated, until no more brown oll
could be separated. The alcohol and water were
evaporated from the eplphasic layer leaving gummy-
like residues labeled YPENS 2% and "MANS 2%, denoting
that from the petroleum ether non-sterol fraction
and the methyl alcohol non-sterol fraction
respectlively.

Klcoholic extracts were also made of Alfalfs
seed o1l and Sesame 01l but lack of materlals
prevented further fractionation of the extracts.

In the case of Alfalfa seed o1l when the alecohollc
extract residue was dried, a portion, lnsoluble 1n

ethyl ether, was found. It contained a large quantity
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of phosphorus and therefore was thought to be a
phosphatide.

Determinations of antloxidant activity were
made on all the fractions: fatty acid free aleoholie
extracts, the petroleum ether fraction, the methyl
alcohol fraction, the sterol and the non-sterol fractions
from both the petroleum ether and methyl alcohol
fractions, and the fractions labeled YPENS 1," ®PENS 2%,
MYANS 17, and ®MANS 2". A test was also run on the
phosphorus contalning fraction. The results with
mancmeter readlngs corrected are recorded in Tables

I-VI and also pletted on Figures I-k¥.



Table I
Alcohol Extracts

Corrected Manometer Readlngs*
Time-Minutes Soya Bean 011 Sesame 011 Alfalfa Seed 011

15 -6 -12 3
30 3 -11

45 14 -13 16
60 22 -15

75 29 -17

90 36 -17

105 39 -17 L6
120 LL -18 51
135 L8 -18

150 L8 -16

165 52 -16 92
180 56 -17

195 68 -9
210 76. -7
225 8L -5

2,40 83 -3
255 8L Q
270 89 2
285 89 2

# Corrected for temperature and pressure



Table II
Alcoholic Extract of Soya bean oll

Petroleum Ether and Methyl Alcohol Fractions

Corrected Manometer Readlngs#*

Iige-Minutes Petroleum Ether Fractlon Methyl Alcohol Fraction
15 0 0
30 -6 1
L5 -6 6
60 -6 11
75 -9 16
90 -9 20

105 =7 31
120 -7 35
135 -5 L1
150 -9 L7
165 =T 22
180 -6 57
195 -5 62
210 -I 65
225 -4 65
240 -3

255

270

285 89

* Corrected for temperature and pressure



Table III

Alcoholle Extract of Soya Bean 011
Non-sterol Practions

Corrected Manometer Readings=*

Time-Minutes PENS*#% MANS*#%
15 -13 10
30 -26 2z
L5 =31 L2
60 =37 58
75 -39 80
90 -43 99

105 ) 122
120 -50 145
135 =55 176
150 -51 192
165 -51 221
180 =54 245
195 =57 27
210 -56 302
270 =56

* Corrected for temperature and pressure



Table IV

Alcohnlic Extract of Soya beah oil
Alcokol~water ¥ eraratinn of l'on-sterol Frectiong

Corrected Yanometer Yeaodinge*

Time=llinute= Cleic acid** FEUS 1 IEIS 2 HATS 1 NMAYE

15 35 -1L ~-14 -5 -2
30 78 -22 -11 1 17
45 115 ~28 -7 5 33
60 150 ~31 4 14 66
[§) 208 -133 18 25 101
30 251 =33 30 37 13
105 300 -3l 43 L9 171
120 350 -23 56 ol 215
135 telo) ~23 70 7% 259
150 ~27 g2 22 278
165 -4 95 340
150 -2 108 383
135 -21 120 Loz
210 -21 125
. 225 -18 134
2lko -10 162
255 -13
270 ~10

* Corrected for temerature and nressure

** Blank run
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Tavle VI

Blark fuus on Cleic Ac:d

Jorrected lizuoueter rerdinzc™

Tine-l'irnutes le 2. 3. L. 5. S, 7.
15 22 20 19 21 20 17 10
30 Lo Lg i L7 L2 0 L5
L5 70 59 ) 72 ol o1 o8
60 92 95 25 100 101 35 og
75 120 123 123 130 127 125 125
20 1l5 149 153 165 14 147 15)

105 170 182 175 188 174 178 1%5
120 201 133 205 201 195 202 205
135 225 22y 230 231 221
150 250 253 25% 233 247
165 235 ¥ 301 04 239

* Corrected for temperature and nressure
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Discussion

The alcohollc extracts of Sesame o01l, Soya bean
011, and Al1falfa seed 011l showed marked antioxidant
activity in inhibiting the oxidation of oleic acid. The
alcohollc extractlion of the vegetable olls, therefore,
i1s applicable to the 1solation of antioxldant fractions
from these oils.

The partitioning of the slcoholic extract of Soysa
bean o1l between a petroleum distillaste and 90% methyl
alcohol resulted in a higher concentration of the
antloxidant fraction 1n the petroleum distillate layer
than in the methyl alcohol layer, although the latter
st1ll retalned some actlivitye.

The fractionatlon into sterols and non-sterols
of both the petroleum ether and methyl alcohol fractlions
confirmed the results of others that in the case of the
sterol fractions,there is no antlioxidant activity. With
the non-sterols, the petroleum ether fractlion showed very
marked activity, while the methyl alcohol fraction
showed but very little activity.

The pure sterols and the crude Soya bean sterols
showed no activity whatsoever, a fact giving further
confirmation of the inactlivity of sterols as antloxidants.
The hydrocarbon was also 1lnactlve.

The fractions ®PENS 1™, WPENS 2", and "UANS 1%, "MANS 2%
show the further concentration of the antioxidant 1n the

petroleum ether. While fractlons "PENS 2% and "MANS 1"
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were moderately active, "iWANS 2" was practically 1inactive,
but "PENS 1¥ was by far the most active concentrate isolated.

Negatlve resdings of pressure were obtalned in
several cases in testing 1solated fractions, 1.e., an
indication that the material was giving off a volatlile
substance. The most probable explanation iIs that not
all the solvent had been removed from the fraction belng
tested. Although all the fractions were dried 1n =
vacuum oven from L4-8 hours, it appears that some of the
solvent was stilll present in the materlal (22). In all
cases where negative readings were obtained an equilibrium
was eventually established and 1n some cases oxidatlon
proceeded from the equilibrium polnt.

It 1s suggested that this method of alcoholle
extraction of vegetable olls may have commercial
application in that the sterols and an antioxidant
fraction can be isolated and the o011l 1tself recovered
without apprecliable loss or damage to other properties
of the oils. The sterols and antiaxidants could then be

separated and used.



1.

Summary and Concluslons

The use of the Barcroft-Warburg apparatus for

the activity of antioxlidants, in relation to fatty
oils, 1s precise and convenient.

The alcohollic extraction of vegetable o0ills as applied
to the 1solatlon of sterols can also be applied to
the natural antloxidants present 1in such olls.

Soya bean oll, Sesame o01l, and Alfalfa seed oil
contalin antioxidants which can be 1solated by this
alcohollc extractlon.

The antlioxildant material from the alcoholic extract
can be concentrated in the petroleum distillate
layer when the material 1s partitioned between the
petroleum distillate and 90% methyl alcohol.

The petroleum distlillate fractlon can be further
separated into an active non-sterol fractlon, and a

completely inactive sterol fractione.

. The non-sterol fraction of the material from the

petroleum distillate fraction contains a brown oll,
the most active material 1solated. This oll
separated from an alecoholle solution of the petroleum
ether non-sterol fraction upon the addition of water.
Centrifugation 1s necessary to separate the brown oll

from the alecohol-water mixturee.

16
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