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INCE the subject of antioxidants for fats was last
S reviewed (1), some new stabilizers have been dis-
covered and some new combinations of inhibitors
have been proposed but not a great deal has been
learned as to their manner of aection. Our knowledge
of the mechanism whereby they accomplish the de-
sired stabilization is limited. We must still work
mostly along empirical lines. As a result, correlation
is not easy and unfortunately further investigation
is sometimes not properly oriented. If one sets up an
unorganized inquiry, he is likely to get an unorgan-
ized answer. Generalizations are always hazardous
when they are based on incomplete data: the excep-
tion does not always prove the rule. Nevertheless at-
tempts to generalize are worth while if they stimulate
analysis of the exceptions.

In one of the early papers from our laboratory (2)
nitrogen-free inhibitors of fat oxidation were classi-
fied into three groups, acid type, inhibitols and hy-
droquinone, and other phenolic inhibitors. This clas-
sification may now be tentatively simplified under twaq
propositions: 1. With few exeeptions the only sub-
stances which have primary anti-oxygenic action on
fatty acids are ortho and para di- and poly-phenolic
compounds or substances having similar electronic
configuration. 2. All other substances which delay or
inhibit the autoxidation of fats should properly be
called synergists because they merely reinforce the
effect of the phenolic compounds present and have
little if any activity apart from them.

The phenolic inhibitors include simple and well-
recognized chemical compounds as well as naturally
oceurring substances whose chemistry is more com-
plex. Probably the first mention of naturally occur-
ring antioxidants was the observation of Deschamps
(3) over 100 years ago that lard containing gum ben-
zoin or populin did not become rancid as quickly as
ordinary lard. The wide range in stability of natural
oils and fats is as dependent upon the presence of
natural anti- and pro-oxidants as it is on the kind
and degree of unsaturation of the fatty acids.

The stability of sesame oil is probably due to the
gradual release of sesamol from sesamolin (1). Sesa-
mol has a hydroxyl group para to oxygen. Crude cot-
tonseed oil owes its stability partly to gossypol (4)
whieh has two pairs of ortho hydroxyls. The first of
the naturally occurring inhibitors to be studied exten-
sively was probably the group of tocopherols, vitamin
E (5). When the constitution of these substances was
established (6), the manner of their action was en-
tirely consistent with the theory which explains why
di- and poly-phenols are antioxygenic.

Associated with the tocopherols in vegetable oils is
another inhibitor which, although similar to the toco-
pherols in structure, has no vitamin E action. It is
responsible for the red or orange color which appears
in some vegetable fats toward the close of the indue-
tion period. By a series of very clever procedures
Golumbie (7) found this substance to be identical with
the red chromane-5, 6-quinone produced from toco-

1 Presented at the 1944 fall meeting of the American Oil Chemists’
Society.

pherols under the oxidizing action of nitric acid. Ae-
cording to Smith and his coworkers (8) it has the
struacture of an orthoquinone. Golumbic showed that
this compound was not an oxidation produet of a-toco-
pherol during the autoxidation of fat, that it must
have originated from a quinol precursor, perhaps
5-hydroxy tocopherol.* Such a struecture might ex-
plain its destruction by saponification; it does not ap-
pear in the nonsaponifiable fraction.

More recently another naturally oceurring phenolic
inhibitor has been described, nordihydroguaiaretic
acid (9), whose phenolic properties adequately .ex-
plain its inhibitory action. Favorably mentioned, re-
cently, were also 1, 5-dihydroxy naphthalene (10)
and hematoxylin (11); the latter contains two ben-
zene rings each of which carries a pair of ortho
hydroxyls.

HE activity of all these substances apparently de-

pends upon their oxidation to quinones, whereby
hydrogen or electrons or both are released or donated
to a fat molecule in process of being oxidized. The
reaction chain is broken at the expense of the oxida-
tion of the more readily oxidizable inhibitor. Because
it is a chain reaction, a little inhibitor goes a long
way. The oxidation of phenols has long heen accepted
as a 2-step process (12); the first step produces a
phenoxyl radieal, or, in the case of quinol, a quinol
or semiquinone ion, the second step the fully oxidized
quinone. Also it is usually accepted that the first step
is relatively easily reversible whereas the second step
is so only under special conditions.

By the end of the induetion period a phenolic in-
hibitor like tocopherol has been completely oxidized
to the quinone and beyond (13). In vegetable fats
containing the precursor of the red quinone oxidation
product as well as tocopherols, the situation is some-
what different. The stabilizing action of tocopherol
is supported by the gradually increasing amounts of
red quinone, not all of which has disappeared even
by the end of the induetion period {(organoleptie).
The association of these two kinds of inhibitors aec-
counts for the absence of a sharply marked induction
period with vegetable fats.

The great variability in effectiveness between
phenolie inhibitors is due in large measure to the ex-
tent and character of nuclear alkylation and to the
length of the side chains and their configuration (14)
(15). Among the active substances having a suit-
able electronic configuration, but without a free hy-
droxyl group is 3-phenyl isocoumaranone. Its effec-
tiveness is due to enolization and when this ean not
oceur, as in the di-phenyl derivative, the substance
is inaetive (15).

These differences should be related to oxidation po-
tentials. A beginning was made some years ago in
conneetion with inhibitors for eracked gasoline (16).
The fact that there is an optimum conecentration for
tocopherols, above which the effectiveness decreases

* Very vecently it has been shown (Swift, B, Q.. Mann, G. E., and
Fisher, G. 8., Oil and Soap 21, 317-20) that v-tocopherol is a precursor
of the red chromane-5,6-quinone.
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(13) (17), indicates the complicated character of
these relations. The long side chain probably makes
tocopherols autoxidizable like the fats, and their
nueclear alkylation does not favor the loss of hydrogen.

The acid type inhibitors seem to be of at least three
kinds. Most commonly used are the dibasic organic
acids, such as malonie, maleic, malie, citrie, and
others. All of thege are typical acid inhibitors; they
are synergists and can only reinforce the action of
phenolic antioxidants that oceur naturally in vegeta-
ble oils or which may be added to animal fats. The
effect of these synergists was recently described (18)
as stabilizing the vegetable oil solvent, such that added
phenolic inhibitors could become effective. Such a
statement not ouly begs the question but introduces
confusion.

XALIC acid, the simplest dibasic acid, differs

from the other active acids in being a stabilizer
by itself, without the presence of phenolic inhibitors;
it stabilizes animal as well as vegetable fats. This may
possibly be due to the nature of the bond between the
two carbons in oxalic acid which, we are told (19),
partakes of the nature of a double bond; at least the
distance between the two carbons is shorter than in
the aliphatic carbon to carbon bond. Even without
the additional hydroxyls due to hydration (two mole-
cules of water) oxalic acid thus provides the equiva-
lent of two hydroxyls in the ortho position.

Ascorbie acid also belongs to this group of acid in-
hibitors and its action has been studied rather exten-
sively in our laboratory by Golumbie (20) and by
Calkins (21). Fat peroxides readily oxidize phenolic
inhibitors, hence the oxidation potentials of the fat
peroxides must be higher than those of phenolic in-
hibitors. The oxidation potential of ascorbie acid is
below that of phenolic inhibitors but despite the large
difference between fat peroxides and aseorbie acid,
the latter is not appreciably oxidized during the in-
duetion period of fats. Present explanation is that
the oxidation of ascorbic acid is a sluggish fwo-step
process which requires an intermediary (22). When
a phenolic inhibitor donates hydrogen to a fat perox-
ide and thereby becomes a phenoxyl radical, the lost
hydrogen is restored by ascorbic acid which thereby
becomes dehydro ascorbic acid. As long as ascorbic
acid or any of its oxidation products (perhaps even
oxalic acid) remains to restore hydrogen to the
phenoxyl group, fat peroxides do not accumulate.
That is, ascorbic acid is a potential reservoir of hy-
drogen for the maintenance of the status quo in the
fat, but ascorbic acid can not supply hydrogen di-
rectly to the nascent fat peroxide; it requires an
intermediate.

The nature of the synergistic action of the di- and
poly-basic organie acids is somewhat more obscure.
In all of the active acids there is, adjacent to the
earboxyl group, a functional group such as keto, hy-
droxyl, halogen, amino, or there is proximal unsatura-
tion. Many substances can be recognized as syner-
gists on the basis of such composition.

The activating group or structure at the alpha car-
bon enhances the hydrogen binding power of the hy-
droxyl groups and tends to repel their hydrogen
toward the phenoxyl radical or semi-quinone ion
which are avid hydrogen acceptors. Some informa-
tion as to the nature of the oxidation products of the
active dibasic acids is needed to explain their syner-

gistic action, but their effect appears to be entirely
like that of ascorbic acid in donating hydrogen.

Of still greater interest is the remarkable synergis-
tie effeet of certain inorganic acids, especially sul-
phurie and phosphorie acids. Calkins (23) has made
a careful study of the action of phosphorie acid. His
results have not yet been completely interpreted, but
the effectiveness of phosphorie acid seems to be due
to the ease with which it provides hydrogen. He be-
lieves the explanation resides in hydrogen bonding
with the semi-quinone ion of the phenolie inhibitor.
The effectiveness of phosphorie acid with tocopherol
and quinol has already been described (24). Perhaps
two hydroxyls are necessary, one for ionization, the
other for hydrogen bonding. Phosphoric and sulfuric
acids have them, nitric acid and the halogen acids
do not.

DSORPTION must also play a role because these
acids are not soluble in fat; they are more likely
distributed throughout the fat in particles that may
be of almost molecular size. The evidence suggests
that on oceasion they also have a dehydrating action.
Golumbic (24) showed that tocopheryl quinone, which
is inaetive, remains inactive in the presence of as-
corbic acid, but becomes an active antioxidant in the
presence of phosphoric acid. This ean come about
only by re-closing of the ring with loss of a molecule
of water. Phosphoric can do this but ascorbic can
not. This ring closure was also demonstrated by the
biological test for vitamin E, formed from tocohy-
droquinone by the action of phosphoric acid. Perhaps
the tocopheryl hydroquinone radical, having become
more soluble in water with loss of hydrogen, is ad-
sorbed on a particle of phosphorie acid, which gives it
another hydrogen, and, after binding up its broken
ring by abstracting a molecule of water, lets it go
again; it loses its hydrogen to the first potential fat
peroxide molecule it meets and comes back again for
repair and supply. Adsorption would thus be funda-
mental to the synergistic action of phosphoric acid.
Cephalin is a synergist with phenolie inhibitors;
pure lecithin is not (25). Cephalin has a free hydroxyl
group for hydrogen bonding whereas lecithin does not
because it is internally neutralized. Perhaps cephalin
is less effective as a synergist than phosphoric. acid
because it dissolves in the fat. Whether this consid-
eration applies to ascorbic acid also is not known but
if it does, the development of fatty acid esters of as-
corbic acid for stahilization purposes is an unneces-
sary project (26). Further study should reveal
whether the esters of ascorbic aeid are more effective
than the free acid, if this is thoroughly distributed
throughout the fat,

There is a final group of acid inhibitors comprising
di- and poly-phenolic acids. Gallic acid is the best
example (27), and it is effective in animal fats devoid
of phenolic inhibitors by virtue of the fact that it is
itself phenolic. In vegetable oils it is also effective
because of its acid character. When the phenolic hy-
droxyls are esterified or converted to methoxy groups,
gallic acid is no longer effective in animal fats. Tts
esters, such as ethyl and propyl gallate (11) (28),
have lately received favorable mention for general
use. Doubtless some hydrolysis of the ester takes place
in fats.

In most instances it is possible to identify the na-
ture of an unknown inhibitor by the nature of the



OlL & SOAP, JANUARY, 1945 3

fats in which it is effective. The converse proposition
also holds; if an acid like ascorbie, citrie or phosphorie
ig effective in a natural fat one may be fairly certain
that the fat also has a naturally occurring phenolic
inhibitor in it. Much work remains to be done to
identify the characteristics of some of the more ob-
scure antioxidants, like those released from seed
cakes by acetic acid (29), those found in various flours
(30), the polymerization products in heated sugars,
perhaps di-enols (31), or those found in rice bran
extracts (32).

E MUST admit that empirical facts are more

abundant than logical explanations, but the
facts must be obtained with care and must be closely
serutinized. Needless to say the manner of prepara-
tion of the fat substrates and the relative purity of
the various components of the system may greatly
modify the results obtained. For example, the suec-
cessful stabilization of lard by soy bean phospholipids
(26) is not valid evidence against the thesis here pro-
posed; the soy bean phospholipids contained traces
of admixed tocopherols and the combined effectiveness
was increased by addition of more tocopherol, of as-
corbyl esters, or of both.

Even though we know ounly in part, it is possible
to set up a few fundamental principles in stabiliza-
tion. If the fat in question naturally has an optimum
content of some phenolic antioxidant, the addition of
further amounts may be useless; it may even be detri-
mental as in the case of tocopherols because they are
also vulnerable to oxidation; the quality of the fat
may be depreciated by the oxidation products of
phenolic inhibitors. Such fats can be benefited by
the addition of synergists which prolong the action
of the phenolic stabilizer and make a little of it go
farther.

By the same token, the addition of a phenolic in-
hibitor to an animal fat should not be overdone. It

is wise to add as little as necessary and to reinforce
what is added by the simultaneous addition of syner-
gists alone or in combination. Intensive study of the
action of synergists on the phenolic inhibitors and
upon each other promises to be highly interesting in
theory and fruitful in practice.
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Detergency Studies at Low Solution
Concentrations’
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soap and alkaline soap builders (1,2) have been

made in both soft and hard water, but at solu-
tion concentrations varying from 0.10-0.20% in 50
p-p-m. soft water and from 0.27-0.32% in 300 p.p.m.
hard water. Other studies with synthetic detergents
and builders have been made in water of varying
hardness and in sea water, but generally at rather
high levels of solution concentration (3,4). Several
investigators have made tests of soap at 0.1% con-
centration to which varying concentrations of alka-
line builders have been added, one using an especially
construeted small laboratory washer (5) and another
(6) utilizing both a Launderometer and a small
(24 x 40 inch) monel wash wheel.

PREVIOUS studies of the detersive efficiencies of

1 This paper was presented at the Chicago fall meeting of the Ameri-
can Oil Chemists' Society, October 25-27.

General power laundry practice is to reduce the
concentration of the soap and alkali combination as
the clothes become cleaner, ie., to use the largest
amounts of detergent at the periods when the great-
est amounts of soil are present, thus varying the con-
centration throughout the wash formula. Conse-
quently, soap solution concentrations may vary (7)
from approximately 0.15% to 0.01%, and the builder
concentrations from 0.09% to 0.012%. Detergent re-
sults under such conditions have been fairly well es-
tablished, but similar work with synthetic detergents
has not been undertaken. Other than the data pub-
lished for Santomerse combined with certain alkaline
builders (4) the little information which has been
given regarding the detersive efficiency of synthetic
agents combined with alkalies deals with relatively
high solution concentrations. Tests were therefore un-



