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Antioxidants and the Autoxidation of Fats. II 

BY H. S. OWOTT 

Certain compounds possess the property, when 
present in minute amounts, of inhibiting for long 
periods of time the autoxidation of natural fats 
and oils. Notable among these are several of the 
polyphenols. Mattill1 studied the behavior of 
a number of phenolic compounds in this connec
tion and arrived at several tentative conclusions 
concerning the necessary chemical-structure of an 
antioxidant, He pointed out that the activity 
is associated in some manner with the ortho or 
para configuration and is not possessed by com
pounds with the meta configuration or its equiva
lent, that the presence of free hydroxyl groups 
is apparently necessary, and that these must be 
bound directly to an aromatic nucleus. This 
study was continued for the purpose of throwing 
more light upon the mechanisms of autoxidation 
and inhibition, and, by analogy, upon the struc
ture of the antioxidants, the presence of which 
has been demonstrated in the unsaponifiahle 
lipid fractions of plants -2'3'4 Since concentrates 
of these plant antioxidants contain no nitrogen, 
sulfur or halogens;, the investigation has been 
limited to compounds containing only C, H 
and O. 

Experimental 

The oxygen absorption method, as described 
by Mattill,1 was used for measuring the length of 
the induction period. Lard or mixtures of lard 
and cod-liver oil were the substrate fats. Re-
suits were interpreted in terms of the antioxidant 
index, the ratio of the induction period with in
hibitor to that of the unprotected fat. The in
dices given in Table I with the exceptions noted, 
were determined in lard at 75°, at which tem
perature the induction period of the samples used 
varied from six to fifteen hours. A reasonable 
degree of correlation was obtained between the 
indices with lard and those with lard-cod-liver 
oil mixtures. 

The compounds used, when not available, were 
synthesized by standard methods. Triquinoyl 
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TABW I 
INACTIVE COMPOUNDS 

Hydroquinone diacetate" 
Hydroquinone monobenzoate 
Hydroquinone dtbenzoate 
Hydroquinone di-(£-nitro-

benzoate) 
p- Dimethoxybenzene 
Hydroxyhydroquinone tri

acetate 
Apionol tetraeetate 
Hexahydroxybenzene 
Dipyrogallol tricarbonate, 
1,4-Naphthalenediol 

Anthraquinol 
1,5-Dihydroxyanthraquinol 
2,4,6-Tribromoresorclnol 
Saligenjn 
1,4-Cyclohexanediol 
Thymoquinone 
Triquinoyl 
Cyclohexanol 
Tannic acid 
Tartaric acid 
Citric acid 
Maleic acid 

ANTIOXIDANTS AND INDICES1 

Catechol0 41 
Hydroqumone" 38 
Hydroquinone month 

methyl ether 6 
TQiuhydroquinoae 7 
Thymohydroquinone 2 
Hydroxyhydroquinone QO 
Pyrogallol'* 60+ 

Pyrogallol carbonate 2 
Apionol 20 
Naphthoresorcin 5 
1,8-Naphthalenediol' 20 
ex-NaphthoT 22 
Quinone" 4 
Toluquinone 2 

• jS-Naphthoquinone" 8 

PRO-OXIDANTS AND INDICES 

Carotene1* 0.5 
Lycopene' . 5 

Xanthophyir* 0.7 
Perbenzoic acid' . 5 

" Repeated for purposes of orientation.1 b The indices 
represent the ratio of the induction period of lard or lard-
cod-liver oil plus the antioxidant to that of the lard alone. 
The results in this section were determined by adding 0.5 
mg. of the compound in question to 5 g. of lard. The de
terminations were run at 75°. ° 0.02% 1,8-naphthalene-
diol in lard-cod-liver oil mixture. d 0.10% in lard-cod-
liv«T oil mixture. " 004% in lard-cod-liver oil mixture.* 
1 Trace. 

and hexahydroxybenzene were obtained from 
chloranil through sodium nitranilate.6,6 

Only two compounds showed activity compar
able in degree with that of the simple polyphe
nols, pyrogallol, hydroquinone and catechol, pre
viously examined. These were the closely re
lated hydroxyhydroquinone and apionol (1,2,3,4-
tetrahydroxybenzene). Hexahydroxybenzene had 
no antioxygenic action. Since this compound 
is very easily oxidized, it may again be em
phasized that there exists no simple relation
ship between reducing action and antioxidant 
activity.7 The antioxygenic effect seems to de
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pend in some way on an imbalance of the benzene 
molecule. Thus, phloroglucinol is a very poor 
antioxidant; orcinol (5-methylresorcinol), though 
also weak, is definitely more active.1 

Esterification of one or both hydroxyl groups 
in hydroquinone destroyed its action. The only 
ester investigated which was not completely in
active was pyrogallol monocarbonate. Alkyla
tion was not quite as destructive. ^-Dimethoxy-
benzene was inactive, but the monomethyl ether 
of hydroquinone possessed some antioxygenic 
activity. Guaiacol, the monomethyl ether of 
catechol, was much less active.1 The simplest 
homolog of hydroquinone, toluhydroquinone, 
was only one-fifth as active as an antioxidant; 
thymohydroquinone possessed even less activity. 

Mattill's conclusion1 that both hydroxyl groups 
must be bound to the ring is borne out by the in
activity of saligenin (o-hydroxybenzyl alcohol). 
The inactivity of m-l,4-cyclohexanediol8 em
phasizes the important part played by the aro
matic ring. 

a-Naphthol is a strong antioxidant, /?-naphthol 
is weak.1 Of the three naphthalenediols investi
gated, the 1,8 compound was most active, the 
1,3, less so and the 1,4, had no activity. The 
naphthalene analog of hydroquinone was thus 
less active than the analog of resorcinol. An-
thraquinol and 1,5-dibydroxyanthraquinol were 
without activity. 

The quinones were much less active than the 
corresponding quinols. Triquinoyl (CeO6-SH2O) 
and thymoquinone had no activity. Toluquin-
one was a less active antioxidant than benzoquin-
one. 2,4,6 Tribromoresorcinol, which possesses 
pseudo-quinoid properties,* was inactive. 

Under the conditions used, maleic10 and some ali
phatic hydroxy acids had no antioxygenic action. 

Of the many organic compounds whose effects 
on the induction period of fats have been ob
served in this Laboratory, only perbenzoie acid 
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and three carotenoid pigments, carotene,11 xan-
thophyll12 and lycopene4 have exerted a definite 
pro-oxygenic effect by shortening the induction 
period. Presumably the series of aliphatic con
jugated double bonds form the metastable per
oxide intermediates of autoxidation reactions 
more easily than do the unsaturated fat mole
cules, and thus serve to initiate the reaction 
chains of the autocatalytic oxidation. The pig
ments were bleached as the fat began to oxidize. 

The data at hand are not sufficient to warrant 
any theoretical treatment. They serve the pur
pose of suggesting further compounds for inves
tigation, and of outlining in some degree the con
figurations which compounds must possess in 
order to act as antioxidants. I t should be em
phasized that the data hold strictly only for the 
experimental method which has been described. 
The effectiveness of these compounds on other 
and more complex fats and oils requires further 
study. Greenbank and Holm10 have confirmed 
some of the previous results1 with the polyphenols 
using cottonseed oil instead of lard. 

I am indebted to Dr. M. A. Andersch for sev
eral of the organic syntheses, and to Dr. H. A. 
Mattill for his helpful suggestions. 

Summary 

A number of compounds have been tested for 
their antioxygenic activity toward lard. Be
sides pyrogallol, hydroquinone and pyrocatechol, 
hydroxyhydroquinone and apionol are excellent 
antioxidants. The 1,3 and 1,8 naphthalenediols 
are effective while the 1,4 derivative is inactive. 
Esterification and alkylation of one or more of 
the hydroxyl groups destroys or greatly reduces 
antioxygenic activity. Side chains on the ben
zene nucleus reduce the activity of hydroquinone. 
1,4-Cyclohexanediol and saligenin are inactive, 
the quinones possess slight activity. Maleic, 
tartaric and citric acids are inactive. 
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