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Abstract

Several factors which affect autoxidation of
methyl linoleate in emulsion have been examined.
Data are presented which indicate: 1) In the
presence of histidine, the ionic (anionic) emul-
sifiers examined promote autoxidation of emul-
sified methyl linoleate, but nonionie emulsifiers
do not. 2) The concentration of an emulsifier
affects the rate of oxygen absorption. 3) In-
organic salts (0.1 M or less) such as sodium
chloride, sodium acetate and sodium sulfate af-
feet oxygen absorption of emulsified methyl lino-
leate prepared with either inonic or nonionic
emulsifiers. In histidine-catalyzed autoxidation
there is a suppressing effect in the case of the
ionic and a promotional effect in the case of the
nonionic. In uncatalyzed autoxidation, these salts
have a promotional effect in ionic emulsions and
none in nonionic emulsions. 4) Sodium phosphate
buffers completely suppress autoxidation due to
histidine catalysis, but do not suppress the nor-
mal uncatalyzed autoxidation of emulsified
methyl linoleate. 5) The pro-oxidative effects of
histidine and histidine-metal ion complexes on
emulsified unsaturated materials is not limited to
polyolefins but also includes mono-olefinic com-
pounds.

Introduction

N A PREVIOUS paper (7) the pro-oxidative effects of

histidine and metal ions on the autoxidation of
linoleate esters in emulsion were reported. Although
in that report cognizance was given to other factors
which also affect autoxidation in emulsion, data and
details were then incomplete.

One such factor then under investigation was
whether the type and concentration played any role
in the autoxidation process other than aiding in emul-
sion formation. The question as to whether emulsifiers
have a promotional, retarding, or neutral effect upon
autoxidation processes has not been studied in detail.
However, Marcuse (6) observed that the Tweens and
several related nonionic emulsifiers generally retarded
pro-oxidative effects and enhanced antioxidative ones
in proportion to emulsifier conen.

Another such factor then under investigation was
the -effect of inorganic salts which are often intro-
duced as components of buffer mixtures. It is gen-
eral knowledge that inorganic salts are used in many
instances to break emulsmns, but with very few ex-
ceptions (5) the effects of inorganic salts upon au-
“toxidation processes in emulsions have not been
examined in detail.

A third factor of interest was the effect of the
structure of the emulsified fatty materials. Although
the fruitful history of autocatalytic and chemical oxi-

1 Presented at the AOCS meeting in Toronto, October, 1962.
2 B. Utiliz. Res. and Dev. Div.,, ARS, USDA.,

80 T T T I

- -oﬂ°~ -
My, :
~~Llistay,

6o & -

3, )
~ g
of& 3
nlt Qa
ala £l
3l =)

E © 40 ‘8! Jd -

[}

3g |1
HE fs

.20

tween 20,

Ethenoxylated Telradecnnol—k’/. — —4
—_—a

/;_/ a— Span 20,

1 ] g
0 5 |o 15 20 .25
TIME, HOURS
Fia. 1. Effect of 6 emulsifiers on the histidine-catalyzed
autoxidation of methyl linoleate.

dation of both mono- and diolefins is well known, it
sheds little light on our problem, for in most instances
this work has been carried out in media (8,9) other
than emulsions. One notable exception in the area
of chemical oxidation of emulsified mono-olefins, how-
ever, is the work of Coleman and Swern (1). Other-
wise fruitful information on the autoxidation of emul--
sified mono-olefinic compounds is indeed sparse.

Although there are doubtlessly many other factors
which possibly affect and influence autoxidation in
emulsion, this paper is limited to the factors men-
tioned above.

Experimental

Materials. The preparation of methyl linoleate and
the purity and sources of other reagents used such as
l-histidine, emulsifiers, water and inorganic salts have
already been described (7). Methyl oleate was pre-
pared from pure oleic acid isolated from the fatty
acids of olive oil (4).

Procedure. Methyl linoleate or oleate, emulsifier,
and redistilled water were emulsified for 15 min in
a Virtis 45 homogenizer. One ml of this emulsion was
placed in a Warburg flask having a volume of ca.
20 ml. In the sidearm of the flasks were placed aque-
ous solutions of histidine, inorganic salts and other
reactants, or water. When the contents of the side-
arm were added to the emulsion in the main body
of the flask, the concn of the reactants in the resulting
emulsified mixture were as follows: 0.1 M methyl
linoleate or oleate; 0.01 M histidine; 0.001,0.005,
0.025 or 0.1 M inorganic salts; and 0.002,0.004 or 0.008
M emulsifier. [The average mol wt of the nonionie
emulsifiers, ethenoxylated tetradecanol, polyoxyethyl-
ene sorbitan monolaurate (Tween 20) and sorbitan
monolaurate (Span 20) were calculated to be 875,
1226, and 346, respectively; those of the ionic emul-
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Fig. 2. Effect of 6 emulsifiers on the wuncatalyzed autox-
idation of methyl linoleate.

sifiers are readily available.] The flask-manometer
assemblies were flushed with oxygen for 5 min, then
transferred to a Warburg bath which was maintained
at 30C in the dark. The flasks were equilibrated for
10 min, sealed and sidearm contents mixed with emul-
sion. Readings on manometers containing Brodie
solution were recorded regularly.

Results

Effect of Emulsifiers. In investigating the effects
of emulsifiers upon oxygen absorption of emulsified
methyl linoleate, both ioniec and nonionic types were
examined. The ionics included sodium dodecylsulfate,
potassium palmitate and sodium myristate. The non-
ionic emulsifiers examined have been listed previously.
‘With the exception of Span 20, 0.001 M conen of
emulsifiers generally yielded stable reproducible emul-
sions. However, a 0.002 M concn was adopted as
standard as offering a greater margin of stability.
Emulsions prepared with this conen of Span 20 con-
tained some oil droplets as large as 2-3 p in size as
compared with only an occasional droplet as large
as 1-2 p in size in emulsions prepared with the other
five emulsifiers.

The curves in Figure 1 show the variation with
" time of the comparative quantities of oxygen adsorbed
in emulsions prepared with various emulsifiers and
containing histidine at the 0.01 M level. If is im-
mediately apparent that the rates of oxygen absorp-
tion of emulsions prepared with the ionic emulsifiers
(sodium dodeeylsulfate, sodium myristate and potas-
sium palmitate) greatly exceeded those prepared with
the nonionic emulsifiers (ethenoxylated tetradecanol,
Tween 20, and Span 20). It is also apparent that
emulsions prepared with different ionic emulsifiers
absorbed oxygen at different rates. It is quite possible
that this difference in rates may be traceable, at
least in part, to structural dissimilarity of the ionic
emulsifiers. This suggestion is supported by the fact
that emulsions prepared with the soaps, sodium my-
ristate and potassium palmitate, absorbed oxygen at
very nearly the same rate. This rate is approximately
one half of that of the emulsions prepared with the
detergent, sodium dodecylsulfate, although the oil
particle size in the emulsions was, for all practieal
purposes, the same.

A similar disparity existed in emulsions prepared
with nonionic emulsifiers even though the rate of
oxygen absorption was slow in all cases. Compounds
containing polyoxyethylene groups (ethenoxylated
tetradecanol and Tween 20) yielded emulsions which
absorbed oxygen at a higher rate than those prepared
with Span 20 which has no polyoxyethylene content.
Here it is suggested that the more hydrophobic nature
of Span 20 results in emulsions coutaining larger

oil droplets and consequently a smaller oil-water in-
terface at which autoxidation can take place or at
which reactants can pass from one phase to the other.

In experiments where no histidine was added to the
emulsion (Fig. 2), the rate of oxygen absorption by,
emulsions prepared with sodium myristate and potas-
sium palmitate far exceeded that of the emulsion
prepared with sodium dodecylsulfate. This was the
reverse of what occurred when histidine was present.
By comparison with sodium dodecylsulfate, the two
soaps (sodium myristate and potassium palmitate)
appear to have a pro-oxidative action by themselves
but retard catalysis by histidine. A plausible ex-
planation of these observations, however, must await
further investigation.

The relative rates of oxygen absorption of emul-
sions prepared with nonionic emulsifiers (ethenoxy-
lated tetradecanol, Tween 20 and Span 20) were
found in the absence of histidine (Fig. 2) to be
very similar to those obtained with 0.01 M histidine
present (Fig. 1). Actually, in the initial stages of
autoxidation, histidine had a slight antioxidative ac-
tion, but as soon as a small amount of oxidation had
taken place, histidine became mildly pro-oxidative.
This is best seen in Figure 3. Compared to the
uncatalyzed control, the rate of oxygen absorption in
emulsions prepared with ethenoxylated tetradecanol
was slower in presence of histidine for the first 20 hr
and more rapid subsequently. The same change in
the action of histidine from antioxidative to pro-
oxidative was observed in emulsions prepared with
Tween 20 and Span 20 but at a later period in the
oxidation.

Ethenoxylated tetradecanol and sodium dodecyl-
sulfate appeared to be representative of the nonionir
and ionic emulsifiers, respectively, both in histidiney
catalyzed and normal uncatalyzed reactions. Since
autoxidation in uncatalyzed control emulsions pre-
pared with these two emulsifiers oceurred at a low
rate and since both emulsifiers were known to be
of high purity, they were chosen for use in subsequent
experiments.

Effect of Emulsifier Concentration. In exploratory
experiments, the rate of oxygen absorption in linoleate
emulsions prepared with 0.002 M conen of an emul-
sifier was equal and in an occasional experiment
superior to that in emulsions with 0.001 M emulsifier.
However, as the conecn was increased from 0.002 to
0.008 M in emulsions containing sodium dodecylsul-
fate and 0.01 M histidine, the rate of autoxidation
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F16. 3. Autoxidation of linoleate in 0.002 M ethenoxylated
tetradecanol emulsion showing antioxidative (..... ) and pro-
oxidative ( ) action of histidine.
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Fie. 4. Effect of 3 conen sodium dodecylsulfate on the
histidine-catalyzed autoxidation of linoleate in emulsion.

was retarded as shown in Figure 4. Similar retarding
effects were noted in emulsions prepared with the
same emulsifier, but which contained no histidine.
Retardation was also noted in mnonionic emulsions
prepared with ethenoxylated tetradecanol but only at
the 0.008 M level when histidine was present and at
the 0.004 M level in uncatalyzed emulsions. ILittle
further decrease in oxygen uptake was observed at
the 0.008 M level.

Effect of Inorganic Salts. The effect of various
conen (0.001,0.005,0.025 and 0.1 M) of sodium chlo-
ride, sodium acetate, sodium sulfate and sodium phos-
_Dhates were investigated in emulsions whose pH was

adjusted to pH 7.3. In the histidine-catalyzed autoxi-
dation of methyl linoleate in emulsions prepared with
sodium dodecylsulfate (IFig. 5), oxygen absorption
was found to be inversely proportional to salt conen
in the range of 0.001-0.1 M. The decrease in oxygen
uptake was roughly exponential with small initial
conen of salt causing the greatest proportional de-
crease. For example, after a 3-hr oxidation, 0.005 M
sodium chloride was found to have caused a 50%
decrease in oxygen uptake. Increasing the salt con-
centration 20-fold (0.1 M) resulted in a further
decrease in oxygen uptake of only 30%. Sodium ace-
tate and sodium sulfate had a similar inhibiting ef-
fect on oxygen absorption. Although high conen of
salt would be expected to affect emulsion stability,
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Fie. 5. Effect of sodium chloride on the histidine-catalyzed

autoxidation of methyl linoleate in 0.002 M sodium dodecyl-
sulfate emulsion.
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F1g. 6. Effect of histidine alone and with sodium chloride
on the autoxidation of methyl linoleate in 0.002 M ethenoxy-
lated tetradecanol emulsion.

the particle size of oil droplets remained constant in
these experiments.

The same conen of salts did not have this inhibiting
effect on autoxidation under other emulsion condi-
tions. In sodium dodecylsulfate emulsions, not cata-
lyzed by histidine, there was a small gradual increase
in rate of-autoxidation with increasing salt conen.
Salt in conen of 0.1 M or less had no effect on oxygen
absorption in uncatalyzed linoleate emulsions pre-
pared with ethenoxylated tetradecanol. However,
when methyl linoleate with an initial peroxide value
of 15 was emulsified with this emulsifier and its autoxi-
dation catalyzed with histidine, the rate of oxygen
uptake increased with the sodium chloride conen
as shown in Figure 6. The ‘‘control’”’ curve cor-
responds to oxygen absorption in uncatalyzed nonionie
ethenoxylated tetradecanol emulsion with or without
salt. The presence of 0.01 M histidine increased the
oxygen absorbed in 24 hr to 2.6 times that of control
while the combined effect of histidine and 0.1 M
sodium chloride was 3.7 times that of the control.

A buffer mixture of sodium dihydrogen phosphate
and sodium monohydrogen phosphate (pH 7.3) was
investigated at concn up to 0.1 M in emulsions pre-
pared with sodium dodecylsulfate. The variation
of the oxygen absorbed with increasing phosphate ion
conen after 3 hr autoxidation is shown in Figure 7.
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3-hr oxygen uptake of methyl linoleate in 0.002 M sodium
dodecylsulfate emulsion.




TABLE I

Autoxidation of Methyl Oleate in Emulsion, Prepared with
Sodium Dodecylsulfate, at 30C

Histidine Fet++ Mmole 02/mole methyl
M M oleate 22 hr
0 0 1.3
0.01 0 8.0
0 2 X 104 42.0
0.01 2 X 10— 104.02
0 2 X 10-5 4.4
0.01 2 X 10-% 61.0

a Calculated value basedvupon the rate of oxygen absorption at the
thirteenth hour of oxidation. .

The catalytic effect of 0.01 M histidine is reduced
82% by 0.005 M phosphate and completely suppressed
by a 0.1 M phosphate. In the absence of histidine,
there was a small, gradual increase in oxygen ab-
sorption with increasing phosphate conecn, similar to
that observed with other sodium salts.

Autozidation of Emulsified Mono-olefinic Ester. Be-
cause of the powerful pro-oxidative effect of histidine-
metal ion complexes on emulsified linoleate esters, the
question arose as to whether these effects were peculiar
to polyolefinic compounds. To resolve this question,
methyl oleate was chosen because of its structural
similarity to methyl linoleate.

Table I shows the comparative differences in the
amount of oxygen absorbed by emulsified methyl
oleate under various experimental conditions. In the
22-hr oxidation period relatively little oxygen (1.3
mmole/mole methyl oleate) was absorbed in the ab-
sence of histidine. When 0.01 M histidine was added
to the emulsion there was a 6-fold increase in oxygen
absorption in the same period of time. When trace
quantities of iron (2 X 10-¢ M) in the form of ferric
chloride were added to the emulsion there was a 32-
fold increase in oxygen absorption. When both his-
tidine (0.01 M) and trace quantities of iron (2 X 104
M) were added to the emulsion, there was an 80-fold
increase in oxygen absorption above that of the emul-
sion alone; a 13-fold increase above that of the emul-
sion to which only histidine was added; and a 2.5-
fold increase above that of the emulsion to which
only iron was added. When the conen of Fe** was
decreased to 2 X 10-5 M and the 0.01 M histidine was
maintained, a decrease in oxygen absorption was
noted.

Although under similar experimental conditions
emulsified methyl linoleate absorbed oxygen more
rapidly, nevertheless, the point seems quite clear that
this powerful pro-oxidative effect of histidine-metal
ion complexes is not peculiar to diolefinic compounds
alone. The results of a detailed study of the effects
of histidine-metal ion complexes on the autoxidation
of emulsified mono-olefinic compounds, will be the
subject of a subsequent publication.

Discussion

The results of this investigation have shown that
the histidine-catalyzed autoxidation of emulsified
methyl linoleate or oleate is a highly specialized reac-
tion which takes place only under certain limited
conditions. Since the ionic nature of the emulsifier is
critical, it appears likely that the pro-oxidative inter-
action is dependent primarily on factors peculiar to
the oil-water interface.

The known facts of surface chemistry provide a
basis for describing the oil-water interface in a methyl
linoleate emulsion (2). In the oil droplets, polar

groups are oriented at the interface toward the water

phase. This includes carbmethoxy, hydroperoxide

(initially present or formed in the reaction) and the
hydrophilic group of the emulsifier. When an anionic
emulsifier such as sodium dodecylsulfate is used, the'
linoleate boundary will have a negative electrical
charge due to the ionic sulfate group. A second
charged layer of positive ions exists on the aqueous
side of the interfacial boundary. In an uncatalyzed
autoxidation, this will be composed of sodium and
hydrogen ions. In catalyzed reactions, ferric ions
(or other transition metal ions), present as trace im-
purities or deliberately added, will also be concn
at the interface while dipolar histidine will be ori-
ented with its amino and imidazole groups adjacent to
the metal ions. Dissolved oxygen is distributed uni-
formly within each phase and may also be present at
the interface complexed by the ferric ion.

The catalysts and reactive groups are thus present
at the interface in high conen and oriented in posi-
tions which should be highly favorable to energy
transfer. This is in accord with experience where
a rapid rate of autoxidation is obtained. The myris-
tate and palmitate soaps would be expected to behave
quantitatively alike since each would have a carboxyl
group oriented at the boundary and exerting the same
electrostatic force. The sulfate group of sodium
dodecylsulfate would exert a force which was similar
in type of effect but different in amount.

From a consideration of the nature of the interface,
we would expect that increasing the conen of the
emulsifier, sodium dodecylsulfate beyond an optimum
amount (0.002 M) or by adding sodium salts such-
as sodium chloride, would increase the conen of suln
fate and sodium ions at the boundary. It is suggested
that these would act as a barrier hindering contact
between the catalyst and reacting groups in the au-
toxidation. This would explain the retarding effects
of increased emulsifier or salt conen. In case of the
sodium phosphates, part of the suppressing effect can
be attributed to the increase in concn of the sodium
ions. at the boundary as with other salts. However,
since the suppression of catalysis is so complete, it is
believed that the phosphate ion also interacts with
the catalyst rendering it inactive (7).

‘When we employed a nonionic emulsifier such as
the polyoxyethylene ether of tetradecanol, the rate
of the histidine-catalyzed reaction differed only
slightly from the uncatalyzed rate. This would be-
expected for in this emulsion, there is no ionized
charge at the interface. As a result metal ions and
histidine will be distributed randomly throughout
the bulk aqueous phase and the chance of a metal-
complex catalyzed reaction at the interface would
be slight. The fact that histidine becomes mildy pro-
oxidative only when some oxidation has taken place
may be explained by an alternative mechanism pro-
posed by Ingold (3) in the discussion of metal catalysis
of lipids in emulsion. It was suggested that since hy-
drated metal ions (catalyst) .are present only in
the water phase, they may exert their effect in this
phase by reacting with water-soluble radicals (e.g.,
‘OH, -OOH) or oxidation produects (e.g., hydro-
peroxide) which would be more soluble in water than'
the original substrate. This is in accord with our
observation that histidine has a pro-oxidative action
in nonionic emulsions only when oxidation products
are present.
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