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lecithin specifications, including color to be read on 
5% lecithin in wa te r - -whi t e  mineral  oil against  the 
1953 Gardner  color scale. At the present  t ime the 
Central  Soya laboratories are using the Gardner-  
Hellige varnish disc for reading the color of undi- 
luted lecithin. We feel that  the lat ter  allows for 
much closer matching of colors than the 1953 Gard- 
ner color scale because of the difficulty in gett ing a 
match between the diluted lecithin and the standard.  

" I  feel that both moisture and color have been 
neglected because of a lack of interest and being 
contented to. use house methods and /o r  modifications 
of existing methods of technical societies. 

" T h e  above subject mat te r  can be discussed at 
the New Orleans meet ing ."  

General Discussion 
In  additi'on to the work carried out by the regular  

Subcommittees, additional work has been carried out 
by the committees generally. This work will be dis- 
cussed under  the following headings. 
1. Testi~g a new supply of AOCS activated bleach- 

ing earth. In  collaboration wi'th the Bleaching 
Committee of the AOCS, and the technical com- 
mittee of the N.S.P.A., ar rangements  have been 
made to test a new lot of act ivated bleaching earth 
for suitabil i ty as a s tandard for  the bleaching of 
both edible and inedible oils. This test p rogram 
is now in progress. The actual instructions to the 
collaborators in the checking of the inedible oil 
samples has been graciously carried out by the 
Smalley Commi'ttee, under  the Chairmanship of 
the Subcommittee on Tallows and Grease, J.  R. 
Harr ison.  The collaborators in this test p rogram 
were those laboratories who par t ic ipated in the 
1962 Smalley Test Program.  

2. Sampling and analysis of commercial fats and 
oils. Procedure D of AOCS method C1-47 is 
for "Cont inuous  Flow Method for sampling tank 
or tank  ears duri 'ng loading or un loading ."  This 
procedure has been unsat isfactory over the years 
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because of inabili ty to control the amount  of sam- 
ple taken. Under  the conditions of the procedure 
f requent ly  considerably in excess of 50 gal of oil 
are obtai'ned. The Fat  Analysis Committee is 
s tudying ways and means of controlling the amount  
of oil taken under  this procedure and will, upon 
completion of its work, make recommendations to 
the Uniform Methods Conmfittee for the necessary 
changes. 

3. AOCS procedure for the determinatio~ of ~eutral 
oil Ca 9f-57. The Fa t  Analysis Committee has been 
informed by the Uniform Methods Commi'ttee and 
by the N.S.P.A. that  consideration is being given 
to the adoption of the neutral  oil determinat ion 
as a replacement for the cup loss in t rading soy 
bean oil. While the procedure in question has been 
a par t  of the AOCS methods since 1957, certain 
recommendations for changes in the method are 
being studied and can be made inlmediately to 
the Uniform Methods Committee if it becomes 
neeessary to do so. The revised procedure is being 
checked by the Smalley Committee on 1.962's Smal- 
ley samples. Recommendations for  changes will 
be delayed until  the information f rom this com- 
mittee is available. 

4. Corbonyl Oxygem The Uniform Methods Commit- 
tee has suggested the need for a procedure for the 
determinat ion of earbonyl oxygen. Suitable pro- 
cedures are available in the l i terature.  At  the com- 
mittee meeting in 1962, these available procedures 
will be discussed and action will be taken to make 
the best proeedure available to the society. 

5. Additional work. Such additional work by the 
committee will be undertaken in 1962 as is required 
by request of the Uniform Methods Committee 
or the suggestion of AOCS members individually, 
or as nmy be deenled advisable by the chairman 
of the Fa t  Analysis Committee or by i'ts members. 

R. C. STILLMAN, Chairman, 
Fa t  Analysis Committee 

Autoxidation of Fatty Materials m Emulsions. 
Effect of Histidine and Trace Metals on the 
Oxidation of Linoleate Esters I 

I. Pro-oxidant 
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Abstract 
Aqueous enmlsious of methyl  or ethyl linoleate 

(sodium dodeeylsulfate as emulsifier) together 
with such added components as l-histidine, metal  
chlorides, buffers, and acid or alkali, were oxi- 
dized in the dark with shaking in an oxygen at- 
mosphere. Under  opt imum eonditions ( p H  6.5), 
the linoleate peroxide content, a f te r  2 hr  autoxi- 
dation at 20C, was increased more than 3-fold 
by  the addition of 1 p p m  of ferrous or ferric 
ions, approximate ly  20-fold by a 0.01 M concen- 
t ra t ion of histidine and more than  60-fold by the 

a Presented in par t  at the AOCS meeting, St. Louis, Mo., 1961. 
U Eastern Utilization l~eseareh and Development Division, Agricul- 

tural  Research Service, U.S.D.A. 

addition of both histidine and ionic iron. The 
pro-oxidative effect of other transit ion metal  ions 
(Cu ++, Co ++, Cr +++, Mn § and Ni ++) also was in- 
vestigated. None of these ions had a significant 
effeet alone. Combined with 0.01 M histidine, 
only Mn ++ increased peroxidation over that  when 
when histidine alone was added. 

The pro-oxidative action of histidine was re- 
tarded approximate ly  60% by 0.1 N acetate buf- 
fer and completely repressed by 0.05 M phos- 
phate, noniouic emulsifiers, and low and high pH.  
The threshold concentration of histidine neces- 
sary for pro-oxidative action was greater  than 
0.0001 M. 
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The pro-oxidative activity of histidine in linole- 
ate emulsions is thought  to be due to the forma- 
tion of pro-oxidant complexes with trace quanti- 
ties of ionic iron. The solvation of transit ion 
metal  ions with water  or chelation with histidine 
either enhances or reduces their  pro-oxidative 
efficiency depending on the electronic configura- 
tion of the metal  ion. 

Introduction 
UTOXIDATION of f a t t y  materials  is a complicated 

phenomenon (1) even when it invoh, es only the 
oxidation of an anhydrous  polyunsatura ted  f a t t y  acid 
ester under  careful ly  controlled conditions. Autoxi- 
dation of fa ts  in food is fu r the r  complicated because 
fa t  is present  as a diverse mixture  of many  lipids. 
The fa t  is often in finely divided or emulsified state, 
in t imately associated with a mixture  of solid compo- 
nents and a complex aqueous phase containing a vari-  
ety of both soluble and colloidally dispersed materials.  
In  such a system, numerous reactions, both oxidative 
and otherwise, occur simultaneously, and the rate, 
extent, and possibly the course of reactions with 
oxygen are influenced by numerous compounds (8, 
9,10) which promote or inhibit oxidation. Consider- 
able work has been published on the influence of 
amino acids on the autoxidation of fats. 

Near ly  all of the known amino acids have been 
reported to have pro-oxidative and /o r  antioxida- 
tive activity. Cysteine (2,7,13,22) was found to be 
s trongly pro-oxidative over a wide range of condi- 
tions but  antioxidative (13) at p H  9.5. Franke  (2) 
reported a nmnber  of amino acids to be strong pro- 
oxidants in linoleic acid emulsion. The nmst effec- 
tive, in decreasing order, were: histidine, arginine, 
cysteine, lysine, and t ryptophane.  He  also found 
proline to be a highly effective pro-oxidant  in anhy- 
drous ]inoleic acid while Janicki  et al. (7) found 
valine to be second only to cysteine in promot ing the 
autoxidation of anhydrous lard. Marcuse (14) found 
some of these same amino acids to be effective anti- 
oxidants in emulsion. The most effective, in decreas- 
ing order, were: histidine, t ryptophane,  threonine, 
lysine, arginine, phenylalanine,  and serine. Kauf-  
mann  (10) has found dihydroxyphenylalanine  to be 
an exceptionally effective antioxidant  in potassimn 
linoleate emulsions. Janicki  et al. (7) reported the 
following amino acids, in decreasing order of effec- 
tiveness, to be strong antioxidant  synergists for 
a-tocopherol in anhydrous  lard:  serine, isoleucine, 
alanine, lysine, histidine, and tyrosine. 

In  the present  paper,  evidence is presented showing 
that  whether histidine acts as a pro-oxidant  or anti- 
oxidant depends on pH,  concentration, and the pres- 
ence or absence of metal  ions, phosphate and nonionie 
emulsifiers. The importance of the interaction of 
trace metal  ions and histidine is emphasized. 

Experimental 
Materials. Methyl linoleate was p repared  by the 

methanolysis of safflower oil, and purified by a modi- 
fication of the method of Pa rke r  et al. (17) using a 
ratio of 1:1.6:4, respectively, of safflower oil methyl  
esters, urea, and methanol. The finaI product  was 
fract ional ly distilled through a 75 cm Vigreaux col- 
unto under  0.8 mnl pressure. I t  was 97.3% linoleate 
with I.V. 172.8, peroxide value 2.6, and 0.5% con- 
jugated  diene. E thy l  ]inoleate employed in some 
early experiments was p repared  by  a similar pro- 
cedure. I t  was 99.6% ]inoleate ester with LV. 164.1, 
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peroxide value 1.7, and 0.05% conjugated diene. 
1-Histidine was a high pu r i ty  grade obtained f rom 

the Nutr i t ional  Bioehemicals Corporation. All buf-  
fers, ~ l t s ,  acids, and bases were reagent grade chemi- 
cals. Metals were used as their  chloride salts. Sodium 
dodecylsulfate (emulsifier) was a highly purified 
laboratory preparat ion.  ~ Other emulsifiers, used in 
exploratory experiments, included purified laboratory 
prepara t ions  3 of sodimn myristate,  potassium palmi- 
tate, and ethenoxylated tetradecanol (averaging 15 
ethenoxy groups per  molecule) and two emnmereial 
emulsifiers, Tween 20 and Span 20. Redistilled water  
was used in p repar ing  all emulsion components. I t  
was prepared  by redistill ing a solution of potassium 
hydroxide and potassimn permangana te  in laboratory 
distilled water  in an all-glass still. 

Apparatus. Oxidation studies were made in two 
types of apparatus .  Oxygen absorption investigations 
were made in W a r b u r g  apparatus ,  using the same 90 
nfl reaction flasks and manometers  as described pre- 
viously (20). In  a larger  proport ion of our experi- 
ments, chemical changes in the autoxidation of emul- 
sifted linoleate esters were studied using 270 ml glass 
vessels that  we have designated as rocker tubes. These 
vessels consisted of cylinders with rounded ends and 
an open-end side-arm attached at r ight angles. The 
side-arms were sealed dur ing autoxidation by clamp- 
ing short pieces of rubber  tubing, previously cleaned 
by boiling first in sodium hydroxide solution and 
finally in distilled water. 

Procedure. All experimental  work, wherever feasi- 
ble, was carried out in all-glass equipment to minimize 
metal  contamination. However, in the prepara t ion  of 
the initial concentrated emulsions, a mixture  con- 
sisting of 4 ml of methyl  linoleate, 25 ml of 0.5% 
sodium dodeeylsulfate solution, and 21 ml of water  
was emulsified for 15 rain in a Virtis 45 homogenizer 
in contact with teflon and stainless steel components 
of the homogenizer assembly. Ten nil of this emulsion 
was t ransfer red  to each of 4 rocker tubes and diluted 
to 25 nil with water  and /o r  test solutions. Stable 
emulsions of comparat ively  uni form oil particles, 
averaging less than 1~ in size were obtained. A 
typical  unbuffered control eontained 0.0024 mole of 
methyl  linoleate, 0.1% sodium dodecylsulfate, and 
24.2 ml of water,  and had a p H  of 6.5. Test eompo- 
nents ineluded buffers, s tandard  solutions of hydro- 
ehloric acid and sodimn hydroxide, metal  chlorides, 
and 1-histidine. Solutions of these components were 
added as required in amounts predetermined to give 
the appropr ia te  p H  and concentration in 25 ml of 
emulsion. Solutions of the pro-oxidant  test eompo- 
nents (metal  salts and histidine) were added last. 

As soon as the test mixtures  were prepared,  the 
gas in eaeh rocker tube was evaeuated and replaced 
with pure  oxygen to a final pressure of 1 a tm plus 
100 m m  H g  and the tube sealed. The rocker tubes 
were then mounted in a parallel, horizontal position, 
with the side a rm upright ,  in an Equipoise shaker in 
a constant temp room at 20C. The tubes were shaken 
at 160 strokes per min for 2 hr  in the dark. Each 
emulsion was then extracted once with 75 ml of 2:1 
ethyl ether-ethanol and the extract  washed with 100 
ml of distilled water. The autoxidized methyl  linole- 
ate was recovered by evaporat ion in a ro ta ry  evapo- 
ra tor  under  reduced pressure. Tests have shown that  
this method of recovering the autoxidized methyl  
linoleate resulted in no significant change in the 

a We a r e  indebted to members of the Detergents Investigations in 
this laboratory for these emulsifiers. 
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peroxide content of the sample. Approximate ly  0.05 
g was used for the determination of conjugated diene 
by ultraviolet  spectroscopy and the remainder  used 
for peroxide determinat ion (19). The reduction prod- 
uct f rom the peroxide deterufination was recovered 
and used for  determining iodine number  by the Wijs  
method. 

In  our present  rapid autoxidations, we found it 
expedient to use methyl  linoleate having a small per- 
oxide content. Samples of 8 to 9 g, having an initial 
peroxide value of 2.6, were stored under  ni trogen in 
sealed ampoules at - 12C .  The samples when opened 
had an average peroxide value of approximate ly  12. 
To minimize the effect of slight differences in perox- 
ide content of linoleate samples and unknown varia- 
tions between experiments,  each series of experiments 
involving the effect of histidine and other variables, 
such as p H  and traces of metal  ions, was carried out 
in randomly  designed experiments (23) and repli- 
cated its addit ional random series. We were able thus 
to repeat  the experiments with reasonable consist- 
ency. The data in Tables I and I I  represent  the 
average of two or more replications. 

In  oxygen absorption studies in the W a r b u r g  ap- 
paratus,  5 nil of a similar concentrated emulsion was 
t ransfer red  to 90 ml reaction flasks and diluted to 
10 ml with water  and /o r  solutions of test components. 
The final concentration of all components was the 
same as those employed in the rocker tubes. Af ter  
the emulsions were prepared,  the reaction vessel- 
manometer  assemblies were flushed with oxygen for 
5 rain, and then t ransfer red  to the W a r b u r g  bath 
held at  30C. The flasks were equilibrated 10 rain and 
then sealed. Autoxidat ion was carried out in the 
dark. Mercury was used as the manometer  fluid and 
the flasks of the thermobarometers  contained 10 ml 
of water.  

Results 
Effect of B~.f]'ers a4~d pH. In  early studies of the 

pro-oxidative action of histidine, we conducted a wide 
var ie ty  of exploratory experiments using emulsified 
ethyl linoleate as substrate and a 22 hr oxidation 
period at 20C in the dark. The catalytic effect of his- 
tidine was extraordinary,  result ing in peroxide values 
above 2700. Four  other amino acids (1-proline, 1-hy- 
droxyproiine,  d , l - t r y p t o p h a n e  and d , l -meth ion ine)  
either had no effect or, at most, no more than 10% 
of that  of histidine. 

The presence of 0.01 M histidine, in otherwise un- 
buffered enmlsion, resulted in an initial p H  of 7.3. 
Due to the considerable buffering action of the free 
amino acid, the emulsions were resistant to changes 
in hydrogen ion concentration. Nevertheless, due to 
widespread oxidation at peroxide values of 2700 and 
increasi-ag concentrations of acidic fragments,  the 
p H  of an emulsion decreased by  near ly  one unit.  In  

T A B L E  I 

The Effect of t l i s t id ine ,  Buffer,  and pt{  on the Autoxida t ion  a 
of iVIethyl Linoleate  

t t i s t i -  Buffered emulsions Unbuffered  emulsions 

d ine  p t{  Buffer  I Peroxide Acid or Normal- 
molar i ty  0.1 N I va lue  alkal i  i t? 'X 102 

0 4.3 / Acetate b ] 41 t { C 1  0.01 
0.01 4.3 Acetate ] 55 HC1 0.92 
0 6.5 Acetate I 70 O 0 
0.01 6.5 Acetate [ 198 HC1 0.24 
0.01 7.3 . . . . . . . .  ' 0 
0 8.8 Tr is  e 19 N a 0 K  0.0032 
0.01 8.8 Tr is  91 NaOH 0.32 

Peroxide 
value d 

40 
56 
26 

521 
416 

27 
100 

a Two hr  au toxida t ion  in  rocker  tubes a t  20C in  the dark.  
b Acetic acid-sodium acetate buffer. 
c Tr is  (hydroxymethyl )aminomethane-hydrochlor ic  acid buffer. 
d 2r of peroxide oxygen /kg  of sample. 

T A B L E  ]1 

The Effect of t t i s t i d i u e  and Cupric.  Ferr ic .  and Fer rous  Ions  on the 
Autoxidat ion  a of Methyl Linolcate  

Hist i -  
dine 

mola rity 

0 
0.01 
0 
0 
0.01 
0 .0 l  

[ 

Trace 1)K[ nletals, 
I)pm 

6.5 

P e r o x i d e  r a l l i e s  b 

Ferr ic  i Fe r rmls  Cupric  

4.3 6.5 4.3 I 6.5 4.3 

0 26 40 
0 483 56 
0.1 , 30 40 
1 34 41 
0.1 476 58 
1 507 6O 

28 41 25 39 
528 62 536 49 

33 61 27 69 
115 114 i 88 124 
826 67 1150 79 

1731 125 I 1870 172 

" T w o  hr  au toxida t ion  in rocker tubes in the da rk  at  20C. 
b Mil l iequivalents  peroxide exygen /kg  of sample. 

the present less extensive 2 hr oxidation experiments, 
the change in p H  was 0.2 unit  or less. The controls, 
although not protected by the buffering action of his- 
tidine, undergo little autoxidation and consequently 
little change in pH.  

[n order lo s tudy what effects changes in p H  might 
have on autoxidation of linoleate in emulsion, the 
effect of buffers was investigated. Phosphate buffers, 
commonly used in enmlsion studies to control p H  over 
a wide range, were found to suppress the catalytic 
action of histidine. The effect of p H  was then stud- 
ied ill two series of exl)(q'iments. In  a 0.1 N buffer 
series, acetic acid-sodimn acetate was used to control 
pH in ranges below 7 and t r i s (hydroxymethy l )amiuo-  
lnethalm-h.vdroehloric acid (Tris) above 7. The buf- 
fer was omitted in another  series of conlparable enml- 
sions and acid or alkali was used to adjust  the hydro- 
gen ion concentration. The max pro-oxidative action 
of histidine was obtained ill both series of enlulsions 
at p i t  6.5 (Table I ) .  hi the unbuffered emulsions, 
however, the increase in autoxidation at this p H  was 
much greater  than in buffered emulsions, the pres- 
elwe of 0.1 N acetate haviug retarded the pro-oxida- 
tive action of histidinc by approxilnately 60%. Ad- 
ditional autoxidations of ennllsified linoleate buffered 
with 0.1 N acetate at p H  7.3, 7.1, 6.5, and 5.5 indi- 
cated that this buffet' re tarded the oxidation propor- 
t ionately over the entire range and that  the opt immn 
catalysis by histidine was obtained at p H  close to 6.5. 
Acetate failed to re tard  autoxidation only at low p H  
(4.3) where histidine had little pro-oxidative effect. 

Catalysis by Histidb., a~(1 Trace Metals. The cata- 
lytic action of histidine couhl possibly be due to its 
interaction with other eolnponents of the elnulsion, 
such as trace lnetals which are extremely difficult to 
completely elilninate. IAnoleic acid (24) distilled in 
all-glass appara tus  and purified methyl  linoleate (25) 
have been reported to contain traces of copper, iron, 
and cobalt, i t  is also difficult to obtain amino acids 
containing less than 1-3 p p m  of various trace metals 
par t icu lar ly  if the amino acid is p repared  f rom bio- 
logical sources. 

In  view of the known ability of histidine (3) to 
complex with metal  ions and oxygen, rocker tube 
experiments  were conducted with 0.1 M histidine and 
0.1 and 1 p p m  of cupric (Cu++), ferric (Fe+++), and 
ferrous (Fe § ions at p i t  4.3 and 6.5. The results 
are shown in Table l [. The p H  of the methyl  linole- 
ate emulsions was adjusted with the sanle anlounts of 
hydrochloric acid as used in the previous series. Oxy- 
gen absorption experiments in the W a r b u r g  appara tus  
with comparable mlbuffered elnnlsions using 1 ppnl 
of the above metal ions are shown graphical ly in 
F igure  1. The p H  of enmlsions without histidine was 
6.5, and with histidine, 7.3. 

In  the 2 hr rocker tube experiments (Table I I ) ,  
the cupric ion (Cu § had no appreciable effect on 
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1.2~" ++ Hist, + Fe*. *+ 
IHist. § Fe. j ~ /  

/ /  , . . .  

w o / / t  / ! /  - ~ -  +*+ 

o ~ - ~ - - , '  . . . .  - n - ' ~ ' ~ T  - r - - ' - ' -  L 
O I0 20 30 40 50 

TIME, HOURS 

Fro. 1. The effect of histidine (Hist) ,  cupric (Cu++), ferric 
(Fe+++), and ferrous (Fe §247 ions on the absorption of oxygen 
by emulsified ]inoleate in the dark at 30C. 

the increase in linoleate peroxide content either in 
the absence or presence of histidine. Fer rous  (Pe  ++) 
and ferr ic  ions (Fe+++), on the other hand, had a 
significant effect (based on statistical analysis) in con- 
centrations of 1 p p m  at both p H  4.3 and 6.5. In  
combination with histidine at p H  6.5, the increase in 
catalytic efficiency was especially striking. I t  is inter- 
esting to note that  the linoleate peroxide content was 
increased more than 3-fold by the addit ion of 1 p p m  
of Fe §247 and Fe +*+, approximate ly  20-fold by a 0.01 M 
concentration of histidine and more than  60-fold by 
the addit ion of both histidine and ionic iron. At  p H  
4.3, however, there was little pro-oxidative interaction 
of this anfino acid with iron. 

Similar results were obtained in the W a r b u r g  oxy- 
gen absorption experiments (F igure  1). Methyl lin- 
oleate in control emulsion oxidized slowly, adding 
only 0.071 moles of oxygen per mole of ester in 48 hr. 
The addition of 1 p p m  of Cu ++ had little effect in the 
first few hr but  on prolonged oxidation to 48 hr, 
there was a definite pro-oxidative effect with the ab- 
sorption of 0.25 moles of oxygen. The effect of adding 
Fe ++ or Fe +++ was more than  double that  of copper. 
Emulsions containing histidine absorbed a mole of 
oxygen per mole of linoleate in 35 hr. Adding Cu ++ 
shortened this period to 32 hr ;  Fe  +~+, to 10.5 hr ;  and 
Fe ++, to 6.5 hr. Fer rous  and ferr ic  ions would be 
expected to have a similar catalytic effect due to the 
rapid  oxidation of ferrous to ferr ic  (27). However, 
combined with histidine, the ferrous  ion had a greater  
catalytic effect than  the ferr ic  ion. The effect of 
either ion combined with histidinc was immediate 
and rapid.  

The oxygen absorption curves in F igure  1 represent  
an average of 8 determinations each for  the control 
emulsions and those with added Fe  §247 or Fe §247 4 with 
added Ca  ++, and only 2 each for the enmlsions con- 
ta ining histidine with or without  added metal  ions. 
In  the absence of histidine, it was necessary to make 
use of a larger number  of determinations to obtain 
reliable data. 

A limited number  of rocker tube experiments, simi- 
lar to those repor ted in Table I I ,  were carried out 
employing other metal  ions f rom the same transi- 
tion series. Two hr  oxidations at 20C and p H  6.5, 
of methyl  linoleate emulsions containing 1 ppm of 
chromic, cobaltous, manganous,  or nickelous ions, 
did not differ significantly f rom that  of the controls. 
In  comparable oxidations, however, in which 0.01 M 
histidine was present, the pro-oxidative action of this 
amino acid was increased 20% by  the manganous 
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ion and inhibited approximate ly  50% and 20%, re- 
spectively, by eobaltons and chromic ions. The nick- 
elous ion had no effect. 

The Effect of Emulsifiers. In  early rocker tube 
studies with ethyl linoleate, it was found tha t  a 
non-ionic emulsifier, ethenoxylated tetradecanol,  re- 
pressed the pro-oxidative aetion of histidine. Fu r th e r  
investigation using oxygen absorption studies con- 
firmed this and showed that  Span 20 and Tween 20 
had a similar effect. I t  was fur ther  noted that  ionic 
emulsifiers such as potassium myristate,  sodium pal- 
mitate and sodium dodeeylsulfate supported the pro- 
oxidative action of histidine. This will be discussed 
in greater  detail in a subsequent paper.  

Other Analyses. As stated previously, analytical  
values for conjugated diene and  iodine number  were 
obtained in the rocker tube experiments. These indi- 
cated parallel  changes in the autoxidized linoleate 
molecule in agreement  with peroxide values. Conju- 
gated diene content increased less rap id ly  indicating 
possibly the format ion of some diperoxide. I.V. de- 
creased propor t ionate ly  reflecting a disappearance of 
double bonds due to secondary oxidation and decom- 
position of hydroperoxide.  

Discussion 

Interaction of Histidine and Trace Metal Ions. The 
powerful  interaction of histidine with added traces 
of ionic iron strongly suggests the possibility of an 
iron-histidine complex as the p r ima ry  pro-oxidant  in 
catalyzing the autoxidation of emulsified linoleate. 
The act ivi ty of histidine, when no iron is added, could 
then be accounted for as a complex formed with iron 
present  as a trace impuri ty .  I t  would seem safe to 
assume that  contamination of the emulsion with as 
little as a few 10ths p p m  of free ferrous or ferric 
ion would be sufficient to form a chelate with histi- 
dine and account for  its act ivi ty as an autoxidation 
catalyst. 

The order of relative pro-oxidative efficiency of 
metals in the first t ransit ion series is often reversed, 
depending, at least in part ,  on whether they exist 
potential ly as free ions or as complexes with chelat- 
ing amines or with polar  solvents. This par t icular ly  
applies to cobalt and iron. Zett lemoyer and Myers 
(28) found cobaltous ions much superior to those of 
iron in the autoxidative drying of linseed oil. Che- 
lation with amines such as o-phenanthroline reduced 
the effectiveness of cobalt but s t rongly enhanced that  
of iron. 

In  the autoxidat ion of linoleate ill benzene solution, 
Uri (24,25) found cobaltous stearate was a highly 
effective catalyst  but  ferrous  and ferr ic  stearates 
were not. Wi th  the addition of a high proport ion of 
polar nitrobenzene, however, cobaltous stearate was 
no longer effective. I ron  was more effective than 
cobalt when complexed with an azaporphin such as 
phthaloeyanine (4,24,25). The powerful  catalysis of 
the autoxidation of lipids by analogous, na tura l ly  
occurring iron porphyr in  complexes such as heine 
also has been studied intensively (21). 

According to Myers and Zett lemoyer (16) the un- 
eomptexed cobaltous ion with 3 unpai red  electrons in 
the d-shell is able to fo rm an activated reversible 
complex with oxygen involving rain changes in en- 
ergy. In  this condition, it is a highly effective cata- 
lyst. However, when the cobaltous ion is 1) solvated 
with either polar nitrobenzene (24,25) or water  mole- 
cules as in our studies, or 2) is chelated with histidine 
or o-phenanthroline (16,28), it no longer has as favor- 
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able an electron configuration due to sharing of elec- 
trons which fill the d-shell or involve other electron 
orbitals. On the other hand, ionic iron, when sol- 
ra ted  with water  or chelated with histidine, azapor- 
phins (24,25), na tura l ly  occurring porphyr ins  (21) 
or o-phenanthrol ine (16,28), shares electrons with 
these ligands which provide it with a d-shell configu- 
rat ion approaching that  of the catalytically effective 
free cobalt ion. The contribution of the molecular 
s t ructure  of the ligand to catalytic efficiency, how- 
ever, is still imperfect ly  understood. 

The observed pro-oxidative action in pure linoleate 
enmlsions with only histidine present is thought to be 
due to an iron-histidine complex, iron being present  
as a trace impuri ty .  The solvation of transit ion metal  
ions with water  or chelation with histidine either en- 
hances or reduces their  pro-oxidative effect, depend- 
ing on the electronic configuration of the metal  ion. 
In  general, the environment of the metal  ion in the 
oxidation system, such as solvent, amino acid, enml- 
sifter, buffer, etc., is impor tant  in determining pro- 
oxidative efficiency. 

Effect of pH ariel Histidine Concentration. Our in- 
vestigations have shown that  histidinc alone or com- 
bined with iron, has a much reduced pro-oxidative 
action at 0.001 M concentration and no appreciable 
effect at 0.0001 M. 5![arcuse (15) has found that  his- 
tidine, at low concentrations, behaved as an antioxi- 
dant  in the autoxidation of emulsified linoleate and 
a pro-oxidant at higher concentration. Studies by 
Hearon et al. (3) on the chelating of ferrous (Fe  +§ 
and ferr ic  ions (Fc  +++) with histidine provides an 
explanation for  these observations. The Fe++-histidine 
chelate was found to be unstable, and histidine in 
low concentrations was not able to compete success- 
ful ly with the hydroxyl  ion (OH-) .  In  the presence 
of oxygen, the chelated Fe ++ was rapidly  oxidized to 
Fe +~+. The competition of OH- for Fe ++' proved to be 
so strong that  they were unable to demonstrate the 
formation of a ferric chelate at low ratios of histi- 
dine to Fe ++' (approximate ly  4:1).  In experiments 
for which data are given in our paper,  the ratio was 
never less than approximate ly  500:1. With so high a 
ratio, the pro-oxidative iron-histidine chelate wouhl 
be expected. In  other experiments when the concen- 
t ra t ion was reduced f rom 0.01 M to 0.0001 M, the 
result ing ratio of 5 :1  closely approximated  that  
studied by Hearon  et al. (3). At  0.0001 5'[ eoneen- 
tration, no chelate would be formed and no pro- 
oxidative action was found. When  histidine is in- 
capable of complexing with iron, it appears  to be a 
t rue antioxidant.  This is suggested by the fact that  
a number  of conditions under  which Mareuse (15) 
has found it to behave as an antioxidant,  are those 
where the chelate would not be expected to exist, 
namely, low histidine concentrations and high pH. 

Concentrat ion also appears  to explain the effect of 
pH.  With  increasing pH,  the concentration of OIl-  
also increases, and thus reduces the effective concen- 
t ra t ion of Fe ++ or Fc +++. At  lower p H  (<5 .2 )  Hearon 
et al. (3) have shown that  histidine as its hydro- 
chloride was unavailable for  chelate formation. These 
facts are consistent with the picture that  opt inmm 
catalysis takes place where the product  of the con- 
centrations of available free metal  ion and free histi- 
dine base is maximum, namely at p H  6.5. 

The Effect of Phosphate and Emulsifiers. Ear ly  
in our investigations, phosphate buffer 

(NaH2 P O4-Na2HP 04)  

was found to repress the pro-oxidative action of his- 
tidine. Recently we have confirmed the findings of 
Marcuse (15) that  histidiue in the presence of phos~ 
phate is an antioxidant.  Although the inhibition of 
autoxidation by phosphate was reported by Hopkins 
(5) as early as 1925, the nature  of its action is still 
debatable. Phosphate (26) is known to bind ions of 
t ransi t ion metals fimnly. Thus, the simplest explana- 
tion of its effect in the present  experiments is that  it 
eomplexed metal  contaminants,  leaving histidine free 
to act as an antioxidant.  Other workers (18), how- 
ever, have reported that  phosphoric acid inhibited 
autoxidation by complexing hydroperoxides.  

The effect of enmlsifiers on the pro-oxidative action 
of histidine is not mIderstood. Non-ionic emulsifiers 
appear  to repress this action owing possibly either 
to their  abili ty to complex metal  contanfinants or to 
react with free radicals, thus acting to terminate  
the autoxidative chain reaction. Ionic enmlsifiers, 
such as sodium dodecylsulfate may promote the 
autoxidation by combining with the metal  ions and 
eoncentrat ing them at the linoleate-water interface. 

Effect of Acetate Buffers. No adequate explana- 
tion is available to explain the retarding" action of 
0.1 N acetate. Fu r the r  experiments have shown that  
the effect of histidine on the autoxidation of emulsi- 
fied methyl  linoleate is inhibited approximate ly  50% 
by 0.025 N acetate or 0.05 N sodimn chloride. Ma- 
brouk et al. (11) also have reported that  the oxida- 
tion of emulsified methyl  linoleate is inhibited by 
sodium chloride with max inmm inhibition at concen- 
trat ions of 5.85 moles of sodium chloride/mole methyl  
linoleate (approximate ly  0.6 N by calculation from 
their data) .  They at t r ibuted the effect of sodium chlo- 
ride to decreased solubility of oxygen in the enmlsion. 
tIowever, considering the low eoneentration of the 
two salts in our experiments and the magni tude of 
the inhibition, decreased solubility of oxygen wouhl 
not appear  to be involved. 

Mechanism of Metal Catalysis. The autoxidatiou 
of unsa tura ted  f a t ty  materials  involves a series of 
free radical reactions, comprising 3 steps: initiation, 
propagation,  and termination.  Although the impor- 
tance of trace metals in catalyzing the initiation step 
directly has been open to question, l ' r i  (4,2t,25) 
recently has cited considerable evidence to support  
his hypothesis that  autoxidat ion in the initial stages 
is a trace-metal-catalyzed reaction. Ingold (6) also 
has reviewed the evidence based on the use of other 
types of organic substrates. 

All investigators are in agreement  that once a small 
amount of hydroperoxide has been formed, the cata- 
lytic efficiency of a trace metal  is dependent  largely 
on its abili ty to catalyze the decomposition of hydro- 
peroxide. According to Wall ing (27), the decompo- 
sition of a hydroperoxide (ROOH)  by metal  ions in 
their  lower (M"')  and higher state (M ' l ' '~ ' ' )  of oxi- 
dation involves two processes: 

(1) M n+ + ROOH--> 3 [  In*l)+ -}- 1710 . -}- O H -  

( 2 )  M ~ + ROOH --> R O 0 '  + H + + M "+ 

q'he free radicals RO.  and R O 0 -  then initiate new 
chain reactions involving the unoxidized substrate. 
It was noted in our investigations that  the level of 
the initial peroxide content influences the pro-oxi- 
dative action of histidine. This would indicate that  
histidine, probably  eomplexed with ionic iron, played 
an impor tant  par t  in hydroperoxide decomposition. 
Whether  it also plays a par t  in the first initiation 
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step must await further studies with a peroxide-free 
substrate. 

Metal ions of the first transition series may also act 
to terminate the free radical chain by forming com- 
plexes with one or more peroxy radicals, RO0", giv- 
ing rise to molecular decomposition products. Ingold 
(6) has reviewed this subject extensively citing in- 
vestigations both in the autoxidation of fats and of 
other types of organic substrates. Chain termination 
is associated primarily with the lower oxidation state 
of a metal ion. This may explain the decreased pro- 
oxidative effect when histidine and 1 ppm of eo- 
baltous ion (Co ++) were both present in the linoleate 
emulsion. Cobalt (present as the free ion or as a his- 
tidine complex) may form chain-terminating, non- 
radical decomposition products when it reacts with 
peroxy radicals and thus appears to inhibit the pro- 
oxidative action of histidine. By  the same reasoning, 
transition metal ions which in our present investiga- 
tion appear to have had little pro-oxidative interac- 
tion with histidine, may as chelates actually exist in 
a dynamic balance acting both as pro-oxidants and 
free radical chain-terminators. The shift in this bal- 
ance would then depend on the electronic configura- 
tion of the d-shell and the nature of the chelating 
ligand. 
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1-Octen-3-ol and Its 
Products from Esters 

Relation to 
of Linoleic 

Other Oxidative Cleavage 
Acid 

G. H O F F M A N N ,  Unilever Research Laboratory, Vlaardingen: The Netherlands 

Abstract 

By means of preparative GLC, 1-octen-3-ol and 
2-trans-heptenal could be isolated from mildly 
oxidized linoleic acid ester and from oils contain- 
ing this acid (e.g., soybean oil).  A hypothesis 
for the origin of these two substances in natural 
products is given. The absence of 2-trans-octenal 
in the cleavage products from methyl linoleate, 
its presence in oils and the controversial experi- 
mental results obtained by various investigators, 
seem to be reconcilable by assuming the forma- 
tion of an acetal. The suggested acetal may, on 
intermoleeular cyclic rearrangement and cleav- 
age, give 1-octen-3-ol. 

Introduction 

S 
OME characteristic aldehydes isolated from oxida- 
tive cleavage products of soybean oil have previ- 

ously been identified (1,2).  In the same material the 
secondary aliphatic alcohol, 1-octen-3-ol (vinyl  amyl 
carbinol) was found. This alcohol, known as Mat- 
sutake alcohol, was first isolated from a Japanese 
mushroom by Murahashi (3) in 1938. Later, its 
presence was also observed in various kinds of mint 
and lavender oil (4,5,6). We found 1-oeteu-3-ol to be 
present also, in reverted linseed and rapeseed oils, 
and in oxidized palm oil. 

Due to the partial structural similarity between 
l-oeten-3-ol and 13-hydroperoxy-9,11-octadeeadienoate, 
it was supposed that linoleic acid was the precursor 
of this oeteuol. Therefore model autoxidation experi- 

merits were carried out with methyl linoleate. The 
results confirmed this expectation, not only for 1-oc- 
ten-3-ol but for 2-trans-heptemd, which was also iden- 
tified. 2-Trans-octenal, however, could not be isolated 
from the cleavage products, although it was detected 
in oils containing autoxidized linoleie acid, in aeeord 
with the results obtained by various investigators. 

The isolation of 1-octen-3-ol from autoxidized methyl 
linoleate and from autoxidized oils, its identification 
and relationship with the aldehydes mentioned, are 
described below. 

Isolation and Identification 
Oxidative cleavage products of soybean oil obtained 

as previously described (1), were fractionated by 
means of gas/ l iquid chromatography (GLC). A frac- 
tion with characteristic "brown bean" and slight 
"mushrooln" odor was isolated (Fraction 2 in Table 
I and peak 2 in Fig. 1). 

TABLE I 
Rt-Values, Odors, and Isolated Components of the GLC Fractions of 

Neutral u Cleavage Products from Oxidized Soybean Oil 
(up to Cg-Saturated Aldehyde) 

Fraction Rt at 93C Identified as 
No. (rain) Odor description 

6 

2O 

29 
33 
42 

53 

Green beans 

Brown beans q- 
mushroom 

Rotten apples 
Rancid hazelnut 
Brown beans 

Citrus fruits 

3 eis-hexenal q- hexanal  -L3 trans- 
hexenal ( 1 ) 

2-trans-heptenal 4- 1-octen-3-ol q- 
unknown substances 

2-trans-4-ci.~-heptadienal (2) 
2-trans-4-trans-heptadienal (2) 
2-trans-octenal q- unknown sub- 

stances 
nonanal q- unknown substances 


