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the end of a week to give an insoluble fract ion in 
Skellysolve F. The polarogram of this sample showed 
the presence of a large wave at 0.2 volts in addit ion 
to other waves at more negative potentials. A sample 
of ethyl linoleate oxidized under  similar conditions 
gave only a small wave at 0.2 volts;  the major  one 
was the hydroperoxide wave at 0.8 volts. 

This prompted a comparative s tudy of autoxida- 
tions of methyl esters and triglycerides of similar 
composition. The autoxidized samples showed three 
definite waves, named A, B, and C. The heights of 
these waves were measured at 0.3, 1.4, and 1.8 volts, 
respectively. For  the autoxidized methyl  esters of 
soybean fa t ty  acids the height of different waves pro- 
duced by samples varying in peroxide value is shown 
in Table I. The height of the wave is expressed as 

TABLE I 

Autoxidat ien of ~ e t h y l  Esters  of Soybean Fa t ty  Acids 
(m % t ~ = 3.02) 

Perox ide  
Value 

Time Milli- 
H o u r s  equivalents  

per  
k i logram 

0 3O 
17 2025 
65 1085 
95 840 

t te ight  of Waves  
Diffusion C u r r e n t /  
gin. l~icro-am~p~r es Solubility in 

Skellysolve F 
A B C 

0.0 i 0.8 0.1 Soluble 
3.9 [ 114.1 12 Insoluble 
2.0 71.5 13 Insoluble 
1.3 51.3 14.4 Insoluble 

micro-amperes per 1% ( W / V )  solution of the sample. 
The solubility refers to solubility in Skellysolve F. 
The peroxide giving rise to the A-wave could not be 
identified, and for convenience we shall call it per- 
oxide-A. The B-wave was apparent ly  due to hydro- 
peroxides (4),  and the C-wave was probably due to 
u n s a t u r a t e d  aldehydes and ketches-decomposition 
products  formed dur ing autoxidation. The values of 
A and B rise and fall  in the same way as the peroxide 
value. The height of C became constant. 

The corresponding data for  soybean oil autoxida- 
tion are shown in Table II .  The rise and decline of 

TABLE I I  

Autoxidat ion of Soybean Oil 

Peroxide  
Value  

Time Milli- 
]~ours equivalents  

per  
ki logram 

0.0 2.0 
12.5 109 
23 391 
36.5 2395 
65.5 1455 

Heigh t  of Waves  
Diffusion C u r r e n t /  
gm. Micro-amperes 

A B C 

~ - -  ~ ~ Soluble 
0.8 ] 2.6 ] .... i Soluble 
3.7 ] 9.0 ] .... I Soluble 

24 71.5 [ .... [ Insoluble 
12.6 48.0 .... Insoluble 

Solubility in 
Skellysolve F 

A and B and the peroxide value were similar to those 
in methyl  esters; C was not noted because of maxima 
in B. The value of A was much higher and that  of B, 
the hydroperoxide wave, much lower than in methyl  
esters of comparable peroxide value. 

The polarograms of the methyl  esters and triglycer- 
ides are given in F igure  1. The polarogram of the 
methyl  esters ( I )  showed a small wave at 0.2 volts, 
followed by a large wave due to hydroperoxide and 
then another short wave. The polarogram of the soy- 
bean oil sample ( I I )  had a much larger  A-wave than 
( I ) .  The B-wave, that  is, the hydroperoxide wave, 
was not as prominent  as for  the methyl  esters. In  the 
earlier stages of autoxidation the hydroperoxide wave 
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was well defined, bu t  as polymerization set in, it was 
less and less sharp and ult imately gave an almost 
straight line increase f rom the A-wave up to about 
1.4 volts. Although the peroxide value of the soybean 
oil sample was greater,  the total diffusion current  was 
less. 

A comparison of the data f rom the methyl esters 
and the soybean oil is given in Table I I I .  The ratio 

T A B L E  I I I  

Compariso  n of Methyl E s t e r s  and Soybean Oil Autoxidation 

Methyl Esters  Soybean Oil 

Perox ide  B / A  P .V. /A.  
Value _ _  _ _  

1085 36 ] 542 
840 I 39 I 645 

Perox ide  Va lue  _ _  B / A  P .V. /A.  

109 3.3 136 
391 2.4 105 

2395 3 0 1O0 
1455 3:8 115 

of B to A indicated the extent of formatio~ of perox- 
ide A in comparison with the hydroperoxide,  and the 
ratio of peroxide value to A indicated the extent of 
formation of peroxide A in comparison with total 
peroxides. These ratios do not actually represent the 
ratio of the concentration of the respective peroxides 
but  are only proport ional  to them. The possibility of 
A and B being parts  of the same wave was discounted 
because oxidation at 0 ~ and room tempera tu re  gave 
very  small A-waves unlike that at 60 ~ . Also hydro- 
peroxides in methyl  esters do not give the same B / A  
ratio. P u re  methyl  oleate hydroperoxide does not 
give the A-wave at all. That  the ratio B to A was 
dist inctly lower in the case of soybean oil showed that  
peroxide A was formed in much greater  proportions 
relative to hydroperoxides in the fa t  than in the 
methyl  esters. The lower ratio of peroxide value to A 
showed that  this was t rue  in the case of total perox- 
ides also. 

The diffusion current  constant depends on the diffu- 
sion coefficient of the molecules. Therefore  it would be 
expected that  a hydroperoxide group in a tr iglyceride 
would have a lower diffusion current  constant, and 
hence for  the same peroxide value the wave produced 
by a tr iglyceride hydroperoxide would be smaller 
than that  in the case of methyl esters. The equal 
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fractions of autoxidized soybean oil. 

peroxide values will ensure that  the same number  of 
peroxide groups per  unit  weight are present  in each 
sample. This should be t rue for peroxide A also. In  
spite of this fact  the height of the A-wave was con- 
siderably larger,  thus showing again that  peroxide A 
was formed in much greater  proport ions in soybean 
oil as compared to methyl  esters of similar mixed 
f a t t y  acid composition. 

At tempts  were made to s tudy the format ion of per- 
oxides, par t icu lar ly  peroxide A, in the initial stages 
of autoxidation. Since solubility of tr iglycerides in 
the polarographic solvent was limited, extract ion of 
peroxides f rom a larger  weight of fa t  was tried. 
Pr ive t t  and co-workers (5) used a method which in- 
volved extraction of peroxides by  aqueous ethanol 
sa tura ted  with Skellysolve F. In  the present  s tudy 
therefore the same solvent was used for  extract ing 
any  peroxides present  in fat. L i th ium chloride sup-  
por t ing  electrolyte was dissolved in this extract,  and 
the polarogram was studied. As the hydroperoxide 
wave in this solvent was found to occur at much more 
positive potentials (s tar t ing f rom 0.14v), this method 
had to be abandoned. 

A sample of soybean oil was oxidized at  60 ~ to a 
peroxide value of 1530 mill iequivalent per  kilogram. 
Twenty  g. of this oil were fractionated,  using Skelly- 
solve F containing different proport ions of acetone. 
In  the initial stages of polymerizat ion the fa t  was 
soluble in small proport ions of Skellysolve F, but  on 
dilution the polymers  precipi ta ted out. Twenty  g. of 
the sample were dissolved in Skellysolve F, and the 
solution was diluted to 300 ml. The port ion separat-  
ing out was allowed to settle and then separated by 
decantation. A similar procedure was followed to 
separate  fractions, using Skellysolve F with acetone. 
The last f ract ion was dissolved in pure  acetone. Af te r  
f ract ionat ion the solvents were removed under  vac- 
u u m  at room temperature ,  and polarograms of the 
fract ions were studied, using methyl-alcohol benzene 
solvent. 

The polarograms of the original sample, the Skelly- 
solve fraction, and the acetone f ract ion are shown in 
F igure  2. The hydroperoxide wave, par t icu lar ly  in 
the acetone fraction, was not well defined. This diffi- 
cul ty also occurred in all highly polymerized samples. 
The first wave height of the acetone fraction, as meas- 
ured  at  0.3 volts, was 40 micro-amps./g. ,  tha t  is, 
double that  in the original sample or about two and 
a half  times that  in Skellysolve fraction. 

Hydrogena t ion  of the polymerized oil reduced all 
peroxides as the polarogram of the hydrogenated  oil 
did not show any  waves. Bu t  reoxidation of this sam- 
ple produced the  wave at 0.2 volts and a gradual  rise 
up to 1.4 volts. A sample of soybean oil hydrogenated  
similar ly and, to about the same extent ( I .V 78), gave 
well-defined waves at 0.2 and 0.8 volts. Soybean oil 
samples hydrogenated  to different iodine values and 
an olive oil sample all gave well defined A-waves and 
hydroperoxide waves. In  all cases when the height of 
the A-wave was in the neighborhood of 10 micro- 
amps. /g. ,  0.2 ml. of the sample showed tu rb id i ty  in 
10 ml. of Skellysolvc F. 

To s tudy fu r the r  the different types of peroxides, 
oxidation of the oils was carried out in the presence of 
a catalyst.  As catalysts could affect the rate  of forma-  
tion or decomposition of certain types o~f peroxides 
more than  others, catalysts could conceivably be used 
to get one peroxide in greater  concentrat ion than is 
normal ly  formed. Wi th  this idea in mind oxidation 
of soybean oil in the presence of 0.1% cobalt-drier 
was studied. I t  was observed that  the peroxide value 
did not reach a high level. But  even at the max imum 
level reached (P.V. 474) the polarograms showed no 
waves due to the peroxide A or the hydroperoxide.  

The polarograms of samples of soybean oil oxidized 
with and without cobalt catalyst  are shown in F igure  
3. While the sample oxidized without  catalyst  showed 
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FIG. 3. Polarograms of samples of soybean oil autoxidized in 
absence and presence of a catalyst. 

two clear waves, the sample with 0.1% cobalt showed 
a gradual  increase up to the hydrogen wave. This 
suggested that  the peroxides formed in the presence 
of a dr ier  are different f rom those formed in the ab- 
sence of a catalyst.  

In  the autoxidat ion of methyl  oleate Swern and  co- 
workers (6) found up to 28% peroxide other than  
hydropcroxide,  which was not reduced a t  the drop- 
ping mercury  electrode under  the conditions used for  
the estimation of the hydroperoxide.  They believed 
this peroxide to be the cyclic peroxide, as in several 
cases the alpha-glycol content of the reduced perox- 
ides tallied with the difference between the total  and 
the hydroperoxide.  Knigh t  and  co-workers (7) have 
isolated 9-10 dihydroxystear ic  acid by oxidation of 
methyl  olcate in acetic acid in the presence of cobalt 




