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Compounds of the structure like 2 , 4 - H O ( M e C H : C H ) ~ 6 I - L O E t  
were patented for the  p rese rva t ion  of  soap (Tomiyam~ et a~.-- 
Japan 5432['53] ). 

FLAVOR REVERSION. Some of  the  inves t iga t ions  on flavor re- 
vers ion  of o i l s  were a t t e m p t s  to i d e n t i f y  the  compounds  caus-  
i n g  the  odor. Fo rmic  acid, acetic acid, bu t y r i c  acid, enan th ic  
acid,  aceta ldehyde,  b u t y r a l d e h y d e  a n d  enanthole  were ident i -  
fied a m o n g  the p roduc t s  volat i l ized on ae ra t ion  of the  C~o and  
C~2 acids  of  fish oils a n d  were a s s u m e d  to be the  causes  of  the  
f lavor revers ion  ( T o y a m a  & M a t s u m o t o - - J .  Chem. Soc. Japan, 
Ind. Chem. Sect. 56, 972).  I n  s imi la r  work on cutt lefish l iver 
oil C~ to C6 acids  and  12 amino  compounds  were isola ted 
(Oba t a  & M a t a n o - - J .  Oil Chemists'  Soe., Japan, 2, 112).  An  
odorous  f r ac t ion  collected in  the  condenser  du r i ng  commercia l  
deodor iza t ion o f  p e a n u t  oil con ta ined  2,4-decadienal  a n d  a 
s t r ong ly  smel l ing  subs tance  which was  no t  p rec ip i t a ted  by  bi- 
sulfl te (Lefort--BuZl.  mens. inform. I T E R G  T, 383).  

Isolated polymers from soybean oil were further oxidized at 
30 ~ to yield various aldehydes like those a l r eady  identif ied in  
whole rever ted  soybean  oil ( C h a n g  & K u m m e r o w - - J .  Am. Oil 
Chemists'  Soe. 31, 324).  The  work sugges t ed  t h a t  oxidative 
polymers could be u n i n t e n t i o n a l l y  incorpora ted  into otis in  
var ious  ways  f r o m  equ ipmen t  and  t hen  serve as  p recursors  o f  
revers ion  compounds .  Cer ta in  f r ac t i ons  der ived in  the  ref in ing 
of  soybean  oil wi th  liquefied p ropane  were r e tu rned  to the  re- 
fined oil to improve  the  flavor s t ab i l i t y  ( P a s s i n o - - U .  S. ~,664,- 
431) .  A n o t h e r  p a t e n t e d  m e a n s  of  i nh ib i t i ng  revers ion  o f  f a t s  
and  oils involves pa r t i a l  hydro lys i s  a n d  removal  of  some of  the  
freed f a t t y  ac ids  (Meta l lgese l l scha f t  A.-G.--Bri t .  707,454). 

W i t h  b u t t e r s  revers ion  to fishy f lavors cor re la ted  well wi th  a 
peroxide va lue  of  0.5 by  L e a s '  me thod  and  1.0 by  the  Lo f tu s -  
Hi l l s  m e t h o d  ( J a m o t t e  et al.--Proe. 13th Intern.  Dairy Congr. 
3, 1079).  

[ P a r t  I I  will follow in  J u n e  issue.] 

Polarographic 'Studies of Fat Oxidation 1 
S. S. KALBAG7 K. A. NARAYAN, S..S. CHANG, 3 and F. A. KUMMEROW, Department of 
Food Technology, University of Illinois, Urbana, Illinois 

]~ VER SINCE the importance of peroxides in the 
autoxidation of fats was recognized, at tempts 
have been made to ident i fy  and s tudy ' the  differ- 

ent peroxides involved. For  lack of better methods, 
most of the evidence was based on analogy with 
simpler processes and on the analysis of breakdown 
products. Dur ing  the autoxidation of asymmetric di- 
phenylethylene Staudinger  (1) showed that  two per- 
oxides of differing stability were formed. By  analogy 
and f rom variations in the different analytical con- 
stants of oxidized fats, formation of several types of 
peroxides in oxidized fats was inferred. Fa rmer  and 
co-workers (2) were the first actually to isolate and 
ident i fy  a peroxide, that  is, the hydroperoxide.  Since 
then methyl  oleate hydroperoxide has been isolated 
in purer  form, and it is now generally accepted that  
the hydroperoxide is one of the first and major prod- 
ucts of autoxidation of unsatura ted fa t ty  acids. Even 
af te r  the isolation of the hydroperoxide,  there was no 
method available for  detecting and estimating hydro- 
peroxide in the presence of other peroxides. 

Lewis and Quaekenbush (3), using a polarograph 
for the s tudy of autoxidized fat, obtained three waves 
which they  showed were due to peroxides and which 
were not parts  of the same wave. 'They  did not how- 
ever ident i fy  the peroxides responsible for the three 
waves. They used a mixture of methyl alcohol and 
benzene as solvent and lithium chloride as support ing 
electrolyte. Willits and co-workers (4) with the same 
solvent-electrolyte combination studied polarograms 
of a large number of oxygen-containing organic com- 
pounds having the same functional  groups  as were 
believed to occur in autoxidized fats. They observed 
that  the acyl peroxides were reduced in the range 
0-0.2 volts, and 2-diketones and hydroperoxides be: 
tween 0.6-1.0 voltsl and the unsatura ted aldehydes 
and ketones around 1.5 volts and beyond;  methyl  ole- 
ate hydroperoxide was found to give a wave around 
0.8 volt. 
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The present work involved a s tudy of the polaro- 
graphic behavior of peroxides formed in fats dur ing 
autoxidation at 60~ in the presence and absence of 
a catalyst. 

Experimental 
The autoxidations were conducted at 60 ~ by bub- 

bling d r y  air through the fat  or methyl esters and 
exposing to a 275-watt sunlamo. The oolarourams 
were carried out in a 0.3 1~I solution of l i thium chlo- 
r ide  in a solvent consisting of equal proportions of 
methyl alcohol and benzene. The sample size varied 
from 0.01 g./100 ml. to 0.40 g./100 ml., chosen so as 
to give complete solution. The noIaro~rams were ob- 
tained on a Sargent  model X X I  recording oolaro- 
graph, using an H- type  cell maintained at 30 ~ A 
saturated calomel electrode was used as reference 
electrode. The capil lary used had a droD time of 1.5 
seconds and mercury  flow rate of 4.71 mgms./sec. The 
cell had a resistance of approximately  1,000 ohms, 
and the polarograph was used at a sensitivity of 0.04 
microamperes per millimeter. 

The peroxide value, expressed as milli eauivalents 
per kilogram was determined on 0.1-0.5 ~. of the sam- 
ple, using a reaction time of 1,5 rain. The solubility 
was tested by determining whether 0.2 ml. of the sam- 
p le  in 10 ml. Skellysolve F gave a clear or turbid  
solution. 

The methyl  esters used for comparison with soy- 
bean oil were prepared f rom fa t ty  acids obtained by 
saponification of soybean oil. The methyl  esters were 
distilled before use and had an iodine value of 127.3. 
The soybean oil used was a commercial, refined, and 
deodorized sample with an iodine value of 133.1. 

Results and Discussien 
As a first step in this investigation soybean oil was 

autoxidized at different temperatures.  In  the autoxi- 
dation at 0 ~ and room tempera ture  the samples were 
soluble in Skellysolve F even af ter  oxidation for 20 
days and showed a small wave at 0.2 volts and a 
prominent  wave around 0.7 volts. The sample oxi- 
dized at 60 ~ was however sufficiently polymerized at 
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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 
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catalyst. Skellon and Taylor  (8) isolated 8% dihy- 
droxybehenic acid by oxidation of brassidic acid in 
presence of uranium catalyst. This suggested that  the 
peroxide value of soybean 0il autoxidized in the pres- 
ence of cobalt was due to cyclic peroxide. Methyl 
oleate autoxidized similarly in the presence of cobalt 
also did not give the hydroperoxide wave. However 
at tempts to concentrate the peroxides f rom this sam- 
ple by the solvent extraction method and by the urea 
complex method were not successful. 

Summary 
The polarograms of autoxidized soybean oil indi- 

cated the presence of a peroxide, which was formed 
in considerably larger proport ion in soybean oil than 
in methyl  esters of similar composition. This perox- 
ide was reduced at more positive potentials than  the 
hydroperoxide at the dropping mercury  electrode. In  
solvent fractionation, using mixtures of Skellysolve F 
and acetone, this peroxide associates with the poly- 

merized fraction. Hydrogenated  soybean oil samples 
and olive oil also showed the presence of this peroxide 
in considerable concentrations in the period that they 
began to give turbid solutions in Skellysolve F. Soy- 
bean oil oxidized in the presence of cobalt catalyst 
contained negligible proportions of peroxides nor- 
mally reduced at the dropping mercury  electrode. 
A~/tempts to concentrate the peroxides from methyl 
oleate oxidized in a similar manner did not succeed. 
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Soybean Protein Fractions and Their Electrophoretic Patterns 
ALLAN K. SMITH, ELLIOT N. SCHUBERT, ~ and PAUL A. BELTER, 
Northern Util ization Research Branch, ~ Peoria, Illinois 

~/~ EISSL AND BOCKER (11) were the first to publish 
investigations on the isolation and fraetionation 
of soybean protein, tIowever, the work by Os- 

borne and Campbell (14) has been more f requent ly  
quoted to describe the early work. 

Osborne and Campbell used salt-extraction and 
precipitation methods to separate and identify four 
different proteins in the soybean. The principal frac- 
tion was a globulin which they named glycinin and 
defined as " t he  salt-solution soluble globulin which 
separates af ter  dialysis." They found small quantities 
of a second globulin, more soluble than glycinin, 
which they called phaseolin because of its resemblance 
to phaseolin from the pea; small amounts of an albu- 
min-like protein (1.5%) ; and a proteose. 

Joues and Csonka (7) precipitated five fractions 
from the salt-solution soluble protein by various con- 
centrations of ammonium sulfate ranging from 38 to 
69% saturation. The fraction precipitated at 55% 
saturation had an isoelectric point at pH  5.2 and most 
nearly resembled Osborne and Campbell 's glycinin. 
Ryndin (15) and others (6, 19) have studied soybean 
protein fraetionation by salt-solution methods. 

Smith, Circle, and Brother  (17), Smith and Circle 
(18), and Smiley and Smith (16) published detailed 
information on the effects of neutral  salts and various 
acid and alkaline solutions on dispersion and precipi- 
tation characteristics of the soybean protein. While 
their work was intended as a guide in protein isolation 
on a commercial scale, it revealed valuable funda- 
mental  information on dispersion characteristics of 
soybean protein. 

Briggs and Mann (3) and Mann and Briggs (10) 
have been the only investigators to publish informa- 
tion on an electrophoretie method of ident ifying soy- 
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bean protein fractions. Using a phosphate buffer at 
pH 7.6, they identified seven different electrophoretie 
protein fractions in the water extract  from fat-free 
soybean meal. They also isolated and purified a frae- 
tion from a 10% salt extract  of the meal which they 
called glycinin, and for which they obtained three 
Tiselius boundaries, thus indicating the electropho- 
retie inhomogeniety of the Osborne glycinin. How- 
ever they did obtain an electrophoretically homoge- 
nous pa t te rn  for a fract ion separated by cooling a 
water extract  of the meal. They did not find any of 
their fractions homogenous by the phase-rule solu- 
bility test. 

The present investigation continues the work on 
separation and eleetrophoretie characterization of pro- 
teins from a water extract  of fat-free soybean meal. 
A Perkin-Elmer  Tiselius instrument 4 was used for 
the eleetrophoretic par t  of the work. In  preliminary 
studies, pat terns on our instrument were compared 
with pat terns  obtained from three different Klett-type 
instruments, and results in all cases were equivalent. 

Initial Sample Preparation 
Preparation of the Undenatnred Soybean Meal. The 

soybean meals were prepared for fat  extraction by 
cracking the beans between corrugated rolls and re- 
moving hulls by aspiration. Water  was added to the 
grits to give a moisture of about 16%, and, af ter  
standing overnight in a cold room, the grits were 
flaked between smooth rolls, air-dried at low tempera- 
tures, and then extracted with a hexane-pentane (b.p. 
30~176 mixture. 

Dispersion of the Protein in Water. Somewhat more 
than 90% of the nitrogenous components of the meal 
prepared as described above will disperse in water;  
the dispersion has a p H  in the range of 6.5 to 6.7. 

The mention of firm names or trade products does not imply that 
they are endorsed or recommended by the U. S. Department  of Agri- 
culture over other firms or similar products not mentioned. 


