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approximately 30 grams each, and each aliquot was 
analyzed for  oil and nitrogen content. Figure  4 shows 
the random deviations from the mean in percentages 
of oil and nitrogen of the individual samplings. 

Variations in these groups of analyses are much 
smaller than in the two-variety mixture  samples, and 
deviations may be largely accounted for by variations 
in chemical analyses. There seems to be no accurate 
means of separating chemical errors from sampling 
differences in this case. Generally, the inverse cor- 
relation is quite high between oil and nitrogen content 
of a group of samples which d i f fe r  appreciably in 
ni trogen and oil. I f  we assume that  this is t rue for 
small variations in aliquots f rom a single lot of beans, 
we may use this correlation coefficient as a measure of 
agreement between oil and nitrogen analyses. The 
coefficient of correlation between oil and nitrogen 
analyses was -- .377 for the Lincoln variety and -- .244 
for the Mandarin variety. This low correlation seems 
to indicate no appreciable er ror  due to sampling dif- 
ference when small lots of carefully selected soybeans 
of a single var ie ty  are sampled. 

Conclusion 
Under  the conditions of this study, 30-gram sam- 

plings of mixtures of soybeans were found to differ 
significantly in oil and nitrogen content indicating the 
desirability of larger samples. The use of 120 to 2'40- 
gram aliquots f rom mixtures of soybeans which vary  
widely in chemical composition should tend to reduce 
differences due to sampling to a reasonable minimum. 
Differences among 30-gram samplings of highly uni- 
form soybean seed of a single var ie ty  seem to be of 
slight significance. The limitations of present sam- 
pling methods should be recognized in any comparison 
or interpretat ion of chemical analyses of soybean seed. 
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Introduction 

T 
H E  FACT that  a rancid fat  has a lower mean 
unsaturat ion and mean molecular weight, and 
lesser amounts of unsaturated fa t ty  acids than 

a freshly refined fat  has been known for some time. 
The impression seems to prevail  that  these charac- 
teristics cannot be used as criteria of the extent 
of  o x i d a t i v e  r a n c i d i t y .  The basis for this im- 
pression is not readily apparent  in the absence of 
rate studies on the decrease in iodine value, saponi- 
fication equivalent, and the disappearance of specific 
unsatura ted fa t ty  acids. Therefore, it seemed desir- 
able to s tudy the rates of change of peroxide and 
i o d i n e  v a l u e s ,  saponification equivalents, and the 
amounts of "l inoleic and linolenic acids"  during 
accelerated rancidifieation of a fat. An at tempt  has 
been made in the present investigation to correlate 
and in terpre t  the experimental  data in terms of exist- 
ing theories concerning autoxidative deterioration. 

Experimental 

The substrates examined were commercial edible 
fats and oils purchased on the local market. Two of 
the samples were hydrogenated vegetable oil shorten- 
jngs and the third was a refined cottonseed oil. The 
fa t ty  acid compositions were such that  the percentage 
of oetadecadienoic acids ranged from 10 to 55% of 
the total f a t ty  acids. 
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Method of Oxidation 
The oxidation was carried out under  the conditions 

of the modified Swift  stability test (1). A large slum- 
ber of samples was oxidized in order  to follow the 
chemical changes occurring over a relatively long 
period of time. 

I f  an antioxidant  or synergist was incorporated 
into the substrata, precautions were taken to secure 
a uniform dispersion. Samples were removed from 
the heated oil bath at definite time intervals and re- 
f r igerated until  the entire series of samples from one 
experiment was available for analyses. The cooled 
samples were warmed until  fluid and well agitated 
before weighed aliquots were removed for chemical 
analysis. 

Analytical Constants 
(a) Peroxide values (P.V.) were determined by a 

modified Wheeler method (2) and were expressed as 
milliequivalents of sodium thiosulfate per kilogram 
of fat. 

(b) Iodine values (LV.) were determined by the 
approved A.O.A.C. method, using Wijs reagent for  a 
30-minute reaction time. 

(c) Saponification equivalents (S.E.) were deter- 
mined by a modification of the approved A.O.A.C. 
method. 

Spectrophotometric Determination of Unsaturated 
Fatty Acids 

The amounts of diane and triene conjugated mate- 
rial originally present in the fat  samples or induced 
in them during the course of the oxidation were 
d e t e r m i n e d  spectrophotometrically in purified iso- 
octane. The amount  of diene and triene material 
present  was calculated, using the E 1~° values (cor- 

I era. 

rected to methyl  esters) previonsly accepted and used 



0 I L  & SOAP, AUGUST, 1945 197 

by  Bradley and Richardson (3) for  9:11 linoleic acid 
and fl-eleostearic acid. 

Total octadecadienoic and octadecatrienoic acids, 
calculated as the methyl esters, were measured by  a 
modification (4) of the spectrophotometric method of 
Mitchell, Kraybil l ,  and Zscheile (5). 

The proport ion of oleic acid (as methyl  oleate) was 
calculated from the iodine value of the sample, and 
the amounts of dienoic and trienoic acids (as methyl 
esters) determined spectrophotometrically. Inasmuch 
as the spectrophotometric method gives maximum 
values for  dienoic and trienoic acids, the oleic acid 
concentration as calculated may be consistently low 
by a small amount. 

Discussion 
The Effect of Oxidative Rancidity on the Rate of 
Peroxide Formation, Rate of Change of Iodine Value, 
and Rate of Change of Saponification Equivalent 

The rate of formation of organic peroxides during 
the oxidation was found to follow a curve typical  of 
an autocatalytic reaction (Figure  1). The flat por- 
tion of the curves prior to the rapid rise in peroxide 
concentration is a measure of the induction period 
(i.e., stabil i ty) of a fat  or oil. In keeping with the 
investigations of Bailey, et al., (6, 7) the cottonseed 
oils were found to be much less stable than the hydro- 
genated shortenings. 
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The peroxide concentration on prolonged heating 
reached a maximum value and then decreased. This 
observation had previously been reported by Wheeler 
(2, 8) and F reyc r  (9), and appears to be due to 
thermal decomposition df the peroxides formed dur- 
ing the oxidation. 

The effect of an added antioxidant  or synergist  is 
observed in the prolonged induction periods of the 
various fortified substrates. For  all substrates, with 
or without added antioxidant  or synergist, the rate 
of peroxide formation after  the induction period was 
the same. The relative constancy of these rates is 
evident f rom the parallel slopes of the curves as 
shown in F igure  1. 

The rate curve for the decrease in iodine value 
(Figure  2) is similar to that  for  the change in per- 
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A. Cottonseed oil 
B. Cottonseed oil -F gallic acid 
C. Shortening A 
D. Shortening B 
E. Shortening B -f- aseorbyl palmitate 
F. Shortening B + gallic acid 

oxide value. The iodine value remained relatively 
constant dur ing the induction period but  decreased 
rapidly immediately following it. F o r  each system 
examined, the break in the rate curve for iodine value 
coincided with that  for  peroxide value. I t  has been 
shown by Hamil ton and Olcott (10) that  organic per- 
oxides do not interfere with the determination of 
iodine values. Thus, the results obtained may be 
considered valid. The presence of an added antioxi- 
dant or synergist  did not affect the general nature  of 
the curve, but  served only to increase the length of 
the induction period. 

I t  was found that  the saponification equivalent of a 
fat  decreased during the progress of oxidative rancid- 
ity. Scission of the carbon chain at the point of 
unsaturat ion must have occurred, resulting in mole- 
cules of lower mean molecular weight. Again, the rate 
curves (Figure  3) are typical of autocatalytic reac- 
tions. The curves are not as regular  as the others, due 
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to the errors involved in the saponification equivalent 
determinations made on the oxidized fats. 

Effect of Oxidative Rancidity Upon Unsaturated 
Fa t t y  Acids 

From the ultra-violet  absorption studies of the 
heated substrates it was apparen t  that  diene con- 
jugated  material  was formed dur ing the oxidation 
(Figures  4 and 5). Enhanced ultra-violet  l ight absorp- 
tion at 230 mt~ was indicative of the format ion of new 
conjugated diene systems. Although the characteristic 
peaks indicative of triene conjugated material  at 270 
mt~ aud 280 mt~ disappeared in the course of the oxi- 
dation, the general absorption in this region increased. 

Bradley and Richardson (11) observed that  this 
phenomenon occurred in linseed oil heated in vacuo 
at 575 ° F. The disappearance of the characteristic 
triene peaks and the marked general absorption in 
the region of 270 m~ to 280 m~ was explained by  these 
authors as being due to Cyclic dimers which have gen- 
eral absorption propert ies  in this region. 
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D. Oxidized for 131/u hrs. (P.V. ~ 526)*  
E. Oxidized for 201/z hrs.  (P .V.  --~ 411)  

* The m~ximum peroxide value (541)  was reached at  13 hours.  

As the oxidation of either a hydrogenated vegetable 
oil shortening or cottonseed oil proceeded, the diene 
concentration reached a maxinmm and then decreased. 
Curves D and C in Figures  4 and 5, respectively, 
apparen t ly  represent  an equil ibrium between the rate  
of formation of conjugated diene mater ial  and its 
destruction by oxidation or polymerization. 

Mitchell and Kraybi l l  ( 1 2 ) r e p o r t e d  the format ion 
of diene conjugated mater ial  in linseed oil bodied in 
vacuo at 585 ° F. or steam blown at 230 ° F. while 
Overholt and Elm (13) indicated the formation of 
conjugated systems in drying paint  films. These lat- 
ter studies were not based on spectrophotometric 
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F IG.  5. A b s o r p t i o n  c u r v e s  o f  o x i d i z e d  s h o r t e n i n g  B .  
A. Unoxidized sample (P.V. --~ 1.3) 
B. Oxidized for  36 hrs.  at  110 ° (P.V.  ~ 265)  
C. Oxidized for 40 hrs.  at  110 ° (P.V. ~- 440)  
D. Oxidized for 54 hrs. a t  110 ° (P.V. ~- 4 6 1 ) *  

* The max imum peroxide va lue  reached in this exper iment  was 541 
at  45 hours.  

methods but  ra ther  on the maleic anhydr ide  reaction. 
A correlation was also made between the degree of 
peroxidation and the amount  of diene conjugated sub- 
stances. Recently Brauer  and  Steadman (14) studied 
the autoxidation of a highly purified sample of fl- 
eleostearic acid. Spectrophotometr ic  measurements of 
the oxidizing substrate indicated that  new conjugated 
diene systems were formed while the triene material  
present  decreased in concentration with time. 

Farmer ,  et al., (15) demonstrated tha t  the abil i ty 
of a double bond system to conjugate was dependent 
on the nature  of the methyleuic linkage. Thus lino- 
lenie acid and fish liver oils, which possess structures 
capable of resonance, can form conjugated systems 
while rubbe r  and squalene, whose s t ructures  differ, 
cannot conjugate. The resonating compound is an 
olefinie free radical formed dur ing the first stages of 
peroxidation by  the severarme through the action of 
molecular oxygen of a thermal ly  act ivated a-methyl- 
enic C-H bond. 

Approximate ly  5% of the total diene material  ini- 
t ially present  in the hydrogenated vegetable shorten- 
ings investigated was conjugated. Dur ing the course 
of the oxidation the total diene mater ia l  decreased, 
but  the preformed conjugated diene mater ial  in- 
creased• As much as 60% of the total  diene material  
was found to be conjugated in an oxidized sample• 
In  the case of cottonseed oiI the initial diene concen- 
t rat ion was high, but  only 1% of the total diene 
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Sample  

Shortening 
A 

Shortening 
B 

Cottonseed 
Oil 

Hours 
ae r a t ed  

0 
22 
25 .5  
36.5  
44 
47 

0 
33 
37 
40 
45 
54 

0 
3 .75 
7 .75 

13 .5  
20 .5  

Peroxide 
value 

2 
71 

223  
512 
455  
413  

2 
70 

265  
440  
541 
461 

12 
132 
457 
526 
411 

Total 
octadeeadienoic 

acids as 
methyl esters 

% 

10.2  
10.0 

9.1 
3.6 
2.4 
2,1 

10.2 
9.5 
8.2 
6.2 
3.5 
2,3 

55.4 
58.8  
47 .7  
38.5  
28 .4  

Total 
octadecatrienoic 

acids as 
methyl esters 

% 

0.4 
0.3 
0.6 
1.8 
2.3 
2 .6  

0.2 
0.5 
0.9 
1.2 
1.2 
1.6 

0.3 
0.4 
1.4 
2.3 
2.8 

Preformed 
conjugated 

oetadecadienoie 
acids as 

methyl esters 
% 

0.6 
1.0 
2.3 
1.8 
1.7 
1.4 

0.5 
1.5 
1.6 
1.8 
1.7 
1.0 

0.6 
1.9 
5.1 
5.3 
4.7 

P r e f o r m e d  
octadeeatrienoie 

acids as 
methyl  esters 

% 

0,02  
0 .03  
0 .09  
0 .16  
0 .19  
0 .12  

0 .02 
0 .13  
0 .07 
0 .13 
0 . I 4  
0 .05  

0 .11  
0 .13 
0 .24  
0 .49  
0 .57  

% of the total 
diene m a t e r i a l  

present as preformed 
con juga ted  

6.4 
1O,O 
24.7  
48 .6  
69.6  
67 .6  

4.5 
16.2 
19.8 
29.3  
48 .9  
42 .2  

1.1 
3.5 

10 .6  
13.7  
16 .4  

material was conjugated. With increased oxidation 
of the oil, the total diene m a t e r i a l  present was re- 
duced  and the concentration of the conjugated diene 
m a t e r i a l  was increased to as much as 16% of the 
total diene material  present. The d a t a  a r e  summar i z e d  
in Table 1. 

The rate of loss of unsaturated fat ty  acids is of 
major importance nutrit ional ly  if it is assumed that 
the material  measured represents the "essential" un- 
s a t u r a t e d  linoleic and linolenie acids of Burr, et al. 
(16) .  I t  is rea l ized ,  however, that the spectroscopic- 
ally ac t ive  di- and  t r i e t h e n o i d  m a t e r i a l  measured in 
these studies may not be the same as the biologically 
active forms. 
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d u r i n g  f a t  a u t o x i d a t i o n .  

A. S h o r t e n i n g  A 
B.  S h o r t e n i n g  B 
C. S h o r t e n i n g  B ~- ascorbyl palmitate 
D. S h o r t e n i n g  B ~- gal l ic  ac id  

When the concentration of diene acid (calculated as 
methyl  esters) was plotted as a funct ion of time, 
curves typical  of an autocatalytie reaction were ob- 
tained (Figures  6 and 7).  Rapid loss of diene acids 
occurred at the end of the induction period. The loss 
of total diene material  at the end of the induction 
period was 10% in the ease of hydrogenated shorten- 
ings and 2% in the case of the cottonseed oil. The 
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FIG.  7.  R a t e  of  loss  o f  Cls d iene  ac ids  ( d e t e r m i n e d  as e s ters )  
dur ing  f a t  a u t o x i d a t i o n .  

A. Cottonseed oil 
B. Cottonseed oil ~- gal l ic  ac id  

latter, however, had a higher initial concentration of 
diene acids. Thus, a sample undergoing autoxidation 
may beeome rancid but retain the major portion of 
its diene acids. 

The concentration of triene material  increased with 
time until  at maximum peroxide value it was about  
five to six times its original concentration. This in- 
erease has been attributed to the occurrence of some 
dehydrogenation of the substrate. The enhanced ab- 
sorption of ultra-violet l ight in the region of 270 m~ 
may also be due to eyclized dimers or hydroperox- 
ides spectroscopically active in this region. 

The resonance of earbonyl  groups present in the 
decomposit ion products of fat  deterioration also ab- 
sorbs in this region of the ultra-violet,  and this effect 
more probably explains the rise in general absorption 
(17). 

When the amounts  o f  linoleie acid (as methyl  
esters) of the various samples of a given system were 
plotted against the peroxide values (Figures  8 and 
9), it was observed that the fore part of the curves 
approached a straight line. This same phenomenon 
occurred when the amounts  of linoleie acid were 
plotted against iodine values (Figures  10 and 11).  
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FIo .  8. Tile  c h a n g e  in c o n c e n t r a t i o n  o f  d i e n e  a c i d s  a s  a f u n c -  
t i o n  o f  p e r o x i d e  v a l u e .  

A. Shortening A 
B. Shortening B 
G. Shor tening B ~ ascorbyl palmitate 
D. Shortening B -~ gallic acid 

From these observations it is apparen t  that  during 
the early stages of the oxidation, up to a peroxide 
value of 300 to 400, linoleic acid was the only un- 
sa turated component being destroyed. In  no case was 
there an appreciable amount  of linolenic acid present. 
This conclusion was given suppor t  when the per  cent 
of oleic acid in the various samples was calculated. 

Some interesting phenomena were observed when 
the concentration of oleic acid in the various samples 
of a given system were plotted against  the lengths of 
t ime the samples had been aerated (Figure  12). With 
the hydrogenated vegetable oil shortenings, where the 
oleic acid content was high and the linoleic acid con- 
tent  low, it may  be observed that  the amount  of oleic 
acid remained constant for a considerable length of 
time before beginning to disappear.  In  fact, the 
curves have the appearance  of t y p i c a l  induction 
period curves. The first appreciable  loss of oleic acid 
occurred only a f te r  the peroxide value of a sample 
had risen to 300 to 400. Once the destruction of oleic 
acid had begun, it proceeded at a r ap id  rate. 

Wha t  appeared  to be anomalous results were ob- 
tained when the concentration of oleic acid in the 
samples of refined cottonseed oil were calculated and 
plotted against  hours of aerat ion (Figure  13). The 
determined iodine values and linoleic and linolenic 
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FIG. 9. T h e  c h a n g e  in  c o n c e n t r a t i o n  o f  d i e n e  a c i d s  as  a f u n c -  
t i o n  o f  p e r o x i d e  v a l u e .  

A. Cottonseed oil 
B. Cottonseed oil -~ gallic acid 
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D. Shortening B ~- gallic acid 
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B. Shor tening B 
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D. Shor tening B ~ gallic acid 
End  of induct ion period (P.V. ~- 120) 

acid contents were such tha t  the proport ions of oleic 
acid appeared  to increase as the t ime of oxidation was 
prolonged. This seemed to indicate tha t  in the oxida- 
t ion of linoleic acid there was formed some unsatu- 
ra ted  compound or compounds which absorbed iodine 
but  which were not measured spectrophotometr ical ly 
as linoleic acid. The fact  that  such a phenomenon 
occurred in the case of the oil and not with the 
hydrogenated vegetable oil shortenings may  be at- 
t r ibuted  to the great ly  different rat ios of linoleic acid 
to oleic acid in the fa t  substrates.  
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F r o .  13.  C h a n g e  in ole ic  a c i d  ( c a l c u l a t e d  a s  m e t h y l  o l e a t e )  
d u r i n g  a u t o x i d a t i o n  o f  c o t t o n s e e d  oil.  

.4.. Cottonseed oil 
B. Cottonseed oil -f- gallic acid 
End  of induction period 

I t  is somewhat surpr is ing that  the amount  of oleic 
acid should increase. This may be explained on the 
assumption tha t  the dehydrogenat ion of the substrate  
proceeds at  a greater  rate  than the decomposition of 
the oleic acid. 

S u m m a r y  
A general pa t te rn  of chemical changes has been 

observed to accompany the oxidative destruction of a 
f a t  dur ing the accelerated developmeut of rancidi ty  
in the presence of oxygen at 110 ° C. Dur ing  a vari- 
able period of time (the " induc t ion  p e r i o d " )  no 
detectable changes occur. However,  at  the t ime when 
p e r o x i d e  format ion increases appreciably,  'several 
chemical changes appear  s imultaneously:  linoleic acid 
decreases, the total unsa tura t ion  (as measured by  the 
iodine value) decreases and the mean length of the 
carbon chain of the acids decreases. The format ion 
of conjugated unsa tura t ion  in an autoxidizing edible 
fa t  or oil seems probable.  I t  has been demonstrated 
tha t  a fa t  may  become quite rancid and still re tain at 
least 90% of its original octadecadienoie, " l i no l e i e "  
acid. These chemical changes have been observed con- 
sistently irrespective of the fa t  or oil under  study, 
the length of its induction period, or the presence of 
added ant ioxidant  or synergist.  
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