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o 
UR STUDIES on lecithin as an edible oil stabilizer 
lead to the observation that  acidic metal inacti- 
vators are not effective in undeodorized oils (4). 

Thus heating the oils may be necessary if an improve- 
ment in oxidative stability is to be obtained through 
the use of metal inactivators. The improvement in 
oxidative stability af ter  heat t reatments  is observed 
in the processing of many foods. Most of the bene- 
ficial effects result f rom the destruction of enzymes, 
but heating at temperatures  above those required for 
enzyme destruction give optimum stability. 

The best example of oxidative stability resulting 
from heat t reatments in food processing is the manu- 
facture  of dried milk (2, 6, 8, 13). Unshelled pecans 
(15) heated to 80~ were found to be more stable 
to rancidi ty than the unheated controls. Walnu t  
meats however, when blanched at 100~ are re- 
ported to be considerably less stable to oxidation 
(17). Oil extracted from green coffee beans showed 
no improvement upon heating, but  oil extracted 
from roasted coffee was much more stable (3). But- 
ter showed a marked improvement upon heating to 
300-400~ but  but ter  fat  showed a decreased stabil- 
i ty upon heating under  the same condition (9). Lips 
(12) found that  lard was not improved by heating 
unless certain additives, such as whey powder, were 
present. 

The heat-imparted stability of fats is usually con- 
sidered to be a direct result  of peroxide destruction. 
We believe other factors are involved, but  their eluci- 
dation is complicated. Studies on antioxidants and 
autoxidation are severely hampered by lack of ade- 
quate analytical methods and techniques. Baldwin 
(1), investigating the deodorization of corn oil, ob- 
served an optimum improvement in the stability with 
time of deodorization. Comparison between samples 
prepared by laboratory and plant  deodorizations 
showed that  temperature  of about 195~ not time, 
was the critical factor. 

Fa t  peroxides are considered unstable, especially 
at temperatures  above 100~ Nevertheless some 
evaluation tests for  shortening require holding the 
fat  at 100~ for more than 100 hrs. Other oxidative 
tests which depend on the development of a definite 
level of peroxides for the end point have used tem- 
peratures  of 120 ~ and :150~ (1], 16). The rates of 
decomposition of f a t ty  hydroperoxides have not been 
investigated at these higher temperatures.  Our in- 
vestigations on edible oils would indicate that, at a 
temperature  of 185~ the destruction of fa t ty  hy- 
droperoxides is accomplished within 30 rain. Pr ive t t  
(20) studied destruction of hydroperoxides of lard 
at 100~ under  vacuum and found a 50% loss in 
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about 14 hrs. Methyl linoleate hydroperoxide is re- 
ported to decompose at a rate of 1.6% per hour  at 
80~ (7). The half-life for methyl linoleate hydro- 
peroxide at 80~ with an initial peroxide value of 
1,222 is given as 28 hrs. (19). 

Methods and Materials 
Most of the oils investigated were commercially 

extracted, crude oils which were refined in the labo- 
ratory.  A peanut  oil was the only cold-pressed oil. 
The corn oil was hexane-extracted from wet, milled, 
whole corn germ in a special pilot-plant extraction, 
where care was taken to avoid temperatures above 
95~ during solvent stripping. The cottonseed oil 
was obtained as a straight, extracted crude oil, not as 
a mixture  of prepressed and extracted oils. Commer- 
cial processors indicated that  the crude oil samples 
had not been subjected to excessive temperatures  at 
any time during processing. A sample of commer- 
cially refined and bleached soybean oil was also in- 
cluded in the study. 

Oils were refined and bleached in accordance with 
A.0.C.S. methods. The oil samples were heated in 
individual, l- l i ter  deodorizers equipped with steam 
generators. Heat ing  was done under  vacuum (less 1 
ram.), and agitation of the sample was accomplished 
by the water vapor  supplied by the generator under  
the specified conditions of operation. No apparen t  
change was observed in the color or condition of the 
oils submitted to the shorter heating times and lower 
temperatures. Higher  temperatures  and longer heat- 
ing times, which approached deodorization conditions, 
gave the usual bleaching effect. Alcoholic solutions 
of the stabilizers were added to the oil af ter  heating. 
In the A.O.M. stability determination the solvent was 
allowed to evaporate during the course of aeration. 
Oxidative stability data were obtained by subjecting 
the oil to the usual A.O.M. aeration conditions for 
8 hrs. Values are reported as milliequivalents of 
peroxide per kilogram of oil. 

Oxygen absorption studies were carried out on ap- 
paratus designed to yield samples of sufficient size 
(180 g.) for  taste-panel evaluations. Samples were 
constantly shaken so that  the oil was saturated with 
oxygen at all times ; temperature  was thermostatically 
controlled at 60~ The oxygen absorption was cal- 
culated by the pressure drop, indicated by a ma- 
nometer within the constant volume system. When 
stabilizer solutions were added, the solvents were 
removed from the oil by warming under  reduced 
pressure before submitting the sample to an oxygen 
absorption test. Each 11.2 ml. of oxygen absorbed 
by a kilogram of fa t  is equal to one peroxide unit  
if only peroxide formation is assumed. The peroxide 
content of the oil and the ml. of oxygen absorbed 
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agreed within 10% when the tests are conducted at 
60~ 

Discussion and Results 

The inability of lecithin to exert  a stabilizing effect 
on a commercially refined, bleached but undeodorized 
soybean oil is shown in Table I. As the concentration 

TABLE I 

T h e  E f f e c t  of D e o d o r i z a t i o n  on  S t a b i l i t y  of S o y b e a n  Oi l  a n d  
M e t a l  I n a c t i v a t i o n  

P e r o x i d e  v a l u e  A . O . M .  c o n d i t i o n s - - 8  h r s .  

D e o d o r i z a t i o n  t r e a t m e n ~  
M e t a l  i n a e t i v a t o r  

I n a e t i v a -  I n a e t i v a -  
N o n e  t o t  a d d e d  t o r  a d d e d  

a f t e r  b e f o r e  
S o y b e a n  oil  c o n t r o l  a . . . . . . . . . .  8 4  4 0  3 9  
0 . 0 2 %  l e c i t h i n  . . . . . . . . . . . . . . . . . . .  8 0  1 7  1 8  
0 . 0 5 %  l e c i t h i n  . . . . . . . . . . . . . . . . . . . .  7 6  9 9 
0 . 1 0 %  l e c i t h i n  . . . . . . . . . . . . . . . . . .  68  6 7 
0 . 0 1 %  so rb i t o l  . . . . . . . . . . . . . . . . . .  8 6  1 6  1 3  
0 . 0 1 %  c i t r i c  a c i d  . . . . . . . . . . . . . . .  78  7 11  
0 . 0 1 %  C M S  b a c i d  . . . . . . . . . . . . .  5 6  4 - -  

a P e r o x i d e  v a l u e  of oi l  b e f o r e  d e o d o r i z a t i o n  7 .6 .  

b C a r b o x y m e t h y l m e r c a p t o  s u c c i n i e  a c i d .  

h r s . ,  2 1 0 ~  

is increased, some evidence of stabilizing activity is 
observed. The activity however is almost negligible 
when compared to the results obtained with deodor- 
ized oil (3 hrs., 210~ Litt le difference in activity 
is shown when the oil and inaetivators are deodorized 
together or when the oil is deodorized separately and 
the inactivator is added later. I t  is apparent  that  a 
change has occurred in the oil during deodorization. 
The stabilizers are active regardless of whether they 
have received any heat t reatment  with the oil. Only 
carboxymethylmereapto suceinie acid (CMS acid) 
shows a slight activity in unheated oils. CMS also 

TABLE 'II 

E f f e c t  of H e a t  on  t h e  O x i d a t i v e  S t a b i l i t y  of V e g e t a b l e  Oi ls  a n d  o n  t h e  
A c t i v i t y  of M e t a l  I n a c t i v a t o r s  

P e r o x i d e  v a l u e  A . O . M .  C o n d i t i o n s - - 8  h r s .  
Oi l  t r e a t m e n t  

T e m p . ,  T i m e ,  

~ ra in .  

C o n t r o l  

oil  

A d d i t i v e s  a t  0 . 0 1 %  l eve l  

C M S  a c i d  C i t r i c  S o r b i t o l  

S o y b e a n  o i l  a 

N o  h e a t  . . . . . . . . . . . . . . . . . . . . . . . .  
1 2 7  . . . . . . . . . . . .  1 0  ........ 
1 5 5  .. . . . . . . . . . .  1 0  ... . . . . .  
1 5 5  .. . . . . . . . . . .  2 0  ........ 
1 5 5  .. . . . . . . . . . .  4 0  ........ 
1 5 5  .. . . . . . . . . . .  6 0  ........ 
1 5 5  .......... 1 2 0  ... . . . . .  
1 8 3  . . . . . . . . . . . .  1 0  ... . . . . .  
2 1 0  . . . . . . . . . . . .  1 0  ........ 
2 3 2  .. . . . . . . . . . .  10  ........ 
2 3 2  . . . . . . . . . . . .  2 0  ... . . . . .  
2 3 2  . . . . . . . . . . . .  4 0  ........ 
2 3 2  .. . . . . . . . . . .  6 0  ... . . . . .  

8 5  
8 4  
6 6  
5 4  
4 6  
3 8  
3 6  
4 4  
4 0  
4 0  
3 8  
4 4  
4 6  

5 6  
4 4  
1 5  
1 3  

8 .1  
6 .8  
5 .3  
3 . 7  
3 . 2  
2 . 8  
2 . 6  
5 . 0  
4 .1  

78  
7 7  
5 6  
4 4  
3 2  
2 6  
1 8  
2 5  

1 6  

8 6 .  
8 7  
6 6  
5 0  
4 2  
32  
2 8  
3 9  
2 2  
2 0  
18  
3 8  
3 1  

C o t t o n s e e d  oi l  b 

No  h e a t  . . . . . . . . . . . . . . . . . . . . . . . .  I 4 5  4 1  4 5  
1 2 7  .. . . . . . . . . . .  1 0  ........ 4 3  38  4 1  
1 5 5  . . . . . . . . .  1 0  . 3 6  3 1  3 4  
1 8 3  .. . . . . . . . . . .  10  ... . . . . .  17  1 4  19  
2 1 0  .. . . . . . . . . .  1 0  ... . . . . .  1 1  7 .1  12  
2 3 2  .. . . . . . . . . . .  1 0  ........ I 8 . 6  6 .6  11  

C o r n  o i l  c 

No  h e a t  . . . . . . . . . . . . . . . . . . . . . . . .  I 3 9 5  1 6 5  2 2 5  
1 2 7  .. . . . . . . . . . .  1 0  ........ I 3 1 5  79  1 5 0  
1 5 5  .. . . . . . . . . . .  1 0  ... . . . . .  / 2 1 5  3 1  6 7  
1 8 3  .. . . . . . . . . . .  1 0  ......... 1 5 0  7 .0  1 7  
2 1 0  1 0  ...... 72  7 . 4  1 0 . 4  
2 3 2  .. . . . . . . . . . .  1 0  ......... ] 82  8 . 0  1 6  

P e a n u t o i l  a 

No h e a t  . . . . . . . . . . . . . . . . . . . . . . .  2 4  1 8  19  
1 2 7  .. . . . . . . . . . .  1 0  ........ 19  1 5  1 7  
1 5 5  .. . . . . . . . . . .  1 0  ........ 1 7  1 3  1 4  
1 8 3  .. . . . . . . . . . .  1 0  ... . . . . .  8 .5  5 . 3  8 1 
210 . . . . . :  ...... 1 0  ... . . . . .  11  4 . 2  515 
2 3 2  . . . . . . . . . . . .  1 0  ......... 1 2  4 . 1  4 . 5  

a , b , c ,  a I n i t i a l  p e r o x i d e  v a l u e s  7 .6 ,  3 .6 ,  1 5 . 0 ,  a n d  6 .9 ,  r e s p e c t i v e l y .  
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s u b j e c t e d  t o  a 1 0 - r a i n .  h e a t i n g .  

shows the highest activity in heated oils, followed by 
citric acid, lecithin, and sorbitol. This order of activ- 
i ty agrees with our previous experience with these 
metal inactivators (5). 

The relationship of temperature  of the various heat 
t reatments to the stability of refined and bleached 
soybean oil as well as the simultaneous improvement 
in activity of three different metal inactivators is 
given in Table II .  Also shown arc the results ob- 
tained upon heating cottonseed oil, co rn  oil, and pea- 
nut  oil. The improvement in  oxidative stability with 
each increment of heat is similar in each of the four  
types of vegetable oils. The magnitude of improve- 
ment might depend a great  deal oil the initial per- 
oxide value of the oil, especially if it is high. Suffi- 
cient data are not available to ascertain the fo rm  of 
this relationship, but  a high degree of correlation 
might be e x p e c t e d .  One sample of cottonseed oil 
showed only slight improvement in stability on heat- 
ing; however the effect of heat on the activity of the 
metal inaetivators was similar to the other oils. 

Litt le or no activity has been shown by the dif- 
ferent  metal inactivators in all types of unheated 
vegetable oils. Activi ty of the metal inactivator in- 
creases rapidly with the heating of the undeodorized 
oils. Metal inactivators do not show their highest 
activity unti l  the oils have been heated for  at least 
10 rain. at approximately 180~ This response in 
increased activity (Figure  3) corresponds closely to 
the temperature  of rapid peroxide destruction. 

Table I I  shows how the durat ion of heating at 
155 ~ and 232~ influences the oxidative stability of 
soybean oil, and the activity shown by three metal 
inactivators. Even af ter  a 2-hr. hea t ing  at 155~ 
(longest time employed) both the stability of the 
oil and the activity of the stabilizers were improving. 
I f  the heat is increased to 232~ the optimum sta- 
bility of the oil and the highest activity of the sta- 
bilizers are at tained af te r  20 rain. of heating. Heat-  
ing for  longer times at this temperature  causes a 
decrease in oil stability. 

TABLE III 

I r o n  C o n t e n t s  a n d  I n i t i a l  P e r o x i d e  V a l u e s  of  P~efined, 
B l e a c h e d ,  U n d e o d o r i z e d  V e g e t a b l e  Oi l s  

I n i t i a l  p e r o x -  
Oi l  I r o n  c o n t e n t  ide  v a l u e  

i n  p . p . m ,  m i l l e q v . / k g r .  

S o y b e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 5  7 . 6  
C o t t o n s e e d  . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 3  " 3 . 6  
C o r n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3 8  1 5 . 0  
P e a n u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1:0 6 . 9  
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T A B L E  I V  

E f f e c t  of  H e a t  on  t h e  O x i d a t i v e  S t a b i l i t y ,  t h e  A c t i v i t y  of  P r o - o x i d a n t  M e t a l s  a n d  M e t a l  I n a c t i v a t o r s  i n  V e g e t a b l e  Oi l s  

O i l  T r e a t m e n t  I P e r o x i d e  v a l u e s  A . O . M .  c o n d i t i o n s - - 8  h r s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i N o n e  0 .3  p . p . m .  F e  0 .1  p . p . m .  C u  

T e m p . ,  T i m e ,  ,I Con-  C M S  C i t r i c  Con-  C M S  C i t r i c  Con-  C M S  C i t r i c  
~ r a in .  I t r o l  0 . 0 1 %  0 . 0 5 %  I t r o l  0 . 0 1 %  0 . 0 1 %  t r o l  0 . 0 1 %  0 . 0 1 %  

S o y b e a n  o i l  

U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 8 5  5 6  7 8  I 3 4 0  67  9 2  3 8 0  7 7  9 6  
1 5 5  . . . . . . . . . . . . . . . . . . . .  1 0  . . . . . . . . . . . . . . . .  63  1 5  5 7  I 3 4 5  4 9  7 6  2 5 0  4 7  7 4  
2 1 0  . . . . . . . . . . . . . . . . . . . .  1 0  . . . . . . . .  39  3 .3  13  ~ 1 9 0  , 1 7  32  1 3 0  9 . 6  2 0  

C o t t o n s e e d  oi l  

U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6  4 2  4 5  1 6 0  [ 4 4  4 6  2 8 0  61  5 6  
1 5 5  . . . . . . . . . . . . . . . . . . . .  10  . . . . . . . . . . . . . . . .  3 6  3 1  3 4  2 1 0  I 3 6  39  3 4 0  5 0  50  
2 1 0  . . . . . . . . . . . . . . . . . . . .  10  . . . . . . . . . . . . . . . .  [ 11  7 12  3 8 0  I 14  1 6  4 4 0  38  4 0  

hnprovemen t  in oxidative stabil i ty by heat ing 
three different vegetable oils is expressed in F igure  1 
as the percentage reduction in the amount  of perox- 
ides formed in 8 hrs. under  A.0.M. conditions. Table 
l l I  lists the iron contents and the initial peroxide 
values of the various oils. The associat ion between 
the metal  contents and peroxide contents with the 
improvement  in oxidation upon heating can be seen 
by comparing these analyt ical  data  with the stabil i ty 
results shown in F igure  1. Since heat  has such a 
marked effect on stability, it was of  interest  to deter- 
mine the effect of heating upon catalytic effect of 
added trace metals. Table IV  gives stabil i ty values 
of heated soybean oil obtained in the presence of 
added metals. The oils were heated to 155 ~ and 
210~ for  10 min. under  high vacuum and were 
cooled before the addit ion of 0.3 p.p.m, of iron and 
0.1 p.p.m, of copper. Metal inaetivators were added 
af ter  the addition of the metals but  before the sam- 
Ifles were submit ted to any  aerat ion under  A.O.M. 
conditions. In  unheated soybean oil, iron was active 
as an oxidation catalyst ;  however, a f te r  heating, the 
act ivi ty was less. T h e  activi ty of the CMS acid and 
citric acid exhibits the same t rend as i l lustrated in 
the previous tables in that  greater  act ivi ty is experi- 
enced with greater  heat  t reatment .  This  t rend holds 
in the presence of added metals. A s tudy of metallic 
catalysts in the A.O.M. test has been reported (16). 
The use of such catalysts in the A.O.M. test had to be 
discarded because of errat ic and nonreproducible re- 
suits. At  the concentrations studied the act ivi ty of 
copper as an oxidation catalyst  is no greater  than 
iron in unheated soybean oil. I t  is also surpr is ing to 

o o  
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Fro. 2. Rates of oxygen absorption at 60~ for crude, re- 
fined, and deodorized soybean oil. 

find that  the catalytic act ivi ty is progressively less- 
ened as heat ing is increased. 

in  cottonseed oil both copper and iron were potent 
oxidative catalysts. I n  the absence of metal  inacti- 
vators  a t remendous increase in the rate  of peroxide 
development occurred in the heated oil. The applying 
of heat appears  to increase the catalytic effect of the 
pro-oxidant metals. This effect is opposite to that  
observed with soybean oil and also opposite to that  
obtained in the absence of added metals. The effect 
of added pro-oxidant  metals to heat- treated oils can- 
not be generalized with any  degree of cer ta inty at 
this time. Because of the erratic behavior of the 
catalysts and the labile na ture  of hydroperoxides,  
fu r ther  work is needed and  suitable oxygen uptake 
studies may  be necessary on these oil systems. 

F igure  2 shows the rate  of oxidation as measured 
by actual oxygen uptake  at 60~ for a crude soy- 
bean oil; the same crude soybean oil heated for 10 
rain. at  210~ the refined soybean oil; and the 
refined, bleached, and deodorized soybean oil. These 
curves are f rom data obtained f rom one lot of solvent- 
extracted soybean oil which was refined, bleached, 
and deodorized in the laboratory.  These curves sub- 
stantiate the previous A.O.M. data on the stabilizing 
effect of heat. Rapid  oxidation and the absence of 
any  induction period are noted for the crude oil and 
the refined oil. When the crude oil was heated at 
210~ for 10 rain., an appreciable induction period 
was obtained. Although this induction period does 
not equal the 45-hr. induction period of the deodor- 
ized oil, longer heating would be expected to give a 
more pronounced break in the curve and a longer 
induction period. The refined deodorized oil (210~ 
3 hrs.) gives the typical  flat induction period ob- 
served in stabilized and refined fats and oils. 

Studies of oxygen absorption in a refined and 
bleached cottonseed oil revealed no induction period, 
and the sample absorbed oxygen at a constant rate. 
Thus either the presence of an opt imum amount  of 
pro-oxidant catalyst  is present  or the absence of any  
inhibitor or ant ioxidant  is indicated. Upon  deodori- 
zation this same oil gave an induction period of ap- 
proximate ly  16 hrs. before oxygen was absorbed. The 
difference between the refined and deodorized oils 
may be only the result  of peroxide destruction, but  
it appears  likely tha t  several factors are involved. 

F rom these data it must  also be concluded that,  
before heating, the na tu ra l  antioxidants present  in 
either soybean or cottonseed oil are essentially inef- 
fective in prevent ing oxidations carried out at 60~ 
The amount  of ant ioxidant  present  in these vegetable 
oils was not sufficient to exhibit either an induction 
period or to reduce the initial rate of oxidation. The 
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induction pa r t  of the oxygen absorption curve is usu- 
ally a t t r ibuted to the act ivi ty of the antioxidant.  
Although ant ioxidant  act ivi ty is high in these oils 
a f ter  heating, no inhibit ing action was observed pr ior  
to heating, which would indicate that  the antioxi- 
dants  were not destroyed but, by some means or 
other, were rendered inactive. I t  is suggested that  
a short  induction period is the time required for 
format ion of the necessary level of hydroperoxide-  
metal  catalyst. Thus the induction period can be 
extended either by antioxidants,  which presumedly 
funct ion in prevent ing hydroperoxide formation,  or 
by the metal  inactivation in prevent ing hydroperox-  
ide format ion of the metal-hydroperoxide complex. 
Once the critical level of metal-hydroperoxide com- 
plex is formed, neither the ant ioxidants  nor metal  
inaet ivators are effective in prevent ing oxidation. 
Such a concept of the initiation of fa t  oxidation 
would explain the observed experimental  facts. Ke rn  
and Willersinn (10) found that  metals activate only 
hydroperoxide,  not the dialkyl or diacylperoxides in 
the autoxidat ion of metal  linoleate. Tappel  (21) 
proposed tha t  in aqueous systems a hemin-linoleate 
hydroperoxide complex functions as a catalyst  for 
the generation of free radicals. Uri. (22, 23) at tr ib-  
utes the initial product ion of free radicals in unsatu- 
ra ted  fa t  oxidation to heavy metal  catalysts, which 
funct ion in the form of a solvent-coordinated, heavy- 
metal  complex. 

We believe the catalytic effect of iron results f rom 
the format ion of a coordination complex between iron 
a n d  secondary oxidation products.  This complex 
might  be formed between an unsa tura ted  earbonyl 
compound containing a hydroperoxide as follows: 

R--C-'CH2~CH2--CH:CH--C--R" + Fe * '* 
II I 
0 OOH 

Secondary Oxidation Product 

H"~C: 
HC / 

II 

O ~  F 

c I H  
~ C H - R "  

I 4 

Prooxidant 

H'-Z~C: 
HC / 

II 
R~HC,, 

O ~  F 

:C I H  

~ C H - R "  
;. 

OH" 

Free Radical 
This complex could generate free radicals, as sug- 
gested by Tappel,  and accelerate oxidation, without 
releasing iron in the presence of an added, metal  in- 
act ivat ing agent. 

F igure  3 ' i l lus t ra tes  the rate of breakdown at dif- 
ferent  t empera tures  for peroxides in soybean oil start-  
ing with an initial peroxide value of 98. A deodorized 

~ D e ~ l r u c t , o n  of Perox ides a1100 Degrees C. 
. . . .  Des l ruct ion of Perox,de~ ot 150 Degrees C. 
......... Oes~ruchon of Perox,des el  180 Degrees C, 
. . . . .  Im0rovement  in Oil s tobJlhy by hea l ing  at 155 Degrees C 

l o e L  ~ 100 

8o 
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Fro. 3. Rate of peroxide destruction in soybean oil a t  100 ~ 
150 ~ and 180~ and the rate of improvement in oxidative 
stability. 

soybean oil was oxidized in the dark  at  60~ by bub- 
bling oxygen through it unti i  the desired peroxide 
value was attained. The rate  of hydroperoxide de- 
s truct ion at elevated tempera tures  was not influ- 
enced by the addit ion of metal  inaet ivator  or by the 
addition of iron. Tempera ture  and the time of hold- 
ing at the elevated tempera ture  were the determin- 
ing factors. Dur ing the 10 rain. required to raise 
the tenlperature  to 180~ about 80% of the peroxides 
were destroyed;  a f ter  10 rain. of holding, 95% of 
peroxides were destroyed;  and af ter  30 min. practic- 
ally all were destroyed. At 100~ only about 6% 
of the peroxides were lost in 1 hr., and the rate  of 
destruction appears  to be a l inear funct ion of time. 
t towever,  as the t empera ture  is increased, a greater  
percentage of the destruction occurs in the first stages 
of heating. In  F igure  3 the percentage improvement  
in A.O.M. stabil i ty is plotted and was based on the 
reduction in peroxide development in 8 hrs. when 
a refined but  undeodorized soybean oil is heated at 
155~ As the heat ing t ime increases, improvement  
in stabil i ty follows very  closely the destruction of 
the peroxides unti l  about 85% were destroyed. Af te r  
15 rain. at  155~ about  one-half of the peroxides are 
destroyed, and about one-half of the max imum sta- 
bili ty is obtained. Ident ical  rates of peroxide de- 
struction were obtained at 150~ regardless  of the 
initial peroxide value of the oil. 

These data indicate that  the minute  amounts of 
trace metals dissolved in the oil are complexed to 
some active funct ional  groups. These pro-oxidant  
metals are not available in the unheated oil to strong 
chelating agents, such as citric acid. The metal  be- 
comes available for  chelation af ter  heating, indicat- 
ing a dissociation or breakdown of some existing 
cmnplex. The release of the metal  follows closely the 
breakdown of the fa t  hydroperoxide.  This relation- 
ship. would indicate that  the metals and the hydro- 
peroxide might  be associated in some manner  to form 

hydroperoxide-metal  complex. Since hydroperoxide 
groups are alpha ,to an unsa tura ted  linkage, t h e s e  
complexes may  or may  not include an association of 
the metal  to the double bonds of the f a t t y  acid chain. 
Heavy  meta]s are known to coordinate with unsatu- 
rated :linkages; thus this concept does have some 
h m d a m e n t a l  bas is  for  support .  

Regardless of the s t ruc ture  of such a metal  complex 
it is ve ry  potent  as an oxidative catalyst.  Rapid ab- 
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sorption of oxygen occurs in unheated oils without  
showing the usual induction period even though the 
presence of ant ioxidants  may  be easily demonstrated.  
I t  may  be that  the f a t t y  hydroperoxide-metal  com- 
plex is par t  of the mechanism through which oxi- 
dation of the fa t  proceeds. The studies by Martel], 
Calvin, and others (14) as well as Myers and Zit- 
t lemoyer (18) on the reactions and propert ies  of 
oxygen-carrying metal  chelates offer some possibili- 
ties for explaining fat-oxidation catalysts. 

Summary 
Metal-inactivating agents, such as citric acid, sor- 

bitol, lecithin, and carboxymethylmercapto  succinie 
acid, are not active in unheated vegetable oils. Ap- 
paren t ly  trace metals present  in normal  glyceride 
oils are held within a complex of unknown structure.  
Af te r  heating an oil, the metals can be complexed 
by meta l - inac t iva t ing  agents, such as citric acid. 
The release of metals appears  to be associated closely 
with the breakdown of the f a t t y  acid hydroperoxides.  
Format ion  of some association or complex between 
the metal  and the hydroperoxide group or between 
the metal  and the unsa tura ted  linkage of the f a t t y  
hydroperoxide is suggested. The metals are held very  
tenaciously within this unknown structure.  Although 
the metal  is not available as an uncomp]exed metallic 

ion, it does behave as a very  s t rong pro-oxidant  cata- 
lyst. The applicat ion of heat releases the metal  so it 
can be complexed by added metal  inactivators.  
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The Effect of Mono-enoic Fatty Acid Esters on the Growth and 
Fecal Lipides of Rats 
T. K. MURRAY and J. A. CAMPBELL, Food and Drug Laboratories, Department of 
National Health and Welfare, Ottawa, and 
C. Y. HOPKINS and M. J. CHISHOLM, National Research Council, Ottawa, Canada 

T 
HERE IS NOW EVIDENCE that  when erucic acid or 
its ester is fed to rats, their  growth is less than  
when shorter chain f a t ty  acids are fed. Thomas- 

son and Boldingh (9) observed a consistent re tarda-  
tion of growth on feeding rapeseed oil and showed 
that  this was due to the erucate content of the oil. 
Carroll  and Noble (2) also noted growth re tardat ion  
by  erueic acid and methyl  erucate as compared to 
o leic acid or methyl  oleate. They fu r the r  noted tha t  
erucic acid and ester increased the fecal excretion of 
cholesterol. 

Less is known concerning eicosenoic acid. Carroll  
and Noble (2) fed eicosenoic acid to a small number  
of rats  and observed a re tardat ion  of growth and an 
increase in fecal cholesterol of about the same order 
as tha t  caused by erucic acid. 

I n  the course of an investigation into the deposi- 
tion of various f a t t y  acids in the body fa t  of ra t s  by  
Hopkins  et al. (5) the oppor tun i ty  was afforded of 
comparing the effect of corn oil, methyl  oleate, methyl  
11-eicosenoate, and methyl  erucate on the growth of 
rats, and on the excretion of fecal lipides. The fol- 
lowing is an account of these investigations. 

Experimental 
The rats  were fed a purified diet which contained 

5% corn oil, or the pure  methyl  ester of oleic, eico- 
senoic, or erucic acids. F o u r  groups  of 5 males and 
5 females were fed each diet and a fifth group was 

fed a similar diet in which the fa t  was replaced by 
an equal weight of corn starch. The methyl  esters 
were prepared  in small amounts as previously de- 
scribed (5) and were used p rompt ly  to reduce the 
danger  of o~idation. Details of the diets, method of 
feeding, and handling of the ra ts  have been pub- 
lished previously (5). At  weekly intervals  the rats  
were weighed and examined for symptoms of essen- 
tial f a t t y  acid deficiency. Feces were collected dur ing 
the second, third, fourth,  fifth, and twelf th  weeks of 
the experiment  and were kept frozen unti l  analyzed. 

At the end of 12 weeks the males were killed by de- 
capitation, examined for  gross pathological changes, 
and frozen for  la ter  analyses. Sections of the lung, 
heart, arteries, liver, kidney, and bladder  were taken 
for histological study. The females were bred to nor- 
real males and were fed the same diets unti l  their lit- 
ters were weaned, a f u r t he r  eight weeks. 

Feces were dried, ground, and allowed to stand in 
hexane (petroleum ether) containing hydrochloric 
acid to convert soaps to free f a t t y  acids. Extrac-  
tion was carr ied out in Soxhlet extractors  with the 
same hexane-aeid mixture.  The extracted lipide was 
weighed and saponified with 10% alcoholic K O H ;  the 
unsaponifiable fract ion was extracted with hexane. 
The soaps were acidified, and the acidic material  was 
taken up in ethyl ether. The residue f rom the evap- 
oration of the ether was dissolved in hexane, and the 
soluble port ion was collected. 


