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Improved Techniques for Testing Fats and Oils by the 
Oxygen Bomb Method 
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Eastman Chemical Products Inc., Subsidiary of Eastman Kodak Company, Kingsport, Tennessee 

G 
EAR.HART et al. (2) have presented a comparison 
of methods for  testing the oxidative stabilities 
of fats, oils, and f a t t y  foods. An Oxygen Bomb 

Method adapted f rom an A.S.T.M. Method (1) for 
determining the stabil i ty of gasoline under  acceler- 
ated oxidation conditions was described and compared 
with the Active Oxygen ~[ethod (4, 5) and the Sehaal 
Oven Method (3), which are now in use throughout  
the food industry.  This Oxygen Bomb Method in- 
volves subjecting the mater ia l  being tested to an ele- 
vated tempera ture  in an atmosphere of oxygen under  
pressure (usual ly at greater  than  atmospheric pres- 
sure) in a closed system. A continuous record of the 
pressure within the system is maintained,  and the end 
of the induction period of the test  mater ia l  within the 
bomb is indicated by an ab rup t  decrease in pressure 
within the system. 

In  this ear ly work a number  of merits  and some 
limitations of the Oxygen Bomb Method, as applied 
to testing food products,  were brought  to light. The 
notable advantages of the bomb method over the sta- 
bili ty test methods were its greater  speed, precision, 
and range of products  that  could be tested by this one 
method. The pr incipal  l imitation seemed to be Con- 
cerned with the lack of un i formi ty  in judging the 
end-point of the induction period regardless of the 
type of mater ial  being tested. This difficulty appar-  
ently stemmed f rom significant variat ions in oxidative 
react ivi ty  of different fats  and oils and also f rom 
variat ions in the levels and reactivities of lipides pres- 
ent in different types of food products. In  general, i t  
was believed on the basis of the initial  work that  this 
Oxygen Bomb Method was largely limited to use in 
testing fats  and oils of a highly reactive nature  and 
food products  containing such reactive fats. 

Af t e r  extensive pre l iminary  work with this Oxygen 
Bomb Method had been completed, it became obvious 
that  this method held great  potential  as a tool for 
control and research in the food industry,  part icu-  
larly,  if some of its shortcomings could be overcome. 
Improvements  in basic techniques which permit  an 
increase in the number  of products successfully evalu- 
ated by  the Oxygen Bomb Method and which make 
possible the p repara t ion  of s tandard  procedure for 
testing various fats, oils, and food produc t s  by the 
Oxygen Bomb Method are described in this paper.  

Experimental 
Dur ing  the ear ly work with the Oxygen Bomb 

Method it was observed that  the end-point obtained 
when foods containing appreciable quantit ies of fa t  
were tested was sharper  (a more ab rup t  or clear-cut 
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decrease in pressure within the bomb at the end of the 
induction period of the sample) than  the end point 
obtained when the fa t  itself was tested. This obser- 
vation indicated that,  if a means of expanding the 
surface area of the fa t  or oil in the bomb could be 
devised, the react ivi ty  of the fa t  or oil in the bomb 
would be great ly  increased. Presumably  this increased 
react ivi ty  would result  in a shorter induction period 
and a sharper  end-point and would make possible the 
testing of relat ively nonreactive fats  and oils. Vari-  
ous methods for  increasing the surface area were 
investigated, and it was found tha t  a porous cellu- 
losic material ,  having complete inertness itself under  
the conditions of the test  and having good absorptive 
qualities, would be suitable. Any  of a number  of 
similar materials  would probably  Serve equally well; 
however in our tests we used a packing mater ial  
widely used throughout  various industries. 1 

A statist ically designed experiment  was prepared  
to determine the effects of expanded surface area of 
the test media upon the precision and scope of the 

O x y g e n  Bomb Method as applied to fats  and oils. No 
a t tempt  has been made in this recent work to improve 
the  techniques, as described in the original paper  (2),  
f o r  evaluat ing various finished food products  contain- 
ing appreciable levels of fat. However,  in the interest  
of presenting a complete summary  of work to date on 
this method, there will be some discussion in this 
paper  (based on earlier work) of the applicat ion of 
the Oxygen Bomb Method to test ing finished food 
products.  

For  the studies with fats  and oils, suitable quanti- 
ties of lard, cottonseed oil, and a hydrogenated vege- 
table oil shortening were obtained f rom commercial 
sources. The necessary concentrations of commercial ly 
available phenolic antioxidants  were added to portions 
of the different types of fats  and oils to permit  ob- 
servation of the effect of expanded surface area on 
the bomb-test results at  vary ing  levels of oxidative 
stability. These different stabil i ty levels were also 
necessary f o r  the statistical analysis o f  the results. 
P re l iminary  investigations had revealed six grams of 
the fa t  or oil dispersed on a 5- x 9-cm. (approximate ly  
1.5 g.) rectangle of Kimpac  to be convenient working 
quanti t ies;  hence that  ratio of fa t  to dispersant  was 
used in these tests. In  evaluat ing the fa t  or oil with- 
out benefit of the dispersant,  s ix-gram samples were 
used. The samples of animal  fats  or hydrogenated 
vegetable oil were subjected to 50 p.si .  of initial oxy- 
gen pressure in the bombs while the vegetable oil, 
because of its higher na tu ra l  reactivity,  was sub- 

1 Kimp~c,  ~ K imber ly -C la rk  Corpora t ion  p roduc t .  
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chips, pastry, and crackers were prepared by stand- 
ard laboratory procedures. These products represent 
deep-fat-fried foods, baked foods with high fat  con- 
tent , and baked foods with relatively low fat  content 
and alkaline in reaction. Thir ty-gram portions of 
these products, broken into particle size convenient 
for the bombs (1~-1~2 in.) were tested by the Oxygen 
Bomb Method. Part icle size of food products has 
little significant influence on the results of the bomb 
tests because of the small variation in fa t  dispersion 
accomplished by variations in food-particle size. This 
point will be investigated in future 'w0rk.  Samples of 
foods prepared with animal fats or hydrogenated 
vegetable :oil were subjected to 100 p.s.i, of initial 
oxygen pressure in the bombs while foods prepared 
with vegetable oil were subjected to 50 p.s.i, of initial 
oxygen pressure. All bomb tests on food products 
were run  at 210~ af ter  the bombs had received their 
initial charge of oxygen. Each type of food was evalu- 
ated by the Sehaal Oven Method in order that  com- 
parative data would be available. 

FI~. 1. Effect of dispersion on induction period of lard. . 

jected to 30 p.s.i, of initial oxygen pressure. All 
samples were subjected to a temperature  of 210~ 
(the temperature  of boiling water in our locality) 
af ter  the bombs had received their initial charge of 
oxygen. In summary, then, each type of fat  or oil at 
the various leve~s of oxidative stability, as provided 
by the added antioxidants, was evaluated by the Oxy- 
gen Bomb Method with and without the benefit of the 
dispersant. Each type of fat  at each stability level 
was also evaluated by the Active Oxygen Method in 
order that comparative data would be available. 

For  the studie',s of the oxidative stability of fats 
and oils in finished food products, samples of potato 

:FIG. 2. Effect of dispersion on induction period of vegetable 
shortening. 

FIO. 3 .  Effect of dispersion on induction period of vege- 
table oil. 

Results and Discussion 

When anilnal fats were evahiated by the Oxygen 
Bomb Method, it became apparent  that  the use of a 
dispersing agent provided a sharper end-point and 
also shortened the time required for the test. Figure 
1 shows this finding in the case of a lard tested with 
and without a dispersant. In earlier at tempts it had 
been impossible to evaluate hydrogenated  vegetable 
oil by the Oxygen Bomb Method; however it appears 
that with a dispersing agent this type of product can 
be successfully tested (Figure  2). This same situation 
exists with grease and tallow. In testing vegetable 
oil by the Oxygen Bomb Method, the use of a dis- 
persant  was found to be undesirable because of the 
extreme activity (high degree of unsaturat ion) and 
explosive nature of the oil uxider such conditions 
(Figure  3). Sat isfactqry results with vegetable oil 
were obtained without using a dispersing agent. 
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Fro. 4.  E f f e c t  o f  a n t i o x i d a n t  o n  i n d u c t i o n  p e r i o d  o f  p a s t r y .  

A general summary (Table I) of the results of the 
recent studies on fats and oils demonstrates the wide 
applicablity of the Oxygen Bomb Method, with the 
aid of the dispersing technique, to the evaluation of 
various types of fats and oils and gives some indica- 
tion of the relationship between A 0 M  results and 
Oxygen Bomb results (with and without dispersing 
agent.) at various levels of oxidative stability. 

T A B L E  I 

Stabi l i t ies  of A n i m a l  F a t s  and  Vegetab le  Oils as  D e t e r m i n e d  by  t h e  
Oxygen  Bomb and  Act ive  Oxygen  Methods 

Oxygen  bomb method  

F a t  or  oil 

a rd  control  ........................................ . .  
a rd  + a n t i o x i d a n t  A ............................ 
a rd  + a n t i o x i d a n t  B ............................ 
ellow g r e a s e  control  .............................. 
ellow g rease  + an t i ox idan t  A .............. 
ellow g r e a s e  + a n t i o x i d a n t  B .............. 
a t tonseed oil control  ............................ 
at tonseed oil + an t i ox idan t  A .............. 
a t tonseed oil + a n t i o x i d a n t  B ............. 
e,getale shortening" control  ................... 
egetable  s h o r t e n i n g  + ~n t iox idan t  A.. 
egeable s h o r t e n i n g  + an t i ox idan t  B...  

W i t h o u t  W i t h  
l i spe r san t  i d i spe r s an t  

hrs. I ~ r 8 .  - -  
6.25 1.25 

28.0 3.25 
55.0 6.25 
...... a 1 .25  
...... a 3.25 
...... a 19.5 b 

11.5 ...... 
14.25 ...... b 
21.0 ...... b 
...... a 13.5 
......a 16 .5  
...... a 18 .5  

A O M  
stabi l i ty  

hrs. 
9 

4 t  
66 

1 
8 

15o+ 
8 

12 
31 
68 

139 
190 

a Not sufficiently r eac t ive  to be eva lua ted  by th is  method  
b Too r eac t i ve  to be eva lua ted  by th is  method.  

A statistical analysis of the results from these stud- 
ies with fats and oils revealed tha t  the Oxygen Bomb 
Method involving the dispersing technique is no less 
precise than the Oxygen Bomb Method involving no 
dispersing agent. Also, on the basis of data from these 
studies, a good correlation (coefficient of 0.945) was 
found to exist between the Oxygen Bomb results ob- 
tained with and without a dispersing agent when lard 
was tested. In  view of the correlation (coefficient of 
0.86) previously found to exist for  A0M and Oxygen 
Bomb results with lard, it is believed that  a suitable 
correlation should exist between AOM results and 
Oxygen Bomb results when a dispersing agent is 
used. Also, a satisfactory correlation between test 

method and results should exist when other types 
of fats or oils are tested; however additional work 
should be done to prove this point. 

Typical  results obtained from Oxygen Bomb evalu- 
ation of pastry is shown in Figure  4. I t  was noted 
that  sharp end-points can be expected with potato 
chips and pas t ry ;  however crackers do not provide 
such a sharp end-point, possibly because of the low 
fat  content of this product. A comparison of results 
obtained from Oxygen Bomb and Sehaal Oven evalu- 
ations of these products is shown in Table Ill. 

TABLE II 

Stabi l i t ies  of Some F a t - C o n t a i n i n g  Foods  as  D e t e r m i n e d  by  the  
Oxygen  Bomb and  Schaa l  Oven  Method 

Food 

Po ta to  chips  f r ied  in  
control  a n i m a l  f a t  .......................... 
s tabi l ized a n i m a l  f a t  ...................... 

Po ta to  chips  f r i ed  in  
control  vegetable  oil ....................... 
s tabil ized vegetable  oil ................... 

P a s t r y  p r e p a r e d  w i t h  
control  l a rd  ........................... ......... 
s tabil ized la rd  ................................ 

C r a c k e r s  p r e p a r e d  w i t h  
control  l a rd  .................................... 
s tabil ized la rd  ................................ 

Oxygen  Sehaa l  
Bomb O v e n  

Method Method 

hrs. days at 
145~ 

1 3 
10 42 

8 10 
12 15 

2 2 
15 37 

10 9 
16 28 

Since the statistical evalua t ion  of data from these 
two methods has already been reported (2), it will 
suffice now to re-emphasize only the marked increase 
in precision offered by the Oxygen Bomb Method. 
The results in Table I I  il lustrate the markedly shorter 
time required for the Oxygen Bomb Method when 
compared with the Sehaal Oven Method. 

On the basis of the recent and previous studies the 
following conditions of oxygen pressure, sample size, 
and physical condition should be applicable in testing 
most fats or oils and fat-containing foods for oxida- 
t i re  stability by the Oxygen Bomb Method. The tern- 
perature  should be held constant (about 210~ for 
all products. 

a )  A n i m a l  f a t s ,  m i x e d  a n i m a l  a n d  v e g e t a b l e  s h o r t e n i n g s ,  a n d  
v e g e t a b l e  s h o r t e n i n g s  ( o r  o t h e r  f a t s  o r  o i l s  o f  r e l a t i v e l y  
s t a b l e  n a t u r e )  

S a m p l e :  S i x  g r a m s  on  a d i s p e r s i n g  a g e n t  
I n i t i a l  o x y g e n  p r e s s u r e :  50  p . s . i .  

b )  V e g e t a b l e  o i l s  ( o r  o t h e r  s i m i l a r  h i g h l y  r e a c t i v e  f a t s  o r  
o i l s )  

S a m p l e :  15 g r a m s  
I n i t i a l  o x y g e n  p r e s s u r e :  1 0 0  p . s . i .  

e )  F o o d  p r o d u c t s  c o n t a i n i n g  a n i m a l  f a t s ,  m i x e d  a n i m a l  a n d  
v e g e t a b l e  s h o r t e n i n g s ,  o r  v e g e t a b l e  s h o r t e n i n g s  ( o r  o t h e r  
f a t s  o r  o i l s  o f  r e l a t i v e l y  s t a b l e  n a t u r e )  

S a m p l e :  30  g r a m s  o f  c o n v e n i e n t  p a r t i c l e  s i z e  
I n i t i a l  o x y g e n  p r e s s u r e :  100  p . s . i .  

d )  : F o o d  p r o d u c t s  c o n t a i n i n g  v e g e t a b l e  o i l  o r  s i m i l a r l y  r e -  
a c t i v e  f a t  o r  o i l  

S a m p l e :  30 g r a m s  o f  c o n v e n i e n t  p a r t i c l e  s i z e  
I n i t i a l  o x y g e n  p r e s s u r e :  50  p . s d .  

Ideally the end-point or end of the induction period 
is taken as that  point, in the pressure-time curve, 
which is preceded by a pressure drop of at least 2 
p.s.i, within 15 min. and sueeeeded by a drop of not 
less than 2 p.s.i, in 15 nfin. (taken from the A.S.T.M. 
method [1]) .  When the test material is not suffi- 
eiently reactive to provide the above pressure drop, 
the end-point should be taken as the midpoint  of the 
first hour where a 2-p.s.i. drop in oxygen pressure 
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occurs, followed by a 2 p.s.i, or greater  drop in the 
succeeding hour. 

The Oxygen Bomb Method has been used quite 
effectively in the laboratory to develop information 
on the oxidative characteristics of a wide variety of 
products. The wide applicability of this method in 
the food indust ry  has been demonstrated by success- 
ful evaluations of products such as fish scrap, fried 
chicken, "carious types of nuts, egg solids, but ter  oil, 
fish sticks, pastry and cake premixes, and fa t ty  acids. 
A number of other materials not successfully evalu- 
ated with present techniques, possibly because of low 
fat  content or extreme stability of oxidizable corn 
ponents , are some cereal products, some animal feeds, 
coffee, and some candies. 

Summary 

The use of a dispersing agent to expand the sur- 
face area, thus providing an increase in reactivity of 
fats and oils under  the conditions of the test, has been 
investigated. This dispersion technique permi t s  the 
testing of a wider range of products, decreases the 

test time, and results in sharper  end-points. These 
improvements should serve to increase the applica- 
bility of the Oxygen Bomb Method as a tool for oxi- 
dation studies and quality control in the food indus- 
try.  A general comparison of the Oxygen Bomb 
Method with the AOM and Schaal Oven Method has 
been presented to illustrate the relationship between 
results obtained by these various methods. The dis- 
persion technique has been combined with previously 
established bomb techniques, and procedures for test- 
ing a wide var ie ty  of fats, oils and food products by 
the Oxygen Bomb Method are suggested. 

REFERENCES 

1. A.S.T.M. Committee D-2, "A.S.T.N r. S tandards  on Petroleum Prod- 
ucts and  Lubr ican ts , "  254.-257 (1955) .  

2. Gearhar t ,  W. M., Stuckey, ~.  N., and  Austin, J. J., J .  Am. 0i l  
Chemists' Sot., 34, 4 2 7 - 4 3 0  (1957) .  

3. Joyner,  N. T., and McIntyre,  J .  E., Oil and Soap, 15, 184 -186  
(1938) .  

4. King,  A. E., Roschen, I-I. L., and  I rwin ,  W. 24., Oil and Soap, 
10, 103-109  (1933) .  

5. Riemenschneider,  R. W., Turen,  J., and  Speck, R. M., Oil and  
Soap, 20, 169-171  (1943) .  

[ R e c e i v e d  M a y  27,  1 9 5 8 ]  

Plasticizer Properties of Some Acrylonitrile-Eleostearate 
Adducts and Their Hydrogenated Derivatives 
LIDA L. PLACEK, R. R. MOD, FRANK C. MAGNE, and W. G. BICKFORD, Southern Regional Research 
Laboratory, 1 New Orleans, Louisiana 

I N  A N  EARLIER ( 1 )  w e  have described P U B L I C A T I O N  

the Diels-Alder reaction of the n-butyl esters of 
alpha- and beta-eleostearic acids with acrylonitrile 

and fumaronitr i le  and at the same time have reported 
the plasticizer properties of the adduets. I t  was found 
that  acrylonitri le reacts readily with the eleostearates 
and that the resulting products, although not entirely 
suitable as p r imary  plasticizers, were quite satisfac- 
tory as secondary plasticizers. In conjunction with 
dioctyl phthalate or tricresyl phosphate the acrylo- 
nitrile adducts contributed a number of desirable lea 
tures to the vinyl chloride-vinyl acetate copolymer. 

In view of these considerations it appeared of im- 
portance to ascertain whether or not the plasticizing 
qualities could be improved by nmdification of the 
aerylonitri le adduct to produce a material with suit- 
able properties as a priniary plasticizer. 

tt was observed that the presence of appreciable 
amonnts of a p~lyunsaturated or of a eomp]etely 
saturated, long-chain moiety impairs compatibility 
(2), par t icular ly  in glyceridie materials (3). Im- 
proved compatibility results frmn the reduction of 
polyunsaturation.  Saturat ion of the cyclic and exo- 
cyclic ethylenie linkages of certain adducts of the 
eleostearates also results in an enhanced compatibility 
of the material (4). Accordingly an investigation was 
undertaken to. establish optimum conditions for the 
hydrogenation of the. ethylenie bonds of the acrylo- 
nitrile adducts with minimum reduction of the nitrile 
group and to determine the plasticizing properties of 
the hydrogenated derivatives. 

: Experimental  
The procedures employed for the preparat ion of the 

esters of tung oil fa t ty  acids, acrylonitrile adducts of 

1 One of the l~boratories of the Southern Utilization Research a~d 
Development Division, Agr icu l tura l  Research Service, U. S. Depar tment  
of Agricul ture.  

the eleostearic acid esters, and selective hydrogenation 
of these adducts were essentially the same for the 
methyl, ethyl, and butyl  derivatives. A typical series 
of experiments is described in detail. 

Preparation of the Esters of Tung Oil Fatty Acids. 
Tung oil (1,200 g.) was added to a sohltion of sodium 
alcoholate, which had been prepared previously by 
dissolving metallic sodium (6.6 g.) ill the appropriate 
absolute alcohol (400 g.). This mixture was refluxed 
with frequent  shaking over a period of 2 hrs. The 
glycerol layer which separated from the reaction 
product  on cooling was removed, and the crude esters 
were washed successively with two 500-ml. portions 
of N/2  HCl and then with several 250-ml. portions 
of water until free of acid. The esters were freed 
from volatile materials by vacuum-stripping On a 
steam cone, employing a stream of carbon dioxide. 
The resulting product  was distilled through a short- 
path column at reduced pressure, yielding a main frac- 
tion which weighed approximately 875 g. The products 
obtained had the following characteristics: methyl 
esters--b.p. 152~ microns, n~ 1.4925, 73% methyl 
alpha-eleostearate, 3% methyl beta-eleostearate ;~ ethyl 
esters--b.p. 156~ microns, n.~ 1.4928, 49% ethyl 
alpha-eleostearate, 18% ethyl beta-eleostearate; butyl  
esters--b.p. 173~ microns, nf [ 1.4915, 60% bu- 
tyl alpha-eleostearate, 4% butyl  beta-eleostearate. 

The esters were stabilized with 0.05% of hydro- 
quinone and stored in a refr igerator  at 5~ unti l  
required. 

Reaction of Acrylo~dtrile with the Eleostearates. 
A mixture  of 250 g. of the appropriate  esters (ca. 
0.65 mole), 75 g. of acrylonitrile (1.40 moles), and 1 g. 
of hydroquinone was refluxed for 96 hrs. At this time 

s Eleostearates were determined by the method of Hoffman et al. (5) .  


