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Assessment of oil quality by two accelerated oxidation 
tests gave little or no correlation with organoleptic asess- 
ment during storage. Improvements in quality of oils re- 
fined in the factory, to which antioxidants had been added, 
are indicated by the accelerated tests but are not repro- 
duced in normal storage. However a treatment of the oils 
with alumina, as a part  of the refining process replacing 
earth bleaching, appears to remove antagonistic factors, 
and under these circumstances the addition of antioxidant 
has a pronounced effect. 

T 
EE ~[AJOR OUTLETS for  edible refined oils and fats  
are in the product ion of margar ine ,  shortenings, 
confectionery fats, and salad oils. These prod- 

ucts have fa i r ly  well-defined shelf-life or keeping- 
time, based on organoleptic assessment. The keeping- 
t ime depends on the composition, and in par t icular  
the fa t  blend used, and also on the storage conditions 
and method of packaging.  Moreover a correlation 
usually exists between the keeping-t ime of manufac-  
tured products  such as margar ine  and the keeping- 
t ime of the component  fats  or oils. I t  is obviously 
desirable that  some method should be available to 
assess the potent ial  keeping-t ime of oils and fats, and 
the wide-spread use of various accelerated tests, both 
in commercial  practice and also in laboratory investi- 
gations of the effects of  ant ioxidants  in oils, would 
seem to suggest tha t  such assessment may  be possible. 
However  it is the au thors '  experience tha t  such ac- 
celerated tests can be ve ry  misleading and give only 
a poor indication of the actual  keeping qual i ty  of 
most fats  and f a t t y  products.  I t  was the purpose of 
the present  investigation to determine the degree of 
correlation between keeping-t ime and the predict ion 
of keeping-t ime given by  various accelerated tests. 
A fu r the r  object was to determine the best means of 
assessing the efficiency of antioxidants,  and to assess 
their  effect on keeping proper t ies  of refined oils. 
Peanut  oil was chosen as a substrate  for  most of this 
work. 

Methods of Assessment 
Organoleptic assessment was carried out by stor- 

age of 180 g. of the oil in loosely covered glass 
bottles kept  in darkness at  10-20~ The sam- 
ples were tasted at  weekly intervals and scores were 
allotted on the basis of a scale of 0 to 8: a b land oil 
of high qual i ty  would be ra ted  8, and an oil on the 
borderl ine between edible and  inedible would be given 
a score of 3. Keeping t ime is defined as the t ime taken 
for  an oil of initial  good qual i ty  to deteriorate to a 
taste score of 3. Assessments by  skilled tasters gave re- 
markab ly  reproducible results. Peroxide values were 
determined weekly to find out whether  any  correlation 
existed with taste. This test is accelerated to some 
extent as the area of oil in contact with air  may  be 
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greater  than  that  encountered in practice. However  
a good correlation is obtained with larger  samples. 

The accelerated qual i ty  tests used were the Swift  
Test (1) and the measurement  of oxygen absorption. 
These measurements  were carried out as soon as pos- 
sible following deodorization of the oil. I n  the Swif t  
Test the sample is continuously aerated at  98.4~ the 
t ime taken to acquire a specified peroxide value being 
used as a measure of quality. In  the oxygen absorp- 
tion test, oxygen uptake was measured for  a sample 
of 10 g. shaken a t  a t empera tu re  of 140~ the in- 
duction period, defined as the time taken before the 
commencement of rapid absorption of oxygen, being 
measured. 

Correlation of Organoleptic Assessment with Accelerated Tests 

A number  of batches of peanut  oil which had been 
f reshly  refined and deodorized in the fac tory  were 
assessed by the three methods. Results are given in 
Table I.  

I t  is clear tha t  there is no correlation of pract ical  
value between the taste score and the results of the 
oxygen absorption test. Results for  the Swift  Test 
were less out of line, but  no quant i ta t ive correlation 
existed with keeping time. Analysis  of the data indi- 
cated that  the error  in prediction of the keeping time 
f rom the Swift  Test could be as high as 65%. In  a 
longer series of experiments  the probable error  might  
of course be lower, but the spread in the results would 
still be very  high. 

Similar, though less extensive, evidence of the error  
of predictiml of flavor stabil i ty was found for  other 
vegetable oils and fa ts  including cottonseed oil and 
pa lm oil. 

E f f e c t  o f  A n t i o x i d a n t s  i n  F a c t o r y  P e a n u t  O i l  

Various ant ioxidants  were added to peanut  oil at 
a level of 0.01% immediate ly  following deodorization 
in the factory,  and the qual i ty  of the oils was assessed 
(see Table I I ) .  

The accelerated tests indicate that  B.H.A. has had 
no ant ioxidant  effect whereas the other three anti- 
oxidants have conferred improved stability. By  con- 
trast,  in the organoleptic test the samples containing 

TABLE I 

Oxygen  ab- 
K e e p i n g  S w i f t  T e s t  so rp t ion  test 

Sample  t i m e  ( h r s . )  i nduc t ion  
( weeks  ) pe r iod  ( ra in . )  

1 .................................................. 2 9.5 25 
2 .................................................. 3 16 40 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41~ 17 45 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .... 48 
5 .................................................. 3 .... 55 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 14 56 
7 .................................................. 2 66 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 ~  23 66 
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T A B L E  II 

Ant iox idan t  

N o n e  .......................................... 
Nord ihydrogua ia re t i c  acid 

(N.D.G.A.)  .............................. 
Buty la ted  bydroxyanisole  

(B.H.A.)  ................................. 
Bu t :da ted  hydroxytoluene 
(B.II.T.) ................................. 

Propyl gallate ............................ 

Peroxide ] 
Keeping  va lue  I Swif t  

t ime (Lea  fig- I Test  
(weeks) ure)  a t  I (hrs . )  

score  3 

2.3 29 

1.2 17 

1.3 25 
1.7 2S 

Oxygen 
absorpt ion  

test ,  
induc t ion  

period 
( min.  ) 

34 

50 

37 

44 
47 

T A B L E  I I I  

Peroxide Oxygen 
Keeping va lue  absorpt ion  

Ant iox idan t  t ime ( Lea  fig. test ,  
i nduc t ion  

(weeks) u re )  at per iod  
score  3 (min . )  

N o n e  (Control)  ............................ 4 2.4 34 
B .H .A  .......................................... 4 2.8 42 
Propy l  gal late  ............................... 4 2.4 65 

N o n e  (Control)  ............................ 7 2,2 50 
B .H .T  .......................................... 7 2.4 70 
N.D,G.A ...................................... 6 2.6 88 

T A B L E  I V  

A n t i o x i d a n t  

None (Control )  .................. 
0 .01% N.D.G.A ................. 
0 .01% Propy l  gal la te  .......... 
0 .01% B . H . T  ..................... 
0 .01% B.H.A .................... 

I P e r o x i d e  
Keeping  va lue  

t ime I (Lea  fig- 
(weeks) u re )  at 

6 weeks 

8 ] 1.0 
>12 I o.s 
> 1 2  1.3 
> 1 2  1.6 

Oxygen 
absorpt ion  

Swif t  test ,  
Test  induc t ion  

(hrs . )  per iod 
(rain.)  

7 - 1  4 
65 87 
49 52 
24 35 
17 30 

ant ioxidant  showed no advantage over the control. I t  
appears  therefore that  no correlation exists between 
the aeeelerated tests and the normal  storage test, and 
therefore only the normal  storage test gives a true 
assessment of the value of an ant ioxidant  for most 
uses of edible oils. I t  is also apparen t  that,  at the 
point at  which the oils just  become inedible, the de- 
gree of oxidation is very  low and is not affected by 
the addition of antioxidant.  

Other results showing the lack of effect of added 
antioxidants  and also the noncorrelation between the 
organoleptic test and an aecelerated test are shown in 
Table I I I  for  two other samples of peanut  oil. 

Again, we are forced to conclude tha t  the flavor 
deterioration in peanut  oil refined and deodorized in 
the fac tory  arises through a factor  or the interaction 
of factors  whose development is not significantly af- 
fected by the presence of added antioxidants.  

Effect of Antioxidants in Laboratory Processed Otis 

Dur ing  the refining operations in the fac tory  iron 
vessels are used which may  lead to contamination of 
the oil with traces of metals. Moreover slight oxi- 
dation m a y  occur between the various refining stages. 
I t  was of interest  therefore to examine the effect of 
ant ioxidants  in oils refined in the laboratory using 
methods which eliminate these factors. I t  was found 
that,  in peanut  oil careful ly  refined in the laboratory  
in glass appara tus ,  ant ioxidants  had in some cases a 
slight advantageous effect. This finding leads one to 
suggest the presence in oils refined in the fac tory  of 
factors which are antagonistic to antioxidants.  In  
order to obtain an oil as free as possible f rom such 
factors  a sample of peanut  oil was neutralized and 
then dissolved in petroleum ether (boiling point 40- 
60~ the solution passed through a column of acti- 
vated alumina,  and the solvent removed f rom the 

eluate. I t  was unnecessary to bleach the result ing 
oil but  it  was deodorized in the normal  way. The bulk 
of the more polar  impuri t ies  were removed from the 
oil in this manner,  including the whole of the na tura l  
antioxidant.  Table I V  records the extent of flavor 
deterioration of a sample of peanut  oil t reated with 
alunfina in this way, both with and without the sub- 
sequent addit ion of antioxidants.  

Accelerated tests indicate tlmt the control should 
have a very  low stabil i ty on storage, but  in fact  this 
control was by no means inferior  on a taste basis to 
normal ly  processed peanut  oil, which on the basis of 
accelerated tests (see Table I )  should have had the 
greater  storage stability. 

With  regard  to the effect of the addition of anti- 
oxidant, the most s t r iking feature  is that  B.H.A.,  
B.H.T.,  and  propyl  gallate great ly  lengthen the keep- 
ing time of the oils. However  the remarkable  sta- 
bility of the ~lmples containing antioxidant  is not 
indicated by the results of the accelerated tests. This 
appears  to confirm the fact  that  factors  antagonistic 
to the added antioxidant  are removed on the alumina.  
The surpr is ingly  low keeping time of the sample con- 
ta ining N.D.G.A. is due to the development of an 
unusual  flavor thought  to be derived f rom the anti- 
oxidant r a the r  than the oil. 

Effect of Antioxidants in Margarine 

Although ant ioxidants  had been shown to have little 
influence on the keeping propert ies  of many  of the 
component  oils of fats  used in margar ine  production, 
it was thought  desirable that  the effect of the addition 
of antioxidants  to margar ine  should be tested experi- 
mentally.  A margar ine  was used of which the main 
components of the fat  blend were peanut  oil and hard- 
ened pahn oil. The fa t  formed about  80% of the 
margarine,  the remainder  consisting of 16% water, 
2.25% milk solids, and 1.75% salt. The pH of the 
aqueous phase was between 5.5 and 5.7. The addition 
to the fa t  blend of 0.005% of 3 :7 :8 :2 '5 ' -pentahydroxy 
flavone, which is claimed to be a very powerful  anti- 
oxidant  (3),  had no significant effect on the storage 
propert ies  of the finished product.  A similar result  
was found by adding butyla ted  hydroxytoluene to 
margarine.  

D i s c u s s i o n  

The results presented show tha t  the two accelerated 
tests used in this work can give little or no informa- 
tion on the initial deterioration in taste which occurs 
on storage of peanut  oil and other vegetable oils. A 
similar view has also been stated by Tollenaar and 
Vos (2). Animal  fa ts  have not been examined in the 
present  work but  it has been stated elsewhere that  
accelerated tests are ra ther  more effective in this case 
in predict ing their  storage propert ies  (.ibid.). The 
accelerated tests also indicate a marked improvement  
iu quali ty of vegetable oils re fned  in the fac tory  by 
the addition of antioxidants  whereas no advantage 
was found in practice. A similar lack of effect of 
ant ioxidants  has also been shown in the ease of mar-  
garine. The addition of ant ioxidants  to f a t ty  prod- 
ucts with a nmre pronounced flavor has not been 
invest igated;  and it is possible they might  be more 
effective in baked goods, potato chips, etc. 

In  considering the reasons for  the fai lure of anti- 
oxidants to re tard  the format ion of off-flavors it  is 
necessary to consider the nature  of the off-flavors 
which are produced. A nmnber  of aldehydes have 
been isolated f rom autoxidized oils, and deeadienal, 
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hexanal, and octenal have recently been isolated from 
an oxidized emulsion of ammonium linoleate (4).  
However  the off-flavor material  present  in a sample 
of oil which has barely become inedible on an organo- 
leptic scale has never been investigated. A sample of 
peanut  oil of such an organoleptic quali ty was there- 
fore examined. The volatile components responsible 
for  the off-flavor were removed by  de-gassing (5),  
and were found to consist almost entirely of alde- 
hydes. These were investigated by gas chromatog- 
raphy,  and also as thei r  d ini t rophenyl-hydrazone 
derivatives by  paper  chromatography,  and shown to 
consist very  largely of a mixture  of hexanal and the 
two isomeric t rans- trans-  and cis-trans.deeadienals.  
The lat ter  two compounds were also isolated f rom 
oxidized peanut  oil by Hoffmann (6).  Hexanal  and 
decadienal have been isolated many  times from au- 
toxidized oils and it therefore appears that  the alde- 
hydes formed in the initial stages of oxidation, and 
which constitute the off-flavors, are similar to those 
produced dur ing gross oxidation. A similar mechan- 
ism of decomposition of hydroperoxides would there- 
fore appear  to operate in the two cases. 

I t  is therefore  surprising at first sight that  the 
present work shows that  antioxidants can suppress 

gross oxidation but  cannot prevent  the development 
of sufficient of the off-flavor aldehydes to render the 
oil inedible. However it must be remembered that  
very  small amounts of aldehydes are sufficient to 
give a very  strong off-flavor (7). Moreover the ad- 
vantageous behavior of antioxidants in peanut  oil 
purified on alumina suggests the presence of factors 
antagonistic to antioxidants, and i t  seems probable 
therefore that  the suppresion of oxidation in a nor- 
really processed vegetable oil involves a number of 
factors of which the action of the antioxidants is 
only one. 

The surprising improvement of quality of oils by 
t reatment  with alumina dur ing the refining process 
will be the subject of a fu r ther  communication. 
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Keeping Properties of Edible Oils. 
Treatment with Alumina 

Part II. Refining by 

A. CROSSLEY, A. C. DAVIES and J. H. PIERCE, Unilever Research Laboratory, 
Port Sunlight, Cheshire, England 

A new refining technique is described in which the normal 
earth-bleaching process is replaced by a treatment of the 
neutral oil, in light petroleum solution, on a column of 
activated alumina. The products are generally of somewhat 
improved color and have considerably longer keeping times 
compared with conventional oils. The application of the 
process on the semi-large scale is described. 

I ~ T~E REFINING 0f edible oils the bleaching process 
plays an impor tant  par t  in removing not only the 
color, but  also the soap remaining from neutrali- 

zation, flavored impurities, various off-flavor precur- 
sors, and other trace components. Oils for edible use 
are bleached almost exclusively by diatomaceous earth, 
or in a few cases with activated carbon. In  a previous 
paper (1) it was shown that the addition of antioxi- 
dants to an oil conventionally processed in the factory 
led to no improvement in quality. However when the 
bleaching process was replaced by a t reatment  of the 
oil in petrol on a column of activated alumina, the 
addition of antioxidant  led to an oil with a consider- 
ably longer keeping time. An investigation has been 
made of this process of t reat ing oils on alumina in 
order to determine whether the quali ty improvement 
is of general application to  various oils, par t icular ly  
groundnut  and soybean oils, and also whether the proc- 
ess would be suitable for  application in the factory. 

Refining Methods 
Neutralization. The neutralization process used va- 

ried according to the type of oil, and generally fol- 
lowed that  normally employed fo.r the par t icular  oil 
in the factory. In  general caustic soda was used in a 

1 Paper presented at the 5th ~ n g r e s s  of the International Society for 
Fat l~esea~veb., Gd.ansk, September,  1960.  

batch process, the oil being water-washed and dried 
pr ior  to bleaching. Frequent ly  oils already neutral-  
ized in the fac tory  were employed for fu r ther  refining 
purposes. 

Bleaching. Samples of neutralized oil were divided 
and the separate parts  t reated either by the bleaching 
process usually employed in the factory,  or by the 
alumina column method. For  simulation of fac tory  
bleaching conditions the oils were st irred with 2% of 
activated diatomaceous earth for  30 rain. under  nitro- 
gen at 110C. The oil was then rapidly filtered and 
deodorized similarly to the other sample of oil, which 
had been treated on the alumina column (see below). 

Treatme~# on Alumi~a.  A number of methods of 
alumina t reatment  have been used but  that  given be- 
low, the so-called " s t a n d a r d  method ,"  has been used 
in most of the laboratory work and has been shown 
to give sat isfactory results. Unless statements are 
made to the contrary,  alumina t reatment  in this text 
will imply t reatment  by this s tandard method. Rather  
large quantities of solvents and alumina are used in 
this method but  later  work has shown that  economies 
can be effeeted. 

The alumina column was prepared by pouring the 
alumina, previously activated by heating at 400C, into 
a glass tube of the required length. Neutralized and 
dried oil (250 g.) was dissolved in light petroleum, 
boiling point 40-60C (750 ml.), and the solution 
passed through a column of 500 g. of alumina, the 
length of the column being approximately 45 cm. 
Af ter  elution of the solution of oil in petroleum the 
column was finally washed with light petroleum, 
boiling point 40-60C (1,500 ml.), and the washings 
combined with the main solution of t reated oil. The 


