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and linoleic acids) to four  parts  of crude soybean oil, 
the acids concentrated toward the top of the column. 
The acid values of the feed, top and bottom fractions 
of this mixture were 52, 62, and 35, respectively. 

Interpretation and Discussion 
While some generalizations can be made concerning 

the directions in which different components will flow 
dur ing thermal diffusion, certain qualifications are 
necessary. Most of the fractionations observed were 
in agreement with the empirical generalizations (5, 
7, 12) that  cyclic molecules and molecules containing 
associative-type of functional  groups usually concen- 
t ra te  toward the bottom of the thermal-diffusion col- 
umn relative to linear and non-associat ive-type of 
molecules, respectively, despite unfavorable, molec- 
ular-weight relationships. The fractionation of mono-, 
di-, and triglyceride mixtures, or ester mixtures from 
methanolysis of soybean oil, and the concentration in 
crude oils of the pigments other than the linear 
carotenoids (13) followed these principles. The 
mixed triglycerides of the crude oils tested showed 
no separation. This would be predictable since they 
have essentially equivalent molecular weights and 
since differences in the degree of unsaturat ion were 
observed not to be a basis for  thermal-diffusion frac- 
t ionation (12). Free fatty-acids showed no tendency 
to separate on the basis of differences in unsaturat ion 
unti l  molecular weight differences were effected by 
bromination. However the mobility of free fatty-acids 
in glyceride-ester systems was more complex as the 
direction of flow was a function of the acid concen- 
tration. This reversal of the direction of flow has been 
observed previously in hydrocarbon-alcohol systems 
(10, 11) and has been interpreted in terms of the 
effect of concentration on the associative nature of 
the functional  group. Thus the empirical generaliza- 
tions cited are of some value, but  unti l  the funda- 
mental  bases for liquid, thermal-diffusion separations 
are more completely understood (2), direct experi- 
mentation is still the only reliable approach to ther- 
mal-diffusion separation problems. 

Potential  practical application of thermal diffusion 
as a separation method in lipide technology was indi- 
cated by the fractionation of ester mixtures and the 
concentration of polymers and pigments in triglycer- 
ide oils. These fractionations were accomplished at 
low-temperature levels and at atmospheric pressure 
despite the high molecular weights and high viscosi- 

ties of some of these materials. Also thermal  diffusion 
had the effect of a one-step, physical bleaching proc- 
ess as most of the pigments were concentrated expo- 
nentially toward the bottom of the column. 

Summary 
A number of fats and oils and derivatives there- 

from were subjected to thermal  diffusion in a column 
in which one plate was heated with low-pressure 
Steam and the other cooled with tap water. Triglyc- 
eride moved toward the top while glycerol and mono- 
glyceride moved toward the bottom when mixtures 
containing all components were diffused. Mixed tri- 
glycerides showed no tendency to separate;  neither 
did fatty-acid mixtures which differed only in degree 
of unsaturation. However when a f a t ty  acid mixture 
was brominated, subsequent separation was observed. 

Marked color-improvement was observed in the 
top fractions from various crude oils; the colored 
substances were concentrated exponentially in the 
bottom fractions. Polymeric substances f rom par t ly  
polymerized oils also concentrated toward the bottom. 
Some tentative generalizations on types of separations 
to be expected are discussed. 
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Determination of the Extent of Oxidation of Fats 
ULLA HOLM, KAI EKBOM, and GUNNAR WODE, Margarinbolaget, 
Bromma, Sweden 

o 
RGANOLEPTIC METHODS have been very  useful in 

judging the quali ty of refined fats, but  they 
give no information as to the cause of an in- 

fer ior  taste or as to the reasons for variations in 
quali ty af ter  refining different batches of the same 
raw material. An analytical determination of the 
substances responsible for flavor reversion would 
provide a more satisfactory criterion of quality. 
These substances have not been identified, but  in- 
vestigations have shown that  par t  of them are prob- 
ably oxidation products that  are nonvolatile under  

the conditions of deodorization and are incompletely 
reduced on hardening (1, 2, 3, 7, 8, and 10). 

Chromatographic methods have been used in the 
Margarinbolaget laboratory to concentrate and frac- 
tionate the oxidation products  present in freshly 
refined rapeseed 0il. The eluate was shown to con- 
t a in  h igh -molecu la r -we igh t ,  u n s a t u r a t e d  carbonyl  
compounds. These carbonyl compounds have no dis- 
tinctive taste themselves but, on being heated with 
a catalyst, rapidly  give rise to substances with an 
intense flavor; the flavor stability of the oil decreased 
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rapidly with the increased content of these compounds. 
These observations led to the conclusion that  the 

flavor reversion was due to these high-molecular- 
weight, carbonyl compounds which are present either 
in the raw oil or are formed during refining, break- 
ing down into low-molecular-weight, carbonyl com- 
pounds with an intense flavor (12). 

Since these high-molecular-weight oxidation prod- 
ucts are secondary products  formed from pr imary 
oxidation products either in the raw material or 
during refining, it is important  to be able to deter- 
mine the extent of oxidation of the raw material 
and of the fat  during the refining process as well as 
of the finished product. The extent of oxidation at 
different stages of the refining process has been stud- 
ied earlier by spectrophotometric methods (5, 9, 13), 
using the results of basic research on the oxidation 
products  of linoleates and linolenates. 

Since it is often difficult to in terpre t  the spectre- 
photometric result and there is a relatively small 
range of readings for the variations which may occur 
when refining reasonably good fats and oils, an at- 
tempt has been made to find other methods. When 
checking the extent of oxidation of a fat, both the 
pr imary  and the secondary oxidation products  should 
be determined. Rather  reliable methods have been 
available for  a long time for determination of the 
peroxides, the pr imary  oxidation products. 

Analysis of the secondary oxidation products is 
ra ther  more complicated since the course of the break- 
down of the peroxides in a fa t  is not yet  entirely 
clear, but  they can be estimated by determination of 
the carbonyl compounds in the fat. Of the better 
known analytical methods the most reliable and the 
most used are those based on the colorimetric de- 
termination of the 2, 4- dini trophenylhydrazones in 
alkaline solution. The str5ng acids used in the prep- 
aration of the hydrazones and the raised temperature  
however cause decomposition of par t  of the perox- 
ides present, and these methods are therefore less 
suitable for  the analysis of oils containing peroxides. 

The analytical method described below is based on 
the reaction of carbonyl compounds with benzidine 
acetate (11) and is carried out directly on a solution 
of the fat  without raising the temperature  or adding 
strong acid. I t  does not a t tempt  to give a numerically 
correct value for the content  of carbonyl compounds 
or to give a direct measure of the taste of the fat. 
(Not all carbonyl compounds give a taste, and those 
that  do va ry  considerably in type and intensity of 
taste. ) 

Benzidine reacts mainly with aldehydes under  
the experimental  conditions described here, and t h e  
reactive material  is therefore referred to below as 
aldehyde. 

Reaction Between Benzidine Acetate and Saturated 
and Unsaturated Aldehydes 

Reactions with benzidine acetate have been in- 
vestigated, using solutions of the following pure 
aldehydes in aldehyde-free absolute alcohol: heptanal  
0.2-1.0 millimole/litre, 2-nonenal 0.02-0.1 millimole/ 
litre, citral/2:4-hexadienal,  and cinnamaldehyde 0.01- 
0.05 millimole/litre. Benzidine solution (0.5 ml. 1% 
solution) in acetic acid/e thyl  alcohol (1:1) was added 
to these solutions (5 ml.). The extinction was meas- 
ured af ter  6 rain. at 350 m~ (~ max.) against a 
blank with the reagent. The molar absorptions ob- 

tained with the respective aldehydes are given in 
Table I. 

I t  is apparent  that the color intensity is lowest 
for the saturated aldehydes, considerably higher for  
aldehydes with one double bond, and highest for  
aldehydes with two double bonds. The absorption 
of all the reaction products  followed Beers law 
within the above concentration limits. 

TABLE I 

Mola r  Absorp t ion  of the Reac t i on  P r o d u c t s  B e t w e e n  
B e n z i d i n e  and  Aldehydes  

Aldehyde  Mola r  absorp t ion  
350  m~ 

n e p t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ,370  
2 -Nonena l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 , 0 0 0  
Citra l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 , 0 0 0  
2-4 H e x a d i e n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 , 5 0 0  
C i n n a m a l d e h y d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 , 0 0 0  

Application of the Benzidine Method to Oils 

The values given here are calculated, using cin- 
namaldehyde as standard. The numerical  value for 
the aldehyde content of a sample is therefore low. 

M e t h o d  

Solvent: aldehyde- free absolute alcohol/2, 2, 4- tri- 
methylpentane 1:1. 

Reagent: 1% solution of benzidine in glacial acetic 
ac id/e thyl  alcohol, 1:1. 

Apparatus:  Beckman DU 1-cm. Pyrex  cell. 
The oil (1.5 g. less for high values) is weighed into 

a 25-ml. measuring flask and diluted to the mark with 
solvent. Par t  of this solution (5 ml.) is pipetted into 
a test-tube, the reagent solution (0.5 ml.) is added, 
and the extinction at 350 m~ is measured af ter  6 
rain. against a blank containing the reagent. The 
absorption of the fat  itself at  350 m~ must be cor- 
rected for, and this is measured on a par t  of the oil 
solution. 

Calculation of the amount of aldehyde present: 

E ~ 1.1 Ea - -  Eb 

where Ea is the extinction of the test sample and Eb 
is the extinction of the fat  solution. The value for E 
gives the corresponding amount  of cinnamaldehyde 
from a s tandard  curve. 

T A B L E  I I  

A n a l y s i s  of Vege tab le  Oils w i t h  V a r y i n g  Sample  Size 

Sample  

Rapeseed  oil . . . . . . . . . . . . . . .  ......... 
Rapeseed  oil ........ 
Rapeseed  oil . . . . . . . . . . . . . . . . . . . . . . . .  
Rapeseed  oil . . . . . . . . . . . . . . . . . . . . . . . .  
Rapeseed  oil, 

Cottonseed oil 
Cottonseed oil 
Cottonseed oil 
Cottonseed oil 
Cottonseed oil 

W e i g h t  
of sample  

in  g. 

0 .08 
0 .16  
0 .24  
0 .32  
0 .40  

0 .04  
0 .08  
0 .12  
0 .16  
0 .20  

1.1 Ea a 

0 . 1 5 4  
0 . 2 9 7  
0 . 4 4 0  
0 . 5 7 8  
0 . 7 2 6  

0 . 3 3 8  
0 . 6 6 0  
0 . 9 8 0  
1 .285  
1 . 6 1 5  

Eba 

D.060  
0 . 1 0 0  
0 . 1 4 5  
0 . 1 8 0  
0 . 2 3 0  

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

Ald .V.  

3 .44  
3 .58  
3 .58  
3 .62  
3 .60  

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

a Ea  : ex t inc t ion  of the  tes t  sample  a t  3 5 0  m/z. 
E b -  ex t inc t ion  of the f a t  solut ion a t  350  m/~. 
E : 1.1 Ea  - -  Eb. 

Table I I  lists analyses of cottonseed oil and rape- 
seed oil with varying sample sizes. The content of 
carbonyl compounds is expressed in millimoles of 
aldehyde in 10 kg. of fat  (Ald.V.).  I t  is apparent  
f rom the table that  the absorption of the reaction 
product  of benzidine with the aldehydes present in the 
fat  followed Beers law. Known amounts of 2-nonenal 
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added to the fa t  could be determined with satisfac- 
tory  accuracy (Table I I I ) .  The reproducibi l i ty  of 
the method was also good (Table IV) .  

T A B L E  III 

A n a l y s e s  of S a m p l e s  w i t h  A d d e d  2 - N o n e n a l  

m 1 I 2 - N o n e n a l ]  A l d e h y d e  I 2 - N o n e n a l  ] D i f f e r -  I a__ade l  oun l ,onnd I . . . .  

R a p e s e e d  oi l  . . . . . . . . . . . . . . . . . . . . . . .  - -  1 . 2 0  - -  
Rapeseed oil ....................... I O.75 I 1.90 / 0.7O I --0.05 
R a p e s e e d  o i l  . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 3 3  ] 1 . 5 5  I 0 . 3 5  ] + 0 . 0 2  
R a p e s e e d  oi l  . . . . . . . . . . . . . . . . . . . . . . .  / 0 . 1 6  I 1 . 3 3  / 0 . 1 3  I - - 0 . 0 3  

T A B L E  I V  

R e p l i c a t e  A n a l y s e s  of  a R a p e s e e d  Oi l  

N u m b e r  1 .1  E a  Eb  A l d . V .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 4 5  0 . 1 8 5  3 . 5 0  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 4 5  0 . 1 8 0  3 . 5 4  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 5 6  0 . 1 9 5  3 . 5 0  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 5 0  0 . 1 8 5  3 . 5 4  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 5 6  0 . 1 9 5  3 . 5 0  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 4 5  0 . 1 8 5  3 . 5 0  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 5 0  0 , 1 8 5  3 . 5 4  

Effect of Preparation and Refining on the 
Extent of Oxidation of the Oils 

Some examples will be given below of determina- 
tions of aldehyde and peroxide in samples of oils 
taken dur ing prepara t ion  and refining. In  the tables 
the aldehyde content (Ald.V.) has been given in 
millimoles/10 kg. of oil and  the peroxide content 
(P.V.) in millimoles/kg, of oil. The peroxide con- 
tent  has been determined on 2-g. samples of fat,  
mainly  by  Lea ' s  cold method but  without  evacuation. 

Pressing and Extraction Process 
Determinat ion of the aldehyde content and the 

peroxide number  of f reshly p repared  raw rapeseed oil 
showed that  even the fresh oil contained oxidation 
products  (Ald.V. about 1 and P.V. about 0.7). These 
oxidation products  may  have been present  in the 
seed or formed dur ing the pressing or extraction 
process. To examine the effect of pressing and ex- 
t ract ion on the content of oxidation products  in the 
oil, samples of whole seed, crushed and heated seed, 
presscake, and flakes were extracted under  mild con- 
ditions. The oils obtained f rom these samples were 
analyzed, and the values were compared with the 
analyt ical  values for  oils p repared  in the factory 
f rom the same batch of raw material .  

The analyses showed that  the oils p repared  in the 
laboratory  also contained small amounts  of peroxides 
and aldehydes (Ald.V. about 0.5 and P.V. about 
0.4), which indicates tha t  the oil is oxidized in the 
seed. Pressing did not increase the content of oxida- 
tion products  in the oil, but  the extraction increased 
the Ald.V. f rom about 0.4 to about 1.7. 

Refining Process 
The analyt ical  results from some samples of rape- 

seed oil taken f rom each step in the refining are 

T A B L E  V 

A l d e h y d e  a n d  P e r o x i d e  C o n t e n t  o f  Rapeseed Oils  D u r i n g "  R e f i n i n g  

Crude oil  A l k a l i - r e -  B l e a c h e d  oil Deodorized 
N r  f i n e d  o i l  o i l  

A l d . V . P . V .  A l d . V . P . V .  A I d . V .  P , V .  A l d . V . P . V .  

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

T A B L E  Vl 

R e f i n i n g  R e s u l t s  o n  C r u d e  Oi l s  w i t h  I ~ i g h  Content of 
O x i d a t i o n  P r o d u c t s  

S a m p l e  

R a p e s e e d  oi l  
P e a n u t  oi l  
C o t t o n s e e d  o i l  
S o y b e a n  o i l  

C r u d e  o i l  Alkali-re-fined o i l  

A A l d . V . P . V .  

1 .1  2 . 0  I 2 .5  2 . 5  
1 . 4  2 . 0  [ 2 . 7  1 . 7  
0 .8  a 1 0 . 0  1 .5  9 . 5  
4 . 8  1 .2  5 .0  1 . 4  

B l e a c h e d  o i l  D e o d o r i z e d  

A I d . V . P . V .  A ~ I p ~ . -  

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

1 7 . 0  0 . 4  9 .3  0 .1  
6 . 6  0 . 6  4 . 7  0 .1  

a S e m i - r e f i n e d .  

given in Table V. All the raw oils shown in the table 
contained approximate ly  equal amounts of peroxides 
and aldehydes. However  dur ing alkali refining the 
aldehyde value increased in all batches while the 
peroxide number  increased in batches 3 and 5 only. 
F rom the results of a large number  of similar an- 
alyses made here it seems that  the changes in the 
aldehyde content and peroxide number  dur ing alkali 
refining are the net result of both format ion and 
decomposition of peroxides in the material .  Exces- 
sive oxidation dur ing  alkali refining usually shows 
as an increase of the peroxide number  but  may  also 
give a marked increase in the aldehyde value. I f  
the alkali refining is proper ly  done, there should be 
no appreciable increase in peroxide number  or alde- 
hyde value. 

The acid-activated clays used for  bleaching rape- 
seed oil decompose the peroxides and at the same 
time adsorb pa r t  of the oxidation products. I t  is 
therefore difficult to judge the effect of bleaching. 
However  a comparison of the total  content of oxi- 
dation products,  the degree of oxidation before and 
a f t e r  bleaching gives a measure of the effect. On 
thermal  decomposition of the peroxides in rapeseed 
oil, 1 millimol of peroxide gives 1.5 millimols of alde- 
hyde. I f  the total  content'  of oxidation products  is 
expressed as millimols of aldehyde in 10 kg., then the 
degree of oxidation will be equal to the aldehyde 
value + 15 X the peroxide number.  According to this 
formula  the table shows that  bleaching removed 70% 
of the oxidation products  f rom batches 1 and 2 but 
less f rom the other batches. The effect was even 
negative in batches 5 and 6. I f  the bleaching is prop- 
er ly done, the bleaching effect should be at least 
70%, and the peroxide.value of the oil should be 0. 

Freshly  deodorized oils normal ly  show no peroxide 
number.  I f  a peroxide number  is found in deodorized 
oils, it is usual ly  formed dur ing or af ter  cooling of 
tile oil. The aldehyde values given in the table for  
the deodorized oils va ry  considerably and seem to be 
wholly dependent  on the aldehyde value and the 
peroxide number  before deodorization. 

Deodorizing bleached oils with P.V.O. removes 50% 
of the aldehydes. A n y  peroxide present  in bleached 
oils will give rise to nonvolatile aldehydes, and the 
aldehyde vahle of the deodorized oil is then usually 
equal to 0.5 X the aldehyde value + 2 X the perox- 
ide number  before deodorization. ] f  a higher alde- 
hyde content is obtained af ter  deodorization than that  
given by the formula,  then deodorization is incom- 
plete or there has been a leakage o.f the air. 

The analyses show that  the usual methods of refin- 
ing cannot remove more than about  85% of the total 
content of oxidation products  in crude rapeseed oils 
of normal  quality. In  addition to the analyses on 
rapeseed oil of normal  grade, some analyses have also 
been made on oils of inferior qual i ty  and on imported 
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oils with high contents of oxidation products.  Some 
of these results are given in Table VI.  The rules 
given above for  refining rapeseed oils of normal  qual- 
i ty also appear  to be applicable to the refining of 
other oils with variable degrees of oxidation. I t  is 
clear f rom Tables V and V I  that  the aldehyde con- 
tent  of the deodorized oil is dependent  on the content 
of oxidation products  in the raw oil and on the way 
in which the refining is done. 

T A B L E  u  

Analysis of Oxidation Products  in H a r d e n e d  Fats  

Nonhardened Hardened  
Sample 

Ald.V. , P.V. Ald.V. P.V. 

Degree of 
hardening ,  

~ 

Whale  oil 17.7  - -  1.8 0.8 4 0 / 4 2  
W h a l e  oil 14.0  - -  2 .8  1.0 3 2 / 3 4  
Cottonseed oil 0.8 10 3.6 2.0 3 4 / 3 6  

Effect of Hardening on the Content of 
Oxidation Products in the Oil 

As is shown in Table VI I ,  the aldehydes are not 
reduced completely on hardening oils with high alde- 
hyde or peroxide content. Table V I I I  shows that  the 
high content of aldehydes in a hardened fa t  gives 
poor flavor stabil i ty in the refined fa t  and in prod- 
ucts made f rom it. The table shows average values 

T A B L E  VIII 

Effect of the Degree of Oxidation of Unrefined Whale 0ii 40/42 on the 
Flavor Stability of the Margarine 

Crude  
h a r d e n e d  
whMe oil 

Month  4 0 / 4 2  

Ald.V.  i P .V .  

Sept.  5 .1  0 .7  

Oct. 1.5 0 .4  
Nov. 1.3 0.3 

Marga- 
rine 

(20% 
h.w. 

4 0 / 4 2 )  

Ald.u  

3.1 

2.3 
1.8 

Score 

lw. 3 w .  

3.8 3.2 

3.9 3.6 
3.9 3.7 

Remarks  

7 w. 

2.2 ]~tarden- 
ing taste 

3.3 Old 
3.6 Old 

for three different months of 1955 of aldehyde and 
peroxide contents in raw, hardened whale oil 40/42 ~ 
and in margar ine  in which there was 20% hardened 
whale 40/42 ~ also the average values of taste points 
for this margarine.  The average values for the alde- 
hyde and peroxide contents are calculated f rom 20 
analyses for  each month. The taste of the margar ine  
has been judged by the Margarinbolaget  tast ing panel  
a f ter  1, 3, and 7 weeks of storage at 18~ and the 
average values are calculated from 200 judgments .  
The scale for  judging is 0-6. Four  points are given 
for a margar ine  without  comment. 

I t  can be seen f rom the table that:  
1. t h e  a l d e h y d e  c o n t e n t  i n  t h e  m a r g a r i n e  v a r i e d  a c c o r d i n g  t o  

t h e  d e g r e e  o f  o x i d a t i o n  o f  t h e  r a w ,  h a r d e n e d  w h a l e  o i l ;  

2. t h e  f r e s h  s a m p l e s  o f  m a r g a r i n e ,  i n  s p i t e  o f  t h e  d i f f e r e n t  
a l d e h y d e  c o n t e n t s ,  h a d  a r a t h e r  s i m i l a r  t a s t e ;  

3. t h e  t a s t e  c h a n g e s  a f t e r  s t o r a g e  f o r  t h r e e  w e e k s  a n d  f o r  
s e v e n  w e e k s  w e r e  r e l a t e d  to  t h e  a l d e h y d e  c o n t e n t  o f  t h e  
m a r g a r i n e  ; a n d  

4. t h e  p r i n c i p a l  c o m m e n t  o n  t h e  m a r g a r i n e  w i t h  t h e  h i g h e s t  
a l d e h y d e  c o n t e n t  w a s  h a r d e n i n g  t a s t e .  

I t  might  perhaps be added that  complaints were 
also received f rom the consumers about the marga-  
rine manufac tu red  in September  but  tha t  no corn- 

plaints were made about the October and November 
margarine.  

Conclusions 

During the course of this investigation the method 
described here has been used to determine the con- 
tent  of oxidation products  in both refined and unre- 
fined fats of different types,  a total  of about 1,000 
samples f rom four  different refineries. The refined 
fats  have also been tasted by the laboratory  staff. 
I t  has been found that :  

1. r e f i n e d  o i l s  c o n t a i n e d  n o n v o l a t i l e  o x i d a t i o n  p r o d u c t s ,  re-  
g a r d e d  h e r e  a s  a l d e h y d e s ;  

2. t h e  c o n t e n t  o f  t h e s e  a l d e h y d e s  v a r i e d  a c c o r d i n g  to  t h e  
d e g r e e  o f  o x i d a t i o n  o f  t h e  r a w  m a t e r i a l  a n d  w i t h  the  
m e t h o d  o f  r e f i n i n g ;  

3. t h e r e  w a s  a c o r r e l a t i o n  b e t w e e n  t h e  f l a v o r  s t a b i l i t y  o f  t he  
r e f i n e d  f a t  a n d  i t s  a l d e h y d e  c o n t e n t .  

( I t  has been noticed here tha t  the relat ion of type and  in- 
tensity of the taste to the aldehyde content varies with the 
type of fat. Thus rapeseed and  soya oils with aldehyde con- 
tents over 2 had  a noticeable oily, green off-taste af ter  a 
couple of days while cottonseed oil and  peanut  oil formed u 
nut ty,  metallic, or bit ter taste only at  h igher  aldehyde contents. 
On the other hand,  a rapeseed oil with an  aldehyde content 
of 0.5 did not revert.  This oil was  stored at  room tempera ture  
in well-closed, completely filled metal  drunls for four  years.  
Dur ing  storage the peroxide number  had  r isen to 0.6 and 
the aldehyde content to 2. The taste of this oil af ter  four  
years  of s torage was  not inferior  to that of freshly refined 
rapeseed oil with the same aldehyde content.)  

4. d e t e r m i n a t i o n  o f  t h e  p e r o x i d e  n u m b e r  a n d  t h e  a l d e h y d e  
c o n t e n t  o f  o i ls  a n d  f a t s  b y  t h e  m e t h o d s  d e s c r i b e d  g i v e s  a 
g o o d  p i c t u r e  o f  t h e  s t a t e  o f  o x i d a t i o n  o f  b o t h  c r u d e  a n d  
r e f i n e d  m a t e r i a l  a n d  c a n  b e  u s e d  i n  c o n t r o l l i n g  t h e  ref in-  
i n g  p r o c e s s .  

5. t h e s e  a n a l y s e s  g i v e  some  b a s i s  f o r  e s t i m a t i n g  t h e  e f f e c t  
o f  r e f i n i n g  o n  a g i v e n  r a w  m a t e r i a l  a n d  f o r  p r e d i c t i n g  
t h e  f l a v o r  s t a b i l i t y  o f  t h e  r e f i n e d  m a t e r i a l .  

Summary 

The amount  of secondary oxidation products  in 
refined and unrefined fats has been determined by 
reaction with benzidine acetate in iso-octane absolute 
alcohol solution, and measurement  of the absorption 
at 350 m/~ of the yellow color has been made. 

An " a l d e h y d e  v a l u e "  has been calculated f rom 
this absorpt ion intensity, using einnamaldehyde as a 
reference substance. Determinat ion of the aldehyde 
value and peroxide number  of oils before and dur ing 
refining has given informat ion on the effect of the 
different refining processes on the state of oxidation 
of the oils. The effect of hardening  on the content of 
oxidation products  of an oil has been investigated. 
The effect of the amount  of oxidation products  in the 
unrefined mater ia l  on the flavor stabil i ty of the re- 
fined mater ia l  and of the margar ine  made f rom it has 
also been studied. 

R E F E R E N C E S  

1. Chang, S. S., and  Kummerow,  F. A., ft. Am. Oil Chemists'  Soc., 
30, 251, 317, 341 (1953) .  

2. Chang, S. S., and  Kummerow,  t~. A., ibid., 31, 324 (1954) .  
3. Chang,  S. S., and  Kummerow,  F. A., ibid., 32, 341 (1955) .  
4. Heniek,  A. S., et al., ibid., 31, 88 (1954) .  
5. Hohn, U., and  Wode, G., Arkiv.  f6r  kemi. Band,  26, No. 29 (1949) .  

. Lappin,  A. E., and  Clark, L. S., Anal.  Chem., 28, 541 (1951) .  
�9 Mattil, 1K. F., J. Am. Chem. Soc., 24, 244 (1947) .  

8. Merker,  D. 1%., and  Brown,  L. C., J .  Am. Oil Chemists' Soc., 33, 
141 (1956) .  

9. Mitchell, J .  H.,  and  iKraybill, H.  R., J'. Am. Chem. Soc., 64, 988 
(1942) .  

10. Sims, B. J., J .  Am. 0i l  Chemists'  Soe., ~9, 347 (1952) .  
11. Snell, Colorimetric Methods of Analysis.  
12. Wode, G., Fo r ska rnas  Kontak torgan ,  IVA Meddl. No. 12 Hgrsk-  

ning,  Nordiskt  Symposium, Hahns tad ,  I I ,  140, 1952. 
13. Wolff, J .  P.,  Rev. Franc .  des Corps Gras,  214 (1954) .  

[ R e c e i v e d  M a y  1, 1 9 5 7 ]  


