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cluded from his studies that only compounds contain- 
ing an allyl group or a substituted allyl group are 
capable of giving positive (red) Kreis tests. Since 
the ferric chloride test given by malonic dialdehyde 
shows it to be partially in the enol form, it would 
satisfy Kobert 's observation. In a general sense any 
unsaturated fat ty acid would conform to this require- 
ment. According to Holm and Greenbank (4), au- 
toxidized oleic, ricinoleic, linoleic, and linolenic acids 
give positive Kreis tests. 

Patton and Kurtz (10) have shown that oxidized 
milk fat when heated with thiobarbituric acid gives 
a red color. The absorption spectrum of this color 
(maximum at 532 m~) is very similar to the Kreis 
color (maximum at 543 m~) of oxidized milk fat. 
In a similar manner these workers demonstrated that 
malonic dialdehyde gives a red color with thiobarbi- 
turic acid reagents and that this color is spectrally 
identical with that obtained from oxidized milk fat. 
Further  it may be noted that the enol form of 2-thio- 
barbituric acid bears a close structural relationship 
to phloroglucinol. With respect to measurement of 
milk fat oxidation the thiobarbituric acid test ap- 
pears more sensitive than the Kreis test. The chemi- 
cal mechanisms of the two seem similar. 

The present paper constitutes a preliminary re- 
port. The-question concerning the roles of malonic 
dialdehyde and epihydrin aldehyde in fat oxidation 
would be considerably clarified by conclusive demon- 
stration of their presence or absence in oxidized fat. 
Research efforts toward this end are under way in 
this laboratory. 

Summary 
Evide~ce is presented which suggests that epihy- 

drin aldehyde and its derivatives are not necessarily 
solely responsible for the Kreis color reaction of oxi- 
dized fats. Malonic dialdehyde has been shown to 
give a positive reaction in the Kreis test and the 
resulting color demonstrated to be spectrally similar 
to the Kreis colors obtained with epihydrin aldehyde 
diethyl acetal, acrolein treated with H202 rancid lard, 
and oxidized milk fat. Characteristics of a water- 
soluble, low molecular  weight, Kreis positive, car- 
bonyl compound from oxidized milk fat were observed 

to be very similar to those reported for malonic dial- 
dehyde, i.e., strongly acidic, enolic as indicated by the 
ferric chloride test, and relatively stable to heating 
with dilute mineral acids. These properties would 
not be expected of epihydrin aldehyde. Three highly 
sensitive color[metric reactions,  involving reactions 
with ferric chloride, 2-thiobarbituric acid or the Kreis 
reagents, might well serve as the basis for quantita- 
tive measurement of malonic dialdehyde. 
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The Centrifugal Acetone Foots Test Applied to Crude Soybean Oil. 
I. Rapid Estimation of Phosphatide Content 1 
EGBERT FREYER ond VICTOR SHELBURNE, Spencer Kellogg ond Sons Inc., Buffolo, New York 

~ THOUGH most crude edible vegetable oils are 
graded according to the refining loss as deter- 
mined by the official A.O.C.S. cup method, there 

are many occasions when it is desired to know the 
content of the phosphatides and related constituents, 
for example, as estimated by the acetone insoluble 
content. The HC1 heat break (Gardner break) con- 
tent of soybean oil indeed continues to be used to 
some extent despite its displacement by refining loss 
methods as the primary means of evaluating crude 
soybean oil for refining purposes. 

1Presented a t  42nd Annua l  Meeting, American Oil Chemists' Society, 
May 1-3, 1951, New Orleans, La.  

In the early days of the rapid growth of the 
American soybean industry, a committee (1) con- 
ducting cooperative analyses intended to lead to the 
adoption of a suitable method for grading soybean 
oil in trade, investigated the acetone foots test which 
had been in use for some time in grading raw linseed 
oil. This committee found that test to be far  less re- 
producible when applied to soybean oil as compared 
with its performance with raw linseed oil (on which 
its application has been the subject of much criti- 
cism). Considering this test therefore altogether un- 
suitable for the purpose, the committee investigated 
the HC1 heat break content and found the method to 
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be reasonably reproducible and to correlate in a gen- 
eral way with phosphatides content. Nevertheless the 
acetone foots test is s t i l l  designated as the official 
method for  grading crude soybean oil in A.S.T.M.  
specifications though presumably  the oil is not t raded 
under  these specifications to an appreciable extent 
with respect to this factor  of phosphatides content. 

Upon the development of the centr i fugal  foots 
nlcthod (2) for  raw linseed oil as an improvement  
on the gravi ty  separation method which has been in 
regular  use for  many  years  and in the realization of 
the value of the results obtained by  it  when applied 
to labora tory  studies of raw linseed oil propert ies  (3),  
it was hoped that  the method might  be applied with 
equal success to crude soybean oil as a quick and 
easy means of evaluating that  oil for  gum content. 
It was hoped the test might  correlate well enough 
with HC1 heat break content to jus t i fy  subst i tut ing 
it for  that  determinat ion in the routine examination 
of oils for various purposes. 

Exper iments  were first per formed to determine how 
the test as devised for  raw linseed oil could be modi- 
fied to yield the best results on crude soybean oil. At  
the outset it was recognized that  since the phospha- 
tidic constituents of soybean oil were par t ia l ly  solu- 
ble in the acetone-oil solution, p robab ly  in proport ion 
to the percentage of oil present,  a greater  acetone-to- 
oil ratio than that  used in the linseed oil test would 
be required to obtain anyth ing  approaching complete 
precipi tat ion of the phosphatides. Since the volume 
of the acetone-oil solution was limited by  the size of 
the centr ifuge tube to 60 nil. at  most, the problem be- 
came one of finding the opt imum size sample of oil 
which, when diluted to volume with acetone, would 
yield the largest  volume of insoluble material .  

A series of oils was selected and tested with the 
result  that  a 10-ml. sample of oil was found to give 
the largest  volume of loots when diluted with 40 or 
50 ml. of acetone. A series of 55 determinations was 
then made, using HC1 heat break content as a refer-  
ence, in which 40 ml. acetone was used in 29 tests, and 
50 mh in 26. An analysis of the data showed that  
identical results were obtained on the average in rela- 
t ion to break content and tha t  there was no choice 
f rom the s tandpoint  of the degree of correlation with 
break content. Fo r ty  ml. was chosen as the amount  
of acetone for  the test since it afforded easier mixing. 
The ratio of break content to centr i fugal  loots per- 
centage by  volume averaged 0.123 and varied through 
the range of 0.095 to 0.163. The average of the indi- 
vidual ratio deviations f rom 0.123 was .012, or 10%. 
Continued accumulation of comparat ive data between 
break  content and centr i fugal  foots on more than I00 
samples of oil has verified this average ratio. 

Variat ions in the gravi ty  settling t ime before cen- 
t r i fuging  had a slight but  unmistakable effect on the 
results. Longer times, up to one hour, gave results 
about 0.5% lower than obtained using the 5 to 8- 
minute  period adopted. 

Tests were run on a series of samples to determine 
if the heating and cooling cycle required in the testing 
of linseed oil was necessary when apply ing  the test  
to soybean oil. Results tabulated below showed that  
no significant difference was obtained in the quan- 
t i ty  of loots separated whether the sample was or 
was not subjected to this t empera ture  cycle. The 
first four  crudes were also chilled overnight in a 

Centr i fuga l  A c e t o n e  Foots, % 

H e a t e d  a n d  R u n  as  
Cooled R e c e i v e d  Chil led 

2.9 3.3 
3.2 3.4 
3.2 3.4 
3.1 2.9 
2.3 2.3 
1.8 2.1 
3.3 2.9 
3.0 2.9 
3.9 3.8 
1,8 1.7 
.i 3.3 

3.0 
3.2 
3 .3  
2.9 

re f r igera tor  at 43~ then brought  to room tem. 
perature,  and tested. Again no significant difference 
in quant i ty  of foots separated was obtained. I t  is 
conceivable however that  an oil which had been sub~ 
jeeted to abnormal ly  low tempera tures  for  an ex~ 
tended period might  give different results, and for  
this reason there is included in the method a provi~ 
sion that  oils which have been chilled abnormal ly  
should be heated and again cooled to room tempera .  
ture before testing. 

By this simple test the equivalent b reak  content ,  
accurate to _+ 10% on the average, can be obtained 
on a crude soybean oil sample in about  25 minute~ 
with very  little manipulation.  Extensive experience 
in inter- laboratory checking shows that  this accuracy 
corresponds to about  the same reproducibi l i ty  as ob~ 
tained in the tIC1 heat break test itself. However  
having achieved the original and main objective of 
this work, subsequent interest  was focussed less on 
HC1 heat break content and more on the centr i fugal  
foots value itself when it was realized, as will be 
shown in a for thcoming paper,  that  this quant i ty  has 
more significance f rom the s tandpoint  of indicating 
refining quali ty than has Gardner  break. 

Table I shows the eompart ive accuracy with which 
the acetone insoluble content of an oil may be pre  r 
dieted by  the I-IC1 break content and by  the centri f -  
ugal  loots. I t  must  be recognized that  the acetone 
insoluble determinat ion itself when applied to crude 
vegetable oils, and especially w h e n  it may  be quite 
low, is subject  to such inaccuracies as to make us 
believe that  depar tures  f rom more exact correlation 
between centr i fugal  loots or HC1 break content and 
gravimetr ic  acetone insoluble content are not entirely 

i 

TABLE I 

Correlat ion of Break ,  Centr i fuga l  Yoots, and  Ace tone  I n s o l u b l e  
Contents  in Crude  S o y b e a n  Oil of V a r y i n g  Orig ins  

(A) 
A c e t o n e  
Insoluble 

% 

1.61 
1.93 
2.27 
1.46 
2.09 
1.45 
1.53 
2.01a-b 
1.82 
1.94 
3.75 a 
1.64 a 
2.46 a 

(B) 
HCI n e a t  
Break,  % 

0.43 
0.41 
0.49 
0.34 
0.46 
0.34 
0.38 
0.47 
0.45 
0.46 
0.78 
0.38 
0.50 

(c) 
Cent r i fuga l  

Foots, % 

Average,  ex trac ted  oils ................... 
Average,  expel ler  oils ...................... 
Average,  all .................................... 
A v e r a g e  deviat ion  from average  .... 

Ratio  
A / B  

3.BO 3.74 
3.20 4.71 
4.30 4,64 
3.00 4,29 
4.00 4,54 
2.40 4.26 
2.50 4.05 
5.80 4.28 
3.10 4.04 
3.80 4.22 
9.90 4.81 
4.00 4.31 
6.40 4.92 

+ 0 . 2 7  

Ra t io  
A /C  

0.488 
0.603 
0.528 
0.486 
0.522 
0.604 
0.611 
0.347 
0.586 
0.510 
0.379 
0.410 
0.384 

0.548 
0.380 
0.497 

+ 0 . 0 7 5  

Rat io  
B/C 

0.133 
0.128 
0.114 
0.113 
0.115 
0.142 
0.152 
0.081 
0.145 
0.121 
0:079 
0.095 
0,078 

0.129 
0.083 
0.115 

+0.O2O 

aThese are expe l l er  oils. 
bA l ow t e m p e r a t u r e  processed  oil of rare  occurrence .  All others  w e r e  

extracted oils. 
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due to the empir ica l  n a t u r e  of the first two tests as 
a measure  of phosphat ides  content .  Table  I also 
shows the rat io of b reak  con ten t  to cen t r i fuga l  foots 
a n d  i l lus t ra tes  the close adherence of even l imi ted  
data  to the average rat io of 0.123. 

I t  appears  f rom the lower values  of the rat ios A / C  
and  B / C  for  expeller  oils tha t  be t t e r  p red ic t ion  of 
acetone insoluble  or heat  b reak  conten t  f rom cen- 
t r i f u g a l  loots values would ob ta in  th rough  us ing  dif- 
f e ren t  conversion factors  for  expel ler  a n d  extracted 
type  oils. Making  the app rox ima t ion  tha t  cen t r i fuga l  
foots values  represen t  weight  percentage  ( ins tead  of 
volume percen tage) ,  the different  rat ios shown then 
represen t  f r ac t iona l  composit ions of the loots stra-  
t um emulsions separa ted  in  the test. Tha t  is, the 
emuls ions  f rom extrac ted  oils r ange  f rom 48 to 6 1 ~  
acetone insoluble  con t en t ;  those f rom expeller  oils 
average 38% A I  content .  The differences are con- 
s idered to be measures  of differences in  chemical  and  
emul s i fy ing  proper t ies  of the phosphat ides  a nd  as 
such make it  appea r  tha t  the cen t r i fuga l  loots values  
measure  something abou t  crude  oils and  the i r  ref in ing 
responses tha t  ref in ing loss tests measu re ;  i.e., to some 
extent  they d i s t ingu ish  emuls i fy ing  capacit ies of the 
gums, which do not  appea r  in  s t r a i gh t fo rwa rd  chemi- 
cal analyses,  whe ther  composite analyses  like chroma- 
tographic  separa t ion  a n d  the Wesson loss or ana lys i s  
of separate  loss components .  

The fol lowing table  shows the r ep roduc ib i l i t y  of the 
method when appl ied  in rou t ine  tes t ing  of samples by  
different  laborator ies .  

Centrifugal Acetone Foots, % 

Central Lab. Central Lab. 
Control No. 1 Control No. 2 

2.8 2.8 1.6 1.8 
2.6 2.6 1.5 1.7 
3.5 3.5 2.5 2.2 
2.9 3.1 2.0 2.3 
3.0 3.1 2.2 2.1 
3.0 3.0 1.8 2.1 
3.0 3.2 2.5 2.4 
3.0 3.1 
3.0 3.0 

I t  mus t  be po in ted  out tha t  the cen t r i fuga l  loots 
method has dub ious  app l i cab i l i t y  to degummed soy- 
bean  oils, especially on those which come wi th in  the 
a u t h o r s '  experience,  i.e., genera l ly  hav ing  HC1 heat  
b reak  contents  below .10%. The method  however is 
ha rd ly  more defective in  tha t  respect  t h a n  is the 
conven t iona l  g rav ime t r i c  acetone insoluble  determi-  
n a t i o n  which gives resul ts  on degummed  oils tha t  
seem to lack significance. This is p r i m a r i l y  due to 
the fact  t ha t  the phosphat ides  a n d  other  mater ia l  
commonly  considered to be acetone insoluble  ac tua l ly  
are soluble in  some degree, and  this  so lubi l i ty  amount s  
p ropor t iona t e ly  to a considerable  va lue  on oils like de- 
g u m m e d  in  which the a m o u n t  of phosphat ides  is very  
small. I t  is bel ieved however t ha t  f u r t h e r  develop- 
m e n t  may  show tha t  the cen t r i fuga l  foots method,  or 
a var ia t ion ,  may  yet  have some value in  connect ion  
with degummed  soybean oils, for  example,  possibly as 
an  easy r ap id  means  of d i s t i ngu i sh ing  be tween de- 
gummed  a n d  non -degummed  oils. 

Summary 
The cen t r i fuga l  acetone loots test  developed for use 

on l inseed oil was successful ly adap ted  for  es t imat ing  
the acetone insoluble  or HC1 heat  b reak  con ten t  of 
soybean oil. App l i ca t i on  of the method makes i t  pos- 

sible to ob ta in  resul ts  in  a hal f  hour  with an  accuracy 
comparable  to tha t  of the IIC1 heat  b reak  tes t ;  it 
requires  only  a few minu te s  of the a n a l y s t ' s  t ime 
a n d  involves no exact ing technique.  Da ta  are g iven 
showing good r ep roduc ib i l i t y  of the cen t r i fuga l  foots 
values  a nd  the i r  degree of corre la t ion  wi th  acetone 
insoluble  a nd  ItC1 heat b reak  contents .  

Cen t r i fuga l  foots test resul ts  are be ing  s tud ied  in  
re la t ion  to those ob ta ined  by  other methods of pre- 
d ic t ing  the ref in ing qua l i t y  of crude  soybean  oil, and  
an  account  of this  work will be repor ted  in  a pape r  
now in  p repa ra t ion .  
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The Centrifugal Foots Method for Crude 
Soybean Oil 

Apparatus: 
C~ntrifugal foots test tube and apparatus as previously de- 
scribed (2) and a 25-ml. graduate with 0.2-ml. graduations. 

Reagents: 
1. Acid calcium chloride solution. Dissolve 800 g. of reagent 

grade CaCI:-2H~O in a mixture of 80 ml. of HC1 (Sp. Gr. 
1.18) and 500 ml. of water. Dilute to 1 liter and mix. Filter 
or allow to settle undisturbed and decant the clear super- 
natant liquid. 

2. Acetone. Acetone shall conform to the standard specifica- 
tions for acetone (A.S.T.M. designation: D329 of the 
American Society for Testing Materials). 

Procedure: 
(No'~: Crude samples which may have been subjected to 
extremes of cold for extended periods of time should be 
first heated to at least 65~ for about 10 minutes and then 
cooled to ca. 25~ before being tested.) With sample and 
all reagents at ca. 25~ measure 10 ml. of the crude soy 
in the graduate and transfer to the centrifuge tube. Meas- 
ure 40 ml. of acetone in the same graduate, using the ace- 
tone in two 20-ml. portions as a rinse to transfer all of the 
oil to the tube, and add to the centrifuge tube. Add 10 "+- 
0.2 ml. of acid calcium chloride solution to the centrifuge 
tube, stopper, and mix the contents thoroughly for one 
minute by shaking vigorously as the tube is alternately 
inverted to allow the air bubble to pass back and forth 
through the constricted waist. Place the tube in the sup- 
porting cup and allow to stand for five to eight minutes, 
during which the tubes and cups may be balanced for 
centrifuging. Centrifuge for 15 minutes at a speed deter- 
mined by the dimensions of the centrifuge as follows: 

For radius (B,) center Use the following 
of rotation to bottom speed (N) 

of cup in cm. •  r.p.m. 

20 1850 
23 1730 
25 1660 
28 1570 
30.5 1500 

Or, for a centrifuge of different dimensions, use the for- 
mula: N ~ 8273 V1/R. After centrifuging, remove the 
tubes and read the volume of the separated material lying 
between the acid calcium chloride solution and the acetone- 
oil solution, estimating both interfaces to the nearest 0.01 
ml. The interfaces will be sharp and distinct though the 
separated material may or may not be solid and opaque. 
Disregard any hazy or cloudy and indistinct layer appear- 
ing in the acetone-oil solution. Multiply the volume by 10 
to obtain the percentage of centrifugal foots. 
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