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C OMMERCIAL soybean lecithins are regarded as 
mixtures of phospholipides in soybean oil (4).  
These components can be separated by extrac- 

tion with acetone. The insoluble portion (about 65% 
by weight) consists pr imari ly  of a mixture of leci- 
thin, ccphalin, inositol-phosphatides, and sugars (3).  
The acetone soluble portion (about 35%) contains 
soybean oil, f a t ty  acids, sterols, and various hy- 
drolysis products  formed during the extraction and 
processing operations. This for tunate  phenomenon 
of insolubility in acetone of the phospholipide con- 
sti tuents forms a basis fo r  the analysis of commercial 
lecithins. Commerc ia l  products  therefore list their  
phosphatidie contents as percentage of acetone in- 
solubles (A. I. %) .  

Pr io r  to 1946 it was assumed that  producers of 
commercial lecithins were all using similar analytical 
procedures for  the assaying of their products, but  no 
definite Official Methods were available for  the stand- 
ardization af these techniques. This situation was 
remedied by  the inclusion of "Analys is  of Lec i th in"  
in the "Report of the Committee on Analysis of Com- 
mercial Fats  and Oils--October 1946" (2).  The Leci- 
thin Subcommittee at that  time presented procedures 
and recommended for  adoption, methods for  the de- 
termination of moisture, benzene insolubles, and ace- 
tone insolubles. The Official and Tentative Methods 
of the American Oil Chemists' Society (1) have as- 
signed tentat ive method numbers J a  2-46, 3-46, and 
4-46 to these procedures. 

The method (Ja  4-46) proposed for the determi- 
nation of acetone insolubles requires the removal of 
the acetone soluble portion by extraction with ace- 
tone, the removal of the solvent, and the drying and 
weighing of the residue. The quant i ty  of phospho- 
lipides expressed as percentage of acetone insolubles 
(A. I. %) is calculated as the difference from 100% 
of the sum of the percentages of acetone solubles, 
moisture, and benzene insolubles. I t  is apparent  that  
errors in tile determination of any of these values 
are reflected in the resultant sum and difference. The 
question arises therefore as to why the insoluble resi- 
due from the acetone extraction of the original sam- 
ple is not dried and weighed directly. This procedure 
would result in a saving of analysts '  time in that  it 
would eliminate the necessity of double weighings of 
extra beakers, the time involved in evaporating 100 
ml. of acetone, and the accurate determination of 
moisture and benzene insolubles. In  order to check 
the accuracy of a direct weighing procedure, data 
have been compiled from the analysis of many sam- 
ples, using both the A.O.C.S. Method (1) and the 
modified direct weighing method. 

Experimental 
Most samples were run  in duplicate and cover a 

range of concentration of acetone insolubles and mois- 
tures. The two sets of values (direct and indirect) 
were obtained on each sample. The procedure fol- 
lowed was that  described in Tentative Method Ja  4-46 

(1). Samples were weighed into centrifuge tubes 
wbich had been previously tared with a st irr ing rod. 
Three ml. of petroleum ether (A.O.C.S. Spec. H 2-41) 
(1) were added to dissolve the material and then 15 
ml. of cold acetone added f rom a buret.  Af te r  chill- 
ing the mixture in ice water, cold acetone (0-5~ 
was added to br ing the liquid level to the 50-ml. 
mark. The tubes were centrifuged to clar ify the so- 
lution, and the upper  acetone layer  was decanted 
into a previously dried and tared 250-ml. beaker. The 
residue was washed with another 50-ml. portion of 
cold acetone, centrifuged, and the clear acetone layer  
added to the first portion. The acetone was evapo- 
rated from both the solution in the beaker and the 
insoluble residue in the centrifuge tube on a steam 
bath. Beaker and tube were dried in an oven at 105 
• 2~ for 1 hour, cooled to room temperature  in a 
desiccator, and weighed. Percentage of acetone insol- 
uble (A. I. %) was calculated as follows: 

a) Acetone Insolubles % ~ A. I. X 100/Wt. 
Sample 

b ) Acetone Insolubles % ---~ 
100 - -  [ (A. S. X 100/Wt. Sample) + B + C] 

A.I.  ~ Weight  of Acetone Insoluble residue 
A. S. ~ Weight of Acetone Soluble residue 
B == % Moisture 
C ~ % Benzene Insolubles 

Lecithins analyzed in the course of this investigation 
were found to contain less than 0.15% benzene in- 
solubles so, for  most practical  purposes, this figure 
can be eliminated from the calculations. 

T A B L E  I 

Compara t ive  Analyses  of Lee i th ins  

Sample  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

B y  
D i f f e r -  

o n c e  

% 
0.49 
0.68 

0.70 
0.86 

O.OO 
0.00 

7.68 
7.80 

9.05 
9.68 

0.80 
0.85 

0.78 
0.77 

0.28 
0,25 

0.35 
0.34 

7.74 

13.6 
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Data presented in Table I are values obtained from 
routine laboratory analyses on several plant  and com- 
mercial lecithins. Comparison is made between val- 
ues f rom the two methods for the determination of 
acetone insolubles. I t  will be noted that, while val- 
ues by the direct weighing method are slightly higher 
than those of the " b y  difference" method (Ja  4-46), 
they are essentially in agreement and well within 
experimental  precision for  this procedure. 

Comparison of initial sample weights with the sum 
of the weights of the A. I. and A. S. fractions also 
shows excellent agreement when the moisture content 
of the original sample is taken into consideration. I f  
the assumption is made that the difference between 
the initial weight of the sample and the sum of the 
weights of the two fractious is due to the moisture 
content of the original, then this system will provide 
a faster  and more accurate measurement of this value. 
The last two columns of Table I list values for  the 
moisture content of the original lecithin as deter- 
mined by distillation ( Ja  2-46) and by subtracting 
from 100 the sum of the percentages of acetone solu- 
ble and insoluble residues. I t  is obvious from these 
data that  the lat ter  method will yield accurate values 
irrespective of the composition of the sample. 

In order to compare the relative ease and rate of 
drying to uniform weight of the acetone soluble and 
acetone insoluble residues, two samples of each type 
of material were placed in a drying oven at 105 __+ 
2~ Beakers and tubes were removed af ter  15-min- 
ute intervals, cooled in a desiccator, and weighed. 
Data obtained in this series indicated that  the ace- 
tone soluble extract  residue reached constant weight 
in about 15 minutes whereas 45 to 60 minutes is 
needed for  the acetone insoluble residue. 

During the major  par t  of this work some con- 
cern was expressed over the possible solubi l i ty  of 
the phosphatides in acetone, and it was thought that 
presaturat ion of the acetone wash solution with puri- 
fied acetone insoluble materials might result  in t ruer  
values. Evaporat ion of 100-ml. aliquots of acetone, 
filtered af ter  contact with d ry  purified phosphatides, 
showed that the acetone had absorbed 0.046 grams/  
100 ml. at 35~ and 0.031 grams/100 ml. at 5~ 
Loss of 0.031 gram of acetone insoluble material due 
to solubility in the acetone wash solution would re- 
sult in an error  of 1.5% in the determination. 

The error  would be the same in both the direct and 
indirect weighing procedures. I t  is suggested there- 
fore that  acetone previously saturated with purified 
phosphatides be used for  extraction and washing of 
the samples. The solution was prepared by  allowing 
acetone to remain overnight in a ref r igera tor  (4~ 
in contact with an excess of oil-free phosphatides. 
The cold acetone was filtered before use. Table I [  
lists values obtained from analysis of several samples 
of lecithin using C. P. and presaturated acetone. In 
the case of analyses in which the presaturated ace- 
tone was used, no analogy can be drawn between the 
direct and indirect weighing methods as the acetone 
soluble extract  residue would contain extraneous ace- 
tone insolubles. 

I t  will be noted from these data that while values 
from determinations using presaturated acetone are 
increased by  only about half  the postulated amount, 
duplicates are in excellent agreeement. Values for  
acetone insolubles are raised 0.7 to 0.8% over those 
in which C. P. acetone was used. I t  has been realized 

T A B L E  II 

Effect  of a P r e s a t u r a t e d  Acetone  E x t r a c t i o n  Solut ion on the Acetone 
I nsoluhles Determination 

Sample 
iNo. 

Acetone 
W a s h i n g  
Solution 

C.P.  
C,P.  

A. I .  s a t u r a t e d  
A. I .  s a t u r a t e d  

Acetont Inso luh les  

D i r e c t  
Weighing 

% 
64.55 
64.25 
64.98 
6A.97 

2 0 . P .  63.64 
O,P.  63.63 

A . L  s a t u r a t e d  64.39 
A , L  s a t u r a t e d  64.44 

6 C.P,  
C,P.  

A. I ,  s a t u r a t e d  
A. t .  s a t u r a t e d  

(~.P. 
C ,P .  

A.$. s a t u r a t e d  
A.I .  s a t u r a t e d  

63.81 
63.98 
64.66 
64.81 

64,37 
64.44 
65.15 
65.10 

I n d i r e c t  
W e i g h i n g  

% 

63.96 
63.86 

63.45 
63.60 

63.51 
63.74 

64.15 
64.32 

that  the quanti ty of petroleum ether used to dissolve 
the original sample might also contribute to loss of 
acetone insolubles by effecting the solubility of these 
materials in the acetone washes. Previous experience 
in this laboratory indicated that  reclaimed acetone 
from distillation of the acetone soluble solution al- 
ways gave lower values when reused in the acetone 
insoluble determination than fresh acetone. Solubil- 
i ty of acetone insoluble compounds in the reclaimed 
acetone was thought  to be due to contamination with 
petroleum ether. In order  to test this premise a se- 
ries of samples was analyzed, using different initial 
amounts of petroleum ether to dissolve the sample. 
Dora are presented in Table HI .  

T A B L E  I I I  

Effec t  of P e t r o l e u m  E t h e r  Solvent  on the Acetone Inso lub]es  
D e t e r m i n a t i o n  

Acetone Inso lub les  

A m o u n t  of P e t r o l e u m  E t h e r  

m l ,  

0 ................................................... 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

D i r e c t  I n d i r e c t  
W e i g h i n g  W e i g h i n g  

<1) (2) 

% % 
65.14 64.66 
64.89 64.34 
64.62 64.12 
64.14 63.49 

Di f fe rence  
(1)-(2) 

% 
0.48 
0,55 
0.50 
0.65 

I t  will be noted from the above data that  the in- 
crease in the amount of petroleum ether used for  
put t ing the sample into solution is inversely propor- 
tional to the decrease in acetone insoluble value. Dif- 
ference between values by  the two methods remain 
constant irrespective of the quant i ty  of petroleum 
ether used. 

Table IV presents data accumulated from analysis 
of three commercial leeithins. Comparison is made 
between the A.O.C.S.  Tentative Method Ja  4-46 and 
a modified method in which petroleum ether is elimi- 
nated as the solvent, acetone presa tura ted  with ace- 
tone insoluble compounds used as the extractant,  and 
the acetone insoluble residue weighed directly. 

The data in Tables I I I  and IV indicate that  the 
elimination of factors responsible for  solubilizing ace- 
tone insoluble materials will result in higher, more 
uniform, and t ruer  values in the assaying of lecithin. 
The modified method is responsible for  increases of 
1.23 to 1.52% in the acetone insoluble values of these 
samples. 
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T A B L E  I V  

Compar ison  of Ten t a t i ve  A.O.C.S. and  Modified Method for the 
Dete rmina t ion  of Acetone Insoluble~ 

Sample  
No. 

Official Ten ta t i ve  
A.0.C.S,  Method 

Direc t  I n d i r e c t  
W e i g h i n g  Weigh ing  

% % % 
A 62.56 62.66 63.93 

62.71 62.85 64.09 
63.12 62.83 64.33 

B 64.15 64.43 65.32 
63.87 64.04 65.24 
63.98 63.64 65.24 

C 65.03 65.46 66.31 
64.83 65.22 66.62 
65.14 65.04 66.62 

Modified Method 
No Pet .  EVher; 
A.I .  Sat. Ae~one  
Direct  W e i g h i n g  

Attempts were made to recombine dry acetone 
insolubles, soybean oil, and soybean fat ty acids to 
produce synthetic commercial  leeithins of known 
composition. Difficulty was encountered in reblend- 
ing these materials and the final products did not 
truly resemble normal commercial leeithins. When 
these synthetic mixtures were analyzed by the above 
methods, differences between the calculated and found 
values for acetone solubles and acetone insolubles 
varied from 1.72 to 2.64%. It is unfortunate that 
synthetic mixtures could not be prepared to test the 
accuracy of the two procedures. Drying and heating 

of the acetone insoluble residue apparently causes 
changes in solubility through resinification and struc- 
tural changes. 

S u m m a r y  
Data are presented from numerous analyses of 

commercial lecithins for the comparison of values 
obtained from the determination of acetone insolu- 
bles by a direct weighing method against those by 
the A.O.C.S. Tentative Method Ja 4-46. Discrepan- 
cies introduced into these methods by the use of 
petroleum ether as a solvent and those due to the 
solubility of acetone insoluble compounds in the 
acetone extract and wash solution are evaluated. A 
proposal is made for the consideration of a direct 
weighing procedure for the acetone insolubIes con- 
tent of commercial lecithins whereby petroleum ether 
is eliminated, the acetone extract solution saturated 
with pure phosphatides before use, and the insoluble 
residue dried and weighed. 
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Formation of Trans Isomers During the Hydrogenation 
of Glyceride Oils 
REX J. SIMS and LEE HILFMAN, Swift and Company, Chicago, Illinois 

W ITH the development of the infrared spectre- 
photometric method for the determination of 
trans isomers in fats (1, 2), workers in the 

field have shown renewed interest in the natural 
occurrence and synthesis of these high-melting glyc- 
erides (3, 4, 5, 6, 7). Lemon (8) developed curves 
showing the formation and disappearance of trans 
double bonds during the hydrogenation of vegetable 
oils. The present paper is in part an extension of 
this study to the animal fats. 

T A B L E  I-- 

H y d r o g e n a t i o n - - S o y b e a n  Oil 

200~ 

P S I  C~.Ni" T i m e  
ttu MIn. 

10 ~ 240 

700 L 0.05 L 

I 
No. 

78 
76 
79 

FAC 
l~.P. 

96 
118 
122 

Soft. % Line-  Ft .  leir 

93 1.28 
98 5.37 

109 12.30 

% 
Lino- 
Ienic 

0.00 
0.13 
0.64 

% 
Trans 

isomers 

54 
44 
30 

Conditions which favor selective hydrogenation of 
glyceride oils also favor the development of trans 
isomers. For example, Table I shows the effect of 
using high hydrogen pressure for the partial hydro- 
genation of soybean oil (9). Although all three of 
these samples were hardened to approximately the 
same iodine number, the first contains the largest per- 
centage of trans double bonds.* It also has the least 
number of polyunsaturated chains, the lowest melt- 

ing point, and the shortest spread between melting 
and softening points. The third sample was very 
firm, as the result of its relatively high content of 
fully saturated fatty acid chains. 

T A B L E  I I  

t t y d r o g e n a  t i o n - - S o y b e a n  Oil 

200~ 

P S I  % H~ N:s Time 

1100 0.05 30 sec. 
550 0.05 45 see. 
225 0.05 80 see. 

30 0.05 8 rain.  
0 0.05 57 min .  

__I FAC Soft -.% J % * % . M P  P t "  ~ o -  { L i n e - I  T r a n s  NO 
..... _-- i ,e,e i~enie isomers 

100 135 ( 115 [ 28.4 I 3.5 18 
100 130 111 27.8 3.2 19 
100 I 123 I 106 b 25.3 ] 2.8 25 

. . . . . .  23.5 1.2 32 99 I / 121.3 I .... 1.0 39 99 

Table II  illustrates further  the direct relationship 
which exists between selectivity of hydrogenation and 
formation of trans isomers (9). As the hydrogen gas 
pressure is increased, the content of polyunsaturates 
at a given iodine number increases, but  the percent- 
age of trans linkages formed decreases. The last sam- 
ple of this series was hardened by bubbling hydrogen 
through the oil while, maintaining a vacuum of 28 
inches. Notice that it actually melts higher than the 
sample hardened at 30 PSI, which was too soft to be 

1The contents  of trans isomers in these samples and in all other~ 
described in this pape r  were  de t e rmined  by measuring absorptions in 
chloroform a t  10.3 microns  in the  i n f r a r e d  ( 1 ) .  These absorptions 
were  compared  wi th  t ha t  of p u r e  elaidic acid, p r e p a r e d  by the isomer. 
ization of oleic acid with se lenium (10, 11) ,  


