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TABLE ¥ I I I  

Low Temperature Crystallization of Soybean Oil Glycerides in Acetone 

Sample Fraction 

Original 
- - 3 0  ° C. insoluble 
- - 3 0  ° C. soluble 
- - 6 0 "  C: insoluble of fraction 3 
- - 6 0  ° C. soluble of fraction 3 

Iodine 
"Value 

100,1 
85.5 

132.6 
133.0 
129.3 

Methyl 
Linolenate 

% 
1.9 
1.4 
4.5 
4.7 
8.5 

Methyl 
Linoleate 

% 
24.4 
16.8 
39.4 
39.4 
38.0 

Methyl 
Oleate 

% 
62.0 
61.8 
61.9 
61.7 
48.7 

Methyl 
Steara~e 

% 
11.7 
20.0 

Total 
Unsatu rated 

Acids 

% 
88.3 
80.0 

105.8 
105.8 

95.2 

oil f a t ty  acids and glycerides resulted in some con- 
centrat ion of the iso-acid. Fu r the r  work involving 
bromination and /o r  oxidation of these concentrates is 
necessary before the s tructure of the iso-acid can be 
established with certainty.  
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T H E  star t ing material  usually employed in the 
laboratory preparat ion of purified oleic acid 
(oleic acid content, over 95%) is olive oil (1) 

since it not only contains a high percentage of oteic 
acid, but, what is probably more important,  it also 
has a high ratio of oleic to linoleic acid (about  10:1).  
For  the industrial  preparat ion of purified oleie acid, 
however, olive oil is too expensive, and only rela- 
tively small quantities are available for  non-edible 
uses. In  a recent publication from this laboratory 
(2) we described a procedure for the preparat ion of 
purified oleic acid from red oil (commercial oleie 
acid) by  low-temperature, solvent crystallization. Al- 
though red oil is inexpensive and readily available 
and is rich in oleic acid, its ratio of oleie to lifloleic 
acid is ra ther  low (usually less than 5:1). When 
such a large proport ion of tinoleic acid is present, its 
sohlbilizing effect causes considerable loss of oleie 
acid during the low-temperature crystallization. A 
more satisfactory start ing material  is one which is not 
only inexpensive and readily available in large quan- 
tities but  which also has a high ratio of oleic to lino- 
leic acid (at  least 8:1).  An examination of the fa t ty  
acid composition of various common fats and oils 
reveals tha t  tallow meets these requirements. 

Superficially, it would appear  that  tallow would be 
unsatisfactory as a s tart ing material  for  the prepara- 
tion of purified oleic acid since it usually contains 
only 45 to 50% oleic acid and its content of saturated 
acids is r a the r  high (about 50%).  For tunate ly ,  the 
major  proportion of the saturated acids can be 

~One of the laboratories of the Bureau of Agricultural and Indus- 
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separated from the mixed fa t ty  acids of tallow by 
crystallization from a suitable solvent under  proper  
temperature  conditions. Our experience indicates 
that  this separation can best be accomplished with 
acetone at 0 ° to - -20  ° C. The iodine number  of the 
solid acids obtained in this way ranges from 4 to 12. 
These iodine values result mainly from incomplete 
removal of occluded mother liquor from the precipi- 
tate, but  apparent ly  at lower crystall ization tempera- 
tures some unsatura ted material, probably iso-oleic 
acid, is precipitated. The saturated acids obtained by 
crystallization at 0 ° C. usually have an iodine num- 
ber of about 4 whereas the acids obtained by  crystal- 
lization at - -20  ° C. usually have an iodine number  
of about 12. Approximately 90% of the saturated 
acids in the tallow may be obtained in this f ract ion;  
this yield is considerably higher than can be obtained 
by conventional cold and hot pressing. These acids, 
obtained as glistening crystalline solids, correspond 
to "double-  or triple-pressed stearie ac id ."  

When crystallization of the saturated acids is con- 
ducted at - -20  ° C., the filtrate acids have approxi- 
mately the same fa t ty  acid composition as an olive oil 
rich in oleic acid. These acids, which are pale yellow 

a n d  have iodine numbers which range from 84 to 88, 
contain approximately 83 to 86% oleic acid, 4 to 7% 
polyunsaturated acids, and 7 to 11% saturated acids. 
By reaction with glycerol these acids yield a syn- 
thetic triglyceride which resembles olive oil in f a t ty  
acid composition. The preparat ion of a synthetic 
olive oil in this way offers certain obvious advantages 
over crystallization processes that  involve fractional 
crystallization of natural  triglycerides ill which two 
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or three different f a t ty  acids are attached to the same 
molecule of glycerol. In  addition, custom-made oils 
with a wide range of properties may be prepared by  
the proper  selection and /o r  blending of various fa t ty  
acid fractions for reaction with glycerol. 

By one crystallization at - -50  ° to - -60  ° C. of the 
filtrate acids referred to above an oleic acid fraction 
is obtained in good yield which contains about 10% 
saturated acids (mostly palmitie) and about 1% poly- 
unsaturated acids. The content of the lat ter  can be 
reduced to less than 0.3% by  one additional crystal- 
lization. By fractional distillation under  vacuum 
most of the palmitic acid is eliminated, and a purified 
oleic acid, boiling point 203-207 ° C./3.5 ram. (01eic 
acid content, above 95%) is obtained as a colorless, 
odorless oil. This product  probably contains some 
isomers of normal oleic acid (3),  but  they are pres- 
ent in quantities too small to affect its suitabili ty for  
most uses. 

The iodine number  of the l inoleic-acid-rich frac- 
tions usually ranged from 105 to 110. The value of 
120 (Fract ion F-2, Figure 2) is unusually high. In the 
majori ty  of cases over 90% of the polyunsaturated 
acids in the start ing materials are concentrated in 
the linoleic fractions. These fractions may be useful 
for  blending with other fa t ty  acid fractions to pro- 
duce low-titer products. 

Figures 1 and 2 illustrate two procedures for  the 
fractionation of tallow fa t ty  acids. 

E x p e r i m e n t a l  

Starting Materials. The best grade of edible beef 
tallow which could be purchased was employed in the 
experiments reported in this paper. Various inedible 
grades, such as packers '  tallow, are suitable, provided 
that  the fa t ty  acid composition and ratio of oleic to 
linoleic acid are satisfactory. The mininmm ratio of 
oleie to linoleic acid for a suitable start ing material 
is about 8:1. Some so-called tallows contain consid- 

erable proportions of other fats and hence may have 
a sufficiently high linoleic acid content to render  them 
unsatisfactory for this process. 

A simplified a n d  rapid, large-scale laboratory sa- 
ponification procedure was employed to obtain the 
acids f rom the fat. Ten kilograms of tallow and 10 
liters of 95% ethyl alcohol were heated and stirred 
on the steam bath in a 50-quart stainless steel kettle 
unt i l  the temperature  reached 60 ° C. The heating 
was then discontinued, and a 50% excess of cold 6 N 
aqueous sodium hydroxide was added in l- l i ter  por- 
tions with vigorous stirring. Each successive portion 
was added only af ter  the temperature  had ceased 
rising as a result  of the reaction of the previous 
portion. When all the alkali had been added, saponi- 
fication was  usually complete, as indicated by  the 
absence of an oily phase when a small portion ~)f the 
soap solution was diluted with hot water. An excess 
of 6 N sulfuric acid was added slowly with stirring, 
and the mixture was kept at about 60 ° to 80 ° C. and 
st irred unti l  the f a t ty  acid layer  was clear. The 
aqueous layer was siphoned off and discarded, and 
the oily layer was washed with hot water  until  free 
of sulfuric acid. The fa t ty  acids were dried by heat- 
ing to 100 ° C. under  moderate vacuum in a stream 
of inert  gas. Yields of f a t ty  acids were quantitative. 
This saponification procedure has been successfully 
applied to a var ie ty  of fats and oils. The percentage 
of polyunsaturated acids in the mixed fa t ty  acids was 
determined spectrophotometrically (4).  The fa t ty  
acid composition was calculated from the iodine num- 
ber and the known content of polyunsaturated acids. 

Fractionation Procedure. The apparatus  and pro- 
cedure described i a  a previous publication (2) were 
employed, except that  an 11-plate Vigreux column 
was substituted. 

Preparation of a Synthetic Olive Oil. An oleic-acid- 
rich fract ion (iodine number,  87.7; 83% oleic acid, 
6% polyunsaturated acids, 1 I% saturated acids) pre- 
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FIG. 1. Preparation of oleie acid free from pol, yunsaturates. 
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~G 2. Alternative method for preparation of purified oleic acid which also yields a saturated acid fraction of good quality. 

F-3 

pared  by  crystallization of tallow fa t ty  acids at  - - 2 0  ° 
C. (see comparable Frac t ion  F- l ,  F igure  1), a f te r  
s t ra ight- run distillation to remove color, was reacted 
with slightly less than the calculated quant i ty  of 
anhydrous  glycerol at 190 ° C. in an inert  a tmosphere 
and  under  vacuum until  the acid number  of the mix- 
ture became constant. The unreacted oleic acid was 
separated by  vacuum distillation. The synthetic  tri- 
glyceride, obtained in almost quant i ta t ive  yield, was 
a pale-yellow oil with the following characteris t ics:  
iodine number,  84.2~ acid number,  3; melt ing point ,  
< 0  ° C. 

S u m m a r y  
Tallow fa t ty  acids have been fract ional ly crystal-  

lized f rom acetone at  t empera tures  ranging f rom 0 ° 
t o - - 6 0  ° C. 

By crystall izing at  0 ° to - - 2 0  ° C., a sa tu ra ted  acid 
fract ion which amounts  to 40 to 50% by weight  of 
the s ta r t ing  mater ia l  has been obtained. This frac- 

tion corresponds to "double-  or tr iple-pressed stearic 
acid. ' ' 

The filtrate acids f rom the crystallization at - - 2 0  ° 
C. contain over 90% of the oleic acid present  in the 
s tar t ing  material ,  and in f a t t y  acid composition this 
mixture  is similar  to olive oil. F rom this fraction. 
which amounts  to about  50% by  weight of the start-  
ing material ,  a synthetic t r iglyceride wi th ,proper t ies  
approximat ing  those of olive oil has been prepared.  

By tow- tempera ture  crystall ization of this oleic- 
acid-rich f ract ion at  - -50  ° to - -60  ° C., followed by 
fract ional  distillation, a good yield of purified oleic 
acid (oleic acid content, over 95%)  has been obtained. 
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S U N F L O W E R  and safflower seeds have recently 
received increased at tention as possible sources of 
domestic oils and protein feeds when grown in 

the North  Central  States area. Dur ing  the past  year  
sunflowers were grown on a snlall acreage near  Mon- 
ticello, Illinois, and safflowers were grown near  Alli- 

* Paper presented at the 19th fall meeting of the American Oil 
Chemists' Society, Chicage, Nov. 7-9, 1945. 
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ance, Nebraska. The plants  and their  products  are 
well known in many  foreign countries, bu t  in North  
America most of the recent experience and published 
informat ion have come f rom Canada, and experience 
in the United States is l imited to relat ively few com- 
panies. References to stmflowers are f requent  in the 
Annual  Reports  of the Grain  Research Labora tory ,  
Winnipeg, Manitoba (1),  and current  research on 
this crop is carr ied out at  the Oil Seeds Labora tory ,  
Universi ty  of Saskatchewan. Cultural  practices in 


