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T HE problem of flavor reversion in linseed short- 
enings has recently been reviewed by Lemon (4) 
and by Armstrong and McFarlane (1) who also 

tried to produce a more acceptable shortening by 
modifying the customary steps in processing and by 
special treatments including the use of antioxidants. 
Improved products were obtained, but flavor rever- 
sion was never entirely eliminated. The special treat- 
ments employed by the latter workers included at- 
tempts to bring about the isomerization of the 
linolenic acid, which is believed to be the constituent 
in linseed oil responsible for flavor reversion. For 
example, the oil was heated at 230 ° C. for 12 hours 
in an atmosphere of hydrogen, but the quality of the 
shortening obtained was not improved. 

We have repeated this experiment at higher tem- 
peratures and with carbon dioxide bubbling through 
the oil during the heating period, thereby eliminating 
volatile products with an obnoxious odor. The short- 
ening prepared from this oil does not exhibit flavor 
reversion. Believing that the high polymer fraction 
of this oil would be less nutritious or even injurious 
to health, we have subjected the polymerized oil to 
fractionation with immiscible solvents such as ace- 
tone. The acetone soluble fraction makes a most ac- 
ceptable shortening. However, the quality of the 
shortening obtained depends on the conditions of 
polymerization as also does the yield of the acetone 
soluble oil. 

The heat polymerization, solvent segregation, and 
hydrogenation of alkali-refined linseed oil were care- 
fully studied, as described below, to establish the op- 
timum conditions for the production of the highest. 
yield of shortening of the best quality. 

Methods 
I.--Iteat Polymerization 

The heating medium is a salt mixture, composed of 
55 parts potassium nitrate and 45 parts sodium ni- 
trate, which melts at 22.7 ° C. It  is contained in an 
enamel sauce-pan (8" wide x 5" deep), which is set 
in a shallow sand bath on a 1,000-watt, insulated hot- 
plate. The molten salt is stirred with an electric stir- 
rer, and temperature is controlled to within ___2 ° C. 
by a bimetallic thermoregulator connected to a 250- 
watt immersion heater. About 275 g. of the oil are 
weighed into a 500 "ml. Erlenmeyer flask fitted with 
glass tubing connections to permit the passage of car- 
bon dioxide through the sample. Carbon dioxide is 
bubbled through at a rate sufficient to agitate the oil. 
When the bath is at the required temperature, the 
flask is immersed in the bath so that when the oil has 
reached the bath temperature the surface will be ap- 
proximately at the same level as the surface of the 
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heating medium. This precaution is necessary to avoid 
the charring of volatile products on the surface of 
the flask, which occurs when the flask is too deeply 
immersed. 

I t  requires about 30 minutes heating for the oil to 
reach the bath temperature. Samples, amounting to a 
few drops of the oil, are taken at 45-minute intervals 
and cooled rapidly to avoid oxidation. The refractive 
index of each sample is determined at 25 ° C. using 
an Abbe refraetometer with the prism temperature 
regulated by water from a HSppler Ultra-Thermostat. 
At the end of the heating period the flask is raised 
from the bath, and the passage of carbon dioxide is 
continued until the oil has cooled to room temper- 
ature. 

II.--Solvent Segregation 
Acetone was chosen as the solvent. After experi- 

menting with various methods of fractionation, we 
adopted the following procedure: The polymerized 
oil is poured into 1,500-1,700 ml. (six volumes) of 
acetone in a round-bottomed flask and the oil com- 
pletely dissolved by bringing to boiling temperature 
on a steam bath. The solution is allowed to cool and 
stand overnight at room temperatures. The super- 
natant is decanted from the insoluble oil, the acetone 
distilled off, and the last traces removed under re- 
duced pressure. Extracting the polymerized oil with 
acetone at room temperatures in a separatory funnel 
was less satisfactory because of the formation of a 
cloudy emulsion of oil in the extract. 

III.--Hydrogenation and Deodorization 
The shaker-type apparatus and the catalyst (re- 

duced nickel on silica-gel base), and the general con- 
ditions of hydrogenation and steam deodorization are 
the same as employed by Armstrong and McFarlane 
(1). To facilitate the removal of small samples dur- 
ing the course of hydrogenation the reaction chamber 
is fitted with a piece of 4 m.m. copper tubing inserted 
through the stopper and with a valve on the outlet. 
The course of hydrogenation is .indicated by the hy- 
drogen consumption and from the refractive indices 
(60 ° C.) of samples of the filtered oil. The catalyst 
contains 28% nickel. At a level of 4% catalyst and a 
temperature of 170 ° C. the hydrogenation time is gen- 
erally about 45 minutes. The catalyst is removed by 
suction filtration on paper in a Buehner funnel. 

We have recently used an all-glass apparatus for 
steam deodorization at 180 ° C. and 5 ram. pressure. 
The process is completed within three hours. Some- 
times it is necessary to refilter the oil to remove the 
last traces of the catalyst. 

IV.--Quality of Shortening 
Each sample of linseed shortening is tested by bak- 

ing pie crust and judging on the basis of flavor and 
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general quality as compared to samples prepared from 
commercial shorteuings. The grading is done by a 
panel, usually 10 experienced judges. 

Experimental 
Small samples of 250-275 g. of commercial alkali- 

refined linseed oil were subjected to the heat polymeri- 
zation process at various temperatures from 260-300 ° 
C. for periods up to 30 hours. The results presented 
in Figure 1 show that in the earlier stages of iso- 
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thermal polymerization a linear relationship exists 
between the refractive index and the time of heated 
whereas in the later stages the reactions proceed in 
a'stepwise manner. This is especially apparent at the 
lower temperatures when the reaction rate is slower. 

The temperature at which the polymerization proc- 
ess is carried out is especially important in obtaining 
the desired oil for the preparation of shortening. If 
the polymerization is carried out at temperatures 
above 280°C. or at temperatures so low that the 
period of heating is unduly prolonged, the shorten- 
ings obtained are of poor quality. Some improvement 
is obtained by using the acetone soluble fraction of 
these polymerized oils, but they still do not make 
good quality shortenings. Our experience indicates 
that the best oil is obtained by heating at 270-275°C. 
for 12-15 hours. At  this stage (Fig. 1) the whole 
oil has a refractive index of 1.4858-1.4861 and yields 
60-65% of acetone soluble oil with a refractive index 
of 1.4830-1.4834. 

The continuous passage of carbon dioxide through 
the oil is an essential condition in the process as vola- 

tile decomposition products including free acids are 
eliminated in this manner. The product is character- 
ized by a low acid value (0.5-1% as oleic acid) and a 
very pale yellow color. The color of the product is a 
criterion of the efficiency with which the decomposi- 
tion products have been removed. The volatile prod- 
ucts comprise about 5% of the original oil. The results 
obtained with nitrogen have not been as good as with 
carbon dioxide. I f  the oil is simply heated under 
carbon dioxide, the acid value of the product may be 
as high as 12% (as oleic acid), and obviously it will 
contain all the decomposition products. The shorten- 
ings obtained from such oils are of very poor quality. 

A small portion, about 4%, of the polymerized oil 
is soluble in 95% methanol at room temperatures. 
This oil has a fishy odor and a deep brown color. It 
has a relatively low refractive index (1.4778 at 25 ° 
C.) and a low acid value of about 0.7%, as oleic acid. 
Insofar as the quality of the shortening is concerned, 
no apparent advantage accrues from separating this 
fraction prior to acetone segregation. 

No special process is required for the hydrogena- 
tion; all of the commercial nickel catalysts which we 
have tried gave satisfactory results. The course of 
hydrogenation at various temperatures, as indicated 
by refractive indices, is illustrated in Figure 2. These 
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FIG 2 Hydrogenation at various temperatures of the acetone 

s o l u b l e  f r a c t i o n  o f  p o l y m e r i z e d  l i n s e e d  oi l .  

results were obtained by the procedure described 
above and using our own catalyst, i.e. reduced nickel 
on silica-gel base. The best shortenings were obtained 

T A B L E  I .  

S u m m a r y  of E x p e r i m e n t a l  D a t a  on the Processing of Linseed 0i l .  

(Alkali refined linseed oil, refractive index 1.4795, polymerization at 272-275°C. for 14 hours; hydrogenation at 170°O.  to d i f fe ren t  r e f r a c t i v e  ind ices . )  

Polymerized oils Shortenings J u d g m e n t  of p a s t r y  

Acetone soluble Acetone insoluble R u n  NO. 

1 ....................... 
2 ....................... 

3 ....................... 
4 ....................... 
5 ....................... 

Whole oil 
R. index 
( 25°C . )  

1 .4859 
1.4860 

1.4859 
1.4858 
1.4859 

Yield 1 

6O 
62 

63 
63 
62 

R. index 
(25°C . )  

1.4830 
1.4834 

1.4832 
1.4831 
1.4830 

R. index 
Yield I ( 2 5 ° 0 . )  

32 1.4890 
33 1.4892 

32 1.4889 
32 1.4890" 
33 1.4888 

R.  index 
(60°(3.)  

1.4621 
1.4619 

1.4612 
1.4608 
1 .4604 

Color 2 

Sl igh t  yellow 
Very s l ight  

yellow 
P u r e  white 
P u r e  whi te  
P u r e  whi t e  

Con- 
s i s tency 

Too sof t  
Sof t  

Good 
Good 
Sl ight ly 

h a r d  

siGn 

] None  a 
I None  S 

] None  3 
] None S 

None S 

G r a d e  compared  
to controls  4 

Not  as good 
No d i sce rn ib le  d i f ference  

No d iscern ib le  d i f ference  
Be t t e r  t h a n  controls  
No d iscern ib le  d i f ference  

1Pe rcen tage  of o r ig ina l  oil. 
2Not deco~orized wi th  adso rben t  c lays  no r  c reamed .  
aThe decis ion of the  pane l  w a s  u n a n i m o u s ,  
4Two commerc ia l  samples  of sho r t en ing  inc luded  as  s t a n d a r d  of re fe rence .  The pastry was j u d g e d  s imul t aneous ly  for  flavor, odor a n d  tex ture  

by a pane l  of 10 j u d g e s  m a d e  up  of g r a d u a t e  d ie t ic ians ,  housewives, and cooks. 
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by hydrogenating to a refractive index of 1.4615- 
1.4605 (60°C.). 

The data obtained in five typical runs is summar- 
ized in Table I. Preliminary trials indicate that the 
digestibility of these linseed shortenings, as tested 
with rats, compares favorably with commercial short- 
enings. However, further experiments are planned to 
assess more accurately the relative nutritive values. 

The high polymer, acetone insoluble fraction com- 
prises about 30-35% of the polymerized oil (Table I) 
and has a refractive index of about 1.4890 at 25 ° C. 
This should make an excellent paint and varnish oil 
since it represents the most highly unsaturated frac- 
tion in linseed oil. 

General Discussion 
The aim of this investigation has been to establish 

the optimum conditions of polymerization and solvent 
segregation of linseed oil for the production of a 
"non-reverting" edible shortening and an improved 
drying oil. The presence of linolenic acid in the edible 
fraction is most undesirable whereas it is obviously 
advantageous to have a high content in the drying 
oil fraction. Therefore the conditions of polymeriza- 
tion shou]d be such as will permit the highest degree 
of selectivity in the solvent segregation. 

TABLE I I .  

Polymerization of Linseed Oil at 295°-300°C. and Solvent 
Segregation With Acetone. 

Time of 
heating 

hours  
1 
1V2 

6 
8 

10 

Refractive 
index of 
whole oil 

1.4824 
35 
59 
72 
80 
88 

Yield of 
acetone 

soluble oil 

% 
10O 
100 

95 
78 
60 
49 

Refractive 
index of 
acetone 

soluble oil 

1.4850 
1.4850 
1.4850 
1.4850 

The nature of the curves in Figure 1 ~indicate that 
the reactions involved in heat polymerization take 
place in a definite sequence which is most apparent 
in the results obtained at the lower temperatures. The 
theoretical implications of these results may be more 
apparent when data are available on the chemical 
composition of the oil at the various stages of 
polymerization. However, it is well established that 
conjugation precedes polymerization and that conju- 
gate trienoic acids have a higher refractive index than 
their polymers (2, 3, 5). The initiaI rise in the re- 
fractive index suggests conjugation and the flat por- 
tions of the curves may represent, a state of equilib- 
rium where intramolecular rearrangement is taking 
place prior to polymer formation. One advantage of 
heating at the lower temperatures is that polymerized 
oils'of uniform composition are most readily obtained 
since the "steady state" may persist for as long as 
two to three hours. 

These results also suggest that the polymerization 
is more selective at the lower temperatures. This is 
supported by the observation that when two samples 

of linseed oil are polymerized at different tempera- 
tures but to the same refractive index, the acetone 
soluble fraction of the sample polymerized at the 
lower temperature has a lower refractive index. For 
example, at 272-275 ° C. when the refractive index of 
the whole oil is 1,4859, 60-65% is soluble in acetone 
and the refractive index of this fraction is 1.4832; 
whereas at 295-300 ° C. and at the same refractive in- 
dex for the whole oil, 95% is soluble in acetone and 
the refractive index of this fraction is 1.4850. The 
latter results are included in Table II  which also 
shows that the ~efractive index of the acetone soluble 
fraction reaches a maximum thus indicating that 
there is a fixed limit o f  polymer aggregate which is 
soluble in acetone. 

It seems a reasonable assumption that under the 
conditions of polymerization employed in this process 
the major change in the linseed oil is in the linolenic 
acid component which is more readily polymerized 
than linoleic or oleic acid. I t  is not known to what 
extent the acetone soluble oil has undergone chemical 
change. However, it is probable that the liaolenie 
acid in this fraction is at least changed to a conju- 
gated isomer. This would account for the refractive 
index of the acetone soluble oil being slightly higher 
than that of the original linseed oil. This point is 
being investigated by conducting detailed analysis of 
the acetone soluble fraction. 

Summary 
The optimum conditions have been established for 

the high temperature polymerization and solvent seg- 
regation of linseed oil to produce a "non-reverting" 
edible shortening and an improved drying oil. The 
best oi4 is obtained by heating at 270-275 ° C. for 12-15 
hours while carbon dioxide is continuously passed 
through the oil. Under these conditions the polymer- 
ized oil has a refractive index of ].4858 to 1.4861 at 
25 ° C. and yields 60-65% of acetone soluble oil with 
a refractive index of 1.4830 to 1.4834 at 25 ° C. and 
an acid value of tess than 1%, calculated as oleic acid. 
Pie crusts containing shortenings made from the 
acetone soluble fraction of the oil have been judged to 

>be of good quality. The best shortenings were ob- 
tained by hydrogenating to a refractive index of 
1.4615-1.4605 (60 ° C.). 

Acknowledgments 
This investigation was supported by scholarships 

donated by the Swift Canadian Company. During the 
course Of the work one of us (O.S.P.) also received 
financial assistance from the National Research Coun- 
cil, Ottawa, Canada. These grants are gratefully 
acknowledged. 

REFERENCES 

1. Armstrong, J. G., and MeFarlane, W. D., Oil and Soap, 21, 322-7, 
(1944).  

2, Ault, W. C., Cowan, J. C,  Kass, J. P., and Jackson, J. E., Ind. 
Eng. Chem., 34, 1120-3, (1942).  

3. Bradley, T. F., and Johnston, W. B., Ind.  ~ng .  Chem. 3~, 802-9, 
(1940).  

4. Lemon, W. H., Can. J.  of Res., 22, 191-8, (1944).  
5. Seheiber, J., ~a rbe  u. Lack., 585-7, (1929).  


