
Volume 33 AUGUST, 1956 No. 8 

Octadecadienoic Acids of Shortenings and Margarines 
B. SREENIVASAN *.~ and J. B. BROWN, Department of Physiological Chemistry and Institute at 
Nutrition and Food Technology, The Ohio State University, Columbus, Ohio 

O 
F T H E  N U M E R O U S  F A T T Y  ACIDS f o u n d  natura l ly  i n  

fats and oils, linoleic, linolenic, and arachidonic 
acids alone have been shown to be essential com- 

ponents of the animal diet (2-5, 9, 23, 24). They are 
also efficacious in the t reatment  of some human skin 
diseases (10). Linoleic and arachidonic acids are bio- 
logically effective by themselves, but  linolenic acid 
has been observed to be active in promoting growth 
only in the presence of linoleic acid (9). Recent work 
has indicated that  arachidonic acid is the most im- 
portant  of the three acids in animal nutr i t ion (7) 
and that  it can be synthesized by the animal organ- 
ism from linoleic acid (1, 16, 20, 21, 26). For  chil- 
dren there is no die tary  requirement  for arachidonic 
acid when linoleic acid is supplied (27). Fur ther -  
more, of the three acids, linoleic acid is reported to 
be most effective in alleviating pyridoxine deficiency 
(18). These observations and the fact that  arachi- 
donic acid occurs in significant amounts only in some 
animal fats and fish oils and is not found in vegetable 
fats and oils demonstrate clearly that  linoleic acid is 
the principal  dietary source of essential f a t ty  acid. 

In this country  the consumption of hydrogenated 
fats in the form of margarines and shortenings has 
grown steadily in recent years unti l  presently they 
constitute one of the important  components of the 
American diet. In one of the important  competi- 
tions, for  example, the use of margarine is now about 
equal to that  of butter.  Margarines and shortenings 
are commonly made by the part ial  hydrogenation 
of soybean and cottonseed oils. I t  is well known 
that under  the conditions of commercial hydrogena- 
tion the component linoleic and linolenic acids are 
largely destroyed. In a recent paper Mabrouk and 
Brown (14) have called at tention to the various 
isomeric monoethenoie and diethenoic acids produced 
as a result  of hydrogenation. Of the latter, the con- 
jugated, the 9,12-cis, trans, and the isolated (posi- 
tional) cis, trans isomers of linoleic acid have been 
reported to occur in hydrogenated fats (8, 12, 13, 19). 
Only the (9,11-) conjugated, the 9,12-trans,trans 
(linolelaidic), and the 9,12-ci,%trans octadecadienoic 
acids have been biologically tested and found to be 
ineffective in relieving fat  deficiency symptoms al- 
though the last mentioned has the " spa rk ing  effect"  
on linolenic acid activity (5, 17). Hydrogenated  co- 
conut oil and fats r i ch  in elaidin have been observed 
to accentuate fat  deficiency symptoms (7). Hydro-  
genated fats similar to margarines and shortenings 
have nutr i t ive values comparable to a natural  fat  of 
the same firmness (15). The objectives of the present 
s tudy are to assess the linoleic acid content of typical  

�9 Post-doctoral Fellow in Physiological Chemistry. 
= This work was supported in part from funds granted by the Ohio 

State University Research Foundation to the university for aid in 
fundamental  research. 

341 

margarines and shortenings and to shed some light 
on the nature  of other octadecadienoic acids present 
in these fats. In connection with this s tudy we have 
been successful in concentrating most of the polyun- 
saturated acids into one fraction. 

Experimental 
Materials. Three samples each of shortenings and 

margarines, purchased on the market  in Columbus, 
0., were used in the present investigation. Dates of 
purchase and brands were as follows: Goodluck, Par- 
kay, and Dixie margarines, April, 1955; Spry  short- 
ening, Dec., 1954; Criseo and Durkee shortenings, 
date not known, but  approximately Summer, 1952, 
and stored unti l  use at --20 ~ . 

Methods of Analysis. Most of the methods em- 
ployed are those described in the "Official and Tenta- 
tive Methods"  of the American Oil Chemists'  Society, 
and for the estimation of polyunsaturated acids the 
revised (1953) procedure was followed. Linoleic acid 
was specifically estimated by the tetrabromide method 
(25), and trans acids were estimated by the infrared 
spcctrophotometric method (6, 14, 22). Extinct ion 
coefficients used as reference standards in calcula- 
tions of trans acids are as follows: palmitie acid, 
0.151; stearic acid, 0.140; oleic acid, 0.145; linoleic 
acid, 0.171; linolenic acid, 0.193; elaidic acid, 0.584. 

Fractionation of Fatty Acids of Margarines and 
Shortenings by Low Temperature Crystallization. A 
principal  objective was to get the polyunsaturated 
acids concentrated into one fract ion as far  as possible 
free from trans monoethenoic acids. Pre l iminary  crys- 
tallization studies were conducted with methyl esters. 
Trials with such solvents as pentane, acetone, and 
methanol at temperatures  between - -20 and --70~ 
showed that,  although a final filtrate fract ion con- 
taining all the polyethenoic esters could be obtained, 
yet it also contained monoethenoie esters as the ma- 
jor  component. The presence of trans monoethenoic 
esters makes it impossible to evaluate the trans dienoic 
ester content. Consequently in the work described 
below the mixed acids were crystallized from dilute 
solutions under  which conditions complications due 
to association, etc., are likely to be at a minimum. 
After  several prel iminary crystallizations of the acids 
of one  of the shortenings from acetone at different 
temperatures  the scheme described in Figure  1 was 
adopted. 

The scheme in Figure  1 separated each specimen of 
mixed acids into four end-fractions. In  calculating 
the composition of these fractions, the following points 
were taken into consideration: 

Frac, t ion 1. All  u n s a t u r a t i o n  in th i s  f r a c t i o n  w a s  a s s u m e d  
to be  due  to o c t a d e c e n o i c  ac ids  a n d  was  c a l c u l a t e d  as such 
from the iodine value. The trams acids were calculated as 
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Fro. 1. Scheme for the fractionation of fatty acids from 
hydrogenated fats by low temperature crystallization. 

elaidic acid from the equation derived for a mixture of 
saturated and trans monoethenoic acids. I t  should be pointed 
out that palmitic acid is present to a considerable extent in 
this fraction (N. Eq.: SP~, 272.6; DX1, 270.7). As a near 
approximation this fraction may be considered as a 50:50 
mixture of C~6 and C~s acids and therefore, in correcting for 
the extinction of the saturated components, the mean extinc- 
tion of palmitic and stearic acids was used. 

Fraction 2. The polyunsaturated acids in this fraction 
were assumed to have been fully estimated by the spectro- 
photometric method, and the residual unsaturated acids were 
calculated from the iodine value as octadecenoic acids. Satu- 
rated acids were found by difference. Trans acids, as before, 
were calculated as elaidic acid. The neutralization equiva- 
lent (SP2, 277.3; DX~, 282.3) showed that the major com- 
ponent of this fraction is C18 and therefore, in correcting 
for the absorption of the c/s component, the value obtained 
for pure oleic acid was used. 

Fraction 3. Composition of this fraction was calculated, 
assuming that a) no saturated acids are present, b) that for 
every 1% of conjugated dienoic acid present the experi- 
mental iodine value is 0.5 units lower than the theoretical 
(8), and c) that all the triene present has been detected by 
the u.v. speetrophotometrie procedure. The trans acids, again, 
were estimated as elaidie acid. The neutralization equivalent 
(SPs, 282.3; DX~, 283) showed that this fraction is com- 
prised entirely of C~s acids and thus that the correction for 
the cis component as oleic acid is valid. 

Fraction 4. The same assumptions as under Fraction 3 
were made in calculating the contents of polyunsaturated 
acids and the total dienoic acids from the iodine value. The 
trans acids were assumed to be isomeric linoleic acids with 
one double bond traz~s (cis,trans or trans,eis) with the same 
absorption as elaidie acid (11, 21). Consequently the k value 
for elaidic acid was used for the pure cis,trans component 
and, in correcting for the c/s acid, the value obtained for 
pure linoleie acid was used. From the weight of tetrabro- 
mides obtained from 1 g. of this fraction the content of 
linoleie acid was read off the standard curve (25). 

A n a l y s i s  a n d  compos i t ion  of the  o r i g i n a l  fa ts ,  f a t t y  
acids,  a n d  d i f fe ren t  f r a c t i o n s  a re  r e c o r d e d  in  Tab le  I. 

Trend  of Crystal l izat ion.  The presence  of  geomet-  
r ic  a n d  pos i t i ona l  i somers  of u n s a t u r a t e d  ac ids  makes  

the  s e p a r a t i o n  of the  f a t t y  ac ids  of p a r t i a l l y  h y d r o ,  
g e n a t e d  oils  in to  s i m p l e r  c o m p o n e n t s  a diff icul t  one. 
I n  the  scheme desc r ibed  in  the  p r e c e d i n g  f igure  most  
of the  s a t u r a t e d  ac ids  a re  f o u n d  in  F r a c t i o n  1, to- 
ge the r  w i th  1 4 - 3 0 %  of u n s a t u r a t e d  acids.  Trams ac id  
con ten t s  in  the  seve ra l  f r ac t i ons  a re  a c t u a l l y  s l i gh t ly  
h i g h e r  t h a n  t o t a l  monoe theno ie  acids ,  c a l c u l a t ed  f rom 
the  iod ine  va lue ,  a d i s c r e p a n c y  we a re  u n a b l e  to ex- 
p la in .  O n l y  t r aces  of  po lye theno ic  ac id  (d i ene )  a re  
no ted  i n  th is  f r ac t ion .  

F r a c t i o n  2 is the  m a j o r  f r a c t i o n  in  a l l  ins tances ,  
c o n s t i t u t i n g  4 0 - 5 0 %  of the  t o t a l  acids.  This  f r a c t i o n  
is composed  m a i n l y  of monoe theno ic  ac ids ;  the  trans 
ac id  con ten t  va r i es  f r o m  3 0 - 6 5 %  of the  f r ac t ion ,  I n  
a l l  cases m a x i m u m  trans ac id  con ten t  is f o u n d  in th is  
f r ac t ion .  The  d ienoic  ac id  con ten t  i s  smal l ,  1 - 1 . 5 % .  
Most  of the  trans ac ids  in  these  spec imens  of m a r g a -  
r ines  a n d  sho r t en ings  a r e  t h e r e f o r e  monoethenoic .  

F r a c t i o n  3 r e p r e s e n t s  a n  i n t e r m e d i a t e  be tween  the  
monoe theno ic  ac ids  ( F r a c t i o n  2) a n d  po lye theno ic  
ac ids  ( F r a c t i o n  4) bo th  w i t h  r e spe c t  to  p r o p o r t i o n s  
a n d  con ten t s  of  trans acids.  A g a i n  the  m a j o r  compo- 
nen t  is monoethenoic ,  c o m p r i s i n g  a b o u t  95% a n d  
above,  abou t  2 0 - 2 5 %  of which  is trans. W i t h  al l  
s amples  the  t rans  ac id  con ten t  of  th i s  f r a c t i o n  is sig- 
n i f i can t ly  lower  t h a n  t h a t  p r e c e d i n g  or  fo l lowing  it. 
T h u s  i t  is r ea sonab le  to  assume t h a t  t he  r e s i d u a l  trans 
monoe theno ie  ac ids  which  d i d  no t  s e p a r a t e  out  in  the  
p rev ious  f r a c t i o n s  have  c r y s t a l l i z e d  ou t  in  th i s  f r ac -  
t ion,  in  which  case the  trans ac ids  of the  nex t  ( l a s t )  
f r a c t i o n  a r e  l i ke ly  to be d ienoic  acids .  The  con ten t  of  
d ienoic  ac ids  in  F r a c t i o n  3 is of the  o r d e r  of  3 - 5 % ,  
a n d  in  most  cases the  e x p e r i m e n t a l  va lue  f o r  the  t o t a l  
d ienoic  ac ids  ( c o n j u g a t e d  a n d  n o n - c o n j u g a t e d )  is in  
f a i r  a g r e e m e n t  w i th  t h a t  c a l c u l a t e d  f r o m  the  iod ine  
va lue  a f t e r  c o r r e c t i n g  fo r  c o n j u g a t e d  u n s a t u r a t i o n .  
W i t h  one s amp le  ( S P s )  the  va lues  a re  u n u s u a l l y  h igh  
as the  f r a c t i o n  was no t  r e c r y s t a l l i z e d  b u t  was s i m p l y  
washed  once w i th  cold  acetone.  

I t  m u s t  be p o i n t e d  ou t  t h a t  the  m a x i m u m  con- 
c e n t r a t i o n  of  f a t t y  ac ids  in  so lu t ion  a t  the  t ime  th i s  
f r a c t i o n  comes down is a b o u t  1 .5% a n d  even a t  such 
d i l u t i ons  s ign i f ican t  a m o u n t s  of d iene  c rys t a l l i ze  out,  
t hus  d e m o n s t r a t i n g  the  d i f f icu l ty  a t t e n d a n t  u p o n  the  
a t t e m p t  to i so la te  the  i somers  of  l inole ic  ac id  in to  one 
f r ac t ion .  

F r a c t i o n  4 is the  most  i m p o r t a n t  f r a c t i o n  of the  
p r e s e n t  s t u d y  as  i t  con t a in s  most  of  the  p o l y u n s a t u -  
r a t e d  ac ids  of the  o r i g i n a l  fa t .  O n l y  in  th is  f r a c t i o n  
could  the  con ten t  of t r i ene  ( 1 - 3 % )  be e s t ima ted  w i th  
a n y  degree  of  a c c u r a c y  b y  the  a l k a l i  i somer i za t i on  
method .  C o n j u g a t e d  d iene  is p r e s e n t  in  s ign i f ican t  
p r o p o r t i o n ,  1 - 4 % .  This  is  also the  f r a c t i o n  where  
the  t e t r a b r o m i d e  m e t h o d  (25) fo r  the  e s t ima t ion  of 
l inole ic  ac id  cou ld  be a p p l i e d  w i th  r easonab le  accu-  
racy .  The  con ten t  of  l inole ic  ac id  r a n g e d  f r o m  13-  
40% of  the  f r ac t ion .  This  a m o u n t s  to 2 - 8 %  of  the  
o r ig ina l  m i x e d  f a t t y  acids.  The  r e c e n t l y  r e p o r t e d  
obse rva t ion  t h a t  sho r t en ings  a n d  m a r g a r i n e s  have  es- 
sen t i a l  f a t t y  ac id  a c t i v i t y  is obv ious ly  due  to  th is  
p re sence  of l inole ie  ac id  a n d  t h e r e f o r e  is  no t  neces- 
s a r i l y  due  to  i somers  of l inole ic  acid,  as c o n t e n d e d  b y  
Meln i ck  a n d  Deue l  (15) .  W i t h  most  samples  the  pro-  
p o r t i o n  of d iene  o the r  t h a n  l inole ic  ac id  (d i f ference  
be tween  t o t a l  d iene  f r o m  iod ine  va lue  a n d  l inole ic  
ac id  as e s t ima ted  b y  t e t r a b r o m i d e  m e t h o d )  comes 
p r e t t y  close to a n d  agrees  w e l l  w i th  the  con ten t  of 
trans ac ids  of th is  f r ac t ion ,  i n d i c a t i n g  t ha t  the  o the r  
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N o n c o n j u g a t e d  I . R .  a n a l y s i s  D i e n e  
M o n o -  T o t a l  L i n o l e i c  o t h e r  

Y i e l d  S a t ' d  e the -  C o n j .  d i e n e  a c i d  b y  klo.ee~ t h a n  
% I . V .  a c i d s  n o i d  d i e n e  b D i e n e  T r i e n e  f r o m  T . B .  ( 0 . 4  T r a n s  l i n o l e i c  

% % % % % I . V .  No.  r a m . )  a c i d  a c i d  
% % s l i t  % % 

SPRY 
F a t  . . . . . . . . . . . . . . . . .  7 5 . 5  - -  - -  0 .3  6 . 6  < 0 . 2  - -  0 . 2 3 5  - -  - -  
~ a t t y  a c i d s  a . . . . . . . . . . . .  - -  7 8 . 6  2 4 . 5  6 4 . 0  0 .3  6 .8  < 0 . 2  1 1 . 6  3 .2  0 . 2 7 6  2 8 . 8  - -  
~PI  ( - 2 0 ~  ..... . .  2 5 . 4  1 2 . 6  8 6 . 1  1 3 . 9  < .05  < . 0 5  - -  - -  - -  0 . 2 1 5  1 5 . 9  - -  
SPe  ( - - 5 0 ~  c . . . . . . . . . . . . . . . . . . . .  5 0 . 5  8 7 . 1  5 .1  9 3 . 2  0 . 2  1 .5  < 0 . 0 5  - -  - -  0 . 3 2 3  4 0 . 6  - -  
SP~ ( - - 7 0 ~  c ...... 9 . 8  1 0 1 . 8  - -  8 7 . 1  0 . 4  6 . 4  0 . 1  1 2 . 8  0 . 2 4 6  2 4 . 0  
8P4 ( F i l t r a t e ) . .  1 4 . 1  1 5 0 . 2  - -  3 4 . 2  1 . 6  3 7 . 1  1 .2  6 5 . 6  2 2 . 4  0 . 3 3 7  4 2 . 9  4 2 . 2  

CI~ISCO 
~ a t  . . . . . . . . . . . . . . . . .  7 6 , 7  - -  - -  0 . 2  1 0 . 3  0 . 4  - -  - -  0 , 1 9 6  - -  
F a t t y  a c i d s  a... _ _  7 9 . 5  2 5 . 9  6 0 . 7  0 .3  1 0 . 7  0 . 6  1 2 . 5  8 .1  0 . 2 5 3  2 4 . 6  - -  
~R1 ( - - 2 0 ~  2 7 . 5  1 5 . 0  8 3 , 5  1 6 , 5  < 0 . 1  0 . 1  - -  - -  - -  0 , 2 2 4  1 8 . 0  - -  
3R2  ( - - 5 0 ~  4 0 . 0  8 4 . 4  7 .3  9 1 , 8  0 .1  0 . 8  - -  - -  - -  0 , 2 8 8  3 2 . 6  - -  
~R3 ( - - 7 0 ~  1 1 . 7  9 2 . 6  - -  9 6 , 8  0 .2  3 .0  < 0 . 1  3 .0  0 . 2 2 5  1 8 . 2  - -  
3 1 ~  ( F i l t r a t e )  2 0 . 5  1 4 6 . 9  - -  3 9 . 7  2 .2  4 8 . 9  3 .3  5 7 . 0  3 9 . 5  0 . 2 6 5  2 5 . 2  1 7 . 5  

D U R K E E ' S  
F a t  . . . . . . . . . . . . . .  - -  7 4 . 0  - -  - -  0 . 8  4 . 4  0 .1  - -  - -  0 . 2 6 0  - -  - -  
F a t t y  a c i d s  %, - -  7 7 . 9  2 4 . 0  6 7 . 1  0 .8  4 . 6  0 .1  9 .1  2 . 0  0 . 3 3 6  4 3 . 5  - -  
DU1 ( - - 2 0 ~  ... . . . . .  3 1 . 0  2 7 . 0  7 0 . 1  2 9 . 7  0 .1  0 .1  - -  - -  - -  0 . 2 8 2  3 1 . 4  - -  
DU2 ( - - 5 0 ~  ...... 4 1 . 1  8 5 . 6  5 .5  8 3 . 7  0 . 4  0 . 4  < .05  - -  - -  0 . 4 0 1  5 8 . 3  - -  
D U ,  ( - - 7 0 ~  ..... 1 2 . 4  9 4 , 0  - -  9 5 . 0  0 .9  2 . 1  < . 0 5  5 . 0  - -  0 . 2 3 7  2 0 . 5  - -  
DUd ( F i l t r a t e )  1 5 . 6  1 3 1 , 4  - -  5 5 . 0  3 .8  2 4 . 0  . 50  4 8 . 5  1 2 . 5  0 . 3 3 2  4 2 . 6  3 6 . 0  

( 4 0 . 1 )  d 

GOOD L U C K  
F a t  . . . . . . . . . . . . . . . . . . . .  - -  7 8 . 7  - -  - -  0 .3  9 . 7  0 . 4  - -  - -  0 . 2 4 7  - -  - -  
F a t t y  a c i d s  a .... . . .  - -  8 2 , 0  2 3 . 1  6 2 . 4  0 . 4  9 . 7  0 . 5  1 3 . 6  4 . 8  0 . 3 1 9  3 9 . 6  - -  
I L l  ( - - 2 0 ~  . . . . . . . . . . . . . . . . . . . . .  , 2 3 . 7  1 4 , 6  8 3 . 9  1 6 . 1  0 ,1  < O , 1  - -  - -  - -  0 . 2 2 8  1 7 . 4  - -  
] L 2  ( - - 5 0 ~  4 4 . 2  8 2 , 5  7 . 4  9 1 . 8  0 .1  0 . 4  - -  - -  - -  0 , 3 8 7  5 5 . 1  - -  
~ L a  ( - - 7 0 ~  1 1 . 3  9 2 , 7  - -  9 7 . 0  0 . 3  3 . 1 0  - -  3 . 0  - -  0 . 2 5 3  2 4 . 6  - -  
~L~ ( F i l t r a t e )  2 0 . 8  1 5 1 . 8  - -  3 3 . 7  1 . 2  4 3 . 9  2 . 2  6 4 . 1  2 8 . 1  0 , 3 5 0  4 0 . 7  3 6 . 0  

PARKAY 
F a t  . . . . . . . . . . . . . . . . . . . .  - -  8 2 . 0  - -  - -  1 . 4  1 1 . 2  0 . 6  - -  - -  0 . 2 0 0  - -  - -  
F a t t y  a c i d s  a ..... - -  8 5 . 0  2 3 . 2  5 9 . 0  1 . 5  1 1 . 2  0 . 6  1 6 . 2  7 .5  0 . 3 3 5  4 3 . 5  - -  
P K t  ( - - 2 0 ~  2 6 . 6  2 1 . 7  7 6 . 5  2 2 . 7  0 .2  0 . 6  - -  - -  - -  0 . 2 6 4  2 7 . 0  - -  
PK~ ( - - 5 0 ~  3 8 . 1  8 4 . 4  7 .5  9 1 . 1  0 . 7  0 . 7  - -  - -  0 . 4 3 0  6 4 . 9  - -  
FK3  ( - - 7 0 ~  1 3 . 0  9 2 . 6  - -  9 6 . 1  1 . 6  2 , 6  < 0 . 1  3 . 8  - -  0 , 2 1 9  1 7 . 1  - -  
PK~ ( F i l t r a t e )  2 2 . 1  1 5 8 . 1  - -  2 6 . 2  4 . 4  4 7 . 5  3 . 4  7 0 . 4  3 3 . 9  0 , 3 1 5  3 6 . 6  3 6 . 5  

DIXIE 
~'at . . . . . . . . . . . . . . . .  - -  7 7 . 6  - -  - -  1 .1  9 . 6  < 0 . 1  - -  0 . 2 5 0  - -  - -  
~ a t t y  a c i d s  % - -  8 0 . 3  2 5 . 1  6 0 . 3  1 .2  9 . 5  < 0 . 1  1 4 . 3  4 . 8  0 . 3 1 0  3 7 . 6  - -  
DX~ ( - - 2 0 ~ C . )  ...... 2 6 . 6  1 8 . 2  8 0 . 0  1 9 . 8  0 .1  0 , 1  - -  - -  0 . 2 4 8  2 3 . 1  - -  
DX2 ( - - 5 0 ~ C . ) . .  3 7 . 3  8 1 . 7  1 0 . 3  8 8 . 6  0 .5  0 . 6  - -  - -  0 . 3 8 8  5 5 . 4  - -  
DXa ( - - 7 0 ~ C . ) . .  1 5 . 0  9 2 . 0  - -  9 7 . 1  1 .1  2 . 0  < . 0 5  2 . 9  - -  0 , 2 5 2  2 4 . 4  - -  
DX, ( F i l t r a t e ) , .  2 1 . 2  1 4 8 . 0  - -  3 5 . 1  3 . 4  4 0 . 9  0 . 6  6 4 . 3  2 2 . 6  0 . 3 4 2  4 3 . 8  4 1 . 7  

a T h e  c o n t e n t s  of s a t u r a t e d ,  m o n o e t h e n o i d ,  a n d  l i n o l e i c  a c i d s  a r e  t h o s e  o b t a i n e d  b y  b a c k  c a l c u l a t i o n s  f r o m  r e s p e c t i v e  f r a c t i o n s ,  T h e  t o t a l  d i e n e  
w a s  c a l c u l a t e d  f r o m  t h e  i o d i n e  v a l u e  of t h i s  p r o d u c t  a f t e r  c o r r e c t i n g  f o r  t r i e n e ,  t h e  t r u e  p r o p o r t i o n  of w h i c h  w a s  c a l c u l a t e d  f r o m  t h a t  of t h e  f ina l  
f i l t r a t e  f r a c t i o n s .  

C o n j u g a t e d  t r i e n e  is  p r e s e n t  i n  d e t e c t a b l e  a m o u n t s  i n  t h e  f i n a l  f i l t r a t e  f r a c t i o n s  on ly .  I t  i s  p r e s e n t  to  a b o u t  0 . 5 %  i n  D U d ,  a n d  i n  t h e  r e s t  i t  
i s  l ess  t h a n  0 . 1 % .  

c W i t h  S P 2  t h e  c r y s t a l s  w e r e  w a s h e d  w i t h  1 l i t e r  of  a c e t o n e ,  p r e c o o l e d  to  - - 7 5  ~, a n d  w i t h  S P a  t h e  c r y s t a l s  w e r e  w a s h e d  w i t h  2 0 0  ml .  o f  
a c e t o n e  p r e c o o l e d  to  - - 7 5 %  

d C a l c u l a t e d  a s  e l a i d i c  a c i d .  

dienes have at least one trans double bond and hence 
the only cis, cis diene present  is linoleic acid. 

Nature of the Octadecadienoic Acids. I t  has been 
repor ted that  geometric isomers of linoleic acid are 
isomerized to the respective conjugated acids at dif- 
ferent  rates (11). A s tudy  of isomerization at times 
25 min., 60 min., and 4.5 hrs., respectively, was there- 
fore conducted on several of the fract ions described 
in Table I. The final filtrate fract ions (SPd, DX~) 
o f  these specimens were also isomerized for  150 rain. 
F rom the k232 values obtained a f te r  isomerization for  
25 (ki) and 60 (k2) rain., respectively, the propor-  
tions of cis,cis and cis, trans (trans,cis) linoleic acids 
were calculated f rom the following equations (11):  

87.2 x + 57.4 y ~--- 100 ki 
88.7 x + 70.4 y ~-- 100 k~ 

which when solved becomes: 
x ~ 4.19 ki - -  2.99 k~ 
y ~ -  4.54 k~ - -  4.52 k I 

where 
x ~ % 9,12-dienoie (cis,cis) 
y ~ -  % 9,12-dienoic (cis,trans) 

ki ~ k2~2 m/~ af ter  25 min. isomerization corrected 
for conjugated diene 

k2 ~ k2~2 m/~ af ter  60 min. isomerizat ioncorreeted 
for conjugated diene 

I t  must  be noted that,  in deriving these relationships, 
the s tandard  values used for pure  cis,cis and cis,trans 
dienes are those reported for  the methyl  esters (11:). 
The results are recorded in Table I I .  

The data in Table I I  reveal tha t  the k23 z m/~ values 
increase with an increasing time of isomerization. 

I s o m e r i z a t i o n  

TABLE I I  

S t u d y  a t  D i f f e r e n t  T i m e s  on  S e l e c t e d  F r a c t i o n s  a 
6 . 6 %  K O H  i n  E t h y l e n e  G l y c o l )  

F r a c t i o n  

ko_32 
( P r e -  

c o n j u -  

g a t e d )  m i n u t e s  

SP~  < 0 . 0 5  < 0 . 1  
SP~- 0 . 2  1 . 5  
S P a  0 . 5  6 .9  
SP~  s 2 . 0  3 7 . 0  
D X 1  0 . 1  0 . 2  
D E e  0 . 6  1 .2  
n X a  1 . 4  3 .3  
DK~ b 4 . 0  4 1 . 4  

k.2se I s o m e r i z e d  

2 5  6 0  4 . 5  

m i n u t e s  h o u r s  

<0.I <0.I 
1 . 8  2 . 0  
8 . 6  8 . 8  

4 1 . 0  4 4 . 7  
0 .2  0 .2  
1 .2  1 .3  
3 . 8  4 . 2  

4 6 . 4  4 8 . 9  

C o n j u g a t a b l e  d i n e  c 

e i s , c i s  % 

2 . 5  
2 8 . 7  

0 . 8  
2 8 . 6  

c i s , t r a n s  % 

7 .5  
1 8 . 0  

2 .2 :  
2 2 . 4  

S i g n i f i c a n t  k~,as v a l u e s  a b o u t  1.O) w e r e  o b t a i n e d  w i t h  SP~  a n d  
DX~,  a n d  t h e s e  d e c l i n e d  w i t h  i n c r e a s i n g  t i m e  o f  i s o m e r i z a t i o n .  

U K ~  v a l u e s  a f t e r  1 5 0  m i n u t e s  of i s o m e r i z a t i u n :  SPa ,  4 4 . 2 ;  D i n ,  
4 8 . 7 .  

r kes2 v a l u e s  of c o l u m n s  3 a n d  4 w e r e  c o r r e c t e d  fo r  p r e e o n j u g a t e d  
d i e n e s ,  a d j u s t e d  to  t h o s e  of m e t h y l  e s t e r s ,  a n d  t h e n  s u b s t i t u t e d  i n  t h e  
r e l a t i o n s h i p s  d e r i v e d  e a r l i e r .  
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This rise is not significant with SP2 and DX2, and 
thus the assumption made earlier in the calculations 
that  all dienes present in these fractions are com- 
pletely estimated by the ultraviolet absorption method 
is valid. With the the fract ion DX3 the rise is not 
serious, and the total isomerizab]e dicne (sum of 
cis,cis and cis,trans), about 2.9%, agrees admirably 
with the total diene calculated from iodine value 
about 2.9% (Table [) ,  fu r the r  support ing the as- 
sumption made under calculations that all dienes 
present are estimated by the ultraviolet absorption 
method. In  interpret ing the results with SP~, the 
fact that  it was not reerystallized must be borne in 
mind. I f  the trans,trans 9,12-isomer was present, it 
must have appeared in either of 0rose fractions ((tryst 
- -50 or cryst --70~ bcause of its higher melting 
point 28 ~ (l 1). The almost constant k28., value, even 
af ter  4-5 hrs. of isomerization with these fractions, 
shows that  this isomer, even if present, is negligible. 
With SP~ and DX~ the increase in the values is 
considerable, revealing the presence of isomerizable 
geometric isomers of linolcic acid. With a synthetic 
mixture  of linoleic and linolelaidic (trans 9, trans 
12) acids Jackson et al. (11) noted that  the val- 
ues inereased even af ter  150 min. of isomerization 
and became steady beyond 4.5 hrs. In our s tudy we 
note that, with SP,  and DX~, the values at the end 
of 150 rain. and 4.5 hrs. are about the same. There- 
fore it is concluded that no trans,trans isomer is pres- 
ent and the only conjugatable isomer present is of 
the cis,trans or trans,cis type. The contents of cis,cis 
and cis,trans diene were calculated on this basis. I t  
is noted that  the vahles for linoleic acid by this cal- 
culation are higher than that  by the tetrabromide 
method. From the empirical nature  of the k..s: mt~ 
values for the cis,trans isomers of linoleic acid, as 
pointed out by Jackson et al. (11), this is about the 
best agreement that  can be expected. However, for 
the content of linoleie acid, the tetrabromide method 
is the one to be relied upon as this is a direct esti- 
mation. A comparison of the proportions of total 
trans ( S P 4 -  42.9%, D X ~ -  43.8) and that  of cis, trans 
( S P , - 1 8 . 0 ,  D X , - 2 2 . 4 )  shows t ha t  cons ide rab le  
amounts (24.9, 21.4) of isolated cis, trans dienes are 
present. Placing reliance on the tetrabromide method 
for estimation of linoleic acid, it can be concluded 
that for all practical purposes these isomers, 9,12 
cis, trans or trans,cis and isolated cis,trans a r e  pres- 
ent in about equal amounts. 

Summary 
A scheme is described to separate the fa t ty  acids 

of shortenings and margarines into four  fractions, 
the final filtrate of which contains most of the poly- 
unsaturated acids. The nature  of the unsaturated 
acids in these fractions is discussed. I t  is observed 
that  these fats contain 25-40% of trans monoethenoic 
acids and 2-8% of linoleic acid and considerable pro- 
portions of both 9,12-cis,trans or trans,cis and iso- 
lated cis,trans isomers of linolcic acid. 
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Refining Cottonseed Oil at High Rates of Shear I 
R. O. FEUGE, E. J. VICKNAIR, and N. V. LOVEGREN, Southern Regiona} 
Research Laboratory, 2 New Orleans, Louisiana 

A 
bARGE PERCENTAGE o f  the cottonseed oil being 
produced does not readily refine and bleach to 
the light color demanded in present-day short- 

ening and other edible oil products. Any one or sev- 
eral of a number of factors may be responsible for a 
given oil having an unsatisfactory color af ter  proc- 
essing. Adverse environmental  conditions during the 
growing of the cottonseed nlay result in inunature or 

x P r e s e n t e d  at the 28th fall meeting of the American Oil Chemists'  
Society, Minneapolis, Minn., Oct. 11-13,  1954. 

One of the  laborator ies  of the Smlthern Utilization Research Branch,  
Agr icul tura l  Research Service, U. S. Depar tment  of Agricul ture .  

damaged seed being harvested. Prolonged storage or 
storage at a relatively high temperature  or storage of 
seed having a high moisture content may be responsi- 
ble. Final ly  the conditions under  which an oil is ex- 
tracted from the seed and stored may have an ad- 
verse effect on the case with which color bodies can 
be subsequently removed. I t  is certain that  cotton- 
seed oils which are difficult to process to a light color 
by standard methods will continue to be produced. 

I t  has been demonstrated that  re-refining, the ac- 
cepted method of treating off-color cottonseed oils, 


