
1 6  T t l E  J O U R N A L  OF T I I E  A M E R I C A N  O I L  C H E ~ I I S T S '  SOCIETY V O L .  3 7  

with the first and eontimfing through the extraction 
train in order, was extracted with 100-ml. portions of 
the alcohol layer (45% ethanol-45% methanol-10% 
water ) .  Twenty-three extracts  were wi thdrawn f rom 
the extract ion train.  The results are shown graphi-  
cally in F igure  2; the last f ract ion wi thdrawn is 
plot ted next  to the last f ract ion remaining in the 
appa ra tus  (11). The combined wi thdrawn fractions, 
haviug a percentage of hydroxyl  of 5.07, consti tuted 
31.3% of the charge. The combined residual fractions, 
having a percentage hydroxyl  of 0.46, constituted 
68.7% of the (dlarg'('. 

These results (.learly indicate the superior i ty  of 
methyl  esters over free fa t ty  acids in these part i t ions 
since a higher average percentage of hydroxyl  is ob- 
tained for the with(lrawn fract ions and a lower aver- 
age percentage of hy(lroxyl is obtained for the frac- 
tions remaining iu the appara tus .  

Fo r  production work a much larger  quant i ty  of 
methyl  esters (354 g.) was f raet ionated by using 1-gal. 
Py rex  bottles and 1200-ml. portions of both layers. 
As in the previous case, the charge was divided into 
three equal portions in the first three bottles. I towever  
seven bottles ra ther  than three completed the extrac- 
tion train.  Th i r ty  extracts  were wi thdrawn from the 
train.  Fract ions  l0 to 34 of the wi thdrawn material ,  
amount ing  to 84 g., were eomhined. The percentage 
of hydroxyl  of the combined fra(.tions was 5.5; the 
saponification mnnl)er was 163.0 ; the a('id lmmber  was 
0.7. Fract ions  35 to 38 of the wi thdrawn material ,  
amount ing  to 18.2 g., were hard, t ransparent ,  and 
highly colored. They were m)t combined with the 

hydroxy  esters. The residual material  amounted to 
240.4 g. with an hydroxyl  content of 0.9%. 

Summary 
The fract ionat iou of the methyl  esters of wool wax 

acids by part i t iolf ing between two immiscible solvent 
layers has l)een described. Three fract ious were ob- 
ta ined:  a fraction rich in hydroxyl  content, a fract ion 
low in hydroxyl  content, and a small amount  of hard, 
t ransparent ,  highly colored material .  The same pro- 
ordure when applied to the free wool wax acids did 
not yield a sat isfactory hydroxy  acid concentrate. 

The prepara t ion  o'f woo] wax acids with an essen- 
t ially zero ester nulnber, tha t  is, in a form free ot' 
estolides, lactides, and lactones has also been described. 
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The Isomerization of Fats During Hydrogenation and the 
Metabolism of the Component Fatty Acids' 
ROBERT R. ALLEN, Anderson and Clayton Company, Sherman, Texas, and PATRICIA V. JOHNSTON, 
Department of Food Technology, University of Illinois, Urbana, Illinois 

I 
T H A S  LONG BEEN KNO~VN t h a t  catalytic hydro-  
genation of an unsa tura ted  fa t  produces isomeric 
unsa tura ted  fats. As early as 1919 Moore (1) 

isolated solid unsa tura ted  f a t t y  acids f rom hydro- 
genated ethyl oleate, and in 1929 Hildi teh and Vid- 
yar th i  (2) showed tha t  these isomers had resulted 
f rom both geometrical and positional isomerization. 
I t  is however only in the past  few years tha t  improved 
methods have given impetus  to research on the mech- 
anisms involved in the isomerization caused by hydro- 
genat ion of oils. Fur thermore ,  since the nutr i t ional  
effects of f a t t y  acid isomers have been questioned (3),  
a number  of studies on this subject  have appeared  in 
the recent  l i terature.  

The extent of both geometrical and positional isom- 
erization dur ing hydrogenat ions has been shown by 
studies on purified f a t t y  acids and their  esters. Boel- 
houwer et al. (4) demonstra ted the extensive migra-  
tion of double bonds which took place dur ing the 
catalytic hydrogenat ion of methyl  oleate. Their  data  
indicated a preference for a shift  of the double bonds 

1 Presented at the 32rid fall meeting, American Oil Chemists' Society, 
October 20-22,  1958, Chicago, Ill. 

away f rom the carboxyl group. However  Allen and 
Kiess (5) showed the migrat ion of the double bonds 
to be equal in either direction, and their  results were 
later  confirmed by Knegtel  et al. (6). 

The hydrogenat ion and isomerization of linoleie 
acid are perhaps  more impor tan t  to commercial  oper- 
ations since the hydrogenat ion of vegetable oils to 
form shortening or margar ine  stocks resul ts  in tile 
sa turat ion of the ]inoleie acid to a mono-ene without 
extensive reduction of the oleate. 

The methylene- in ter rupted  diene system in linoleie 
acid complicates the s tudy  of the positional isomerism 
since either of the two double bonds may  be sa tura ted  
with hydrogen in addition to their  migra t ion along 
the chain. Allen and Kiess (7) found the migrat ion 
to be confined to one pentadiene system in contrast  
to the repor t  by Cousins et al. (8),  who found double 
bonds in all positions f rom 6 through 14. Chahine 
et al. (9) studied the effect of operat ing conditions on 
the hydrogenat ion of cottonseed oil; these workers also 
found a wide distr ibution of the remain ing  double 
bonds. Cousins et al. (8) showed that,  a f te r  par t ia l  
hydrogenat ion of methyl  linoleate, the greatest  con- 
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centrations of residual double bonds were in the 10 
position and the concentrations in the other positions 
decreased as the distance from the 10 position in- 
creased. These investigators also noted that lowering 
the temperature of hydrogenation produced a differ- 
ent pat tern of distribution of residual double bonds. 
With nickel catalyst at 110~ more than 50% of 
the total residual double bonds were in the natural  
9 and 12 positions. Fur thermore  the use of nickel 
catalyst led to the production of fewer trans isomers 
than did the plat inum or palladium catalysts. Thus 
it should be possible to establish commercial hydro- 
genation couditions in which there is minimum posi- 
tional and geometrical isomerization. 

The positional and geometrical isomerization that  
occurs during hydrogenation was shown by Allen and 
Kiess (5, 10) to be related. Thus when a double bond 
migrated, the new double bond could be either cis 
or trans unless steric hindrance prevented the geo- 
metrical isomerism. These isomerizations are believed 
to be caused by a half-hydrogenation-dehydrogena- 
tion reaction sequence. Dur ing  the hydrogenation a 
hydrogen atom can add to either end of the double 
bond and form a free center probably still attached 
to the catalyst. I f  the catalyst is only part ial ly cov- 
ered with hydrogen, a hydrogen atom can be removed 
by the catalyst to form a new double bond. This new 
double bond can be in a new position and can exist 
in either geometric configuration. Thus it appears 
that the extent of both positional and geometrical 
isomerization is related to the selectivity of the reac- 
tion. I f  the reaction is carried ~out at high pressure 
with a low amount of catalyst, the selectivity of the 
reaction is reduced as is the extent of both geomet- 
rical and positional isomerization. On the other hand, 
at low pressure with a high amount of catalyst, the 
catalyst is :not saturated with hydrogen and the selec- 
t ivity is increased, as is the extent of isomerization. 

If  we consider the hydrogenation of linoleic acid, 
which is the main acid reduced dur ing the hydrogena- 
tion of the common vegetable oils to produce base 
stocks, there are at ]east 18 isomeric mono-enes formed 
(8). These isomers are the cis and trans forms of 9 
positional isomers. Thus, from the hydrogenation of 
cottonseed oil, there would be 18 mono-enes, some 
(lienes, pahnitie and stearic acids, that is, a nlillimum 
of 21 different fa t ty  acids in the mixture. This could 
result in the formation of approximately 8,000 dif- 
ferent trig]ycerides. 

This extensive isomerization of the compo1~ent fa t ty  
acids of edible fats during hydrogenation raises a 
number of questions regarding the nutri t ional effects 
of the isomers. While very little is known about the 
metabolism or nutri t ional effects of purified positional 
isomers, a number of studies have been carried out on 
purified and mixed geometrical isonlers. 

Ear ly  work by Sinclair (11) and others indicated 
that the feeding of pure trielaidi~l or elaidie acid 
to the rat  led to the deposition of the trans isomers 
in the carcass fat  and that the cholesterol esters 
of the liver fat  contained a higher percentage of the 
deposited trans than did the liver triglyeerides. How- 
ever this work was done by usfi~g the lead-salt alcohol 
method for iso-oleie acid determination and there- 
fore may not be quantitative. More recent studies 
have employed the relatively simple infrared method 
for the determination of trans isomers. I t  has been 
shown by Holman (12) and Privet t  ct al. (13) that 

the trans isomers of octadeeadien0ie acids do not ex- 
hibit any essential f a t ty  acid activity. Further 'more 
Holman and Aaes-Jorgensen (12) have reported that  
nonconjugated dienes containing one or more trans 
double bonds inhibit the growth of rats and worsen 
the skin conditiOn of essential fa t ty  acid deficient 
rats. These investigators concluded that a single trans 
double bond in a mono-enoie acid does not inhibit 
growth. On the other hand, neither Alfin-Slater et al. 
(14) nor Johnston et al. (15) found any evidence of 
growth inhibition in rats which had been fed diets 
with considerable quantities of trans fa t ty  acids con- 
taining both mono-enes and dienes. 

In  addition to the nutri t ional  studies, a number of 
investigations have been carried out to determine the 
efficiency of metabolism of fa t ty  acid isomers by the 
animal organism. Allen et al. (16) showed that, when 
synthetic isomeric trig]yeerides were fed to rats for 16 
days, almost 90% of the dietary trans isomers was 
metabolized, approximately 10% was deposited in the 
tissues, and less than 1% was excreted. The position 
of the trans double bond did not appear to have any 
effect on the efficiency of metabolism. Johnston et al. 
(15) found that, when rats were fed a diet containing 
over 40% trans fa t ty  acids, the level of trans fa t ty  
acids iu the carcass fat  reached a maximum level af ter  
one month and that this level remained unaltered, pro- 
vided that the intake of trans isomers was kept con- 
stant. When trans fa t ty  acids were removed from the 
diet, they gradual ly decreased in amount in the tissues 
(Table I) .  

Alfin-Slatcr ct al. (14) have studied the effect of 
long-term feeding, and these investigators reported 
that the feeding of the tra~ts diet to rats for 46 gen- 
erations did not i)rodnce any obvious harmful  effects. 
However it has been showlt that trans fa t ty  acids are 
not found ~lormally iu the depot fat of rats unless 
they have beerl fed in the diet (15, 17) and further-  
more that trans fa t ty  acids are not passed on from a 
mother rat  to her young (18). I t  has been shown by 
Johnston et al. that  female rats which had a high 
content of trans fa t ty  acids iu their depot fat (23.5- 
26.8% trans)  gave bit'th to young that contained no 
trans in their fat. ] f  however the young were allowed 
to suckle the maternal milk, the percelltage trans in 
the carcass fat  approached that of the mother (24.3- 
24.8% t rans) .  

The human beillg also apI)ears to be capable of 
metabolizing trans fa t ty  acids since the amounts of 
trans isomers found in various human tissues are not 
generally high (19). t towever the i)rcseuce of trans 
fa t ty  acids iu human tissue seems to be a result of the 
presence of trans fa t ty  acids in present-day diets. 
Johnston et al. (20) have shown that while maternal  

T A B L E  I 

The Deposi t ion of Die ta ry  T r a n s  Fa t ty  Acids in  
Ra t  Carcass Fa t  (15)  

c/~, Tra*~s fa t ty  acids in carcass fa t  
Group  

10% Mar~ar ine  stock 
(40% t r a n s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5% Mar~'arine s t o c k - -  
5% olive oil ................................... 

1 0 %  Martt 'arine stock fed 1 month,  
then t r a n s - f r e e  diet  for 1 or 2 
months  .......................................... 

5% Marga r ine  s t o c k - - 5 %  olive oil 
fed for I month, then  t r a n s - f r e e  
diet, for 1 2 months  ....................... 

1 month  2 months  

1 6 . 7 •  a ]8.9-+1.3 

10.5-+0.6 11.3-+0.7 

........ ~.5--+0.68 

... ..... 4.9--+0.57 

3 months  

18.0-r 

10.8--+0.9 

4.4-+0.87 

2.8-+0.98 

a S t anda rd  dev ia t ion  of the mean.  
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depot fa t  contained considerable amounts of trans, 
little or none was found in the placental  fa t  f rom the 
same individual (Table I f ) .  Trans f a t ty  acids were 
also found to be absent in fetal  and newborn baby 
tissues. 

TABLE I I  
Percentage of Trans Fatty Acids in Six Samples of Placental and 

Maternal Fat from Same Individual (20) 

I'lacental fat 

() 
<~0.5 

e 
0 

<0.5 
() 

Maternal depot fat 
% trans 

6.4 
6.8 
6.1 
1.5 
1.8 
5.2 

S u m m a r y  

Extensive positional aild geometrical isomerization 
occurs dur ing the catalytic hydrogenat ion of edible 
oils and fats. The extent Ilf this isomerization can be 
controlled by vary ing  the conditions of hydrogenation.  

Studies on the nutr i t ional  and metabolic aspects of 
the g('onletric isomers formed dur ing the hydrogena-  
tion of edible fa ts  indicate that  the animal organism 
appears  to be capable of metabolizing trans isomers. 
I Iowever  there is some evidence to ilnlicate that  the 
deposition of trains f a t ty  acids in animal tissues may  
worsen a pre-exist ing essential f a t ty  acid (tefieieney. 

The possible effects of trans f a t ty  acids on other 
metabolites remains unclear. 
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Calculation of the Distribution of 
Unsaturated Acyl Groups m Fats, 
Lipase Hydrolysis Data' 

the Saturated and 
from Pancreatic 

R. ]. VANDER WAL, Armour and Company, Chicago, Illinois 

T 
HE RESULTS Of a series of analyses of na tura l  fats  
by nleans of the pancreat ic  lipase hydrolysis  
technique of Mattson and Beck (1) were pub- 

lished recent ly by  Mattson and Lut ton  (2).  By  the 
Mattson and Beck procedure,  f a t t y  acyl groups in the 
1- and 3-positions of t r iglyceride nlolecules may  be 
preferent ia l ly  and nonspecifically removed with little 
displacement of those in the 2-position. 

The data include a) the percentage of sa tura ted  
acyl groups among the aeyl groups in the whole fa t  
and b) the percentage of sa tura ted  acyl groups among 
the acyl groups in the 2-monoglycerides which would 
be produced if all groups  in the 1- and 3-positions 
were removed by hydrolysis.  F rom these data  and on 
the basis of two simple and plausible assumptions,  the 
proport ions in some of the fats  of the four  triglyc- 
eride types, GSa, GSjU, GSU2, and GUn, and those 
of the symmetr ica l  and unsymmetr ica l  isomers which 
comprise the GSeU and the GSU2 molecules were cal- 
culated in a manner  to be described. 

T h e  t w o  a s s u m p t i o n s  a r e :  a )  t h a t  w h a t e v e r  p r o p o r t i o n s  o f  
s a t u r a t e d  a e y l  g r o u p s  ( S )  a n d  u n s a t u r a t e d  a c y l  g r o u p s  ( U )  
a r e  d i s p e r s e d  a m o n g  the  1 -pos i t ions ,  t he  2 -pos i t ions ,  a n d  t h e  
3 -pos i t ions ,  r e s p e c t i v e l y ,  o f  t he  t r i g l y e e r i d e s ,  t h e y  a r e  d i s t r i b -  

1 Prese~ted in pa r t  at the 50th Annual Spring Meeting, American 
Oil Chemists' Society, New Orleans, La., April, 1959. 

e The iudividual aeyl groups eonstitnting the S and U are not under  
consideration except as members of the two classes. 

u t e d  t h e r e i n  a t  r a n d o m ;  ~ a n d  b )  t h a t  t h e  1- a n d  3 -pos i t ions  a r e  
o c c u p i e d  b y  i d e n t i c a l  p r o p o r t i o n s  o f  S a n d  U 3  

T h e  m e t h o d  o f  c a l c u l a t i o n  is as  f o l l o w s :  4 

a =  % S a m o n g  t h e  a c y l  g r o u p s  in  t h e  whole  s a m p l e  as  
f o u n d  b y  a n a l y s i s  

b = % S in  t h e  a c y l  g r o u p s  in  t h e  2-pos i t ions .  I t  is  equa l  
to t h e  % S a m o n g  t h e  a c y l  g r o u p s  i n  the  2 - m o n o g l y c -  
e r ides ,  f o u n d  b y  a n a l y s i s  

c = % of  t h e  t o t a l  S in  t h e  s a m p l e  p r e s e n t  t h e r e i n  a s  $2  = 
( b )  ( 1 0 0 )  

( S e e  T a b l e  I I ,  M a t t s o n  a n d  L u t t o n )  
3a  

d = % of  t h e  t o t a l  S in  the  s a m p l e  p r e s e n t  t h e r e i n  as  S1,3 
= 100 --  e 

s In  correspondence with the author in 1957 A. S. Richardson sug- 
gested the possibility that  there may be a random distribution involving 
the 1- and 3-positions but not the 2-position in fats. Speaking of plant 
triglycerides, he emphasized these predictions: "Even distribution, to 
the extent that  it really occurs, will some day be found to be in large 
measure the result of preferential at tachment of unsaturated acid at the 
2-position of the glycery], residue. Chance distribution, to the extent 
that  it really l~revails, will be found to be confined mainly to the 1- and 
3-positions." One suggested possibility was that  the first step in the 
triglyceride synthesis is selective esterification at the 2-position. Ran- 
dora distribution, he said, if it thereafter  occurred, would be calculated 
by analogy with esterification of glycol, not glycerol. In  that  case the 
pat tern of distribution outlined in the present  paper  would result, but 
the bare assumption of random distribution involving only the 1- and 
3-positions would not necessarily lead to this pattern. 

The following symbols will be used in the calculations: 
S = Saturated acyl groups in general. 
U ~--Unsaturated acyl groups in general. 
$2 ~ Saturated acyl groups in the 2-positions. 
$1,3 = Saturated acyl groups in the 1-positions and those in the 

3-positions. Positions I and 3 are considered identical. 
Ul,3----Unsaturated acyl groups in the 1-positions, also those in the 

3-positions. Positions 1 and 3 are considered identical. 


