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with the first and continuing 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 Twenty-three extracts were withdrawn from
the extraction train. The results are shown graphi-
cally in Figure 2; the last fraction withdrawn is
plotted next to the last fraction remaining in the
apparatus (11). The combined withdrawn fractions,
having a percentage of hydroxyl of 5.07, constituted
31.3% of the charge. The combined residual fractions,
having a percentage hydroxyl of 0.46, constituted
68.79% of the charge.

These results clearly indicate the superiority of
methyl esters over free fatty acids in these partitions
since a higher average percentage of hydroxyl is ob-
tained for the withdrawn fractions and a lower aver-
age percentage of hvdroxyl is obtained for the frac-
tions remaining in the apparatus.

For production work a much larger quantity of
methyl esters (354 ¢.) was fractionated by using 1-gal.
Pyrex 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. However
seven bottles rather than three completed the extrac-
tion train. Thirty extracts were withdrawn from the
train. Fractions 10 to 34 of the withdrawn material,
amounting to 84 ¢., were combined. The percentage
of hydroxyl of the combined fractions was 5.5; the
saponification number was 163.0; the acid number was
0.7. Fractions 35 to 38 of the withdrawn material,
amounting to 18.2 g., were hard, transparent, and
highly colored. They were not combined with the

Vou. 37

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

Summary

The fractionation of the methyl esters of wool wax
acids by partitioning between two immiscible solvent
layers has been described. Three fractions were ob-
tained: a fraction rich in hydroxyl content, a fraction
low in hydroxyl content, and a small amount of hard,
transparent, highly colored material. The same pro-
cedure when applied to the free wool wax acids did
not yield a satisfactory hydroxy acid concentrate.

The preparation of wool wax acids with an esscn-
tially zero ester number, that is, in a form free of
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

T HAS LONG BEEN KNOWN that catalytic hydro-
I genation of an unsaturated fat produces isomeric

unsaturated fats. As early as 1919 Moore (1)
isolated solid unsaturated fatty acids from hydro-
genated ethyl oleate, and in 1929 Hilditch and Vid-
yvarthi (2) showed that these isomers had resulted
from both geometrical and positional isomerization.
It is however only in the past few years that improved
methods have given impetus to research on the mech-
anisms involved in the isomerization caused by hydro-
genation of oils. Furthermore, since the nutritional
effects of fatty acid isomers have been questioned (3),
a number of studies on this subject have appeared in
the recent literature.

The extent of both geometrical and positional isom-
erization during hydrogenations has been shown by
studies on purified fatty acids and their esters. Boel-
houwer et al. (4) demonstrated the extensive migra-
tion of double bonds which took place during the
catalytic hydrogenation of methyl oleate. Their data
indicated a preference for a shift of the double bonds

1 Presented at the 32nd fall meeting, American Oil Chemists’ Society,
October 20-22, 1958, Chicago, Il

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

The hydrogenation and isomerization of linoleic
acid are perhaps more important to commereial oper-
ations since the hydrogenation of vegetable oils to
form shortening or margarine stocks results in the
saturation of the linoleic acid to a mono-ene without
extensive reduction of the oleate.

The methylene-interrupted diene system in linoleie
acid complicates the study of the positional isomerism
sinee either of the two double bonds may be saturated
with hydrogen in addition to their migration along
the chain. Allen and Kiess (7) found the migration
to be confined to one pentadiene system in contrast
to the report by Cousius et of. (8), who found double
bonds in all positions from 6 through 14. Chahine
et al. (9) studied the effect of operating conditions on
the hydrogenation of cottonseed oil ; these workers also
found a wide distribution of the remaining double
bonds. Cousins et al. (8) showed that, after partial
hydrogenation 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 pattern of distribution of residual double bonds.
‘With nickel catalyst at 110°C., more than 50% of
the total residual double bonds were in the natural
9 and 12 positions. Furthermore the use of nickel
catalyst led to the production of fewer trans isomers
than did the platinum or palladium ecatalysts. Thus
it should be possible to establish commercial hydro-
genation conditions in which there is minimum posi-
tional and geometrical isomerization.

The positional and geometrical isomerization that
oceurs 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 trams unless steric hindrance prevented the geo-
metrical isomerism. These isomerizations are believed
to be caused by a half-hydrogenation-dehydrogena-
tion reaction sequence. During 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. If the catalyst is ouly partially cov-
cred 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. If 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 selee-
tivity is increased, as is the extent of isomerization.

If we consider the hydrogenation of linoleic acid,
which is the main acid reduced during the hydrogena-
tion of the common vegetable oils to produce base
stocks, there are at least 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
dienes, palmitic and stearic acids, that is, a minimum
of 21 different fatty acids in the mixture. This could
result in the formation of approximately 8,000 dif-
ferent triglycerides.

This extensive isomerization of the component fatty
acids of edible fats during hydrogenation raises a
number of questions regarding the nutritional effects
of the isomers. While very little is known about the
metabolism or nutritional effects of purified positional
isomers, a number of studies have been carried out on
purified and mixed geometrical isomers.

Early work by Sinclair (11) and others indicated
that the feeding of pure trielaidin 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 triglycerides. How-
ever this work was done by using the lead-salt alcohol
method for iso-oleic acid determination and there-
fore may mnot be quantitative. More recent studies
have employed the relatively simple infrared method
for the determination of {rans isomers. It has been
shown by Holman (12) and Privett et al. (13) that
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the trans isomers of octadecadiencic acids do not ex-
hibit any essential fatty acid activity. Furthermore
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 fatty acid deficient
rats. These investigators concluded that a single trans
double bond in a mono-enoic acid does not inhibit
growth. On the other hand, neither Alfin-Slater et al.
(14) nor Johnston ef al. (15) found any evidence of
growth inhibition in rats which had been fed diets
with considerable quantities of trans fatty acids con-
taining both mono-enes and dienes.

In addition to the nutritional studies, a number of
investigations have been carried out to determine the
efficiency of metabolism of fatty acid isomers by the
animal organism. Allen ef al. (16) showed that, when
synthetic isomeric triglycerides 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 fatty acids, the level of trams fatty
acids in the carcass fat reached a maximum level after
one month and that this level remained unaltered, pro-
vided that the intake of trans isomers was kept con-
stant. When frans fatty acids were removed from the
diet, they gradually decreased in amount in the tissues
(Table I).

Alfin-Slater et al. (14) have studied the effect of
long-term feeding, and these investigators reported
that the feeding of the frans diet to rats for 46 gen-
erations did not produce any obvious harmful effeets.
However it has been shown that ¢trans fatty acids are
not found normally in the depot fat of rats unless
they have been fed in the diet (15, 17) and further-
more that trans fatty acids are not passed on from a
mother rat to her young (18). It has been shown by
Johnston ef al. that female rats which had a high
content of trans fatty acids in their depot fat (23.5—
26.8% trams) gave birth to young that contained no
trams in their fat. If however the young were allowed
to suckle the maternal milk, the percentage trans in
the carcass fat approached that of the mother (24.3-
24.8% trans).

The human being also appears to be capable of
metabolizing frans fatty acids since the amounts of
trans isomers found in various human tissues are not
generally high (19). However the presence of trans
fatty acids in human tissue seems to be a result of the
presence of frans fatty acids in present-day diets.
Johnston et al. (20) have shown that while maternal

TABLE I

The Deposition of Dietary Trans Fatty Acids in
Rat Cuarcass Fat (15)

% Trans fatty acids in carcass fat
Group
1 month 2 months 3 months
10% Margarine stock
(40% Erans) .eccovvonverienencirnnnneniinns 16.7+1.4% | 18.9%1.3 18.0%0.9
5% Margarine stock—
5% olive ol 10.5+0.6 11.3%0.7 10.8+0.9
10% Margarine stock fed 1 month,
then trans-free diet for 1 or 2
MONtAS..coiiiiriiic ] 6.5+0.68 4,4*0.87
5% Margarine stock—>59% olive oil
fed for 1 month, then trans-free .
diet for 1 2 months.....oonnnn L 4.920.57 2.87+0.98

a Standard deviation of the mean.
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depot fat contained considerable amounts of trans,
little or none was found in the placental fat from the
same individual (Table II). Trans fatty acids were
also found to be absent in fetal and newborn baby
tissues.

TABLE II

Percentage of T'rans Fatty Acids in Six Samples of Placental and
Maternal Fat from Same Individual (20)

Placental fat Maternal depot fat

Yo trans % trans
0 6.4
<0.5 6.8
O 6.1
0 1.5
<0.5 1.8
O 5.2

Summary

Extensive positional and geometrical isomerization
occurs during the catalytic hydrogenation of edible
oils and fats. The extent of this isomerization can be
controlled by varying the conditions of hydrogenation.

Studies on the nutritional and metabolic aspects of
the geometrie isomers formed during the hydrogena-
tion of edible fats indicate that the animal organism
appears to be capable of metabolizing trans isomers.
However there is some evidence to indicate that the
deposition of trans fatty acids in animal tissues may
worsen a pre-existing essential fatty acid deficiency.
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The possible effects of trans fatty acids on other
metabolites remains unclear.
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Calculation of the Distribution of the Saturated and
Unsaturated Acyl Groups in Fats, from Pancreatic

Lipase Hydrolysis Data:

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

HE RESULTS of a series of analyses of natural fats

by means of the pancreatic lipase hydrolysis

technique of Mattson and Beck (1) were pub-
lished recently by Mattson and Lutton (2). By the
Mattson and Beck procedure, fatty acyl groups in the
1- and 3-positions of triglyceride molecules may be
preferentially and nonspecifically removed with little
displacement of those in the 2-position.

The data include a) the percentage of saturated
acyl groups among the acyl groups in the whole fat
and b) the percentage of saturated 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. From these data and on
the basis of two simple and plausible assumptions, the
proportions in some of the fats of the four triglye-
eride types, GS;, GS;U, GSUs, and GUs, and those
of the symmetrical and unsymmetrical isomers which
comprise the GS;U and the GSU, molecules were cal-
culated in a manner to be described.

The two assumptions are: a) that whatever proportions of
saturated acyl groups (S) and unsaturated aeyl groups (U)
are dispersed among the 1-positions, the 2-positions, and the
3-positions, respectively, of the triglycerides, they are distrib-

1 Presented in part at the 50th Annual Spring Meeting, American
Oil Chemists’ Society, New Orleans, La., April, 1959,

2 'The individual acyl groups constituting the 8 and U are not under
consideration except as members of the two classes.

uted therein at random;® and b) that the 1- and 3-positions are
occupied by identical proportions of S and U.2
The method of calculation is as follows:*

a=% 8 among the acyl groups in the whole sample as
found by analysis

b=9% 8§ in the acyl groups in the 2-positions. It is equal
to the % S among the acyl groups in the 2-monoglye-
erides, found by analysis

¢ = % of the total S in the sample present therein as S2=

(b) (100)
e (See Table I, Mattson and Lutton)
3a

d = % of the total 8 in the sample present therein as S1,3
=100—e¢

3 Tn 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 attachment of unsaturated acid at the
2-position of the glyceryl residue. Chance distribution, to the extent
that it really prevails, 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-
dom distribution, he said, if it thereafter occurred, would be calculated
by analogy with esterification of glycol, not glycerol. In that case the
pattern 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.

4 The following symbols will be used in the calculations:

S = Saturated acyl groups in general.
U = Unsaturated acyl groups in general.
S2 = Saturated acyl groups in the 2-positions.

81,3 = Saturated acyl groups in the 1-positions and those in the
3-positions, Positions 1 and 3 are considered identical.

U1,3= Unsaturated acyl groups in the 1-positions, also those in the
3-positions. Positions 1 and 3 are considered identical.



