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TABLE IV

Comparison of Tentative A.0.C.S. and Modified Method for the
Determination of Acetone Insolubles

Official Tentative :
Modified Method
Salglple A.0.0.8. Method }:O PSEt' Egher‘,
0. s . I. Sat. Acetone
Direct Indirect : s
Weighing ‘Weighing Direet Weighing
.
Yo % %
A 62.56 62.66 63.93
62.71 62.85 64.09
63.12 62.83 64.33
B 64.15 64.43 65.32
63.87 64.04 65.24
63.98 63.64 65.24
C 65.03 65.46 66.31
64.83 65.22 66.62
65.14 65.04 66.62

Attempts were made to recombine dry acetone
insolubles, soybean oil, and soybean fatty acids to
produce synthetic commercial lecithins of known
composition. Diffieulty was encountered in reblend-
ing these materials and the final produets did not
truly resemble normal commercial lecithins. When
these synthetic mixtures were analyzed by the above
methods, differences between the caleulated and found
values for acetone solubles and acetone insolubles
varied from 1.72 to 2.64%. It is unfortunate that
synthetic mixtures could not be prepared to test the
accuracy of the two procedures. Drying and heating

of the acetone insoluble residue apparently causes
changes in solubility through resinification and strue-
tural changes.

Summary

Data are presented from numerous analyses of
commercial lecithins for the comparison of values
obtained from the determination of acefone insolu-
bles by a direct weighing method against those by
the A.Q.C.8. Tentative Method Ja 4-46. Discrepan-
cies introdueced into these methods by the use of
petroleum ether as a solvent and those due fo the
solubility of acetone insoluble compounds in the
acetone extract and wash solution are evaluated. A
proposal is made for the consideration of a direct
weighing procedure for the acetone insolubles con-
tent of commercial lecithing whereby petroleum ether
is eliminated, the acetone extract solution saturated
with pure phosphatides before use, and the insoluble
residue dried and weighed.
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Formation of Trans Isomers During the Hydrogenation

of Glyceride Oils

REX J. SIMS and LEE HILFMAN, Swift and Company, Chicago, Illinois

ITH the development of the infrared spectro-

photometric method for the determination of

trans isomers in fats (1, 2), workers in the
field liave shown renewed interest in the natural
occurrence and synthesis of these high-melting glyec-
erides (3, 4, 5, 6, 7). Lemon (8) developed curves
showing the formation and disappearance of trans
double bonds during the hydrogenation of vegetable
oils. The present paper is in part an extemsion of
this study to the animal fats.

TABLE I-
Hydrogenation—Soybean Oil

200°C.
% | vac [ so | (o | % | %
PS} Yi}iﬁe }0 Ml? SO?' l Lino- ! Lino- | Trans
= Cat . ] leic | lenic |isomers
10 240 | ‘ ‘ 128 | 0.00 | 54
225 O 05 ‘ 118 l 5.37 0.13 44
700 0.05 3 122 109 '12.30 0.64 30

Conditions which favor selective hydrogenation of
glyceride oils also favor the development of trans
isomers. For example, Table I shows the effect of
using high hydrogen pressure for the partial hydro-
genation of soybean oil (9). Although all three of
these samples were hardened to approximately the
same iodine number, the first contains the largest per-
centage of trans double bonds.* It also has the least
number of polyunsaturated chains, the lowest melt-

ing point, and the shortest spread between melting
and softening points. The third sample was very
firm, as the result of its relatively high content of
fullv saturated fatty acid chains.

TABLE IT
Hydrogenation—Soybean Oil

200°C.
% | % | % | %
ST Time Ny | WAS | Soft | rino. | Lino- ' Trans
2 Cat. : alld . leic ' lenic isomers
1100 0.05 | 30sec. | 100 135 115 \ 28.4 3.5 18
550 | 0.05 | 45sec. | 100 | 130 | 111 | 27.8 | 3.2 19
225 0.05 80 see. 100 |° 123 106 25.3 2.8 25
30 | 0.05 8 min. 99 e | 235 ] 12 32
0 0.05 57 min, 99 83 21.3 1.0 39

Table IT illustrates further the direct relationship
which exists between selectivity of hydrogenation and
formation of trans isomers (9). As the hydrogen gas
pressure is Increased, the content of polyunsaturates
at a given iodine number increases, but the percent-
age of trans linkages formed decreases. The last sam-
ple of this series was hardened by bubbling hydrogen
through the oil while. maintaining a vacuum of 28
inches. Notice that it actually melts higher than the
sample hardened at 30 PSI, which was too soft to be

1The-_contenf.s of trans isomers in these samples and in all others
described in this paper were determined by measuring absorptions in
chloroform at 10.3 microns in the infrared (1). These absorptlons

were compared with that of pure elaidic acid, prepared by the isomer.
ization of oleic acid with selenium (10, 11),
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Legend~—Graphs I through VII

Horizontal Azes. Refractive indices at 60°C. on butyro scale,
each eurve drawn from data on 12-15 samples taken during
course of hydrogenations.

Vertical dxes
% trans isomers (1)
% linoleie (9)
FAC melting and softening points?
A.8.T.M. cloud point (°F.)

Conditions of Hydrogenation

GrarHS I AnD 11
200°C.
30 PSI hydrogen
'0.2% by weight of a commercial reduced ecatalyst contain-
ing about 25% Ni

GrarHS 11T THROUGH VI
Pd (5% on carbon)— 0.03% by weight
200°C.
30 PSI hydrogen
Pt (5% on carbon) — 0.1% by weight
100°C.
500 PSI hydrogen
Ni (85%)— 0.2% by weight
200°C.
30 PSI hydrogen

GrarH VII
Ni (25%)—0.2% by weight
200°C.
30 PSI hydrogen
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measured by the FAC method.? This is an example
in which the content of trans glycerides is an impor-
tant factor in determining melting point and con-
sistency. Trans isomer formation and good selectivity
are both promoted by elevating the temperature of
hydrogenation, by decreaging the amount of agita-
tion of the charge, and by increasing the catalyst
concentration (12).

In Table IIT are shown the comparative results of
hardening soybean oil with nickel, palladium, and
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platinum ecatalysts at various temperatures. Palla-
dinm (5% on earbon) is remarkably selective in its
action, even at 40°C. In faect, it is as selective at this
low temperature as is nickel (commercial reduced
catalyst containing about 256% Ni) at 200°C. Use of
terperatures above 40°C. with palladium does not
inerease its selective action appreciably but does con-
siderably increase its tendeney to form trans isomers.
On the basis of an iodine number of 82 the sample
hardened with palladium catalyst at 200°C. has 76%
of its double bonds in the trans form.,> Note the high
melting and softening points of this sample as com-
p(a)mad with the corresponding sample hardened at
40°C,

Platinum catalyst (5% on carbon) is much less
active and much less selective in its action than pal-
ladium, especially at the lower temperatures. Prod-
uects with relatively high melting and softening points
invariably result when platinum catalyst is used.

In Graph I the percentages of trans isomers formed
during the hydrogenation of linseed, cottonseed, and
olive oils are plotted against refraetive indjces.* These
three oils represent typical linolenie, linoleie, and
oleic acid oils, respectively. Notice that in each case
the percentage increases as hydrogenation proceeds
until the rate of disappearance exceeds the rate of

?A.0.C.8. Official Metheds Ce 1-25 and Ce 3-25.

3This calculation is based upon 86 as the iodine number of triglein
and assumes 100% of the fatty acids are Cus.

TABLE III
Hydrogenation—Soybean Oil

Ni Pd rd Pt | Pt

Catalyst (0.1%) | (0.01%) | (0.1%) | (0.19%): (0.2%)
Temp. °C. 200 40 200 100 200
PSI O, 30 30 30 30 30
Time 33 min 2.5hr 3hr 3hr 36 min
1. No 82 81 82 81 79
FAC M.P. 96 97 123 136 130
Soft. Pt. 86 87 106 128 119
% Linoleic 9.9 9.8 8.4 21.5 7.2
% Linolenic 0.34 0.08 0.41 1.2 0.35
% Trans isomers 41 35 72 18 42

formation and that it rapidly falls off as the fat ap-
proaches complete saturation. The unusually high
peak obtained with olive oil is probably due to the
fact that it eontains such a large initial proportion
of oleic acid which can isomerize to elaidic acid with-
out taking up hydrogen. All three of the oils were
hardened at 200°C. and 30 PSI of hydrogen with
0.2% by weight of nickel catalyst. Small samples
were removed periodically from the converter for an-
alysis, and the hydrogenations were continued until
the fats in each case were near complete saturation.

Graph II illustrates the effect of mixing two fats.
Here soybean oil, PS lard, and a 50-50 mixture of soy-
bean oil and PS lard were hardened, removing small
samples from time to time in order to plot the com-
plete curves. In general, the higher the initial iodine
number of the oil being hardened, the higher the per-
centage of trans isomers reached before they begin to
disappear through further hydrogen absorption. Thus
animal fats of a given consistency will usually con-
tain much less of these high-melting trans glycerides
than vegetable oils hardened to the same consisteney.
The conditions of hydrogenation used here were the
same as those described for Graph I.

Graph IIT shows complete curves for the hydro-
genation of soybean oil with reduced nickel and
palladium at 30 PSI and platinum at 500 PSI of
hydrogen. The catalyst concentrations were 0.2, 0.03,
and 0.1% by weight of the oil for the nickel, pal-
ladium, and platinum runs, respectively. The run
with platinum was made at 100°C. whereas the other
two were at 200°C. Notice that, with the same oil,
all the way from 16 to 53% of trans isomers can be
formed as a maximum, depending upon the catalyst
and conditions used.

In Graph IV are plotted the percentages of linoleic
acid versus refractive indices for the three hydrogen-
ations mentioned above. Notice that palladium and
nickel show comparable selectivity whereas platinum
1s relatively non-selective at 100°C. and 500 PSI.

Graph V is a plot of melting and softening points
versus refractive indices for these same three hydro-
genations. Even near the top of the refractive index
range, the sample hardened with platinum ecatalyst
was quite firm. In spite of the comparable seleetivity
obtained with nickel and palladium, the samples pre-
pared with the latter catalyst were firmer than the
former over the entire range, probably due to their .
higher content of trans glycerides. Note the unusually
large spread between melting and softening points on
the palladium curve.

Graph VI shows the A.S.T.M. cloud points ran
on samples taken during these three hydrogenations.
They follow the same pattern as the melting and
softening points.

t*ﬁ%%féactive indices were measured with a Zeiss Butyro refractometer
& ,
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In Graph VII are plotted the complete curves for
formation and disappearance of trans isomers during
the hydrogenation of cottonseed oil and edible beef
tallow. Again these oils were hardened at 200°C.
and 30 PSI of hydrogen, with 0.29% by weight of
reduced nickel ecatalyst.

It is obvious that the slope of the curve for tallow
is unusnally steep, considering its low initial iodine
number and the short range through which it can be
hardened. In Table IV are shown data on samples
taken at the peaks in trans isomer content for the
various hydrogenations described in this paper. The
percentage of the total number of double bonds in
the trans form was estimated for each sample on the
basis of its iodine number.? The figure for tallow
(74%) is considerably higher than that for any of
the other fats.

TABLE 1V

Maximum Percentage of Trans Isomers Formed

o T % Total
o Trans double
Fat Catalyst No. isomers bonds in
trans form
{

Linseed....ovevereeervrenvecnnneensanns | Ni 91 68 64
Soybean.. B Ni 66 42 ; 55
Soybean.. Pd 65 53 65
Soybean.. Pt 75 16 19
Cottonse Ni 58 36 53
Olive Ni 58 36 54
Lard Ni 42 26 53
Tallow. Ni 28 24 74

This observation is especially interesting in view
of the published method of Swern ef ol. for the prep-
aration of oleic acid from partially hydrogenated
tallow ( 13, 14). Using the conditions described by
Swern for the selective hydrogenation of tallow, we
obtained a product which contained almost half of
its double bonds in the trans form. Furthermore,
after the glycerides had been split with water, the

resulting fatty acids were not readily separable into
cis and trans forms by low temperature crystalliza-
tion from acetone. In fact, with a change in the con-

‘ditions of hydrogenation to favor the formation of

trans isomers, preliminary experiments showed prom-
ise of providing a new method for the synthesis of
elaidie acid.

Summary

Conditions which favor the selective hydrogenation
of glyceride oils also favor the development of trans
isomers. Complete curves are presented showing the
formation and disappearance of transg isomers during
the hydrogenation of linseed oil, soybean oil, cotton-
seed oil, olive oil, lard, and edible tallow, as deter-
mined by the infrared spectrophotometric method.
An unusually high percentage of trans linkages de-
velops during the hydrogenation of tallow.
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The Flavor Problem of Soybean Qil. XIIl. Sulfur Coordination
Compounds Effective in Edible Qil Stabilization®

A. W. SCHWAB, HELEN A. MOSER, ROSEMARY S. GURLEY, and C. D. EVANS,
Northern Regional Research Laboratory,* Peoria, lilinois

OYBEAN oil is subject to deterioration by the

catalytic effects of pro-oxidant metals, such as

iron and copper. The catalytic effect is destroyed
by the formation of a metal chelate, and the efficiency
of the chelate varies with the coordinating atom. A
theoretical study has been made in which the coordi-
nating atom of model compounds was varied and an
order of effectiveness was established. The effective-
ness of some nitrogen chelates was shown in a previ-
ous publication (22). A similar investigation of a
number of sulfur compounds capable of metal chela-
tion is presented in this.communication.

The use of coordination compounds finds application
in many industries where oxidation is promoted by
trace metal contamination (4, 5, 15, 18, 25, 27). The

1This paper is based on work submitted by A. W. Schwab in partial
fulfillment of the reguirements for the Ph.D. degree at Bradley Univer-

sity, Peoria, Tl. Presented at fall meeting of American Oil Chemists’
Society, Oct. 20-22, 1952, in Cinecinnati, O.

20ne of the l.aboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U, 8. Department of
Agriculture, ’

most eommon pro-oxidant metal encountered in soy-
bean oil is iron, which occurs naturally in the oil in
concentrations of about 0.8 part per million (10).
Processing steps to which the oil is subjected may
increase the iron concentration 4- to 8-fold. This in-
creased iron content is associated with and is a cause
for a greatly decreased flavor stability, Iron accumu-
lated during processing has a much greater catalytic
activity than iron native to the oil, and although im-
proved processing conditions and the use of stainless
and corrosion-resistant equipment offer a measure of
control, damaging concentrations of iron still may
persist. It is the role of the metal scavenger to in-
activate the remaining traces of pro-oxidant metal.
Early work has emphasized that many acidic com--
pounds capable of forming chelation complexes were
effective stabilizers for edible oils (9, 22) and a sys-
tematized study with model compounds was under-
taken. Model ecompounds of the general formula



