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frying oils during normal processing. (ii) what par-
ticular fractions are toxie and (iii) what are the ef-
fects of long term feeding of oxidised fats.

The papers presented at this symposium are not in-
tended to review all the work but to present further
observations to elucidate the questions.
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Abstract

A chromatographic study was carried out to in-
vestigate the nature of polymeric products in
edible oils. Dimers from low-temp oxidation of
methyl linoleate were compared with thermal
dimers from high-temp polymerization of conju-
gated methyl linoleate. The distilled dimers were
subjected to liguid-partition chromatographic sep-
arations on silicic acid columns as methyl esters,
as free acids, and as methyl esters prepared by
saponification and reesterification. Chromato-
graphically isolated dimer fractions were also
rechromatographed before and after each treat-
ment.

‘When thermal dimer esters are saponified and
reesterified, chromatographic recoveries are quan-
titative, and the expected changes in polarity re-
sult ; whereas, with oxidative dimer esters, gross
changes in polarity occur. Chromatographic sepa-
rations of dimer esters or their acids fractionate
into distinct areas of increasing polarity.

Introduction

OLYMERIC MATERIALS in glyceride oils may result

from thermal treatment, oxidation, or a combina-
tion of both., Some of the most effective catalysts that
cause dimerization of fatty acids are those that gen-
erate free radicals. UV light, peroxides, anthraqui-
nones and metals in the presence or absence of air
induce polymerization. High temps and the absence
of air are required to form thermal polymers. Al-
though the composition and structure of the thermal
and dehydro fatty acid polymers have been well char-
acterized, the strueture of polymers formed during
active oxidation is unknown and their composition
varies. Studies designed to characterize oxidative
polymers have relied upon distillation, solvent frac-
tionation, selective adsorption or chromatographie sep-
arations to isolate a homogeneous material suitable
for analysis.

Polymer formation in edible fats concerns the oil
processor, the food technologist, the nutritionist and
the consumer because of the changes polymers induce
in the properties and characteristics of the fat. In
1960 Perkins (19) reviewed the literature on the

1 Presented at the AOCS Meeting, New Orleans, 1964. Honorable
Mention, Bond Award Competition,
2 A laboratory of the No, Utiliz. Res. & Dev. Div,, ARS, USDA.

chemical and nutritional changes that occur in heated
fats. Firestone (9) in 1963 reviewed the methods for
the determination of polymers in fats and oils. A
method for the determination of 0.01 to 1.0% thermal
dimer was published by Rost (21,22); but he states
that it is not suitable for the determination of oxida-
tively derived polymers in fats, and cautions that oxi-
dation of the thermal polymer through exposure to air
must be avoided. We have described a method of parti-
tion chromatography using silicic acid to separate
either thermal or oxidative polymeric fatty acids from
the unaltered natural acids (12). Struectural differences
between the thermal and oxidative type of polymers
and the presence of polar groups in the oxidative-type
polymer indicate that a difference in chromatographic
polarity should exist. The ability to distinguish be-
tween thermal and oxidative polymers would econ-
tribute to a better understanding of the behavior of
fats and oils in industrial and edible applications.

The present paper describes chromatographic studies
designed to distinguish between thermal and oxidative
dimers by the analysis of their methyl esters, the free
dimerie acids obtained by saponification of the esters,
and the esters obtained by reesterification of isolated
dimeric acids.

Experimental

Materials. Methyl linoleate used for the preparation
of the oxidative dimer was obtained by esterification
of a linoleic acid conc obtained from safflower fatty
acids through Podbielniak extraction with furfural
and hexane (3). The fraction boiling at 147-150C
at 0.5 mm was used, which by gasliguid chroma-
tography (GLC) showed a purity of 98.8% and the
presence of 1.2% methyl oleate. The alkali-conjugated
methyl Iinoleate was prepared from safflower fatty
acids obtained through crystallization in hexane at
—40C. Isomerization was conducted for 45 min at
190-200C in an ethylene glycol solution containing
15% potassium hydroxide. The acids were methylated
in methanol and HoSO,4 and purified by distillation at
144-150C 0.4 mm. The conjugated methyl linoleate
esters have an absorptivity of 76.9 at 232 my, indicat-
ing a conjugation of 82%. Soybean methyl esters were
prepared from refined soybean oil by transesterifica-
tion with sodium methoxide. At the start of each
experiment esters were freshly distilled.

Autozidation. Methyl linoleate was oxidized with-
out catalyst at 25C in a closed oxygen system at atmo-
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TABLE I
Distillation of Polymers
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TABLE Ii
Hydroxyl Content of Fractions from Methyl Linoleate Oxidative Dimer

Oxidative Thermal
: T
Fraction fgp Yield Istolnted Yield Isolated
% rONS % trans
%o %
17 15.5 39 14.9
50 19.1 47 22.3
20 18.2 s
13 16.6 14 20.3

spheric pressure to peroxide levels of approx 500 meq,/
kg. The methyl ester hydroperoxides were coned by
the countercurrent extraction procedure of Zilch et
al. (27) employing the solvent system of 80% aqueous
ethanol and petroleum ether. The recovered unoxidized
esters were again subjected to oxidation and the hy-
droperoxides extracted. The combined methyl linoleate
hydroperoxides had a peroxide level of 5,200 (theoreti-
cal value for the pure monohydroperoxide of methyl
linoleate is 6126 meq).

Soybean methyl esters were oxidized at 6C by bubbl-
ing oxygen through a sintered-glass filter stick sub-
merged in the sample. The esters were oxidized to a
peroxide level of 1,400 in 144 hr. During the working
day the esters were exposed to UV radiation from a
100-w mercury vapor lamp. Hydroperoxides were not
extracted from the unoxidized soybean methyl esters,
and the entire mixture was used for polymerization.

Polymerization. The purified methyl linoleate hy-
droperoxide esters were polymerized in 20-g batches
in evacuated and sealed flasks made from 100 ml dis-
tilling bulbs. Flasks were completely immersed in a
200C oil bath and held for 20 min. A similar technique
was used for the thermal polymerization of conjugated
methyl linoleate exeept the time was extended to seven
hr at 290C. Before sealing, the polymerization flasks
were subjected to repeated thawing and freezing
(under dry ice) to insure complete removal of any
dissolved air or oxygen. The autoxidized soybean
methyl esters were polymerized under nitrogen at
atmospheric pressure for 30 min at 210C, Nitrogen
was continuously passed through the esters during the
heating and cooling cycle to blanket the samples from
air and serve as a means of collecting volatiles for
autoxidation studies.

Distillation. Esters from several polymerization
flasks were combined and after thorough degassing
were subjected to molecular distillation in the Asco
‘50"’ Roto film still. Monomers were distilled at 5-10
p by the first pass at 140C, the dimers and trimers by
the second and third passes at 200 and 250C, respec-
tively.

Saponification and Reesterification. Polymers and
subfractions were saponified according to AOCS
method €d-3-25 (1). Reesterification was carried out
with dimethoxy propane (DMP) at room temp accord-
ing to the method of Radin and Hajra (20). A few
subfractions were also reesterified with diazomethane,
and the results agreed with those obtained by the DMP
procedure,

Chromatography. The liquid-partition benzene-
methanol system previously described (11,12) was
used for the various fractionations. All silicic acid
chromatographic columns were prepared with an im-
mobile solvent of 16% by wt methanol in benzene and
an eluting solvent of 2% methanolic benzene. To
remove the highly polar materials when esters are
chromatographed, diethyl ether was added after 350
ml of mobile solvent had passed through the column.
Recovery of the sample from the column was almost
quantitative, except for the monomeric fraction ob-

Hydroxyl %
Chromatographic fraction

Run A Run B
Trace Trace
27.1 18.5
48.7 57.4

123.5# 123.02
29.9 32.1

a Methyl ricinoleate = 100 %.

tained from the oxidative polymerizations.

Mol wt of the polymers were determined with a
Mechrolab vapor pressure osmometer, Model 301.
Temp depression readings were taken for several dif-
ferent polymer conen in benzene, and by extrapolating
to a zero conen the number-average mol wt was ob-
tained. Isolated frams values were determined in car-
bon disulfide solutions by IR absorption at 10.3 u and
expressed as elaidate. Hydroxyl contents were de-
termined by absorption at 2.86 x and reported as a
percentage of the absorption shown by pure methyl
ricinoleate (13). Hydroperoxide groups are completely
destroyed during dimer preparation and therefore
offer no interference in the spectral method.

Results

Oxidative and thermal dimers prepared from methyl
linoleate were typical polymeric products deseribed
previously (10,12) ; and their preparation, distillation
and characterization offered no particular problems.
Table I shows the distillation yields of the various
fractions and their isolated {rams contents. The mel
wt and hydroxyl contents of the respective fractions
are reported in Tables 11 and 111

Ozidative Dimers. The hydroxyl content of the oxi-
dative dimer shows a close relationship to the polarity
of the various echromatographic fractions. The similar-
ity in analysis of two oxidative dimers, prepared sev-
eral months apart, is shown by runs A and B in Table
II. Although not an exact duplication, the results do
indicate that a fairly reproducible dimeric material
can be prepared by rapid thermal decomposition of
fatty acid hydroperoxides. Hydroxyl analyses are
based on methyl ricinoleate and results of 123% in-
dicate 1.23 times as many hydroxyls as the standard.
The mol wt of the distilled polymers are in the ex-
pected ranges and show good agreement with the
values previously reported in the literature (10,21).
The mol wt of the four oxidative dimeric fractions
obtained by liguid-partition chromatography are
slightly lower than theoretical values, but clearly in-
dicate the dimeric nature of all fractions. Mol wt of
the saponified and reesterified dimer fractions are al-
most the expected theoretical values. Slight inereases
in mol wt would be expected in any lactones, epoxides
or other eyelic groups, and any free acids were present
in the polymers and therefore available for esterifica-
tion. Reasons for the apparently large increase in

TABLE IIT
Mol Wt of Polymers
s Chromato- Distilled ester
Type Dxesstgélred graphed saponified and
ester reesterified
265 1 ... b Ll
896 1 ... 1 L
840 T
275 T2 546 465
560 «— II 570 600
840 III 586 1085
1980 IV 540 1660

2 Peak I, of chromatographed dimer,
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Fie. 1. Chromatograms of oxidative methyl linoleate dimers
as esters and after saponification as free acids. Arrow indicates
when diethyl ether added as eluting solvent.

mol wt of the trimer fraction are not known. Probably
the inerease in mol wt of monomeric fraction results
from a loss of the short-chain components. Reduction
in mol wt of residue material also probably results
through the splitting of intramolecular esters of poly-
meric units.

Figures 1 and 2 show the separation obtained for
the oxidative dimer when prepared, distilled and chro-
matographed 1) as the methyl esters, 2) after saponifi-
cation of the methyl esters, and 3) after reesterifica-
tion of the isolated acids. Four distinet chromato-
graphic areas can be seen at different elution volumes:
Peak T below 125 ml; peak IT 125-220 ml; peak III
220-350 ml; and peak IV in the neighborhood of 400
ml. Oxidative esters show well-resolved peaks in areas
I and T1I1, and an appreciable amt of unresolved ma-
terial in the peak II area. Dimeric acids show better
resolution of fractions in peak areas II, III, and IV.
The quantities of an oxidative dimer in each of the
acid-chromatogram peaks bear no simple relationship
to its distribution in the ester chromatogram. Re-
esterification of either the entire saponified oxidative
dimer-acid mixture or the individual fractionated
acids does not result in the identieal products(s) from
which the polymerie acids are obtained (Figs. 1 and 2,
and Table IV). Reesterification of the oxidative dimer
acids gives an approx chromatographic redistribution
to the original ester. However, when isolated chro-
matographic fractions or subfractions of oxidative
dimers are similarly treated by saponification and re-
esterification, the initial distribution of the fractions
is not attained as shown in Table IV.

The monomerie fraction from distillation of the
oxidative polymer is exceedingly ecomplex and contains
a wide distribution of polar materials. Repeated at-
tempts to raise the column recovery failed ; even wash-
ing with methanol followed by aqueous hydrochloric
acid did not give complete recovery. Some loss, ca.
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F1a. 2. Chromatograms of oxidative methyl linoleate dimers
as free acids and after reesterification (R-ester).

10-15%, is known to occur on drying the eluted ma-
terials to constant wt. GLC analysis of the monomer
shows some 15 peaks eluted by temp programming
to 2400. Characterizations of these components have
not been undertaken.

Extended studies have not been made on the trimer
and residue fractions. As shown in Table IV, trimerie
material behaves chromatographically much like di-
meric material. Inereased amt of the highly polar
fractions are found in the trimer and residue fractions
of both oxidative and thermal dimers. Shorter chain
secondary oxidation products and scission acids in-
corporated into the polymerie material could account
for this increased chromatographie polarity.
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Fi1g. 3. Chromatograms of thermal methyl linoleate dimers as
esters, as free acids after saponification, and as esters after re-
esterification (R-ester). The two ester curves coincide.
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TABLE IV
Chromatographic Fractionation of Oxidative and Thermal Polymers
Peak area
Column
Chromatogram 1 II I TV recovery
Yo % % % %
Oxidative polymers
Monomer
Es.tex‘... 20 25 14 3 62
Acid ... 12 44 51 107
20 31 33 4 88
34 26 36 5 101
...... 4 42 50 96
31 29 34 5 99
Trimer
24 27 44 6 101
...... 2 26 72 100
15 22 46 6 89

(«—26.1—) 59.1 12.2 97.9
Mostly insoluble in mobile solvent
(«22.6—) 56.1 10.4 89.1

Thermal polymers

Monomer
Ester.... 100 2.1 0.9 2.1 105.1
Acid 92.9 4.2 1.7 99.3
Reesterifie 73.6 4.3 5.5 2.5 85.8
Dimer
95.8 1.8 R 1.4 99
...... 4.7 85.5 5.6 96
98.2 ... 1.9 1.0 100.9
94.4 2.1 1.7 1.3 99.5
...... 1.4 2.3 28.4 92.1
84.0 (e=16.4—) 1.5 101.9
X Subfractions of oxidative dimer
Dimer ester................cc...... 29.3 13.8 3 86.6
129.8]
Saponiﬁed 8.0 47.4 40.0 95.4
Reesterified ................... 67.2 15.6 17.1 1.6 97.0
Peak IIX..........ooooiiniinnn. 189.31
Saponiﬁed e | 179 7.6 4709 96.4
Reesterified 19.0 15.1 49.5 13.5 97.1
Subpeak IIT 17.91
Reesterified 30.3 35.7 33.7 2.9 102.6
Subpeak IVa ................. |7.6]
Reesterified................. 28.3 44.9 26.7 6.5 107.3
Subpeak IVb................... |70.9]
Reesterified... 3.1 15.5 67.2 10.8 96.5
Subfractions of thermal dimer
95.8 1.8 ... 14 99.0
195.8]
Saponified . 1.5 79.1 14.6 95.2
Reesterified 99.3 . 1.7 101.0
Dimer acid........c......coceeeen | L 4.7 85.5 5.6 95.8
85.5|
953 ... .. 2.1 98.6

1:1 Mixture of oxidative and thermal polymers

Dimer 1:1
Esters... 58.6 12.8 20.3 2.8 94.5
Acids.... I I 4.8 58.4 31.5 94.8
Reesterified................... 61.6 9.9 21.0 4.2 96.3

Theoretical for 1:1 mixture

Dimer 1:1
62.6 7.8 19.7 2.8 .
...... 5.0 60.2 31.7
67.6 11.2 13.8 2.4 .

Thermal Dimers. Dimers prepared by thermal poly-
merization of the conjugated esters and subjected to
saponification and reesterification behave chromato-
graphieally in the expected fashion according to their
polarities. Figure 3 shows that the nonpolar esters are
exclusively in peak I with less than 2% in peak II.

These minor components in peak II are either mono-
merie free acids or half esters because they disappear
on reesterification. Dimer esters can be freed of small
amt of aecid constituents by passage through ion-
exchange resins. Upon saponifieation, the dimer acids
move quantitatively to peak ITI with a small percent-
age which probably results from oxidation in the most
polar area. Upon reesterification of the acids, the
dimeriec material again moves quantitatively (98.2%)
back to peak 1. Only one ester curve is shown in
Figure 3 since the ester and reesterified eurves coin-
cide.
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The monomerie fraction obtained through distilla-
tion of the thermal polymerization products contains
unpolymerized acids and scission acids with less than
4.2% of any polymeric acid. Data presented in Table
IV show 92.9% are nonpolymeric acids (peak II),
and although the total recovery upon reesterification
is not quantitative, there is no doubt about the chem-
ical nature of these acids. GLC analysis of the re-
esterified monomeric fraction shows eight peaks of
which linoleic acid and two unknown components con-
stitute over 80% of the material.

Chromatographic analysis of the residue fraction
indicates a high percentage of polymeric acids—62.3%
in peak III, plus a large fraction (28.4%) of acids
more polar than polymerie acids. This latter fraction
probably results mostly from fission or cracking of
the fatty acid chain, since all polymeric acids having
a ratio of 1 carboxyl group/18 carbons always chro-
matograph in peak III. Trace oxidation occurring
during preparation of esters or polymers would also
contribute to this fraction.

Chromatographic Subfractionation. Subfraction
data on oxidative dimers (Table IV) indicate that
chromatographically separated fractions are not homo-
geneous and, upon saponification and reesterification,
split into fractions of various polarities. The nonpolar
peak I components of an oxidative dimer would be
expected to behave chromatographically, and perhaps
chemically, like a thermal or dehydro dimer. However,
upon saponification of peak I (29.3% of the dimer)
the polymeric acids were divided almost equally be-
tween peak areas ITI (47.4%) and IV (40.0%). Re-
esterification of the oxidative dimeric acids returns
only 67.2% to the nonpolar peak I area, whereas for
true thermal dimers reesterification returns 98+% to

eak 1.
P ‘When peak III, the major oxidative dimer ester
component, is subfractionated after saponification
(Fig. 4) two distinet acid components (7.6% + 70.9%)
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Fic. 4. Chromatogram of isolated peak III of oxidative

methyl linoleate dimer after saponification and chromatographed
as dimer acids,
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Fie. 5. Chromatogram of oxidative soybean oil methyl ester
dimers.
oceur in the peak IV area and a small amt (17.9%)
remains in the peak IIT area. Thus 78.5% of the ester
is composed of highly polar fatty acids. When these
acids (all from peak IIT ester) are reesterified, a
redistribution oceurs to all four peak areas; i.e., 19.0,
15.1, 49.5 and 13.5%, respectively. In this subfraction
of the oxidative dimer, only 49.5% returned to the
original chromatographic area and polarity of the
starting ester. The absence of any peak III in thermal
esters does not allow a comparison, but because of the
total absence of any thermal ester in this area, it is
possible to distinguish between thermal and oxidative
dimers by the ester concn found at peak III.

‘When the polar acids, obtained by saponification
of peak IIT oxidative dimer esters, are reesterified and
chromatographed, fractions appear in each of the
four peak areas. A greater conen of components in
the nonpolar peaks results from saponification and
reesterification of individual fractions of the lowest
polarity. Thus the three acid subfractions (17.9, 7.6
and 70.9%) show components having peak 1 polarities
of 30.3, 28.3 and 3.1%, respectively. Although the
most polar acid subfraction (70.9%) originally ecame
entirely from the peak III oxidative ester, upon re-
esterification it returned only 67.2% to the area of
its original polarity. When the thermal dimerie acids
in peaks III and IV are reesterified, they returned
95-99% to nonpolar peak 1.

Separation of Mized Oxidative and Thermal Dimers.
Equal wt mixtures of the methyl linoleate thermal
dimer and of the methyl linoleate oxidative dimer
were chromatographed as esters and as free acids
after saponification and after reesterification. These
chromatographic results shown at the end of Table IV,
agree closely to the expected fractionation as calcu-
lated from the chromatographic separations of the
original dimers. As indicated previously, the true
thermal dimer shows no ester components in peak IT1
and the oxidative dimer will show approx 40% wt
distribution in the peak IIT area. Since the 20.3%
peak IIT ester fraction equals approx 40% of the oxi-
dative dimer, the mixture contains 50% of that dimer.
Agreement in known systems with the amt of added
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F1a. 6. Chromatogram of oxidative soybean oil methyl ester
dimers after saponification.
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thermal dimer indicates the possibility of developing
a chromatographic method suitable for determining
the respective amt of oxidative and thermal dimers
in the presence of each other. It is believed that such
a chromatographic method is feasible based on the
polarity differences between the two.

Figures 5-7 show the behavior of oxidative dimers
made from soybean methyl esters. Since linoleic makes
up 52% of soybean oil, fair agreement would be ex-
pected with dimers made from pure linoleate esters.
Good agreement exists between soybean ester dimers
and methyl linoleate dimers on the chromatographic
distribution of the components within the four polar
fractions. Soybean dimeric acids show a considerably
higher proportion (72.3%) of material in the highly
polar peak IV area. This percentage might be ex-
pected because both the high levels of oxidation and
the oxidation of linolenic acid lead to higher values
in the extremely polar fraction (11). Changes of this
type in the chromatographic distribution of polymer
components indicate the need of detailed knowledge
on the effect of conditions of oxidation and hydro-

14

)

29.1% ] 25.99, l

37.0% l 8.1%
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Fre. 7. Chromatogram of oxidative soybean methyl ester
dimer after saponification and reesterification.
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peroxide decompositions, as well as fat composition
on the polarity of the oxidation products.

Discussion

Application of a chromatographic method to the
determination of oxidative and thermal dimers has
been discussed in previous publications (7,12). When
acid dimers are chromatographed, the effects of the
less polar carbonyl and hydroxyl groups are largely
depressed. When chromatographed as acids, both oxi-
datively and thermally prepared fatty acid dimers
are eluted from a chromatographic eolumn in the
same position. However, if these dimers are ehro-
matographed as esters, the strong polar effect of the
acid groups is depressed, and the polarity of the ecar-
bonyl and hydroxyl groups determines the position
or elution-volume of the esters. The elution-volume
of thermal dimers esters having no polar groups is
the same as a normal or unoxidized fatty acid ester.
Oxidatively prepared dimer esters have a greater
polarity because of the presence of hydroxyl, carbonyl
and other oxygen-containing groups. These polarity
differences are the basis for determining oxidative
dimers in the presence of thermal dimers. Published
chromatograms (12) of thermal or oxidative dimers
show four definite peak areas where fractions are
eluted. The first elution area, or the nonpolar peak
(I), contains the normal esters, thermal polymer
esters, hydrocarbons and similar nonpolar materials.
The second elution area (IT), which is less defined,
contains mildly polar materials, probably keto esters,
epoxy esters, hydroxy fatty acid esters and similar
produets. In the peak III area, the conen of methanol
in the eluant increases sharply, and the polar materials
are coned into a narrow band and quickly eluated. This
peak includes the dimer acids, hydroxy acids and
hydroperoxidic acids, if any are present. The relation-
ship of polarity to elution-volume of the various acid
and ester dimerie materials is depicted in Table V.

Considerable confusion exists in the literature on
the terminology and description of fat polymeric ma-
terials. Fixed definitions are not yet possible, but
thermal dimers imply that polymerization has oc-
curred in the absence of air. These thermal polymers
will contain various cyclie Diels-Alder addition prod-
uets, noneyelic dehydro polymers of various structures,
and perhaps hybrid dimers in which one of the mono-
meric units has eyclized before dimerization oceurs.
Oxidative polymer implies that polymerization takes
place in the presence of active oxygen, where prob-
ably the first reaction is the formation of monomerie
hydroperoxides. When heat is applied during oxida-
tion, polymerization reactions become exceedingly com-
plex, not only through free radical reactions of the
deeomposing hydroperoxides, but by simultaneous for-
mation of thermal dimers and through combinations
of different active monomeric materials, many of which
will contain oxygen. Polarity of the dimeric material,
which largely depends on oxygen-containing groups,
may in part be affected by the temp of polymerization
and of hydroperoxide decomposition. Fedeli ef al. (8)
report that thermal polymerization of vegetable oils
at temp up to 260C involves linoleic aecid solely and
that linolenic aeid becomes involved only at temp
above 280C. In studies on thermal seission of cod-liver
oil peroxides, Aure et al. (2) report that at temp below
125C conjugation and polymerization are avoided.
They also reported that unsaturated aldehydes begin
to polymerize at 150C and that the rate increases rap-
idly at higher temp. Johnson et al. (16) found that
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methyl linoleate hydroperoxides decompose and form
polymers, even when stored under nitrogen at 0C.
Williamson (26) decomposed methyl linoleate hydro-
peroxide by continous heating at 100C for 23 hr. The
polymer obtained after molecular distillation was free
of acid groups but contained hydroxyl, carbonyl and
epoxide groups; and he noted that chromatographic
separation was impractical.

Through solvent fraction and distillation, the three
types of polymer fractions obtained by Williamson
were: 1) dimers carbon-to-carbon linked that con-
tained no hydroxyl groups and retained a large pro-
portion of the original fatty acid unsaturation; 2)
dimers carbon-to-carbon linked that contained an ap-
preciably hydroxyl content and had a relatively low
degree of unsaturation; and 3) trimers containing a
higher proportion of oxygen than the dimers and a
high degree of unsaturation. Chang and Kummerow
(5) oxidized ethyl lincleate at 30C and obtained a
series of polymeric fractions of inereasing mol wt by
solvent fractionation. The unheated polymeric frac-
tions were depolymerized by strong acids, and char-
acterization of the split products indicated that the
oxidative polymers were joined by earbon-to-oxygen
bonds. Swern et al. (24) obtained 30-40% yield of
polymers from 65C air oxidation of methyl oleate and
concluded that the polymers obtained were oxygen-
linked, probably as ethers sinece the polymers were
not saponifiable to monomeric units.

Saponification of fats and fatty produects is some-
what an arbitrary procedure, and for the more dif-
ficult saponifications, higher boiling solvents and
longer times of saponification have been employed.
The diffieulty of saponifying paint films and drying
oils is well-known (23). Steric hindrance within oxi-
dative polymers may contribute to the difficulties of
saponification. Gould (14) states that it is likely that
acid-catalyzed hydrolysis, esterification and saponifica-
tion are subjeet to virtually the same steric effects.
Rates of esterification are known to be goverened
primarily by the total number of substituents in the
o and B positions (17). Since hydroperoxide decom-
position is through a free radical mechanism, it is
quite likely that some hydrogen abstraction may oceur
on the o and 8 carbons of the fatty acid chain, as well
as in the allyl position of the double bonds. Dimers
derived from hydroperoxides in this manner would
be nonpolar and behave chromatographically like
thermal dimers or the dehydro polymers.

Dehydro polymers, as discussed by Clingman and
Sutton (6) and by Wheeler and coworkers (15,18),
derived through free radical decompositoin of a per-
oxide, would be free of oxygen and similar to the oxi-
datively derived monpolar dimers that oceur in the
peak I area. PFatty-acid hydroperoxides are effective
free radical polymerization catalysts (25), and con-
ditions for similar action are present during fat

TABLE V

Chromatographic Separations and Properties of Oxidative and
Thermal Dimers

Chromatographed as
Area
Esters Acids

Peak I.....ocooviiiiiivmnnns Unoxidized esters, thermal Nonacidic material
dimers, no hydroxyl groups .

Peak IT.........cccoevinne Intermediate material, Unoxidized acids
unregolved mixture with
few hydroxyl groups .

Peak ITL.............oc.e. Oxidative dimers with Oxidative and
hydroxyl groups thermal dimer acids

Peak IV.......occcionnnn. Secondary oxidation Secondary oxidation
products and highly po'ar products and highly
products show very strong polar materials
hydroxyl absorption
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autoxidation. Previous studies (10) on distilled oxida-
tive dimers (not chromatographically fractionated)
indicate diene conjugation as high as 239%, and with
double bonds randomly distributed from the C-6 to
C-10 carbon atom of the fatty-acid chains.

Chromatographic fractionation offers a method of
characterization and ‘analysis based on polarity of the
various components in oxidative polymers. Although
confirming our results with the chromatographic
method, Bernard and Rost (4) question the nature of
the dimeric material and maintain that in normally
processed soybean oil, thermal polymers constitute less
than 0.1%. Since Rost’s method (21,22) determines
thermal polymers only, it offers a means of checking
the type of dimer found in the ehromatographic peak
I areas obtained from the oxidative dimers.

Distilled oxidative dimers do not give highly re-
solved chromatographic fractions, but show a large
peak of ca. 30% of the same polarity as the thermal
dimer, and have a major peak approx 50% in an area
of much higher polarity. Saponification may not be
complete, and reesterification of these two chromato-
graphically isolated fractions shows that they are not
composed of homogenous material because fractions
of the various polarities are recovered. Internal ester
linkages in oxidative dimer offer a partial explanation
for polarity changes where hydrolysis would release
hydroxyl groups to give a polar monomeric unit within
the dimer structure. Polarity of a hydroxylated dimer
would be different from the original dimer.

Many parameters which influence the conditions
of oxidation and hydroperoxide decomposition must be
investigated, and the various interactions evaluated
before any chromatographic method of dimer analysis
can be fully evaluated. So far results indicate that
considerable chemical and physical information re-
garding the composition of oxidative dimers is avail-
able through a detailed analysis of the chromato-
graphic fractions. Temp of oxidation and the environ-
ment of peroxide breakdown are extremely important,
and these two factors probably contribute most to the
diversity of results recorded in the literature. Many
of the usual analytical techniques need critical evalua-
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tion in dimer analysis since basie distinetion of dimer
types (thermal, dehydro and oxidative) are made on
unsaturation, type of unsaturation, mol wt, saponifica-
tion value, functional group analysis and the presence
of various eyclic and heterocycliec groups. No defini-
tion of oxidative polymers is possible until these ma-
terials are fractionated and the components chemi-
cally and physically characterized. Currently it might
be advantageous to define, or at least partially de-
scribe, oxidative dimers in terms of polarity as de-
termined by some chromatographic procedure.
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A Long-Term Nutritional Study with Fresh and Mildly
Oxidized Vegetable and Animal Fats

H. KAUNITZ, R. E. JOHNSON and L. PEGUS, Department of Pathology, Columbia University, New York

Abstract

Fresh and oxidized eotton seed oil (CO) olive
oil (O0), chicken fat (CF) and beef fat (BF)
were fed to male weanling rats for 33 to 108
weeks. Groups fed oxidized fats except OO
showed a higher death rate than those fed the
corresponding fresh fats. Groups fed oxidized
CO and BF had the highest death rate. Histo-
logical studies of animals dying from natural
causes showed more pronounced cardiac lesions
in the animals fed oxidized CO. Serum, liver
and brain cholesterol levels were not influenced
by oxidized fats. Fatty acid composition of de-
pot fats and of heart and liver lipids did not
show significant differences between groups fed
fresh and the corresponding oxidized fats.

1 Presented at the Spring Meeting of the AOCS 1964,

N SPITE OF THE GREAT interest in the biological ef-

fects of natural fats which have been exposed to
heat and/or air, there are comparatively few reports
as to any pathological findings after long-term feed-
ing of such fats. In acute experiments, McKay (1)
induced the generalized Shwartzman reaction in preg-
nant rats by feeding them fractions of oxidized cod
liver oil during the gestation period. These episodes
of disseminated intravascular clotting, which are es-
pecially noticeable in lungs and kidneys, can be pre-
vented by the feeding of tocopherol. Raulin (2)
found that the degenerative heart lesions are more
frequent in rats on a low tocopherol diet. Earlier
short-term studies carried out in the authors’ lab-
oratory with highly polymerized fractions of autox-
idized fats revealed no recognizable histological le-
sions except for some edema of the gut despite the
fact that the animals had enlarged livers, kidneys,
and adrenals before they died (3).



