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INTRODUCTION

Randomized o0ils oxidize two to three times faster than
nonrandomized oils. Triglyceride structure may affect the
susceptibility of fatty acids to,oxidétiqn (45b, 10, 47).

The specific location of a fatty acid within the triglyceride
maybe of particular importance, but little research has been
done to investigate this.

The role of triglyceride structure in fat stability is
important riot only because randomization is an important com-
mercial proééss. During wmanufacture, fats and oils from
several sources may be blended. Possibly, the stability of
the blend depends on the glyceride structure of the components.
Also we frequently eat a diet that mixes fats and oils from
several sources. A considerable amount of the original glycer-
ide structure is preserved through digestion; and the stability
of our depot fat may be affected by diet. Hydrogenation of
fats is a more or less random process. Does this change the
glyceride structure in undesirable ways? There is consider-
able interest in altering the fatty acid composition of plant
oils by breeding. Is it possible to alter the triglyceride
pattern of plant oils by breeding? Until we understand the
role of glyceride structure in oil stability, it is impossible

to answer these questions.



1b

In this study, corn oil and samples of randomized corn
coil and methyl esters of corn oil were prepared, purified
and oxidized at 28C. The oxidative rate and the pro&ucts of
the initial state}of oxidation were studied. Additional
oxidative rate studies were performed to determine thelqause

of the wvariation in rates of oxidation.



LITERATURE REVIEW
Fatty Acid Distribution Hypotheses

Properties of triglycerides depend both on fatty acid
composition and on the distribution of fatty acids in the
triglyceride. Several hypotheses have been proposed to
account for the observed distribution of fatty acids.

Some of these theories include mathematical fatty acid
distribution hypotheses for natural fats that predict the
particular triglyceride coatributions that occur. These
theories assume random combinations occur except for
specific réstraints that may be imposed by the specific
theory. Even or widest distribution (11) and restricted
random (34, 35) distributions were. proposed to account for
the lack of trisaturated glycerides in vegetable oils.
1,2,3-random or unrestricted random distribution was
believed to apply to animal fats (445). l,3-random-2-random-
distributions were proposed to account for results obtained
by lipase analyses (58).' The most widely accepted theqry

at present is l-random-2-random-3-random theory first |
proposed by Tsuda in 1962, as cited by Litchfield (38). It
accounts for the results of stereospecific analyses. Tsuda
assumed that three different'pools of fatty acids were :
separately distributed to the sn-1l, sn-2, and sn-3-posifions

of all glycerol molecules in fat. Within its respective



position, each pool of acids was distributed at random. The
amount of each component triglyceride could be calculated

from the general equation:

%sn-XY¥Z= |mole % X at mole % Y at
sn-l-position| [sn-2-position

- -

-
mole % Z at -4
sn-3-position (10 )

Attempts have been made to predict the distribution of
particular acyl groups at various pesitions. Gunstone (23)
first suggested that in vegetable oils, oleic, linoleic,
and linolenic acids were randomly distributed among the
free hydroxy groups of glycerol remaining after palmitic,
stearic, and longer chain fatty acids were esterified at
the 1,3-positions. But further study of lipolysis results
by Gunstone and co-workers (24) indicated that among the
018 unsaturated acids, oleic and linolenic acids were more
likely to be found in the 1,3—pbsitions while linoleic acid
was more frequently encountered on the 2-position. This was
taken into account by Evans et al. (15) who proposed the
following three rules to calculate the composition of whole
oil:

a. Saturated acids and those with chain lengths greater

than 18 carbons are first distributed equally at

the 1,3-positi6ns.



b. Oleic and linolenic acids are then distributed
equally and randomly on the unfilied 1-, 2-, and
3-positions, with excess from the 1- and 3-positions
being added to the 2-position.

c. All remaining positions are filled‘by.linoleic
acids.

At the time this theory was proposed, there was no method
available to distinguish the sn-1 and 3-positions. With the
édvent_of sterospecific analysis by Brockerhoff (8), the
fatty acid compositions of the sn-1 and 3-positions were
found to differ but to resemble each other more tﬁan they
resembled that of the 2-position.
.Fatty Acid Composition and Positional
' Distribution in Corn 0il
 Although cofn is one of the principal crops of the

United States, only a small fraction of it is uséd for

obtaining corn oil. Corn oil is a byproduct of wet or

dry-milling of corn.

According to Mattil et al. (40), crude corn oil has

a dark reddish amber color and even after refining it is
somewhat darker than most other vegetable oils. It c¢ntains
relatively large amounts (1-3%) of phosphatides and other
nonoil substances, mainly sterols (often 1% or more); and
its free fatty acid content (usually above 15%) is higher

than that of other common vegetable seed vils of good quality.



Tocopherol is also an important component (0.1%) of the
unsaponifiable fraction, and may contribute to its high
stability. Oleic and linoleic acids.usually comprise

over 80% of the fatty acids in a ratio of 1:2 to 1:3.
Linolenic aéid is either absent or present in traces.
Palmitic acid is the main saturated fatty acid (10%5. The

triglycerides are mainly di- and triunsaturated. Character-

istics and composition of corn oil are given in Table 1.

Table 1. Characteristics and composition of cbrh oil (3)

Saturated fatty acids, wt %

Myristic Palmitic Stearic Cr0-22 Total
Saturated

0.2 9.9 2.9 0.2 13.2

Unsaturated fatty acids, wt %

Hexa- Oieic Linoleic Linolenic Total
dececenoic '

0.5 30.1 56.2 0.0 ~ 86.8

Scholfield et al. (49) by using a counter current |
distribution apparatus reported the majorvcomponent
glycerides of corn oil were trilinolein, dilinoleo-oleins
ahd dioleo-linoleins. Brockerhoff (8) has examined the

positional distribution of fatty acids in corn oil



triglycerides with two different methods. 1In the first
method, referred to as the sn-1,3-diglyceride method,
deacylation of triglycerides was carried out with a

Grignard reageht which was nonspecific in its attack on the
tfiglycerides. The sn-1,2(2,3)-diglycerides were separated
from the sn-1,3-diglycerides by preparative thin-layer
chromatography (TLC). The sn-1,3-diglycerides were converted
to sn-1,3-diacyl-2-phosphatidylphenol using phenyl .
dichlorophosphate. Treatment with phdspholipase A would
hydrolyzé only the sn-l-acyl group from an sn;2-phosphatide,
leaving a lysophosphatide containing sn-3-acyl chain. In
the second method, referred to as the sn-1,2(2,3)-diglyceride
method, ;riglycerides were incubated with pancreatic lipase
to obtain sn-2-monoglycerides. Either subsequently or
simultaneoﬁsly, the triglycerides were deacylated'to
representative sn-l,2(2,3)-diglycerides wifh pancreatic
lipase or a Grignard réagent. After isolation of
sn-1,2(2,3)-diglycerides by preparative TLC, they were
reacted with phenyl dichlorophosphate to produce a mixture
of sn-1,2-diacyl-3-phosphatidylphenol and sn-2,3-diacyl-
1-phosphatidylphenol.' Treatment with phospholipase A
liberated the fatty acids from the 2-position of the
sn-3-phosphatide but left the sn-l-phosphatide unhydrolyzed.
Separation and fatty acids analysis of the various reaction

products allowed the determination of the composition of



fatty acids in the sn-1l-, sn-2- and sn-3- positions in the
original triglyceride. His results summarized in Table 2,
showed close agreement between the two methods.

Table 2. Comparison of Brockerhoff's two methods for
sterospecific analysis of corn oil triglycerides

(8)
Fatty Acid Composition (mole %)
Posi- . _

Method tion 16:0 16:1 18:0 18:1 18:2 18:3
sn-1,2(2,3)- 1 17.9 0.3 3.2 27.5 49.8 1.2
diglycerides 2 2.3 0.1 0.2 26.5 70.3 0.7

3 13.5 0.1 2.8 30.6 51.6 1.0
sn-1,3- 1 18.5 0.4 3.5 28.1 48.5 1.0
diglycerides 2 1.8 0.1 0.2 25.8 71.2 0.9
3 12.6 0.5 2.2 31.0 52.6 1.1

Transesterification

- Transesterification, sometimes called ""ester interchange"

or "inte:esterification",changes the distributioﬁ of fatty
acids among the glycerides of fats or mixtures of fats toward
é random distribution. It involves an interchange of acyl
groups among triglycerides. Acyl groups may exchange
positions within a triglyceride or between triglyceride
molecules. Interesterification can be carried to an

equilibrium condition, at which point the fattyyécids assume

an almost random distribution among the triglycerides. The



process also is commonly referred to as randomization.
Transesterification requires a catalyst. Screenivasan (50)
summarized information on some of the important catalysts
and conditions for their use. He also reviewed the possible
mechanisms involved in the interchange.

Transesterification affects the physical nature and
behavior of fats. It finds application in such fields as
shortenings, margarine and confectionary fats where these
characteristics are important (50). In the case of lard,
unmodified lard shortenings tend to become grainy and
produce very coarsé crystals. Randomization improves the
plastic range of lard and this makes it a better shortening

than unmodified fat (13).
Products of Autoxidation of Fats and Oils

Primary products of oxidation

Edible fats and oils contain unsaturated and saturated
fatty acids in various ratios. The unsaturated fatty acids
autoxidize at a different rate and in addition each
unsaturated fatty acid can give rise to different hydro-
peroxides. From previous work on hydroperoxidé theory of
autoxidation, it is possible to predict which hydroperoxide

will be formed in autoxidation.



Saunders et al. (48) obtained direct experimental
evidence that hydroperokides and other oxygen-containing
products were formed even in early stages of autoxidation
of methyl oleate. They followed the absorption of oxygen
quantitatively over a widg range of oxygen uptakes and ﬁhen
analyzed the methyl oleate hydroperoxides polarographically
and iodometrically. They showed thafbof.the total peroxides
formed, only 90-95% could be accounted for as hydroperoxides.
Swern et al. (56) proposed these nonhydroperoxides could be
cyclic peroxides since on reduction theyv yieldedla glycol.
Khan et al. (36) reported the presence of a-ketols in
autoxidized samples. The a-ketols also were readily
reduced to glycols. This question has not been re-examined
with more recent techniques and the.nature of these nonhydro-
peroxides is not known. |

Numerous investigations have been carried out to
isolate and determine the structure of hyd;operoxides.

Farmer and Sutton (16) isolated methyl oleate peroxides by
continuous molecular distillation. These somewhat impure
peroxides consisted mainly of mono-hydroperoxide but also
contained a little di-hydroperoxide together with some
peroxide transformation products. Ross et al. (46) reported.
that the shifting of double bond occurs in the autokidationof

methyl oleate. They also found the four isomers
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(8,9,10 and 1ll-hydroperoxides) predicted by Farmer's
a-attack thedry. According to Frankel (18), the most
accepted mechanism for oleate autoxidation involved
hydrogen abstraction at carbon-8 and -11. By this mechanism
equal amounts of 8-, 9-, 10-, and ll-isomers are expected..
However, Frankel et al. (19) found consistehtly higher
concentrations of 8-and ll-hydroperoxides than 9- and
10-hydroperoxides in their investigation of autoxidation
products of methyl oleate. They suggested that allyl
isomerization might provide an adequate explanation for
the uneven distribution of isomers found in their study.
Bergstrom (5) isolated the hydrogenated products from
autoxidized linoleate and showed that they contained
9- and 13-hydroxystearins but not ll-hydroxystearins.
His results, therefore, left it an open question whether
any ll-hydroperoxide or other unconjugated hydroperoxide
was formed to any appreciable extent during the autoxidatioﬁ
of methyl linoleate. Bolland and Gee (7) in their studies
of the kinetics of autoxidation of ethyl 1inolea#e suggested
that there would be little probability of the formation of
appreciable amounts of unconjugated ll-hydroperoxide. The
absence of ll-hydroperoxide has been feported also by some
other workers (6,'26, 59). Bank et al. (4) reported equal
amounts of 9- and 13-hydroperoxides. Recently, Frankel and

his co-workers (20) studied the co-oxidation of methyl
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oleate and methyl linoleate by gas-liquid chromatography
(GLC) - mass spectrometry (MS) analysis of trimethylsilyl-
(IMS) - ether derivatives of the reduéed hydroperoxides.

In equal mixtures of oleate and linoleate oxidized to
differenﬁ degrees, about 807 of the pefoxides oiiginated
from linoleate, and with a 9:1 oleate-linoleate mixture,
50% of the hydroperoxides came from linoleate. They found
that the 9-hydroxyester came from both oleate and linoleate
hydroperoxides, but the 1l3-hydroxyester came only from

linoleate hydroperoxides.

Secondary degradation products

Hydroperoxides are the primary products of autoxidation.
The secondary degradation products of lipid oxidation are
formed from hydroperoxide decomposition. The first step of
hydroperoxide decoﬁposition is visualized as decomposition to

the alkoxy and hydroxy free radicals (2).

R-gH-R. —_—r R-QH-R + -OH
0 0] '
d ;
H alkoxy radical

Then chain scission can occur on either side of the radical
to yield an aldehyde and a new alkyl type radical.
&
R-?H-R . > R-. + ~R-C=0
0 .
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Reaction schemes have been published for the production of
various carbonyl compounds from oleic and linoleic acids

(2, 12). They are presented in Table 3.

Table 3. Carbonyl compounds resulting from the decomposition
of hydroperoxides

Isomeric Hydroperoxides Carbonyl Compounds

From oleic acid

ll-hydroperoxy 9 CS n-aldehyde
9-hydroperoxy 10 Cio 2-enal, Cq n-aldehyde
8-hydroperoxy 9 Cll 2-enal, C10 n-aldehyde
10-hydroperoxy 8 09 n-aldehyde
From linoleic acid
13-hydroperoxy 9, 11 Ce n-aldehyde
9-hydroperoxy 10, 11 C1o 2,4-dienal, Cq 3-enal

and/or 09 2-enal

The hydroperoxide theory is used to explain the
occurrence of Cg and 09 n-aldehyde and Cip and Ci1 2-enals
from oxidized oleic acids (2) and triolein (22). Swift
et al. (57a) identified Cllz-enal as a carbonyl formed in
the decomposition of oleate hydroperoxides. Bading (2)
cited a study done by Horikx and Schogt in 1959. Horikx
and Schogt studied the carbonyl compounds formed in the
initial phases of autoxidation of methyl oleate and

triolein. They identified the saturated aldehydes and chain
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lengths C5 to Cll and C6 to C12 Z-enals. The formation of
CS and C9 n~aldehydes and C10 and 011.2—ehals was in line |
with the theory of decomposition of four isomeric
hydroperoxides of oleic acid. C6 n-aldehydes and C10
2,4-dienals isolated from a limited autoxidation of
ammonium linoleate (1), linoleic acid and esters (22)
could be explained by hydroperoxide theory. _

Evans (14) illustrated how the following dialdehydes,
unsaturated hydrocarbons, and semialdehyde esters of
different chain length could be obtained from secondary
oxidation of linolenate hydroperoxide decomposition

products through chain scission:

H
Nl eCH=CH ~ —CH=CH.R!
04’C CH2 CH=CH CH2 CH=CH-R

unsaturated aldehyde ester, a linolenate
hydroperoxide decomposition product

H
0 /C-CHy?HtH=CH-CH=CH-R
0
9\
a y b

a H H .
;;C-CH3 \\C-CH=CH-CH=CH-R'
b. H\\ ’,H HZC=CH-CH=CH-R'
O/C-CHZ_C\
H_

- - = -~ '
o"‘,C CH2 CH=CH~R
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Secondary oxidation of this type could explain the formation

of cis-3-hexenal (14), which might be derived from more than

one source, and the formation of a large number of

dialdehydes. 'Buss'and MacKinﬁey (9) indicated the formation

of several dialdehydes during the autoxidation of corn oil

for 10 days at 78 to 85C with aeration.

The oxidized corn

0il was steam distilled and the carbonyls collected in

the distillate were converted to 2,4-dinitrophenylhydrazones,

which were separated by column chromatography.

However, they

did not identify the individual components.

Keeney (37) illustrated how the primary alkoxy radical

could react to give rise to series of compounds. The mech-

anisms may be summarized in the following manner:

RCHZO .

RCH,0

RCH20 .

Gaddis et al.

RCH,0 © ———)

+ R'H —mo-ou-—)
.+ R' . —
+ R' . —))
+ R'O: —)

CH,0 + R -

2
RCHZOH + R'

RCHO + R'H
- 1

RCH,0 - R

RCHO + R'OH

(22) reported that the major aldehydes

in oleate and linoleate were those that might be expected

from the scission of monomeric hydroperoxide isomers.

The

number of minor monocarbonyl compounds increased with the

degree of unsaturation. Their route of formation was not

clear. Selke et al. (51) investigated the volatile components

from triolein and trilinolein heated at an elevated temperature
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in air. Resuits showed that major volatiles were associated
with decomposition of the theoretical hydroperoxidés.
However, other volatiles wére also present which weré not
directly associated with the theoretical deéompdéition
mechanism. There were aliphatic acids, éaturated and
unsaturated aldehydes, primary alcohols, gamma'lactones,
hydrocarbons and methyl ketones. Furan and secondary
alcohols were also produced from heated trilinolein.

Selke et al. (52) also studied the thermal decomposition

of methyl oleate hydroperoxides and found the major

volatile compounds identified corresponded to those

formed from the heated triolein. Henderson et al. (29)

were able to isolate and identify the decomposition

products of autoxidized linoleate. They.reported a large
number of cyclic hydrocarbons and alkyl ethefs when
trilinoleins were heated at a high temperature. ’Quantita-
tively, hexanal and aldehyde esters were found in
significantly greater amounts in samples heated at a lower
temperature, whereas the reverse was true for 2,4-decadienal.
Sahasrabudhe and Farn (47) separated_the triglyceride fraction
and the polymeric fraction from corn oil after heating the
oil to 200 C in air. Ian the polymerié fraction, they found
branching in both short chain unsaturated acids and hydroxy

acids.
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Effect of Fétty Acid Composition and Glyceride

Structure on the Rate of Autoxidation in Lipids

The rates of autoxidation are greatly dependent upon
the degree of unsaturation of fatty acids. The rate of
autoxidation incredses in an exponential manner with
increaéing unsaturation. Comparison of rates of oxidation
of purified methyl oleate, linoleate and linolenate has
shown these esters oxidized at rates in the-ratio of
1:10:20, respectively (25, 3la, 55).

Wong and Hammond (60) measured the rate of dxidation of
methyl oleate and linoleate in mixtures by reducing the
hydroperoxides'U:thecorrésponding alcohols and separated the
methyl hydroxyoleate from the methyl hydroxylinoleate by
GLC of the TMS-ether derivatives. They found that the
relative rates of oxidation of methyl oleate and methyl
linoleate seemed to vary with the composition of the mixture,
but in general linoleate oxidized about ten times faster
than oleate. Frankel et al. (19, 20, 21) aléo analyzed
hydroperoxide mixtures by combined GLC-M3. The TMS-ether
derivatives were obtained from oxidized methyl esters after
reduction of hydroperoxides and saturation of doﬁble bonds.
Their data suggested that the relative rates of oxidation of
oleate, linoleate and linolenate varied with the composition
of the mixture. Recently, Fatemi and Hammond (17) by using

the same technique as Wong and Hammond (60) studied the
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relative rates of oxidaﬁion of fatty acid methyl esters in
mixtures. The relative rates of oxidation of methyl oleate,
linoleate and linolenate in a mixture were about 1:10.3:21.6.
They believed that Wong and Hammond 's (60) conclusion that
the ratios varied with the composition of the mixtures was
caused by artifacts giving high values for oleate hydro-
peroxide. The results of Frankel et al; (20) Supported

the conclusion of Wong and Hammond (60), but the experiments
of Frankel et al. (20) were done at a high temperature where
recoveries of peroxides were low.

The glyceride structure of fats and oils may affect the
rates of autoxidation. The specific location of fatty acid
within the triglycéride may be of particular importénce
because the position of a fatty acid affectsv the susceptibility
to oxidation (47). However, relatively little research has
been done to investigate the influence of more than one'type
of fatty acid and its position in the same triglyceride
molecule.-

Gaddis et al. (22) observed that the amounts and
proportions of monocarbonyl compounds produced varied consid-
erably when pork, lamb, beef and butterfat with palm oil were
heated at 165 C. These fats in general are similar in
unsaturated fatty acid composition but different in
triglyceride structure. They suggested that_the antioxidants,

glyceride structure, fatty acid content or the degree of



oxidation could possibly be tﬁé\cause of the variation.
Raghuveer and Hammond (45b) found th@E the rate of autoxidation
of mixtures of 1.5-2% triunsaturated Elgserides in tridecanoin
was decreased after randomization. This:ﬁ&g attributed to
more complete dispersal of the unsaturated féft{ acid in the
mixture. They noted that most fats decreased inkbpability

on randomization and proposed a theory baééﬁ_on the\hexagonal
packing of glyceride acyl chains in the moltéﬁystate} They
suggested that the acyl groups at sn-1 and sn-3-positions
éhould oxidize faster than those at sn-2. The concentration
of unsaturated fatty acid in the 2 position of a triglyceride
should stabilize a fat against oxidation. However, their
theory does not sufficiently explain the increased oxidation
rate in natural oils and fats after randomization. Fatemi

and Hammond (17) reported randomized oils or methyl ester
mixtures oxidized three or four times faster than natural
oils. The reason is unknown.

Hoffman et al. (30) studied the oxidative stability of
synthesized triglycerides containing palmitic, stearic, oleic
and linoleic acids. They reported that the oxidative
stability of various triglycerides appeared not to be
determined solely by the total unsaturation. The 1,3-equiacyl

triglycerides were found to be more stable against oxidation

than the 1,2-position isomers. The reason is unclear. They
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further pointed out that palm oil was more stable than -
lard. When both fats were randomized (sodium'methylate'as
catalyst, 110 C, 1 hr, Nzatmosphere), oxidative stability of
palm oil decreased even below that of the nonraﬁdomized'iard,

whereas the stability of randomized lard hardly changed. They

suggested the cause might Be due to the instability of
l-oleo-2,3-distearin. Randomization of palm oil causes
a big increase (7 to 20%) in this triglyceride, whereas
randomizafion of lard causes only a slight éhange in this
triglyceride. Catalino et al. (10) supported this finding.
They found cocoa butter and palm oil which were high in
1,3-distearo-2-olein were more stable against oxidation
than lard which was high in l-oleo-2,3-distearin. The
stability of cocoa butter and palm oil vanished after
randomization. There was little change in the stability of
randomized lard. Hammond1 synthesized 1,3-distearo-2-olein
and 1-oleo-2l3;distearin. The triglycerides were purified
through an alumina cclumn and oxygen uptake was measured
during oxidation. He reported that l-oleo-2,3—distearin
oxidized 2.5 times faster than 1,3-distearo-2- oleln

Fatemi and Hammond (17) reported that the proportions
of oleate, linoleate, and lincolenate hydroperoxides formed

in the oxidation of soybean and olive oils were similar

1E G. Hammond, Department of Food Technology, Iowa
State University, Ames, IA, 1968.
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before and after randomization and similar to‘that from
corresponding methyl ester mixtures, They concluded that
glyceride structure did not greatly affect the peroxide types
in the autoxidation of natufal oils. Hdwever, the types of
fatty acids and their positional distribution in the triglyc-
eride molecule were not studied. Their results are in contrast
to the findings of Raghuveer (45a) and Johnson (33). 
Raghuveer (45a) and Johnson (33) found that fatty .
acids in natural oils oxidized in different proportions than
that would be predicted from oxidation of'the corresponding
methyl ester mixtures. In their studies, the method they
used for measuring hydroperoxides formation involved the
reduction of hydroperoxides in the o#idized mixture to corre-
sponding hydroxyesters; these were acylated with acetic or
butyric anhydride and the resulting methyl acyl esters were
separated from unoxidized esters by urea fractionation. The
oxidized esters were estimated by densitometry on TLC. How-
ever, Wong and Hammond (60) found the separation of hy-
droxyesters of acylated hydroxyesters by TLC was difficult to
reproduce. This may account partiy for the differgnce in

findings between Fatemi and Hammond (17) and Raghuveer (45a)

and Johnson (33).4
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MATERTALS AND METHODS
Materials

Corn o0il was randomized using 0.5% sodium methoxide.
The reaction mixture was stirred with a magnetic stirrer
for 5 hr. The pressure was kept below 1 Torrland the
temperature was maintained at 60 C. After randomization,
the mixture was washed with 5% acetic acid, 5% sodium
bicarbonate solution, and then with distilled water. The
‘randomized oil was dried over sodium sulfate.

Methyl esters‘of corn o0il were prepared in the presence
of either 0.5% sodium methoxide or 2% sulfuric acid as |
catalyst. lCorn oil weighing 200 g and 500 ml methanol were
refluxed for‘6 hr with sodium methoxide and 6 hr or 18 hr
with sulfuric:acid.

Triacetin was 'randomized and washed" by the same
procedure used for corn oil.

Natural and randomized corn oil and methyl esters of
corn oil were purifled through alumina before oxidation (31)
to remove impurlties which interfered with the subsequent
analyses. The absence of components interfering with the
TLC of the oxidation products was ascerteined by the same
methods used below'in the analysis.. |

To ascertain that the tocopherols present in corn oil

were removed by the alumina treatment (31), tocopherol
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analysis was performed in natural, randomized and methyl
esters of corn oil by TLC-GLC procedure of Meijbroom and
Jongenotter (42a). The GLC analysis was carried out on a
Varian Model 3700 gas chromatograph. The temperature of
the column (1 m, glass, 3.3 mm o.d.) was programméd from
190 to 230 C at 10 deg/min. The flow rates of nitrogen,
hydrogen and air were 30, 30 and 300 cc/min, respectively.
The column packing was 3% JXR on 100/120 mesh Gas-chrom Q
(Applied Science Laboratory, State College, PA).

Castor oil with part of its hydroxy groups cbnverted
to TMS-ethers was prepared for a TLC standard by reacting
10 g of o0il with 1.06 g of pyridine and 1.55 g of
trimethylchlorosilane. The reaction mixture was stirred
with a magnetic stirrer at room temperature till the reaction
was complete. This was ascertained by TLC. The reaction
mixture was washed with an equal volume of distilled water and
0.1 N hydrochloric acid and dried over sodium sulfate.

Methyl ricinoleate prepared by Wong and Hammond (60)
was used for a TLC standard.

Methyl azelaic semialdehyde: To synthesize methyl
azelaic semialdehyde, ozonolysis of purified corn oil
methyl esters was carried out (43). A solution of 20 mg
of methyl esters in 1 ml of carbon disulfide was cooled in
dry ice-acetone and ozone was passed through it. Sudan red

was dissolved directly in the reaction medium as an indicator.
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The reaction mixture turned greyish white. When ozone
absorption was complete, an excess of triphenylphosphine
(100 mg) was added, and the reactipn mixtu:e was allowed to>
warm to room temperature. The triphenylphosphine reduced
the ozonides to the éorresponding aldehydes. An aliquot of
~ the carbon disulfide solution was appiied to TLC plate with
methyl ricinoleate as standard. The fraction conﬁaining methyl .
azelaic‘semialdehyde was isolated and analyzed by infrared
spectroscopy (IR), mass spectrometry (MS), and gas-liquid
chromatography (GLC). |

Azelaic acid methyl esters: 1 M of azelaic écid_was
reacted with 1.5 M of methanol and 0.5% sulfurig acid. The
mixture was incubgted overnight at 55 C. Hexane was added and
the mixture was heated to solubilize the azelaic aéid. Dis-
tilled water was added to wash away the sulfuric acid and the
héﬁane layer was evaporéted under nitrogen. An aliquot was
applied to TLC plate. Further anaiyses were carried out by
IR, MS and GLC.

Techﬁical grade tetrachloroethane was purified by
heating the solvent with lauroyl'feroxide at 100 C for 1 hr.
The solvent was distilled under reduced pressure. The
distillate collected was redistilled in the pfeseﬁce of
‘1,S-diphenylcarbohydrazide. ,

In experiments in which distilled methyl esters were used;

they were distilled through a 484unWidmef colum at 0.5 Torr.
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Oxidation and Analysis of Products

Oxidation conditions

All methyl esters and triglycerides were oxidized in
5-g lots in 125-ml Erlenmeyer flasks without stirring at
28 C.

When samples reached peroxide values (PV) of
approximately 30 to 40, samples were withdrawn and per-
oxides were reduced té alcohols by the.iédometric method of
the American Oil Chemists' Society (41). The samples were
extracted into chloroform, washed with distilled water and
twice with 5% sodium bicarbonate solution. After drying
the chloroform extract over sodium sulfate, the solvent was
removed in a rotary evaporator at réduced pressure while

the temperature was kept below 40 C.

Thin-layer chromatography

Plates of Silica Gel G (0.75 mm thick) were used for
preparative separations. They were air-dried and éctivated
at 100 ¢ for 1 hr and stored in a dry chamber. To separate
the oxidized products from the unoxidized glycerides of
methyl esters, a 100 mg sample was applied to a silica gel
plate with a sample streaker (Applied Science Laboratory,
State College, PA). Methyl ricinoleate was applied to the

sides as standard for oxidized corn oil methyl esters.

Castor oil TMS-ether derivatives were used as standards
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for oxidized triglycerides. The plate was developed in
hexane-diethyl ether (60:40 v/v), and after spraying the
plate with 0;2% 2',7' -dichlorofluorescein in 95% ethanol,

the bands were viewed under ultraviolet light. Bands were
scraped off the plate and extracted with 15 ml of ether.

The ether was evaporated under a stream of nitrogen. The
monohydroxy -triglyceride isolated from oxidized natural and
randomized oil was converted to methyl esters by trans-
esterification in methanol with sodium methoxide: ‘The esters

from the monohydroxy-triglyceride were examined by GLC.

Trimethylsilyl-ether derivatives

Methyl hydroxyesters were dissolved in 1 m of pyridine
and 2 ml of hexane, and 0.2 ml of hexamethyldisilazane and
0.1 ml of trimethylchlorosilane were added with rapid
mixing for 30 seconds. After sfanding overnight at room
temperature, 5 ml of hexane and 5 ml of distilled water
were added, and the hexane layer was recovered. The water
layer was washed twice more with hexané, and the combined
hexane extracts were dried over sodium sulfate and evaporated

under a stream of nitrogen.

Gas-liquid chromatqgraphz

‘The GLC analysis for TMS-ether derivatives was carried
out on a Varian Model 3700 gas chromatograpﬁlequipped with

a flame ionization detector. The temperature of the column
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(6 £ft, 1/8 in. o.d.) was 195 C and the flow rates of the
nitrogen, hydrogen and air were 30, 30 and 300 cc/min,
respectively. The packing was 10%'0V225 cyanopropyl
silicone on 100/120 mesh Chromsorb W (HP) (Pierce Chemical
Company, Rockford, IL). The analyses of unoxidized methyl
esters were performed on a Beckman GC5 gas chromatograph
equipped with a flame ionization detectof. The packing was
15% EGSX on 100/120 mesh Chromosorb P (Applied Science
Laboratory, State College, PA). The flow rates of nitrogen,

hydrogen and air were 50, 40 and 300 cc/min, respectively.

Lipase hydrolysis

The procedure of Luddy et al. (39) was used for the
deacylation of monohydroxy methyl esters and triglycerides.
The product after hydrolysis was quickly separated by
preparative TLC on silica gel (0.5 mm thick) containing
6% (w/w) boric acid.. The developing}system consisted of
hexane-diethyl ether (50:50 v/v), and éfter spraying the
plate with 0.2% 2',7'-dichlorofluorescein in 95% ethanol,

the spots were viewed under ultraviolet light.

Identification of unknown band

In the separation of oxidized products from the
unoxidized triglycerides and methyl esters, an unknown band
with a greater Rg than the monohydroxy~triglyceride band or

methyl monohydroxy ester was detected in all oxidized samples.
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Analyses were conducted in an attempt to identify the
unknown band.

Infrared spectroscopy IR spectra were obtained with

a Beckman IR12 infrared spectrophotometer fitted with a beam
condensor. The analysis was performed in a potassium bromide
ultramicro liquid cell.

Gas-liquid chromatography The GLC analysis was

performed on a Varian Model 3700 gas chromatograph as before.
The temperature was programmed from 50 to 230 C at 10 deg/min.

Mass-spectrometry Mass spectra of the unknown band

in all oxidized samples were obtained with a Finnigan Model

400 gas chromatograph-mass spectrometer.
Oxidative Rate Studies

Five grams of ester or triglyceride in a 125-m1
Erlenmeyer flask was oxidized at 28 C. Care was téken
whenever possible to avoid metal contamination by soaking
the glassware in alcoholic potassium hydroxide followed by
IN ammonium hydroxide. The PV was determined by. the method '

of Hamm et al. (27).
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RESULTS AND DISCUSSION

Oxidation and Analyéis of Products
’Triglyceride structure may affect the susceptibility of
fatty acids to oxidation (45b, 47). To study this, corn oil,
randomized corn oil, and corn oil methyl esters prepared with
a sodium methoxide catalyst were purified by passage throﬁgh
an alumina column. The fatty acid composition of the

oils is given in Table 4.

Table 4. Fatty acid composition of methyl esters of oil
by gas-liquid chromatography (GLC). by percent

fatty acids corn oil randomized corn oil
corn oil methyl esters
palmitic 10.71 11.19 11.33
stearic , 1.35 1.48 1.81
oleic 24.62 25.82 25.43
linoleic 62.55 60.92 60.57
linolenic 0.77 0.55 . 0.86

Thin-layer chromatography (TLC) analyses on these samples
were performed and plates were sprayed with 10% phosphomolyb-
dic acid in 95% ethanol. There were no éompqneﬁtsvwith'Rf's
below the triglyceride or methyl ester bands that would inter-

fere with the TLC of the oxidation products.



Figure 1. Gas-liquid chromatography of tocopherols in
corn oil samples and methyl esters of corn oil
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' Gas-liquid chromatographic (GLC) analyses for tocopherols
in the purified natural and randomized corn oil and methyl
esters of corn oil are shown iﬁ Figure 1. Obviously; alumina
treatment removed tocopherols from the corn oils and methyl
esters.

The purified oils were oxidized to peroxidé value (PV) of
approximately 30 to 40. The kinetics of oxidation will be
discussed in a later section, but in accord with earlier
studies, I found that randomized oil always oxidized signifi-
cantly faster than the natural oil, and methyl esters oxidized
at a rate similar to the randomized oil.

After reduction of hydroperoxides to the corrésponding
alcohols, analyses on all oxidized samples were performed.

The plate ﬁas developed twice in hexane and diethyl ether
(70:30 V/V), sprayed with 2'7'-dichloroflourescein in 95%
ethanol and viewed under ultraviolet (UV) light. The TLC
analysis of the oxidized oil is shown in Figure 2. Two new
bands were.present with Rffs below those of the unqxidized
triglycérides or methy1 esters; The two bands had Rf‘s close
to thosebexpected for monohydroxy-triglycerides or_monohydroiy-
methyl esters. One traveled slightly ahead and the other
slightly behind the castor oil standard. Castor oil with part
of its hydroxy groups converted. to ethers with trimethyl-
chlorosilane (TMS) was used as TLC standard for oxidized
ﬁatural and randomized corn oil. Castor oil is mainly tri-

ricinolein. With all of its hydroxy groups blocked by TMS,



Figure 2.

Preparative thin-layer chromatography separations
of oxidized randomized corn oil on Silica gel G.
Solvent system: Hhexane and diethyl ether (70:

30 V/V) -

unoxidized triglycerides
~ unknown band
monphydroxy-triglycerides
dihydroxy-triglycerides
trihydroxy-triglycerides

HYUQw>
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castor oil should have a Ry corresponded to unoxidrzed corn
oil triglycerides. When two of its hydroxy groups were
blocked, the Rf should correspond to a monohydroky-tri-
glyceride, and with one hydroiy group converted, the Re
should correspond to the dihydroxy-triglycerides region. The
unconverted castor oil triglyceride should remain at the
origin. Methyl rieinoleate was used as TLC standard for
oxidized corn oil methyl esters.

There was no evidence of the presence of dihydroxy- or
trihydroxy-triglycerides or ﬁethyl esters.

" Band C was converted to methyl esters with methanolic
sodium methoxide. The methyl hydroxyesters contained in
the C-band from the natural and randomized corn oil and the
methyl hydroxyester band from the oxidized methyl ester
corn oil were silylated. The GLC analysis of the silylated

products gave three partially-separated peaks as shown in

Figure 3. These results resemble those reported by Wong and
Hammond (60) and Fatemi and Hammond (17). The results of auto-
dation of natural and randomized corn oil and methyl esters of
corn oil are given in Table 5. Wong and Hammond (60) reported
that the apparent yield by GLC of the TMS-derivatives was

63% for methyl oleate hydroperoxide and 40% for methyl
linoleate hydroperoxide based on methyl heptadeconoate as

an internal standard. Fatemi and Hammond (17) reported

values of 62 and 447 for oleate and linoleate hydroperoxide,



Figure 3. Typical gas chromatograph of TMS derivatives of
methyl hydroxyesters of oxidized corn oil

1,3 : unoxidized fatty acid methyl esters
2 : methyl heptadecanoate

4 : TMS-oleate

6

5,6 : TMS-linoleate
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Table 5. GLC analyses on the recovery of TMS~derivatives of methyl
" hydroxyesters of oxidized natural and randomized corn oil -
and methyl esters of corn oil based on PV

fatty acid 7 recovery

ratio

oil PV oxidized unoxidized oxidized:unoxidized
corn 0112 30.54 70.17 60.98 1:1.74

36.74 71.31 66.55 1:1.87

43.43 68.24 53.56 1:1.57
randomized? 23.85 68.90 57.89 . 1:1.68
corn oil 30.85 69.44 70.96 1:2.04

31.11 82.62 57.40 1:1.40

37.11 82.33 62.12 1:1.53
methyl esters 26,66 52.64
corn oil 33.95 58.60

45.73 56.13

45.76 57.23

48.66 51.40

8correction factors of 0.62 for methyl hydroxyoleate (17) and 0.55
for methyl hydroxylinoleate were applied in the calculation. '
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respectively. Subsequently, their analyses were corrected
by these factors. In this study, the apparent yield by
GLC of the TMS-derivatives was 55% for corn oil methyl esters
which are primarily methyl linoleate hydroperoxide. The
apparent yield probably improved because the time allowed
for silylation was increased from 4 hr to overnight. The
reasons for the large correction factors are not certain.
Wong and Hammond (60) found that at least some of the
correction factor was a result of the flame ionization de-
tector's response to silyl ethers. Some of the correction
might arise from side reaction in the conversion of the
hydroperoxides to TMS-hydroxyesters, but they were unable
to detect significant amounts of side products.

The TMS-ether derivatives obtained from the C-bands
in the oxidized samples of randomized and natural corn oil
accounted for 70-807% of the hydroperoxides generated in the
early stage of autoxidation. The loss of unoxidized fatty
acids is generally about 107 greater than for the hydroxy
fatty acids, so probably part of the correction factor used
for hydroxy fatty acids is for mechanical losses. The ratio
of unoxidized to hydroxy fatty acid is about 1.5-2 to 1. A
ratio of 2 to 1 would be expected for monohydroxy-triglyc-
erides, so it can be concluded that the C-band is monodydroxy-

triglycerides.



Figure 4. A cross-sectional representation of the ortho and meta hexagonal
packing of molten glycerides. The dashed lines indicate alpha
chains attached to the same glycerol molecule
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These results were contradictory to the theory proposed
by Raghuveer and Hammond (45b) to account for the effect of
glyceride structure on autoxidation. They proposed a theory
based on the hexagonal packing of glyceride acyl chains in
the molten state. Figure 4 represents avcross—sectional view
of this hexagonal packing and shows that there are two pos-
sible regular arrays; one in which the two alpha chains from
a given molecule (indicated by the dashed line) occupy the
ortho positions of the hexagon, and one in which they are
in meta positions. - They reasoned that when the two alpha
chains occupied the ortho positions, they were hexagonal
heighbors and should interact rapidly if one contains a
peroxyl radical. Therefore, fats with polyene fatty acid
concentrated on the B position would be more stable. Dihydro-
peroxy-triglycerides that yield dihyroxy-triglycerides in
this analysis should be a major product according to Raghuveer
and Hammond's theory (45b). The preparative TLC results
indicated otherwise. There were no detectable dihydroxy-
triglycerides in the oxidized oil. This indicates that
either oxidation must occur exclusively on the B-chains or
the a-chains on the same molecule seldom interact in autoxi-
dation. |

The unoxidized methyl esters recovered from the

monohydroxy-triglycerides bands were analyzed by gas-liquid



Table 6. Fatty acid composition of unoxidized methyl esters
: recovered from monohydroxy-triglycerides by percent

fatty acids

corn oil pélmitic» stearic oleic linoleic 1linolenic

natural
triglycerides 10.71 1.35 24 .62 62.55 0.77
monohydroxy- 12.22 1.63 23.56 61.74 0.84
triglycerides '

randomized

. - triglycerides 11.19 1.48 25.82 60.96 0.55
monohydroxy- 12.00 1.82 26.89 58.55 0.80

triglycerides

A



43

chromatography (GLC) and the results are summarized in
Table 6. |
The oxidized fatty acid in the monohydroxy-triglycerides
is primarily linoleic acid as shown'by Figure 3. This is
expected because linoleic oxidizes about ten times faster
than oleic, and given Ehe composition of corn oil, about 967
of the oxidized acyl groups should be linoleic acid. But if
the triglyceride structure were random, the fatty acids
associated with the oxidized acyl group should be the same
as the fatty acid composition of the unoxidized oil. This
is approximately true}for both the réndomized and natural
corn oil. There is a slight tendency for the unoxidized
acids to be richer in saturated acyl groups,.but this may
not be a significant difference. Thus, there is no evidence
that triglycerides with particular compositions are singled
out for oxidation. |
Attempts were made to determine the distribution of the
hydroxy group in oxidized triglyceride by lipase hydrolysis.
The TLC analysis of lipase-hydrolyzed monohydroxy-triglyceride
or methyl-ester is shown in Figure 5.Standard$were used to aid
in the identification. Normal diglycerides appeared to be ab-
sent in the lipase-treated monohydroxy-triglycerides. Any mono-
glyceride found in the reactions was obscured by spots}origf
inating in the lipase blank. This interfered with the

interpretation of the results. Moreover, little information



Figure 5.

TLC of lipase-hydrolyzed monohydroxy-
triglycerides or methyl esters of corn oil

lipase hydrolyzed unoxidized corn oil
1,2 (1,3) diolein

1,3 distearin

urucic acid

lipase blank

lipase~hydrolyzed corn oil

lipase~-hydrolyzed monohydroxy-triglycerides
from oxidized natural corn oil PV 32.41
lipase~-hydrolyzed monohydroxy-triglycerides
from oxidized randomized corn oil PV 31.16

= lipase-hydrolyzed methyl monohydroxyesters
from oxidized corn oil methyl esters PV 33.95
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is available on the specificity of pancreatic lipase on glyc-
eride acyl chains with hydroxy group<attaéhed. It is possible
that pancreatic lipase is not a suitable enzyme for this
purpose or perhaps, further purification of the enzyme is
needed priof to use. However, it is possible that normal
1,2-diglycerides were indeed absent which would indicate

that only the fatty acid on the R-position was being oxi-
dized and only hydroxydiglycerides were present after lipase

action,

Identification of Band.B .

A band with a greater R¢ than monohydroxy-triglycerides
but less than unoxidized triglycerides or meth&l esters was
detected under ultraviolet (UV) light after spraying with
2'7'-dichlorofluorescein. To enhance detection, plates were
sprayed with 10% phosphomolybdic acid and heated at 110C. By
visual estimate, with a dichlorofluorescein spray, the inten-
sity of the B-band increased with peroxidé value (PV) and
appeared about three times more intense in the randomized
0il than natural oil when the oils were oxidized to comparable
PV's,

_ To compare the relative amount of the B-band in oxidized
natural and randomized corn oil, the B-bands were isolated
by thin-layer chromatography (TLC), converted to methyl

- esters with methanolic sodium methoxide, silylated and
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analyzed by gas-liquid chromatography (GLC). The GLC
analysis indicated there was only unoxidized methyl esters
and no methyl hydroxyesters were detected. The relative
amount of ﬁnoxidized methyl esters was approximately two
times greater in the randomized than in the natural corn oil
‘when they were oxidized to a comparable PV. Thus, the amount
of band B produced during oxidation is an important difference
between natural and randomized oils.

By visual estimate, with a dichlorofluorescein spray,
the intensity of monohydroxy-triglycerides band was about
two times more intense than the B-band in oxidized randomized
corn oil.

Thé properties of band B suggested that it might contain
a scission product such as azelaic acid semialdehyde; there-
fore, methyl azelaic semialdehyde and azelaic acid methyl
esters were synthesized and purified by TLC. Components in
these preparations had TLC Rf's similar to band B of oxidized
corn oil methyl esters, using methyl ricinoleate as an Rf
guide. These components were scraped off, eluted with ether
and compared to band B by GLC, infrared (IR) and mass spec-
trometry (MS). The mass spectral data of methyl azelaic
semialdehyde and azelaic acid methyl esters are listed in

Table 7.
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The GLC analyses for the B-bands in oxidized natural,
randomized corn oil and corn oil methyl esters are shown

in Figure 6.

Band B in oxidized corn oil methyl esters

The GLC analysis showed a number of peaks. Peak 1
appears only in oxidized methyl esters. The peak disappeared
when band B was treated with methanolic sodium methoxide.

The mass spectral data and - GLC analysis indicate that peak 1
was probably nonanal. The mass spectrgl data of peak 1 are
in Table 7. Bothk peaks.2 and 3 also disappeared when band

B was treated with methanolic sodium methoxide. They are
produced in the oxidation of both methyl esters and tri-
glycerides. They are probably some kind of aldehyde scission
product that is polymerized by sodium methoxide. The mass
spectral data of the two components were similar and are in
Table 7. This scission product has a molecular weight of 152
and probably has a furan ring. It matched closely with values
reported for d—propyl furanacetaldehyde (31b). The retention
time of peak 4 corresponded to that of methyl azelaic semi-
adlehyde. The retention time for peak 5 which appeared as a
very small peaklet on the GLC, corresponded to the retention
time of dimethyl azelate. MS-analysis showed strong signals

from dimethyl azelaic semiadlehyde.



Figure 6. The gas-chromotograms for B-bands in oxidized
. corn oil methyl esters and oxidized natural
and randomized corn oil
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Table 7. Mass spectral data of the scission products present in B-band

Identification

fragments m/e (relative abundance)

methyl azelaic
semialdehyde

dimethyl azelate

peak 1

peaks 2 and 3

74(100), 87(49.43), 83(34.83), 111(24.16),
143(15.73), 155(8.43), 98(7.3), 94(5.62),
115(5.62), 158(3.9), 129(1.68)

74(100), 152(62.57), 83(61.45), 111(45.25),
185(44.69), 84(32.96), 87(31.28), 143(25.69),
97(19.55), 124(14.23)

71(100), 85(57.71), 70(44.00), 84(23.43), -
67(12.00), 99(12.28), 69(10.57), 98(10.71),
142(6.57), 113(5.71)

81(100), 67(27.87), 65(12.35), 66(12.35),
83(11.20), 79(7.18), 152(2.88), 109(1l.44),
123(1.44)

18
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It is-difficult to explain the presence of dimethyl
azelate as an oxidation product, so its presence in the
starting material was tested. Preparative TLC was performed
on unoxidized corn oil methyl esters. The region corresponded
to the B-band was scraped off, eluted with ether and analyzed
by GLC-MS. A little methyl azelaic semialdehyde was detected
in the unoxidized methyl esters but no dimethyl azelate.
Since monomethyl azelate would come from the scission re-
action, the presence of dimethyl azelate in band B of oxi-
dized methyl esters could not be explained. Evans (14)
pointed out that it was difficult to remove many breakdown
products from oils and it was easy to obtain positive tests
for an aldehyde in even the purest distilled fatty esters or
refined fats. Some methyl azelaic semialdehyde might have
generated during the transesterification step and had notbeen
removed completely by the alumina treatment. The GLC
analyses showed the amount present in oxidized methyl esters
was about four to five times greater than in unoxidized
methyl esters.

The IR spectrum of band B was similar to the spectra
of methyl azelaic semialdehyde and dimethyl azelate. There
was no indication of a hydroxy group. The CH stretch band

(3010, 3040 cm_l) for -? = 9- was missing, suggesting that

H H
double bonds were absent.
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Band B in oxidized natural and randomiZed’Cbrn'bii

The GLC analysis indicated the absence of peak 1 in
both natural and randomized samples. Peaks 2 and 3 also
disappeared when B-bands in these two samples were transester-
ified with sodium methoxide or boron trifluoride. These
peaks are probably some kind of aldehyde as mentioned earlier.
There were several times more of these peaks by GLC in random-
ized than in natural corn oil when they were at comparable
peroxide values. Peaks 4 and 5, which corresponded to the
retention time of methyl azelaic semialdehyde and dimethyl
azelate, respectively, were also present. Thése two peaks
were not very prominent in the GLC trace. Their presence
was confirmed by MS.

A new peak, 4', with retention time immediately after
peak 4 was detected whz2n band B was transesterified with boron
trifluoride. Several fold more area under peak 4'was produced
from randomized than from natural corn oil oxidized to the
same peroxide value. To identify peak 4', methyl azelaic
semialdehyde was transesterified with boron triflﬁoride
and analyzed by GLC. Dimethylacetal was formed and has a
retention time corresponding to peak 4'. The B-band of
oxidized randomized corn oil was transesterified with boron
trifluoride and analyzed by MS. MS confirmed the presence
of dimethylacetal. A masé spectrum of dimethylacetal of

methyl azelaic semiéldehyde showed characteristic fragments
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at mass 157 and 201. The interpretation of the rest of the
peaks was speculative. 1In general, interpretation of the
mass spectra of the B-band was complicated because the
products in the B-band frequently did.not give parent peaks
in the MS. The signals from some of the products were very
small and obscured by backgroﬁﬁd noise. |

The IR spectra of the B-bands from oxidized natural and
randomized corn oil were similar to those of cérn oil except
the relative proportions of the -CH- stretch band at 3010 and
3040 cm'1 fox'unsaturation were reduced, thus, results from -
GLC, MS and IR indicated the major products in the B-band
in oxidized corn oil methyl esters were nonanal, methyl.
azelaic semialdehyde, dimethyl azelate and an unidentified
aldehyde which might be a-propyl furanacetaldehyde. 1In -
oxidized oil, the band consisted of a triglyceride containing
two fatty acids and one azelaic semialdehyde or methyl azelaic

group, or the unidentified aldehyde in peaks 2 and 3.

Oxidative Rate Studies
In the first part of this study, different rates of
oxidation were observed for natural and randomized corn oil
methyl estérs. To explore this variation further, samples
of natural, and randomized corn oil and corn oil methyl
esters were oxidized at 28 C, and the peroxide values (PV)
were determined periodically by either the iodomét;ic method

(4) or the method of Hamm et al. (27). The slopé of the
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logarithm of peroxide value versus time for each sample was
calculated. The slope indicates the rate constant of the
oxidation. The results are sumarized in Table 8. The r?
values which are a measure of how well a straight line fits
the data, indicate good fit. = Randomized corn oil oxidized
approximately three to four times faster than naturalloil
and corn oil methyl esters oxidized approximately as fast as
randomized oil. -

Table 8. Rate of oxidation of natural and randomized corm
oil and corn oil methyl esters

slope

(rate constant of oxidation, days'l) £2

corn oil : .06 1.00
- .06 1.00

.08 0.92

.08 1.00

randomized .18 1.00
corn oil .19 0.98
.21 1.00

.25 0.96

.29 0.94

corn oil c 0.25 0.99
methyl esters 0.26 0.97
0.37 0.89
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The corn o0il methyl esters in Table 8 were prepared with
methanolic sodium methoxide. Similar results were obtained
if methanolic sulfuric acid was used to make the esters, and
if care was taken to allow time for the reaction ﬁo go to
completion. Corn oil partly converted to methyl esters with
a sulfuric acid catalyst sometimes oxidized at rates compara-
ble to natural corn oil and sometimes comparable to random-
ized corn oil. Rate studies such as these are subject to
many sources of error because of trace contamination, so

key experiments were replicated several times.

The previous results suggest that the natural glyceride
structure of corn oil may affect its rate of oxidation. The
most notable changes of randomization is to allow saturated
acyl groups on the sn 2-position of triglycerides. Hoffman
et al. (30) pointed out 1,3-distearo—2-oiein was mbre stable
against oxidation than l-oleo-2,3-distearin. They attributed
the change in stability of palm oil after randomization to
changes in concentration of such triglycerides. There is
less of such triglycerides in corn oil, but theoretically,
corn dil with 1l-oleo-2,3-distearin added should oxidize
faster than natural corn oil or randomized corn oil with 1,3-
distearo-2-olein added should oxidize slower than randomized
éorn oil. To see if this had any effect, the foilowing samples
were prepared: In the first sample,‘3% of 1-oleo-2,3-

distearin was added to corn oil, and in the second sample,
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3% of 1,3-distearo-2-oleinwas added to randomized corn oil.
These two triglycerides were gifts from Dr., Earl Hammond and
they were synthesized according to the method of Quinn et al.
(44b). The samples were oxidized and the PV was determined
over a period of time. The oxidative rates of the two samples
are listed in Table 9. There was no difference.in oxidation
rates of the oil to which the oléyldistearin was.added.

If glyceride structure in the natural oil has a stabilizing

- effect against oxidation as speculated, it is unclear what

the important structurél feature may be. »

On the other hand, the presence of either antioxidants
or pro-oxidants could cause the difference in oxidative
rates in natural and randomized corn oil and corn oil methyl
esters. If the variation was caused by an antioxidant, then
this antioxidant must be very nonpolar énd not removed by
- alumina treatment as are tocopherols. Such -an antioxidant
also must be acid and alkali-labile for when corn oil is
transesterified with either sodium methoxide or sulfuric acid,
the antioxidant activity is lost. If the variation was
caused by pro-oxidants, these pro-oxidants were pfobably
produced during transesterification and were not removed by
alumina treatment.

Possibly, sodium methoxide and sulfuric acid cause some
side reaction with esters of glycerol which ﬁroduces'a

pro-oxidant effect. To test this, "randomized triacetin"
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produced by treating triacetin with sodium methoxide was
added to corn oil in an amount equal to the glycerol content
of the corn oil triglycerides. A control was prepaied with
a similar amount of untreated triacetin. The oxidative rates
are also listed in Table 9. There was no difference between
the two samples and the rates were similar to natural corn
oil. This leads to the conclusion that alteration of the
glycerbl or the ester group has no rolé in'accelerating the
oxidation.

If transesterification produced a'prb-oxidant, it might
be removed by distillation of the methyl esters. But after
distiilation through a Widmer column, the methyl esters oxi-
dized as fast as the undistilléd methyl esters. The oxidation

rates are listed in Table 9.

General Conclusions

The results of these experiments show that randbmized
corn oil oxidizes three to four times faster than natura1
corn oil and at a rate comparable to corn oil methyl esters.
-The oxidation produces only monohydropefoxy-triglycerides
in the early stages. Randomized corn o0il produces about -
twice as much chain scission products as natural corn oil.

Raghuveer (45b) suggested that the glyceride |
structuie of natural oils affected the availability of
substrate, a factdr which should affect the rate of propa-

gation reaction.
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Table 9. . Oxidative rates of wvarious oil samples

slope L
(rate constant of oxidation,day_ ) r

corn oil + 3% 0.05 ' .95
l1-o0leo-2,3-distearin

randomized corn oil + 3% 0.25 1.00
1,3-distearo-2-olein

corn oil + "randomized - .06 0.81

triacetin" :

corn oil + triacetin : ' .06 .96

corn oil methyl esters .27 .97

distillate .35 1.00
kp

RO, * + RH — ROOH + R

| Fatemi and Hammond (17) found that randomization did
not affect the fatty acids oxidized - in the case of corﬁ oil,
almost ail of it is linoleic acid. This, along with the
current finding that only monohydroperoxy-triglycerides are
formed, argues against an effect on the propagation reaction,
for if a peroxy radical always attagk a neighboring molecule
and never another fatty acid on the same molecule, the effect
of glyceride.structure on the availability of substrate must

be minimal..
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The finding that randomization increases chain scission
suggests the acceleration of oxidation by randomization may
be an effect of initiation,

2RO0H —Ei—+ free radicals

although an increase in scission does not prove there is

an increase in radical formation. Factors affecting the
scission reaction have been little explored, and it is not
clear how the glyceride structure of a fat might affect the
interaction of hydroperoxides and their breakdown, especially
if hydroperoxides are always on separate molecules. Neither
is it clear how a pro- or antioxidant that might be present
would affect the scission reaction.

The scission products, aldehydes and alcohols, are
subject to further oxidation and might accelerate the oxi-
dation rate (42b). However, the kinetics that fit the re-
action, the logarithm of hydroperoxide concentration versus
time is linear, assume that the radicals are initiated by
a reaction involving two hydroperoxides (57b), and if some
scission productswere a major source of radicals, the kinetics
should change unless the scission products and hydroperoxides

always occur in a fixed ratio.
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SUMMARY

Natural corn oil, randomized corn oil and corn oil methyl
esters were purified by passage through alumina and oxidized
in 5-g lots to peroxide wvalues of 30 to 40. The purified samples
were free from tocopherols. The hydroperoxides in the oxi-
dized samples were reduced to alcohols with iodide (41).

Two méjor bands, bands Band C, were isolated from unoxidized
triglycerides or methyl esters by thin-layer chromatography
on silica gel G. The Re¢ of band C corresponded to the mono-
hydroxy-triglycerides region as indicated by TLC standards.
Band C in the oxidized triglycerides was converted to methyl
esters with methanolic sodium methoxide. The methyl hydro-
esters from oxidized natural and randomized corn oil and
corn oil methyl esters were silylated with trimethylchloro-
-silane (TMS). The silylated products were analyzed by gas-
liquid chromatography using methyl heptadecanoate as an
internal standard. The recovery of TMS-ether derivatives

of methyl hydroxyesters accounted for 70 to 80% of the
hydroperoxides generated in the early stage of autoxidation.
The ratio of unoxidized to hydroxy fatty acids was about
1.5-2 to 1. A ratio of 2 to 1 would be expected for mono-
hydroxy-triglycerides; so it could be concluded that C-band
is monohydroxy-triglycerides.

Band B had a gfeater Rg than monohydroxy-triglycerides

but less than unoxidized triglycerides or methyl esters. The



62

properties of band B suggested that it might contain a
scission product. Data from gas-liquid chromatography,
mass spectrometry and infrared spectroscopy indicated the
B-band in oxidized methyl esters could include methyl azelaic
semialdehyde, dimethyl azelate, nonanal and an unidentified
aldehyde. In oxidized oil, band B consisted of a triglyceride
containing two fatty acids andone azelaic semialdehyde or
methyl azelaic group. The unidentified aldehyde also was
present.

The oxidative rate studies showed that randomized corn
oil oxidized three to four times faster thanvnatural oil
and corn oil methyl esters oxidized approximately as fast as
randomized oil. The results suggested that the natural
glyceride structure of corn oil may affect its rate of oxi-
dation, or perhaps the difference in rates of oxidation was
due to the presence of either an unknown antioxidant or pro-

oxidant.
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