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Abstract

Nineteen different samples of oils and fats have
been examined for their component acids and com-
position by gas-liquid chromatography. Under
programmed-temperature operations, the temper-
atures at which different components start to
elute bear a straight-line relationship with their
respective carbon numbers. Chromatograms,
under programmed-temperature conditions, of
methyl esters from such oils as coconut, ground-
nut, mustard, ete., are used for identifying the
components of an unknown oil by comparing its
chromatogram taken under nearly identical con-
ditions. For confirmatory identifications, such
plots as logarithm of retention times versus
carbon numbers for saturated acids (14:0
to 24:0), monoenocic acids (14:1 to 24:1),
and dienoic acids (18:2 to 24:2), under iso-
thermal conditions, have also been used. Some
new fatty acids, noted for the first time in tradi-
tional oils, are 15:0 in cottonseed oil, 20:1 in
sesame oil, 22:0 in soybean oil, and 24:2 in
mustard oil. Odd-ecarbon chain acids from 11:0
to 23:0 have been observed in such vegetable oils
as peanut germ, rice bran, and Mesua ferrea.
Fatty acid eomposition by GLC for new samples
like peanut lecithin, peanut germ oil, Myristica
attenuata, Myristica kanarica, Myristica mag-
nifica, Mesua ferrea, Vateria indica, Schleichera
trijuga, and shark-liver stearine are presented.
Industrial utilization of these new oils and fats is
discussed.

Introduction

INDUSTRIAL UTILIZATION of an oil or fat is greatly
enhanced by a knowledge of its fatty acid composi-
tion. Under a program of research some oils from
seeds obtained from the jungles of Kerala were ex-
amined for their composition. Other oils such as
coconut, cottonseed, groundnut, ete., which were
regularly bought in ton lots, were also included in
this study as the fatty acid composition of commercial
samples was not readily available. All these were
analyzed by gas-liquid ehromatography (GLC) as this
was the best available technique to reveal the
component fatty acids both qualitatively and
quantitatively.

Experimental Procedures

Raw Materials. Seed of Myristica attenuata,
Choraplne (Malayalam) ; Myristica kanarica, Unda-
pine (Malayalam) ; Mymstwa magnifica, Kothapine
(Malayalam) ; Mesua ferres, Nanku (Malayalam),
Nahor (Hlndl) Schleichera trijuga, Poovam (Mala-
yalam), Kusum (Hindi) ; and Vaterta indica, Vella-
pine (Malayalam), Dhupa (Hindi) were collected
during June to August 1963, and generous quantities
were made available for this study. These seeds were

1 Present address: Research and Development Center, Lever Brothers
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crushed, dried where necessary, and extracted with
commercial hexane (bp 65-67C). The detailed an-
alyses of these samples are recorded in Table 1.

Groundnut lecithin was obtained as a sludge in the
degumming of solvent-extracted groundnut peanut
cake oil. It has the following analysis: moisture 28.1%,
benzene insolubles 15.3%, acetone solubles 19.8%,
acetone insolubles 36.8% ; total phosphorus 1.7% and
A.V. 25.7. This sludge was dried and extracted with
hexane; the fatty matter thus obtained was converted
into methyl esters according to a procedure described
later. Yield of methyl ester 30%.

For groundnut germ oil the germs containing a
small portion of groundnut kernel obtained from a
groundnut four plant were extracted with commercial
hexane. The 45% of fatty matter was extractable and
had the following analysis: S.V. 195.4, L.V. 73.6, A.V.
2.1, unsaponifiable matter 1.6%.

Shark-liver oil stearine was supplied by the Govern-
ment Oil Factory, Calicut, Kerala, and had the char-
acteristics: A.V. 38, 8.V. 183.4, 1.V. 127.5, unsaponifi-
able matter 3.9, glycerine 8.7% mp 37C. Samples
drawn from bulk lots from the plant were: coconut
oil (A.V.1.4,8.V.253.1,1.V. 8.9), groundnut oil (A.V.
0.6, S.V. 194.1, LV. 93.2), cottonseed o0il (A.V. 0.3,
S.V. 197.5, L.V, 107), palm oil (A.V. 5.6, S.V. 199,
1.V.55.1), sesame oil (A.V. 6.6, S.V.190.1, 1.V. 105.4),
soybean oil (A.V.1.0, S.V. 194.3, 1.V, 132.8), rice bran
oil (A.V. 91.3, 8.V. 1904, 1V. 80, unsaponifiable
matter 4.0% ), beef tallow (A.V. 21.0, 8.V. 195, L.V.
58.4), and mutton tallow (A.V. 12,7, S.V. 202, I.V.
36.6). Mustard oil (S.V. 171.4, LV. 102.9) was a
market sample of edible quality.

Methyl Esters. About 3 g of oil or fat were reﬂuxed
with methanolic sodium hydroxide (40 g/liter) for
one hour. After slight cooling the soaps were split in
situ by the careful dropwise addition of concentrated
sulfuric acid, with a gentle swirling of the flask. An
excess of sulfuriec acid to provide a concentration of
2% on the basis of aleohol (w/v) was then added,
and the entire mass was allowed to simmer on a hot
plate to ensure complete splitting of the soap. At this
stage either the contents were allowed to simmer gently
for two hours, or if the work was done toward the
end of the day, they were left at room temperature
over-night to permit esterification. Both the proce-
dures gave identical results. After dilution with 100
ml of water, the esters were transferred to a separatory
funnel with about 100 ml of ether.

After the ether extract was washed with water,
it was washed once with 100 ml and twice with 50 ml
each of 1% aqueous potassium hydroxide solution to
remove any residual acidic matter. The ether layer
was not allowed to be in contact with the alkaline layer
for more than one hour, and the latter was withdrawn
though slightly hazy. This precaution was necessary
to avoid any saponification during the treatment. After
the washing with water the esters were recovered in
the usual manner and distilled under vacuum (0.2-
mm pressure). Results obtained with a few samples
by this method are recorded in Table II.
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F16. 2. Programmed-temperature chromatograms of Schleichera trijuga (Kusum), mustard, and

shark-liver stearine methyl esters.

Elmer Model 21 spectrophotometer with sodium ehlo-
ride opties, and measurements were made on earbon-
disulfide solutions. AOCS Official and Tentative
Methods were followed for all the routine analyses.

Results and Discussion

Preparation of Methyl Esters. Many reagents, such
as diazomethane (1) and borontrifluoridemethanol
(2), with fatty acids and such procedures as esterifica-
tion in the presence of dimethoxy propane (3) to
ingure anhydrous conditions and methanolysis in the
presence of basic and acidic catalysts (4-6) with oils
and fats, have been used to prepare the respective
esters. Comparative studies (7,8) of some of the

methods (methanol-hydrochloric acid or sulfuric acid,
diazomethane, borontrifluoride-methanol) have been
shown to yield identieal results with most common oils
and fats. Most of these methods are not suitable for
unknown oils and fats which might contain resinous
or phenolic materials (12-14). Side reactions with
unsaturated fatty acids by borontrifluoride (10) and
polymer formation with diazomethane (9) have been
pointed out as drawbacks with these reagents.

In the method described in this paper the samples
are subjected to hydrolysis both under alkaline (dur-
ing saponification) and acidic (during esterification)
conditions, thus ensuring that fatty acids attached to
organic compounds other than glycerol are also split
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from them and esterified. The alkaline wash will re-
move any acidic material (unesterified acids, resinie
acids, phenols, ete.) but involves a small loss of ma-
terial even with such oils as soybean, sesame, cotton-
seed, ete. (Table II). The washed material can be
taken as representing the fatty portion of the parent
material. Thus Myristica attenuata, Myristica kana-
rica and Mesua ferrea contain about 61%, 78.4%, and
87% respectively of fatty material ; the rest is resinous
or phenolic. Of these only Myristica kanarica gave a
positive test for phenols (15). The vacuum distillation
of all the esters took only about five minutes and was
stopped soon after any coloring was noticed in the
distillate drops. To avoid losses of low boiling esters,
particularly with coconut oil and the Myristica series
fats, an additional trap cooled in an ice-salt mixture
was installed next to the distillate receiver. About
50 mg of material was recovered and added to the
distilled esters with coconut oil, but no condensate
was obtained with the others. The yield of alkaline-
washed esters was about 96-98%, and this would
have been more than 99% if the handling loss (likely
to be only of esters) had been included. The present
method was thus placed on a par with the other
methods.

In the case of rice bran oil, methyl esters were pre-
pared both by this method and the conventional method
by using fatty acids, methanol, and sulfuric acid. The
yields of distilled esters were 93.8% and 92.4% respee-
tively. Both preparations gave identical gas chro-
matograms, suggesting that removal of unsaponifiable
matter by extraction need not be done with most oils
and fats. Since most of the unsaponifiable matter
with the common vegetable oils or animal fats were
sterols (16), these remained with the residue during
the distillation step. The residue amounted to about
3% in common vegetable oils and fats. Shark-liver
stearine gave a residue of about 25%.

Gas-Liquid Chromatography and Identification of
Components. The oils and fats examined in the
present study had fatty acids ranging from 8 to 24
carbon atoms, thus it was necessary to elute all of
these in a reasonable time and not to alter the poly-
unsaturated components (17). Fig. 1 and 2 show that
all components from Cg to Cpy (this notation is pre-
ferred with Fig. 1 and 2 to avoid confusion with the
attenuation values given on the peaks) are eluted in
less than 30 min, and the programming temperatures
(initial 115C and final 215C) and flow rates are such
that good separations are obtained. Unsaturated com-
ponents like linoleie, linolenie, erucie, ete., are exposed
for about two to 15 min only to the highest tempera-
ture. Further, in the mustard oil esters chromatogram
(Fig. 2), methyl linolenate and arachidate emerge as
separate peaks.

For identification of components under pro-
grammed-temperature operation, chromatograms of
such oils as coconut (for low-molecular-weight acids),
groundnut and mustard (for acids from Cis and
above), the compositions of which are known
(3,11,18,25), were taken under similar conditions and
compared with those of the unknown. An advantage
of this procedure is that authentic specimens of vari-
ous fatty acids are not needed, and by just two runs,
one for the sample and another for the standard, a
wide spectrum of fatty acids can be identified.

Figs. 1 and 2 are self-explanatory. The peak coin-
cidences are good up to 18:3, and some shifts are
observed in the 20- and 22-carbon regions with
Schleichera trijuge (Kusum) and mustard oil esters,
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which are probably caused by slight changes in flow
rates and do not vitiate identifications. The usefulness
of this comparative chromatogram method is brought
out in the shark-liver stearine esters, where there are
numerous peaks to be identified and the chromatogram
of mustard oil esters facilitates the identification of
several of these and indicates probabilities with the
others (15:0, 17:0, 230, etc.).

When the temperatures at which components start
eluting are plotted against their number of carbon
atoms, a straight line is obtained (Fig. 3, Graph 1).
This provides a quick means of identifying a com-
ponent during a run and greatly facilitates qualitative
analysis, such as checking the purity of cuts in fatty
acid distillation. The points on the graph represent
the average temperatures (==1C) of elution for the
same components from at least 10 different samples
of vegetable oils and fats.

Some investigators (26,27) have observed that, with
programmed-temperature operations, a straight-line
relationship exists between retention time and chain
length of eomponents. Graph 2, Fig. 3, confirms this,
and arachidate (20:0) also falls on an extension of
this line (dotted portion) though programming was
off when stearate (18:0) started eluting. The tem-
perature recorded is that of the oven, and though the
oven temperatures are stablized, the column is still
being heated and attains isothermal equilibrium a few
nminutes after the programmed heating is off. Behenate
(22:0) and lignocerate (24:0), which elute under
isothermal equilibrium, fall on a curve.

To confirm the identification of components, espe-
cially in the range of 20:0 and above, the conventional
plot of logarithm of retention time against carbon
chain-length under isothermal conditions was con-
structed for saturated, monoene, and diene components
from the average retention-time of the isothermal runs
of several vegetable oils (groundnut, mustard, sesame,
cottonseed, soybean, etc.). For the saturated series
(Graph 3, Fig. 3) deviations occur from 12:0 down.
Most of the others eonform to the straight line re-
markably well though the chromatograms of the vari-
ous samples were taken on different days, some about
three months apart, and there were slight variations
in flow rates. The deviations of the low-molecular-
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under programmed temperatures than under iso-
thermal conditions. Comparative evaluations of com-
positions were restricted to oils and fats for which
gas-liquid chromatographic analyses have been
reported.

The laurate content of coconut oil which we an-
alyzed was higher by about 6.0% than that reported
by others (3,18), but caproate (:0) content was lower
by 3-5%. The rest of the components were in fair
agreement though Mason and Walker (3) did not
report any linoleic acid in their sample. They com-
mented that this oil was the most difficult to analyze.

In the Myristicae species, Myristica kanarica differs
from the others by having mostly saturated fatty
acids, more than 90% of which are myristic and
laurle The unsaturated fatty acid content of this
fat is less than 8%, and the chief component is oleie.
Myristica attenuata and Myristica magnifica have more
unsaturated fatty acids and are similar in their
compositions with myristic, palmitic, and oleic as their
major components. The former has more myristic and
the latter, more olei¢ acids.

The Malayan palm oil of the present study agrees
very well in its content of all components with that
reported earlier (3,38). Sumatra (23) and Congo
(39,40) palm oils have higher palmitic acid (46.8%,
46.5%, 44.4%) and lower oleic acid (37.6%, 38. 9/¢,
38.6% ) respectively as compared with the sample in
this study It thus appears that palm oils of different
origins vary only to a small extent in their contents
of palmitie, oleie, and linoleic acids and are composed
of nearly the same number of component fatty acids.
The major component fatty acids of Vateria indica
fat are palmitic, stearic, and oleie, thus it is similar
to cocoa butter and two tallows which are included
in this study.

Tallow from different parts of beef cattle has been
fairly well investigated (41-43). Compositions re-
ported by Chacko et al. (43) are in great variance
from those of the others (39,42) in the number of
components, absence of odd-carbon chain acids, and
distribution. Composition of beef tallow agrees well
with that for the subcutaneous sample of Huston et al.
(42) and Dahl (41) but has more stearic and oleie
acids and less palmitic. Fat from different parts of the
sheep have also been investigated by GLC (43,44) for
their fatty acid composition. Mutton tallow comes
close to that from the rib portion of Chacko et al. (43).
Beef tallow is the more unsaturated of the two tallows
and also contains lower frans acid, which is perhaps
a reflection of the feed (45).

Mesua ferrea is an oleic acid-rich oil with stearic
and palmitic acids as the other major components but
is distinet from other vegetable oils for its small
amounts of a number of odd-carbon chain acids.

Cottonseed oils from different parts of the world
(3,22,23,46-48) have been analyzed for their fatty
acid eomposmon most extensively by Bailey et al.
(48). The commercial sample of this study agrees
with these analyses in its number of components and
major constituents but differs in the respective pro-
portions. The higher linoleic acid content (54-61%)
of the commercial American samples (3,22) is perhaps
owing to winterization though some varieties of cotton-
seed have this acid in amounts of 52-57% (48). The
Indian sample is lower in palmitic acid but higher in
oleic acid content. Apart from these slight variations,
it fits into the average composition of other samples
(46,48,62).

Rice bran oils from different varieties (49) have
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been analyzed for their composition, and only the
presence of even-number carbon atoms (14 to 20)
with fatty acids has been reported. In the commerecial
sample of the present study some low-molecular-
weight, odd-carbon chain acids (11 to 15 carbon atoms)
were observed. Soybean oil is an imported sample,
and its composition agrees well with that reported by
others (3,22,23,2750). GLC confirmation of the
presence (55) of a small amount of behenic acid
(22:0) in this oil is presented for the first time. In
a recent study of sesame oil (8) Kaufmann and
Mankel reported the presence of 17:0 acid. Our study
has indicated only even-number carbon atom acids
from 8:0 to 22:0. In common with their studies, the
presence of such unsaturated acids as palmitoleie,
oleie, linoleie, and linolenic is confirmed. Eicosenoic
and behenic acids are reported for the first time.

Kusum (Schleichera trijuga), though not a common
oil, has been studied recently (51) for its composition,
and a comparison of results shows that they have not
reported evidence of laurie, myristic, behenic, and
docosenoic acids though these taken together con-
stitute about 3%. A feature of his oil is that, from
palmitic acid on, every saturated acid is accompanied
by one unsaturated acid and that the only polyenoic
acid is linoleic acid. Groundnut or peanut is con-
sumed as such or in the form of oil in large quantities
throughout the world and thus has been extensively
investigated for its fatty acid composition (3,11,19,20,
22.23.39,52). Several investigators (3,19,20,22,3952)
have mistakenly identified the arachidate peak for
linolenate and eicosenate peak for arachidate because
of the closeness of elution of these and thus have
reported linolenic acid but no eicosenocic acid in their
samples.

The absence of linolenic acid in groundnut (pea-
nut), as observed in the present study, has been noted
by others (11,24) though Jurriens et al. (23) report
it to the extent of 0.83% along with arachidic (0.5%)
and eicosenoic (0.7%) acids. Another discrepancy is
that many (3,11,2223,24) have reported high content
for linoleic acid (36—47% ), which Iverson et al. (24)
suspect could be attributed to the winterization of
samples. This finding is supported by the low content
of linoleic acid (17-32%) in the laboratory-extracted
oils from different varieties of peanut (19). In most
respects the sample reported is similar to the Spanish
variety noted by French (19) and in the number of
components to that of Jurriens et al. (23). Caprylic
(8:0) and capric (10:0) acids in small amounts are
reported for the first time, and the presence of doco-
senoic acid (23) is confirmed.

Fatty acids of groundnut lecithin are richer in
palmitic and oleic acids and poorer in linoleic acid;
they are marked by high-molecular-weight acids in
much smaller than and almost negligible proportions
(total of 1.6% ) than groundnut oil (total 6.3%). In
contrast, groundnut germ oil contains these acids in
about the same amounts as groundnut oil but is eloser
to lecithin in its content of oleic and linoleic acids. It is
distinet from both because it contains numerous other
acids, especially of odd-carbon chain length. An ex-
tensive study (21) of the Cruciferae species to which
mustard belongs has brought out the presence of
saturated even-number, carbon atom acids from 14:0
to 22:0 and such unsaturated acids as 16:1, 18:1, 18:2,
18:3, 20:1, 20:2, 22:1, 22:2, and 24:1, all of which find
confirmation in the present study.

The presence of lignoceric (24:0) and tfetracosadi-
enoic 24:2 acids is observed for the first time. On
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quantitative aspects our sample agrees in nearly all
respects with that of Brassica compestris (field
mustard 47% erucic) of Mikolajezak et al. (21) and
that of Mattson and Volpenheim (20) (47% erucic
acid) though Jakubowskii et al. (53) have reported an
average of 50% erucic acid for Russian samples. The
shark-liver stearine, which is a solid deposited in the
manufacture of medicinal grade shark-liver oils, is
composed of a number of saturated and unsaturated
fatty acids from 12:0 to 25:1. With the exception
of linolei¢ acid, all the unsaturated acids have been
identified as monoenes, as expected with a solid frac-
tion. The dominant acid is palmitie, accompanied by
oleie, stearic, palmitoleie, myristic, and tetracosenoic
acids (24:1) in fairly large amounts. The odd-carbon
chain aecid (15:0, 15:1, 17:0, 17:1, 21:1, 23:0, 23:1)
represents a total of 8%, which is also fairly large.
The higher-molecular-weight acids 20:0 and above are
present to the extent of 18% (total), also a char-
acteristic of samples of marine origin.

Industrial Potential of Some New Oils and Fals.
Of the myristica fats Myristica kanarica is the most
promising as it is composed of 80% fatty matter and
is wholly composed of saturated fatty acids. It is a
good source of myristic and lauric acids. Presence
of about 20% resinous and phenolic matter should not
seriously affect its utilization for laundry soaps where
rosin is included in the oil blends.

Myristica attenuata contains 40% resinous matter
but can be similarly used as it is rich in myristic and
palmitic acids. If such a method as liquid-liquid
extraction can be developed to remove the resinous
and other nonfatty materials, these two fats together
will act as good sources for myristic acid, lauric acid
(M. kanarica), and palmitic acids. Myristica mag-
nifica, because of its high resin content (about 80%),
will not be economical at all for commercial
exploitation.

Mesua ferrea can serve as a good source of oleic
acid, and if the resinous matter can be removed, it
can be used for edible purposes also. Schleichera
trijuge (Kusum) appears to be an excellent source
for such acids as oleie, arachidie, and eicosenoic. If
the cyanogenic material is removed, it can be sub-
stituted for liquid oils, such as groundnut oil in soap
manufacture.

Vateria indica is the only fat which does not suffer
from any of the drawbacks of these materials. Its
light color, sharp melting-point, and similarity in
component fatty acids to cocoa butter suggest that
it can be used in blends with that fat or subsitute for
it in confectionery. Shark-liver stearine contains about
70% distillable fatty acids, of which palmitic acid
is the major constituent. Tt thus can serve as a good
source for this acid and hence for soap manufacture.
As the total of 18 carbon fatty acids (stearic, oleic,
and linoleic) is about 30%, it can be used for the
manufacture of cosmetic-grade stearic acid (usually
an eutetic of 55% palmitic and 45% stearic acid)
after hydrogenation. Its fishy odor and the nonfatty
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materials (about 30%) would have to be eliminated,
of course.
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