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Abstract

Eight exotic seed fats (karanja, kusum, neem
and aceituno oils, malabar tallow, kokum butter
and mowrah and dika fats) have been subjected
to pancreatic hydrolysis. From the original fatty
acid compositions, and those of the monoglye-
erides produced by hydrolysis, the fatty acid
distributions have been determined, and their
probable glyceride compositions caleulated.

The significance of the observed fatty acid
distributions is discussed; and an expression re-
lating the glyceride composition to the overall
fatty acid composition is shown to give satisfac-
tory agreement with the calculated values, for
these, and other vegetable fats.

Introduction

THE HIGH DEGREE of positional specificity of pan-
creatic lipase (HC.3.1.1.3), in catalysing the hy-
drolysis of fatty acid residues esterified at the pri-
mary positions of triglycerides, has been established
in a number of investigations (1). Following the
suggestion of Matfson and Beck (2) and Savary and
Desnuelle (3), a number of workers have employed
pancreatic lipase to investigate the distribution of
fatty acids in the triglyeerides of natural fats (4-7).

VanderWal has suggested (8) that the acids of
the primary positions of the triglycerides of a nat-
ural fat are randomly distributed throughout all of
these positions. If this is so, it is possible to calcu-
late the original triglyceride composition of a fat,
from the data obtained by subjecting it to hydrol-
ysis with pancreatic lipase. The results of such cal-
culations (8-10) have provided much information,
not previously available, on the strueture of natu-
ral fats; and there are now a number of lines of
evidence which point to the validity of VanderWal’s
theory (see below). The triglyceride compositions so
caleulated provide material for the examination of
a number of theories of the distribution of fatty
acids in natural fats, which have recently been ad-
vanced (6,11,12).

In a previous contribution (9) the results obtained
by the application of pancreatic hydrolysis to a num-
ber of the commoner natural fats, have been de-
seribed. In the present study eight less common,
exotic seed fats have been examined by this method.
They include karanja, kusum, neem and aceituno
oils, malabar tallow, kokum butter and mowrah and
dika fats.

Experimental

Six of the fats were obtained commercially in
Bombay, through the courtesy of D. A. Shave; who
also secured the sample of dika seeds from West
Africa. The sample of aceituno oil (from San Sal-
vador) was kindly supplied by Messrs. Loders and
Nucoline Litd. The ground dika seeds were extracted
with chloroform in a Soxhlet extractor. All samples
were subjected to a preliminary purification, by ap-
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plying approximately 1 g to a 30 g column of silica
gel, and eluting the triglyceride fraction with 200
ml of benzene (13).

A 50 mg sample of this fraction was set aside for
determination of the overall fatty acid analysis. The
remainder was hydrolysed in the the way previously
deseribed (9) at pH 8.5 and 37.5C, using a purified
pork pancreatic lipase preparation (14), with the
addition of Ca* ions and bile salts. Hydrolysis times
varied between 10 and 15 min. After extraction of
the reaction products with ether, and removal of the
free fatty acids with IR 400 ‘‘ Amberlite’’ resin, the
monoglycerides were isolated chromatographically
(18). The monoglycerides, and the original triglyc-
eride samples were then saponified in aleoholic KOH,
the free acids liberated and extracted, and econverted
to methyl esters with diazomethane. The samples
were analysed by gas-chromatography (GQLC) on a
12 m x 4 mm column of 16% polyethylene glycol
suecinate on ‘‘HEmbacel,”” at 196C. The detector used
was a gas-density balance. Peak areas were deter-
mined as the product of peak height and the width
at half height: the weight percentages so obtained
being converted to mole percentages.

The lipolysis and subsequent analysis was per-
formed twice on each fat.

Results

The duplicate fatty acid analyses were in good
agreement for both the original triglycerides and the
monoglycerides produced by hydrolysis. The average
values are given in Tables I and II; in no case did
the mole percentage of any constituent differ from
these by more than 2%.

The triglyceride compositions were calculated from
these values, in accordance with VanderWal’s theory,
in the way previously deseribed (9). Tables II and
111 give the results of these calculations, in which

TABLE I

Fatty Acid Compositions of 7 Seed Fats, and of the
Monoglycerides Produced by Hydrolysis

Sat.

acid Fatty acid composition (M%)
Fat Glye. con-
tent 16 18 18:1 18:2 18:3 20 Others
(M%)
Karanja
oil T 26.6 146 6.8 51.1 17.3 50 1.0 4.2%
M 44 25 1.2 579 825 52 0.7
Kusum
oil T 274 87 15 473 7.3 ... 17.2 1.5b16.5¢
M 3.4 1.0 ... 837 129 .. 2.4
Neem
oil T 405 201 192 444 163 ¢
M 4.7 2.9 18 688 261 0.4
Aceituno
oil T 41.1 116 277 550 39 ... 1.8
M 44 0.7 3.7 90.2 54 ...
Mowrah
fat T 45.7 287 220 385 158 ¢
M 6.6 8.2 3.4 57.0 350 14
Malabar
tallow T 573 9.0 469 414 13 ¢ 14
M 50 1.1 3.9 90.7 3.9 04
Kokum
butter T 62.7 1.7 61.0 868 0.5
M 4.3 - 4.3 944 1.3
2 Behenie.

B Palmitoleie.

¢ Bicosenoic,

T, Triglycerides.
M, Monoglycerides.
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TABLE II

Fatty Acid Compositions of Triglycerides and Monoglycerides
of Dika Fat; and Calculated Triglyceride Composition
(VanderWal's Theory)

Fatty acid composition (M%) Triglyceride compogition

Patty

acid Triglye. glye. Glyceride M% Glyceride M%
10 0.8 LLL 2.9 MMP 4.8
12 35.5 12.1 LLM 5.3 LPL 2.7
12:1 0.9 1.2 MLM 2.4 LPM 4.9
14 54.7 76.3 LML 18.2 MPM 2.2
16 5.7 6.9 LMM 32.7 PLP 0.1
16:1 t 0.5 MMM 14.7 PMP 0.4
18 0.4 0.2 LLP 0.9 LPP 0.8
18:1 2.0 1.8 MLP 0.8 MPP 0.7
18:2 t 1.0 LMp 5.4 PP 0.1

L—DLaurie, including a little capric and stearic.

M—Myristic.

P—DPalmitic, including some unsaturated acids.
the fatty acids have been grouped as ‘‘palmitie,”’
‘‘stearic’’ and ‘‘unsaturated’’ (following Hilditch
[15]) ; except for kusum oil and dika fat where the
fatty acid compositions and distributions suggested
more appropriate groupings.

For the purpose of comparison with earlier deter-
minations, the results have also been grouped as the
proportions of the four main triglyeeride eclasses,
tri-, di-, and mono-saturated and tri-unsaturated:
and these are given in Table IV. It will be seen
that there is general agreement between the present
and previous results. Some of the differences (e.g.
for kusum oil) are no doubt due to differences in
the fatty acid compositions of the two samples ex-
amined: others may well be due to the incomplete
resolution of triglyceride classes afforded by the older
methods of erystallisation and oxidation, used in the
previous analyses. The fatty acid compositions of
the triglycerides of aceituno oil, and of the mono-
glycerides produced, agree well with values reported
by Mattson and Volpenhein (4).

Discussion

It is convenient to consider the seven fats listed
in Table I together; the case of dika fat will be
discussed separately, below.

The validity of VanderWal’s fatty acid distribu-
tion theory, and of the triglyceride compositions of
natural fats caleulated with its aid, rests on several
lines of evidence. Firstly there is the general agree-
ment between compositions so caleulated, and the
experimental results obtained by the older methods
of oxidation and fraetional erystallisation (1,9), and
the more recent counter-current distribution between
solvents (1). Secondly, there is the agreement be-
tween such results and those obtained by thin-layer
chromatography (TLC) on AgNOs-impregnated sil-
ica gel (16). Thirdly, there is similar agreement
with the results obtained by various combination
methods ; lipolysis with oxidation (10) ; lipolysis with
TLC (16,17) and GLC (18); oxidation and GLC
(19); column chromatography, oxidation and GLC
(20). It is important to note that the combination
methods constitute different ways of segregating the
triglycerides; and in general give a unique answer
for the proportions of the varicus triglycerides pres-
ent. Thus, providing the original fat does not con-
tain too many unsaturated acids, the combination of
TLC and lipolysis can give a complete picture of the
distribution of wunsaturated acids, within and be-
tween the triglyeerides present. Similarly the com-
bination of oxidation and GLC yields a detailed pie-
ture of the distribution of saturated aeids.

The good agreement between these results and
those calculated from lipolysis data with VanderWal’s
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TABLE 11T

Triglyceride Compositions Caleulated from Hydrolysis Data
(VanderWal’'s Theory)
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theory, constitute formidable evidence in favour of
the theory; whilst the independence of the mono-
glyceride eomposition of the extent of hydrolysis (21)
is also consistent with the theory, although not con-
clusive evidence (22) in its favour.

Some investigators have reported examples of fats
which do not appear to conform to the fatty acid
distribution envisaged by VanderWal. It is necessary
however to distingnish between real departures from
VanderWal’s theory, and those calculated from Ii-
polysis data for fats which are unsuitable for in-
vestigation by pancreatic hydrolysis. Of the former,
only the results of Blank et al. (23) on rat liver
triglycerides show major departures from Vander-
Wal’s theory. Small discrepancies have been noted
for palm oil by Subbararam and Youngs (24) and
Jurriens and Xroesen (18); and for human depot
fat (24). One investigation (18) reports small de-
partures for lard, whilst the other does not (24);
and similarly for cocoa butter, small differences are
noted in one (24), but not in the other (18). De-
partures from VanderWal’s theory which are prob-
ably due to difficulties associated with the lipolysis,
include the fat from bitter gourd seed (25) and bay-
berry tallow (26). It ig interesting to note that cas-
tor oil has given results (27) in agreement with the

TABLE IV
Comparison of Present with Previous Results
. Triglyceride
Fat Sca(;';l.ltzfllijd composition (M%)
(M%) 8o 82U SUz Us
Karanja oil 26.6 0.7 15.6 46.6 37.1
Ref. 11 26 15 48 37
Kusum oil 27.4 0.5 16.7 47.3 35.5
Ref. 30 41.3 1 37 47 i5
Neem oil 40.5 1.6 32.8 47.7 17.9
Ref. 11 40 . 39 41 20
Mowrah fat 45.7 2.8 42.7 43.2 11.3
Ref. 11 43 % 47 36 17
Malabar tallow 57.8 3.5 67.5 26.4 2.6
Ref. 31 57.3 1 73 22 4
Kokum butter 62.7 3.6 81.5 14.3 0.6
Ref. 32 59.2 2 76 20 2
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Fig. 1.—The relationship of the saturated acid content of
the 2-positions fo that in the whole fat, for 48 vegetable fats.
(O—Data from refs. 4, 5 and 9. ®-—Present results. (Above
66.7 M% additional saturated acids must enter 2-positions—
indicated by dotted line.)

theory, in spite of the presence of about 90 M% of
hydroxy-acids.

Inspection of Table I shows that the seven fats
listed exhibit the same preponderance of Cis unsat-
urated acids in the 2-positions, which has been ob-
served for vegetable fats in general (4,5,7,9). Gun-
stone has advanced a theory of fatty acid distribution
in vegetable oils (12) which requires that the 2-
positions are preferentially esterified with C;s un-
saturated acids, as far as the composition allows, and
thereafter the remaining acids are distributed ran-
domly amongst the unoceupied positions.

The monoglyceride compositions given in Table I
show that the present results agree fairly closely with
this theory; but not completely so, since each con-
tains about 5% of the saturated aeids. According
to Gunstone’s theory, other acids should not appear
in the 2-positions until the Cig unsaturated acid con-
tent falls below one-third of the acids of the whole
fat; a restrietion which does not apply to any of
the fats examined here. It may be argued that the
presence of saturated acids in the monoglycerides
arises from a lack of complete specificity in the hy-
drolysis, or isomerisation of the partial glycerides
produced. But against this must be set the fact that
trisaturated triglycerides have been detected by a
variety of methods in fats containing more than one-
third of Cjs unsaturated acids (10,16-20,28).

From these considerations it would seem appro-
priate to introduce a modification into Gunstone’s
theory, to permit the prediction of triglyceride com-
position from a knowledge of the fatty acid compo-
sition of a vegetable fat. Mattson and Volpenhein
(5) have already indicated one such extension of
Gunstone’s theory, in which they suggest that the
proportion of any one C;g unsaturated (‘‘Category
I1°7) acid, considered as the mole percentage of acids
of this kind, is the same in the 2-positions, as in the
whole fat; i.e. these acids follow Gunstone’s theory
individually, as well as collectively. However, they
qualify this by observing that there is a tendency
for linoleic acid to exceed the expected proportion
by about 10%, with a corresponding reduction in
oleic acid.
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F16. 2.—The triglyceride composition of vegetable fats. Con-
tinued lines ecaleulated from expressions given in text. ®-—Data
from Table IIX. (Upper portion gives the proportion of USU
and SSU, absent from Gunstone’s theory.)

The modification of Gunstone’s theory proposed
here seeks to accommodate the saturated acids found
in the monoglycerides of fats containing less than
two-thirds of saturated acids. Figure 1 illustrates
the relationship between the saturated acid content
of the whole fat, and that found in the 2-monoglyec-
erides by hydrolysis, for 48 vegetable fats in which
palmitie, stearic and the C;g unsaturated acids con-
stitute more than 90% of the acids present. With
few exceptions the saturated acid content of the 2-
positions is approximately 10% of that in the whole
fat. This value may be used to modify Gunstone’s
theory: for simplicity of illustration, a fat may be
supposed to consist of ‘s M% of a saturated acid
(8) and (100—s) M% of a Cis unsaturated acid (U).
The proportions of the six possible triglycerides will
then be given by:

888 = 0.1s (1.45s)2 < 10*

88U = 2[0.1s X 1.458 (100 — 1.45s8) = 10¢]

SUS = (100 — 0.1s) (1.458)2 = 10*

SUU = 2[1.45s (100 — 0.1s) (100 — 1.458) — 104]
USU = 0.1s (100 — 1.45s)2 -+ 10*

UUU = (100 — 0.1s) (100 — 1.455)2 - 104

The results for all values of ‘s’ are illustrated
graphically in Figure 2; and the values of the re-
sults listed in Table III are plotted to show the
agreement.

The fatty acid analysis for dika fat is similar to
that described by Meara and Patel (29); and the
triglyceride compositions are comparable (Table II).
Myristic eomprises three-quarters of the acids found
in the 2.positions, whilst lauric and myristie, in
roughly equal amounts form the great majority of
the acids of the 1 and 3 positions. It is possible
that differences in rates of hydrolysis may affect li-
polysis data for a fat containing so much of the
shorter chain acids.
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Semiquantitative Structural Analysis of Fats by Thin-Layer

Chromatography of the Allyl Esters of the

Products of von Rudloff Oxidation’

R. J. VANDER WAL, Armour and Company, Food Research Division, Oak Brook, Illinois

Abstract

Each unsaturated acyl group in a fat molecule
retards its migration on a silica-silver nitrate
TLC plate to a degree dependent on its number of
double bonds. Thus S,U in which U is linoleic
would migrate with SU, in which U is oleic.
Therefore the molecular families S, S;U, SU:
and Uz cannot be separated, as sueh, by this
variety of TLC.

Oxidation of fats by the von Rudloff tech-
nique converts the glyceryl esters of the original
unsaturated acids into the glyceryl half esters of
dicarboxylic saturated acids, such as azelaic. Sub-
sequent formation of allyl esters at the free car-
boxyls, in effect replaces each mono- or poly-
unsaturated aecyl group with another group eon-
taining only a single double bond.

Fats so altered can be separated, at least semi-
quantitatively, into the famlies 83, 8.U, 8U,, and
Uz where U is monounsaturated and represents,
but is not identical with, the original acyl group.
These results can be translated direetly into the
percentages of the original molecular families.
Results of determinations are given.

Procedures for assigning spots to specific mo-
lecular families are (1) ecomparison of Ry X 100
values with given experimental ranges, (2) com-
parison of the percent of S theoretically present
after tentative assignment of spots, with the
percent of S found by GLC analysis of the
sample, (3) use of internal standards, and (4)
miscellaneous,

Introduction

HIN-LAYER CHROMATOGRAPHY of fats on silica-
silver nitrate plates effects separations of molec-
ular varieties largely on the basis of total molecular
unsaturation. For instance, the molecule SSU in
which U is represented by oleate, with a single double
bond, will migrate farther than the corresponding

1 Presented in part at the AOCS meeting Houston, April, 1965.

SSU in which U is linoleate, with two double bonds.
On the other hand SUU in which U is oleate will mi-
grate with SSU in which U is linoleate, because both
molecules have a total of two double bonds. Thus,
except for Ss, the four molecular types Ss, S,U, SU,
and U, and the isomers SUS-—SSU, and USU-—-UUS
are not generally segregated, as such, on silica-silver
nitrate thin layer plates.

By means of the permanganate-periodate technique
of von Rudloff (1) the unsaturated acyl groups in
fat molecules may be oxidized at the double bond
nearest the carboxyl to produce the corresponding
saturated dicarboxylic acid residues.

If the free carboxyls are then esterified with a
monoene, such as allyl aleohol, a new triglyceride
molecule is produced, in which each original unsatu-
rated acyl group, regardless of its degree of unsatu-
ration, is represented by a new group containing
only a single double bond.

Fats so altered can be separated by thin-layer chro-
matography into spots representing the original Ss,
S,U, SU,, and Us. By measurement of the spots the
percentages of the orginial S3, S:U, SU, and U; can be
determined semiquantitatively. There is usually some
degree of separation of the isomers SUS—SSU and
USU—UUS and sometimes this is semiquantitative.
It is possible that improved technique or column
separations would give quantitative results for both
the types and the isomers.

Experimental
I. Outline of the Method

The fat to be analysed is subjected to von Rudloff
oxidation, whereby all unsaturated acyl groups are
converted into the corresponding dicarboxylie acid
residues. The acidic residues are then converted into
the silver salts and these in turn into the allyl esters
by reaction with 3-iodopropene.

These allyl esters, along with the unaltered fully
saturated components, are chromatographed on spe-
cially prepared silica-silver nitrate plates. The plates



