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I. INTRODUCTION

The steadily increasing volume of analyses of natural fats during the
past two decades has emphasized two things: (@) that plants and animals
classed together by biologists on the basis of their structural peculiarities
frequently elaborate similar kinds and proportions of fatty acids combined
as triglycerides, and (b) that the most intricate structures and most com-
plex fatty acid mixtures are found in fats of the simplest forms of plant
and animal life. A gradual simplification is observed both in structure
and number of component acids on ascending the evolutionary scale of
development. Hilditch (97) has commented on these facts and has sug-
gested that biochemical changes in fats have accompanied evolutionary
development (126). The available information, much of which is either
derived or inspired from Hilditch’s laboratory, has recently been assembled
in a monograph (100) which clearly expresses the various interrelation-
ships. This monograph should be consulted for the extensive details of
composition of some one hundred fats of aquatic origin, four hundred and
twenty from plant species, and about eighty from land animals. It is
possible to give here only a brief survey of the vast amount of available
information.

A complete knowledge of the composition of natural fats in terms of

1 Presented at the Symposium on the Molecular Structure of Fats and Oils, which
was held under the auspices of the Division of Biological Chemistry and the Division
of Agricultural and Food Chemistry at the 101st Meeting of the American Chemical
Society, St. Louis, Missouri, April 7-11, 1941.

201



202 HERBERT E. LONGENECKER

constituent acids and glycerides is desirable for the intelligent use of the
many available products (96). Detailed quantitative information re-
garding the individual component acids provides a means of sorting the
fats for most purposes. Such data are not always adequate, however,
for the correct prediction of the physical or chemical behavior of the fat.
The basis for the physical dissimilarity of cocoa butter and mutton tallow,
despite their similar fatty acid composition, lies in the nature of the glyc-
erides found in the two fats (55, 58, 120, 121). Other examples demon-
strating physical anomalies may be selected in comparing partially hydro-
genated vegetable oils with naturally occurring glyceride mixtures of nearly
identical acid composition (112). Recently, in connection with studies
on cottonseed oil, Hilditeh and Maddison (128) again pointed out that the
analyses of component acids may be interpreted in several ways in deducing
the probable component glycerides.

In most cases, the qualitative identification and quantitative measure-
ment of fatty acid composition is possible. However, the close similarities
in physical properties of the glycerides makes their separation and quanti-
tative analysis exceedingly difficult. Only in the case of relatively few
fats have the component glycerides been studied, and even then the com-
positions have been expressed for the most part in general terms rather
than as specific configurations. A beginning has been made towards the
understanding of structural peculiarities of natural fats and of changes
effected during their hydrogenation to successive stages of saturation.
Interestingly enough, the study of partially hydrogenated products has
been a major aid in the elucidation of the structure of glycerides originally
present in an oil. Much more work is needed, however, to provide a
completely satisfactory picture of either the original struetures present
in natural fats or those which arise from some treatment, such as hydro-
genation, selective adsorption, selective extraction, molecular distillation,
or fractional crystallization.

While our present knowledge of the exact constitution of glycerides is
far from complete, certain broad generalizations have emerged. The
construction of glycerides seems to take place along lines which are similar
for natural fats from a wide variety of plant or animal species. Glyceride
molecules are fashioned largely independently of either the particular acids
present or any biclogical relationship. A maximum formation of mixed
triglycerides with several fatty acids, rather than simple triglycerides con-
taining only one acid, is the regular observation.

II. COMPONENT ACIDS OF NATURAL FATS

A study of the organization of animal or vegetable fats, which are in
the main triglycerides, is logically approached by referring first to the
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qualitative and quantitative nature of the component fatty acids. Com-
paratively simple and satisfactory methods are available for the quantita-
tive determination of fatty acids by the ester fractionation procedure
(8, 99, 195, 269). A mixture of acids obtained from a given fat is first
separated into two groups on the basis of the solubility of their lead salts
in aleohol (101, 141, 263). The soluble portion contains most of the un-
saturated acids, together with saturated acids of lower molecular weight
(Cs to Ci2) and some myristic and palmitic acids; the insoluble portion
is made up mainly of saturated acids but also has some oleic acid and, if
they were present in the original sample, elaidic, isodleic (e. g., petroselinic
acid or partially hydrogenated linoleic acid), eleostearie, eruecic, or hydroxy
acids. A similar separation may be effected by the fractional crystallization
of the original acid mixtures (36). Each group of acids is then converted
to neutral methyl esters for fractional distillation. From qualitative iden-
tifications of the acids present and analytical data such as saponification
equivalent, iodine value, and thiocyanogen number for the various frac-
tions, the composition of each fraction and eventually of the entire mix-
ture may be readily calculated (92, 97, 197).

A. Fats of aquatic origin

An exceptional variety of acids, predominantly unsaturated, distinguishes
aquatic fats from those of higher plant and animal species. Only 15 to
20 per cent of saturated acids are found; these are mainly palmitic acid
and small amounts of stearic, myristic, lauric, and caprylic acids (223).
The unsaturated acids, on the other hand, vary in amount and extent of
unsaturation from Cis to Cy.. Not all of the unsaturated acids have been
identified with certainty, and analyses are customarily expressed in terms
of the mean unsaturation of groups of unsaturated acids of the same carbon
content. For example, Cis_sm) is used to indicate a mixture of Cis acids
whose mean unsaturation corresponds to 1.5 double bonds. The deter-
mination of the fatty acid compositions of such complex fats has not been
accomplished within the most desired limits of accuracy (92). Neverthe-
less, the differences which appear for the compositions of fats from different
species are in many cases three to ten times the possible experimental error,
making it decidedly unlikely that such observations are fortuitous.

For example, gross differences exist between the fats of sea- and fresh-
water algae or plankton. The sea-water or marine fats have, in general,
the more complex mixtures with high proportions of Cis, Cao, and Ca un-
saturated acids. Fats of fresh-water algae contain larger proportions of
Cie and Cis unsaturated acids, with little Cyo and practically no C,; acids
(90, 103, 205). In both cases there has been found an extremely high
average unsaturation for acids of the Cy and Cj series, indicating the
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presence of three to six ethylenic linkages. The compositions of the fats
of many larger forms of water life show these same general features.

The fats of some species show special features in composition, and in
many fish the liver serves apparently as a main depot for fat storage, in
contrast to the situation in higher animal species. In several cases (some
Elasmobranch families and the Physeteridae, or sperm whales) fatty acids
are linked with glycerol as ethers rather than esters or are in combination
with other alcohols than glycerol (6, 107, 124, 125, 206, 258, 259, 270).
The unsaturation of the acids is usually low.

The dolphin and porpoise family (Delphinidae) presents one of the most
interesting of extremes in fatty acid composition. The jaw, head, and
blubber fats of this family of marine animals have substantial proportions
(30 to 45 per cent) of the branched-chain, uneven-numbered carbon chain
acid, isovaleric acid (49, 81, 203, 271). This acid is absent from the liver,
lungs, and heart (203).

Considerable study has been given whale blubber fat because of its
technical significance (7, 152, 262). A higher degree of unsaturation in
Arctic whale oil, as compared with Antarctic oils, has been reported.
Whale oil is typical of the marine type of fats in composition, with sizeable
quantities of Cy and Cg unsaturated acids.

Salmon body fats show an interesting progressive change from the fresh-
water type of component fatty acid mixtures to the marine type, as the
fish develop from purely fresh-water animals (two to three years old) into
adult fish and swim out to sea. Lovern (204) has studied these changes
at several stages in the salmon’s life cycle.

B. Fats of land animals

A decided simplification in fatty acid composition accompanies the
increased specialization of higher orders in the scale of evolutionary de-
velopment. The change in the type of fat is not an abrupt one. Amphibia
and reptiles retain considerable proportions of unsaturated acids (83, 132,
135, 181, 183). There are, however, notable decreases in the percentages
of Cy, Cao, and Cy unsaturated acids from those found in aquatic fats.
These decreases are compensated chiefly by increases in Cis acids which
are somewhat more unsaturated than oleic acid.

A single detailed analysis (208) of the fat from an invertebrate, the
earthworm, indicates the desirability of studying other invertebrates.
Acids ranging from Cyo to Cy, with 70 per cent of highly unsaturated acids
were found.

A few quantitative determinations of the composition of bird depot fats
(114, 150) have been made. Only small amounts of Cy and Cs; acids are
found in hen fats and, in general, the composition is more closely related
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to that of fats of the higher species of land animals than to aquatic fats.
A characteristic feature is the occurrence of 27 to 30 per cent (molar)
of palmitic acid with only small amoynts of stearic acid (ca. 5 per cent).

It is important to bear in mind that animal depot fats may arise either
by synthesis from non-lipid sources in the diet or, when rations contain
relatively large proportions of fat, by direct assimilation of the ingested
fatty acids. The extent to which either or both processes operate in the
formation of animal depot fats determines to a considerable extent the
degree to which such fat is characteristic of the animal.

Thus the composition of the body fat of sea birds, the food of which is
mainly fish, probably reflects the nature of their diet rather than a relation
to biological species (187). Lovern (207) has analyzed the depot fats of
several sea birds and has found a considerable increase in the proportions
of Cyo and C,, unsaturated acids at the expense of C;3 unsaturated acids
and palmitic acid. These fats resemble the marine type of aquatic fats.
Lovern suggests two possible explanations for this divergence from the
broad rule that the type of fat may be correlated with phylogenetic rela-
tionships: (@) that sea birds have no specific requirements and any type
of depot fat will serve equally well, or (b) that their specific requirements
have been produced or modified to suit the animal’s normal diet.

Most quantitative studies of the effect of dietary and other conditions
on animal body fat have been made on the rat and the pig. In order to
evaluate the extent to which food fat influences the body fat, it is necessary
to know the composition of fat formed exclusively, or almost entirely, from
dietary sources other than fat. On low fat diets, these animals synthesize
body fats which have several points of interest (16, 18, 25, 36, 48, 60, 73,
74, 75, 122, 146, 183, 196, 199, 200, 240). As is characteristic of fats of
most higher animals, the fats of both the rat and the pig contain 25 to
30 per cent of palmitic acid. Stearic acid is found in small proportions
in rat fat (ca. 5 per cent) but to a somewhat greater extent in pig fats
(ca. 10 to 15 per cent). While oleic acid is predominant among the un-
saturated acids in both cases (45 to 50 per cent), the quantity of the Cis
monounsaturated acid,—palmitoleic acid (A*Y-hexadecenoic acid),—is
relatively high in rat fats formed from non-fatty sources. Small amounts
{ca. 1 per cent) of more highly unsaturated acids are found. The effect
of including fat in the diet has been shown to result in considerable altera-
tions in the composition of the fat without any apparent disturbance to
the animals, who seem to be quite capable of tolerating well the gross
changes in type of body fat. In the rat, the direct deposition (233, 234)
of food fatty acids always results in a considerable reduction in the pro-
portion of palmitoleic acid (to ca. 5 per cent), no change in stearic acid,
and complete changes for those acids present only in small amounts in the
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“gynthetic’” fat, such as saturated acids of low molecular weight, like
lauric and myristic, or highly unsaturated acids such as linoleie, linolenie,
or arachidonic (48, 196). Pig depot fats respond somewhat differently to
food fatty acids.

For the next higher forms of land animals, the recorded data are indeed
meagre, but they show again some additional simplification in fatty acid
composition. In beef and mutton tallow, for example, three acids pre-
dominate,~—palmitic, stearic, and oleic; they are present in the proportions
25 to 30, 20 to 25, and 40 to 45, respectively (15). It is of interest that
little perceptible effect on the body fat of steers was produced by feeding
liberal allowances of oils containing highly unsaturated acids (255).

The progressive changes in composition cbserved in passing from the
simpler to the more complex biological species are indicated in table 1.

C. Vegetable fats

For the most part, the component acids of vegetable fats are not so
complex as many animal fats (table 2). The acids which predominate are
palmitic, oleic, and linoleic. Certain distinctive acids are found in special
cases, usually only in the seed fats from the same or related plant families,
The relationship between the composition of the seed fat and the botanical
grouping is considered here for several component fatty acids (¢f. Hilditch
(100) for a more detailed discussion). A few representative analyses of
common and unusual vegetable fats (out of hundreds available) are shown
in table 2.

It is apparent that the highest amounts of linolenic acid are found in
- seeds from large trees (pine (1), walnut) and certain herbaceous plants
(perilla, linseed, hemp), together with large amounts of linoleic acid and
some oleic acid. Several families other than the ones represented by these
trees and shrubs have been found to contain linolenic acid but in variable
amounts in different species. Thus blackberry (193), rubber (86, 158),
and Stillingia (170) seed fats contain from 20 to 25 per cent of linolenic
acid. In related species of these families (Rosaceae and Fuphorbiaceae),
however, linoleic and linolenic acids are largely replaced by exceptional
acids such as licanic acid (oiticica nut, 74 to 80 per cent (176, 209, 216)),
eleostearic acid (tung seed, 74 to 95 per cent (176, 201, 215, 217, 218, 241,
263)), or ricinoleic acid (castor oil, 88 to 92 per cent (224, 244)). Linoleic
acid is the predominant acid in the above group of “drying” oils. It is
also found extensively in the absence of linolenic acid in a series of oils
which are either “semi-”’ or “non-~drying” (¢f. table 2 and references 19,
163-166, 168, 228, 237).

In all these cases, the saturated acids rarely form more than 10 per cent
of the total component acids. Several plant families, e.g., Malvaceae
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(cottonseed), Solanaceae (tobacco, tomato, ete.), Anacardiaceae (cashew,
pistachio, etc.), and Bombaceae (kapok (169)) have characteristically a

TABLE 2
Fatty acid composition of several vegetable fats (in weight percentages)
SATURATED ACIDS ‘ TUNSATURATED ACIDS
VEGETABLE FAT N :
Mysis-| Pel | gioric | Oleic | Linoleie | Linclenie
Pericarp fats:
Palm oil 61)................... 2.7 (425 | 3.4 40.9 10.5
Piqui-a (143).................. 1.5 |45.1 1.8 49.6 2.0
Stillingia tallow (140)......... 1.4 484 0.9 46.0 3.3
Olive oil (153) . ............... 0.5 | 10.0 | 3.4* 77.5 8.6
Seed (kernel) fats:
Perilla (174). .................. 6.7 10.7 33.6 49.0
Linseed (113).................. 0.2 | 5.4 4.1* 9.6 42.6 38.1
Stillingia seed (170)........... 4.7 1.9 8.1 59.4 25.9
Cedar nut (156)............... 32.5-35.8/31.1-34.2/16.6-27.8
Hemp (86).................... 58| 1.7 6.7 68.8 15.9
Hemp (155)................... 24.1 | 11.7 45.7 18.5
Walnut (86)................... ) 7.0 1.1 19.1 65.9 6.9
Grape (167)................... 6.3 | 3.1* 33.5 54.6 2.4
Safflower (162)................. 4.2 2.0* 26.3 67.4 0.1
Horse chestnut (177).......... 4.4 3.6 67.1 22.7 2.2
Thorn apple (108)............. 33, 5.1 | 17.1 74.5
Poppy (71)............ 4.8 2.9 30.1 62.2
Sunflower (21)................. 3.5 2.9 34.1 58.5
Sesame (110).................. 9.1 | 5.1* 45.4 40.4
Tobacco (231)................. 3.3 5.1 17.1 74.5
Tomato (89).................. 5.7 | 10.7* 45.4 38.2
Grapefruit (161).............. 203 | 7.6 20.7 51.4
Cottonseed (142).............. 2.0 119.6 | 3.4 24.6 50.4
Coffee (235)................... 28.2 | 12.7 17.3 35.8
Brazil nut (236)............... 14.3 | 2.7 58.3 22.8
Cashew nut (1565).............. 4.1, 6.0 68.2 21.7
Pistachio nut (65)............. 0.6 8.2 1.6 69.6 20.0
Mowrah butter (109).......... 0.6 | 7.6 1.4* 83.3 7.4
Margosa (137)................. 14.9 | 15.7* 61.9 7.5
Shea butter (84)............... 5.7 | 41.0 49.0 4.3
Phulwara butter (42).......... 56.6 | 3.6 36.0 3.8
Cocoa butter (151)............ 24,4 35.4 38.1 2.1
Borneo tallow (139)........... 1.4 |21.5 i 39.0 | 38.1

* Indicates the inclusion of a small amount (0.5 per cent) of arachidic acid.,

slightly higher saturated acid content (15 to 25 per cent, largely palmitic
acid), and in this respect they resemble seed fats of grains such as barley
(252), rice (157), rye (245), wheat (159, 249), and corn (20, 196). The
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appearance of stearic acid as a major component acid is observed in some
tropical families for which the seed fats of several genera have been thor-
oughly studied (¢f. table 2 and reference 145). It is interesting to note
that only small amounts of linoleic acid are present when the content of
stearic acid is high. While this might be suggestive of some kind of bio-
logical interrelation between the Cis acids or their immediate precursors,
Hilditch (100) prefers to regard the presence of such large amounts of
stearic acid as a specific characteristic of the seed fat in a given plant
family.

Saturated acids other than palmitic and stearic occur in the seed fats
of only a few specific families., Lauric acid is the only major saturated
acid found in the Lauraceae (cinnamon (226), laurel oil (56, 57)); myristic
acid similarly characterizes the Muyristicaceae (nutmeg (56, 57)). The
two acids, lauric and myristic, occur together in large proportions as the
chief saturated acids in several other families (43, 57, 87, 243). Both
the seed and fruit coat fats of the Palmae are characterized by their high
amounts of lauric acid (45 to 50 per cent) along with substantial amounts
of myristic acid (15 to 20 per cent) and 5 to 10 per cent each of caprylic,
caprie, palmitic, and stearic acids (e.g., coconut oil (9, 27, 55, 196, 222,
253) and palm oil (10, 55, 61, 102, 118, 119, 171)).

Saturated acids of higher molecular weight,—arachidie, behenic, and
lignoceric,—are present almost exclusively in the seed fats of Leguminosae
and Sapindaceae, although not all the species studied have been alike in
this respect. Arachidic acid occurs as 20 per cent of the mixed acids of
kusum oil (66), and there are 5 to 7 per cent of Cap—2s saturated acids in
peanut oil (110, 113, 154, 160, 172, 195). Soybean oil (68) has only minor
amounts of these acids.

The occurrence of unusual unsaturated acids in particular plant families
has been referred to above in connection with linolenic, licanic, and eleo-
stearic acids. Several other unsaturated acids characterize different plant
families. Petroseliniec (A%7-octadecenoic) acid, for example, is common
to the seed fats of umbelliferous plants such as parsley (115, 268), parsnip,
fennel, celery, carrot, caraway, coriander (50), and others (117, 225, 242,
261). Similarly, erucic acid is elaborated in most Cruciferous plants
(e.g., rape seed (134, 144, 246), walllower seed (116), and jamba seed
(178, 247)) and in the seed fats of the nasturtium (80, 129, 248). The
cyclopenteno acids,—hydnocarpic, chaulmoogric, and gorlic,—have been
found only in the seed fats of the Flacourtiaceae (54).

III. COMPONENT GLYCERIDES OF NATURAL FATS

The structure of glycerides found in natural fats presents a complex
problem in isomerism. In no fat from a natural source is there just one
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fatty acid. Even the simplest fats have several different acids which vary
in length of carbon chain, degree of unsaturation, and configuration, and
there is the possibility of locating each fatty acid at any one or all of the
three carbon atoms of glycerol. The possibility of combination with the
optical antipodes of glycerol to produce optically active glycerides adds
an additional complication which, perhaps fortunately, has not yet been
found in natural fats.

The number of possible glycerides increases geometrically with each
additional fatty acid. If n = the number of component acids, then the
theoretical number of combinations which would result from a maximum
even distribution of the acids in the three positions of glycerol is n3. The
actual number of molecules distinguishable chemically is 3(n? + n?).

TABLE 3
The numerical relationship between component fatty acids and glycerides
NUMBER OF FATTY ACIDS THEORETICAL COMBINATIONS NUMBER OF GLYCERIDES
(n (n¥) 3(n3 4+ n?)
1 1 1
2 8 6
3 27 18
4 64 40
5 125 75
6 216 126
7 343 196
8 512 288
9 729 405
10 1000 550

Thus in the case of just two fatty acids, O and P, there will be eight
(2%) theoretically possible combinations with the trihydric glyceryl radical,
CH.CHCH,; (G), as follows:

Lol

i G@OO0O0) vy G(OPP)
@ii) GOOP) vi) G®POP)
(i) GOPO) (vii) G@PPO)
(iv), GE®POO) (viii) GPPP)

It will be observed that (i) and (iv) and (v) and (vii) are identical chemical
molecules, because the end carbon atoms of glycerol are identical. There-
fore, the actual number of individual glycerides which may be obtained
by any permutation of two acids is six. The theoretical combinations
and actual number of glycerides obtainable for more complex acid mixtures
are given in table 3.

Little more than an approach has yet been made towards the ultimate
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goal of analyzing natural glyceride mixtures for the number of specific
configurations indicated in table 3. Certain procedures have allowed the
estimation, within limits, of the proportions of groups of component glyc-
erides, e.g., trisaturated, disaturated—-monounsaturated, monosaturated-
diunsaturated, and triunsaturated, without regard to specific structures.
The techniques which have proven most fruitful have aimed at separating
the general structural types present in a fat into either pure fractions or
essentially simpler mixtures containing a predominant amount of a
given type.

Distillation in high vacuum was employed very early for the purpose of
separating partially the glycerides of laurel kernel fat and nutmeg butter
(189). Krafft (188, 190-192) and others (29, 30, 32, 45) used this procedure
extensively to obtain glycerides of low molecular weight, e.g., trilaurin,
trimyristin, lauromyristins, etc. The inability to distill glycerides of
higher molecular weight limited the use of this procedure until recently,
when interest was aroused in molecular distillations (44, 62, 63, 77, 95,
180, 227, 272). While the latter technique enables a distillation of high
molecular weight materials without decomposition, it has not proved
entirely satisfactory for the fractionation of glycerides (95, 227, 229).

Fractional crystallization offers another possible means of separating
the glycerides into simpler mixtures. The early workers who chose this
means had little success other than to demonstrate clearly for the first
time the general occurrence of mixed rather than simple triglycerides.
Amberger, Bémer, Klimont, and others (2-5, 28-35, 184-186) pursued the
method assiduously for many years. In many instances they were able
to effect sufficient separation to obtain qualitative identification of specific
mixed ftriglycerides. Nothing approximating quantitative treatment re-
sulted, however. The same is true of the fractional crystallization of
brominated unsaturated fats such as linseed oil (70-72), soybean oil (93,
250), and a series of marine oils (251). Brominated mixed glycerides of
oleic, linoleic, linolenic, and Cs—; unsaturated acids were isolated. No
reference substances of the bromo derivatives reported have yet been
synthesized to confirm the proposed structures and, in view of the un-
certain solubilities of such derivatives (22), it would be unwarranted to
expect such information to express quantitative relations. Daubert and
King (59) have made an extensive study of the compounds reported in
many of these investigations to determine the correlation of the isolated
products with known reference structures.

The first significant quantitative method in the study of glyceride struc-
tures was developed by Hilditch and Lea (120) to measure the trisaturated
glycerides. The method was based on Armstrong and Hilditch’s prepara-
tion (11) of saturated esters from a mixture with unsaturated esters by
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oxidation of the latter with potassium permanganate in acetone and sub-
sequent removal of the acidic scission products from the unchanged
saturated esters (¢f. also 23). With suitable precautions, the glycerides
composed entirely of saturated acids may be determined. This deter-
mination, coupled with studies of fatty acid composition, provides a means
for obtaining a first approximation of general glyceride structure. When
the molar proportions of the saturated acids found in the fully saturated
glycerides are simply subtracted from the proportions found for the whole

TABLE 4

Proportions of general glyceride structures in various animal and vegetable fats (in
molar percentages)

DISATURATED— MONOSATU- - -
souRca oF Far mATED OL¥-| MONOUN- | RATED-DIDN- | TR
CERIDES | G/ yCERIDES | GLYCERIDES | OUYCERIDES
Animal fats:
Beef tallow (14)................. 25.8 33.7-53.9 40.5-0 0-20.3
Mutton tallow (58)..............] 26 30 -52 4 -0 0-22
Goat (male) (67)................ 20.2 | 30.9-50.9 , 39.9-0 0-19.9
Goat (female) (64)...............| 30.8 29.2-49.2 40.0-0 0-14.9
Butter (147)..................... 33.7 36.5~-51.4 29.8-0 0-14.9
Vegetable fats:
Pericarp fats:
Palm oil (17,118).............. 3.5-7 16.5-29 66-58 014
Sterculia (148)................. 1 14 85 0
Piqui-a (143) .................. 2 42 56 0
Stillingia tallow (140).......... 27.6 61-65 11.4-0 0-6
Seed fats: |
Coconut (55).........coovvi... l 84 12 4
Palm kernel (55).............. | 63 ) 26 11
Cocoa butter (121)............ 2.5 \ kil 16 4
Borneo tallow (139)............ 4.5 85 6.5 4
Shea butter (145).............. 2.3 30.5-65 69.5-0 0-35
Allanblackia (145)............. 1.5 63.5-82 36.5-0 0-18
Taban Merah (148)............ 2 77 21 0
Cottonseed (113)..............! } 15 60 24

original fat, the composition of the mixed saturated—unsaturated glycerides
results. The latter must be mono-, di-, or tri-unsaturated. Limiting
values for each group may be readily calculated from the molar proportions
of saturated and unsaturated acids in the saturated-unsaturated glycerides
(table 4).

An interesting relationship between the percentage of saturated fatty
acids and the trisaturated glycerides has been observed as a characteristic
feature of many fats. In seed fats, trisaturated glycerides do not usually
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appear until the proportion of saturated acids reaches ca. 60 per cent.
When saturated acids are present in approximately these amounts, it has
been further observed that the ratio of saturated to unsaturated acids
(called the “association ratio”) in the non-fully saturated glycerides is 1.2
to 14. The proportion of saturated acids indicated by this ratio (ca.
60 per cent) is not exceeded even when the saturated acids in the whole
fat are unusually high as, e.g., in coconut oil (94 per cent). Such findings,
obtained repeatedly, indicate the general pattern of glyceride structures
in the seed fats. Hilditeh (100) uses these facts in support of what has
come to be called a “‘rule of even distribution” of fatty acids throughout
the glycerides of seed fats. Animal fats and some plant fats are considered
by Hilditch as exceptions to this generalization, because they have a much
greater amount of trisaturated glycerides for a given ratio of saturated to
unsaturated acids in the whole fat. Recent studies (198), based on the
most probable random distribution of any given fatty acids as glycerides
(221), have indicated, however, that the animal fats are really more “evenly
distributed” than are seed fats. ‘

A further operation which has proved useful in studying glyceride struc-
tures (98, 102,104, 110, 113, 149, 153) is the hydrogenation of fat samples,
either partially or completely, with the subsequent determination of the
amount and composition of the trisaturated glycerides in each hydro-
genated product. Hydrogenation raises the trisaturated glycerides as the
proportion of saturated acids is increased, as would be anticipated from
the above remarks. The ‘“agitation” hydrogenation process, which
provides continual intimate contact of catalyst and reactants, is stepwise
according to Hilditch et al. (41, 76, 110, 112). The disaturated-mono-
unsaturated glycerides are completely saturated before any monosaturated-
diunsaturated or triunsaturated molecules are fully hydrogenated. Dif-
ferent results are obtained by the ‘“drip” process, in which a stationary
catalyst tends to hydrogenate completely any molecules it contacts (110,
142). In completely hydrogenated vegetable oils, tristearin, palmito-
distearin, and dipalmitostearin are the least soluble glycerides usually
found. These may be fractionally crystallized and the approximate con-
tent of tristearin calculated from either the equivalent weights of the
crystalline fractions or the setting points of mixtures of palmitic and
stearic acids in the fractions. When such determinations have been
made (e.g., 128) the amount of tri-C,s glycerides (which are given by the
tristearin figures) was close to the minimum calculated for the limiting
values derived from data on component acids.

Recently a series of publications from Hilditch’s laboratory (12, 42,
43, 84, 109, 127, 128, 130, 131, 133, 136-38, 151, 219) has indicated that a
combination of several of the above procedures provides more informa-
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tion regarding the component glycerides than had been available pre-
viously. Fractional crystallization of the whole fat in acetone solution is
employed first to separate the fat into simpler mixtures of glycerides,
Trisaturated glycerides are then determined on the whole fat and, in some
cases, on the individual portions which have been crystallized. Each

TABLE 5
Glycerides of vegetable and animal fats
P = palmitic; S = stearic; U = unsaturated acids (oleic 4 linoleie)

DISATURATED- MONOBATT- TRIUNSAT-
Py | PsS J PS: | 8s | PU | 8U | PSU PU. 8U: U

Mowrah (109)......... 1.2] 0.9 26.9| 41.3 | 29.7
Phulwara butter (42)..{ 7.9 62.4 7.2) 22.5
Shea butter (84)....... 13.0]1.5 34.4 11.3 © 45.3 4.5
Borneo tallow (42) . ... 1.4‘] 1.911.310.7, 7.6/39.8 30.7] 3.3 | 13.3
Kokum butter (266)... 1.5/ 1.6 57.9/14.8/ 1.8 | 21.4 1.0
Hodgsonia capniocar-

par seed fat (130)...] 2.1 0.6 33. 27.3) 24.1 12.8
Margosa oil (131)..... «0.6— 12.3; 26.0 | 33.6/ 22.5

|

Allanblackia floribunda
kernel fat (219)..... : +1.3 76.0
Allanblackia parviflora

v o
[l

kernel fat (219)..... ] 1.3 60.0; 9.3| Trace | 26.1 3.3
Baku kernel fat (12)...| | 1.3 2.3 7.5 6.0 | 46.7, 12.2
Palm oil (Cameroons) i

a2y ... 5.1) 3.3 42.7 1 31.5 6.6
Palm oil (Bassa) (127). 3.0J 2.7 1 30.5 41.5 12.4

\
1
Sapota seed oil (264). ’ ’ ’
Ox depot fat (136)....: 3.451 7.8 \ 5.8 0.4 147 2.3/ 3

Pig, outer back fat i

(A38). .00 0.6/ 2.4 | 2.4 | 5.4 34.0 45.4 | 9.8
Pig, perinephric fat i ‘ "'

(38)............. ... 0.1\ 4.3 | 4.7 9.0 39.2| 35.2 7.5
Cow depot fat (133)...! 3.022.6 110.0 1 18.2 35.4) 9.7 | «0.8—
Cow depot fat (183)...;  |16.5 |11.8 1 11.0] 1.8 41.6 14.2 | 81—

* Included in this figure is 22.8 per cent myristodiolein.

portion is further analyzed for (a) quantitative distribution of fatty acids
by ester fractionation and (b) content of tri-Cis glycerides by measuring
the tristearin present after complete hydrogenation. From these data
and the general order of solubility of known individual glycerides, it is
possible to deduce the approximate glyceride composition of the original
fat. The results of some of these determinations are assembled in table 5.
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In addition to the determinations shown in table 5, other contributions
have appeared from Hilditch’s laboratory which cite the successful use of
this method for solid fats (12, 43, 88, 137).

One of the limitations in these studies has been the inability to dis-
tinguish between various general types of tri-Cis glycerides, such as stearo-
dioleins, stearodleolinoleins, stearolinoleins, oleolinoleins, triolein, and
trilinolein, all of which are ultimately determined in the form of tristearin
after complete hydrogenation. This fact makes the figures for stearo-
diunsaturated and triunsaturated glycerides in table 5 less certain than, for
instance, the values for the trisaturated glycerides. The greatest diffi-
culties arise in the technologically important liquid fats (both “drying”
and “non-drying” oils) in which the component acids are predominantly
Cis and unsaturated, and, consequently, the content of trisaturated glyc-
erides is negligible.

In order to differentiate the glyceride structures in the more unsaturated
liquid fats, the latter have been converted to more solid fats by geometrical
isomerization (elaidinization), using the oxides of nitrogen or sulfur (85,
113, 105, 106) or selenium (24, 88, 154). Mixed oleoglycerides are trans-
formed by this process into mixed elaidoglycerides. The latter were
studied directly in the earlier work and were resolved, more recently, into
fractions of different solubility in acetone. Determination of the saturated,
elaidic, oleic, and linoleic acids affords data from which the proportions of
the mixed glycerides present may be approximately deduced for the
elaidinized fat. The order of accuracy of quantitative conclusions drawn
from results obtained in this manner is definitely lower than that which
may be obtained for (solid) fats with an originally higher content of satu-
rated acids. The polymerization of linoleic acid has been considered in
these studies, but not its geometrical isomerization (173, 214).

Recently, two promising methods for treating the mixed saturated-un-
saturated glycerides have been proposed. The device of low-temperature
crystallization, used so effectively by Brown and his associates for the
purification of unsaturated acids (36-40, 238, 239), gave Hilditch and
Maddison (128) a sufficient separation of cottonseed oil to enable them to
draw quantitative conclusions, within limits, as to the types of glycerides
present, from considerations of the component acid analyses and the ratio
of oleic to linoleic acid in each fraction. Vidyarthi and Mallya (265) have
also contributed to the eomponent glyceride analysis of similar liquid fats
by a systematic examination of (debrominated) products obtained from
fractions of brominated glycerides separated from suitable solvents,—a
procedure which was also suggested, but not reported upon in detail, by
Gunde and Hilditch (88). A limitation of the latter method which has
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not received due consideration is the known incomplete and variable
separation of unsaturated components as bromine addition products (22,
37, 82, 111, 214, 230, 232).

In the continuation of attempts to find methods for the preliminary
resolution of complex glyceride mixtures two techniques, important com-
mercially but not yet used in connection with problems of glyceride struc-
ture, seem promising on the basis of preliminary results. Solvent extrac-
tion of such oils as linseed, soybean, fish, perilla, and cottonseed for the
selective removal of glycerides of different degrees or types of unsaturation
is described by Freeman (78). Certain types of non-reactive, organic,
polar solvents, notably those which are not completely miscible with the
glycerides at low temperatures, are used preferentially to dissolve the un-
saturated glycerides. Selective chromatographic adsorption (273) appears
to provide somewhat similar separations of both fatty acids and glyceride
mixtures (and also sterols and phospholipids) (47, 175, 179, 213, 256, 257).
Especially in consideration of Kaufmann’s work (175) does this procedure
seem valuable for separations of glycerides. There are not yet sufficient
data available describing either the relative adsorbability of adsorbents or
the action of various solvents.

Little can be said with assurance of the specific configurations present
in natural fats. The determination of configuration patterns is the next
great task. There have been several instances (17, 79, 94, 112, 113, 128,
134, 145, 148, 151, 185) of the isolation of derivatives of glycerides from
several natural fats in which the g-position of the glycerol molecule was
occupied by the acid present in lesser quantities. However, the evidence is
too scanty for more than a tentative working conception that this finding
may appear generally. Such selective production of one isomeric form of
a triglyceride may mean the operation of specific biological process.

It seems important to indicate that the determination of glyceride con-
figurations is preferably based upon physical rather than chemical proper-
ties. For this reason, the extensive studies on the synthesis of glycerides
of known configuration (59) and the studies of their physical properties,—
such as melting and transition points and crystal structures (46, 53, 210—
212), spectrographic absorption characteristics (69, 220), heats of
combustion and specific heats (51, 52), dielectric properties (26, 194), and
activation energies (267),—are the more valuable.

Such, in brief, is the present state of our knowledge of the structural
relations of natural fats. That considerable progress has been made during
the past quarter of a century is self-evident. In view of the strategic
significance of certain types of natural fats, it is not unreasonable to antici-
pate a quickened pace in similar investigations. The broad outlines have
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been defined in detail in many instances. It is, however, entirely possible
that modifications of the existing conceptions may be necessary, as a result
of further research.
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