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A DIOTIONAEY OF
APPLIED CHEMISTBY.

—_— = - o e
O—continued.
OILS (FATT?) AND 'FATS, The| Consideration of the natural fats (triglycerides)

materl&J&, to be congider” are the natural fats
procfucecfii? the Vegetable and anin%] kingdoms,
especially those which find important use in the
production (jf edible fats, soaps,> or other
detergents, spaints and varnishes, and in some
othjjr industries. The dis*vussion is therefore
broadly confined to the natural glygerides
(esters of higher fa$ty acids with glycerol) which
form the c”erwhelming bulk of the industrially
useful fats. Other forms of fatty-acid deriva-
tives are found in nature and may accompany
the?glycer3lic fats. Such forms include phos-
phatides, in which a glycerol nlolecule is cttm-
_bincd wiSh two higher fatty-acid radicals, the
remaining glyceryl hydroxyl group being united
te phosphoric acid "which in ttirt>is linked with
" & nitrogenous 9 bage (chlorine or jB-aminoethyl
alcohol); wax esters, which are esters of higher
fatty acids with some of the corresponding
higher fatty alcohols, op witji sterols (or vitamin-
4)f or (in a few instances) with a glyceryl higher
acyl ether (batyl, sdachy], chimyl alcohols); and
some other more complex substances su<gh as
§phingomyelin (cerebrosides, etc.). Although
?Moei cases glyceri;iic fats (mixtures of mixed
glycerides, to which the term fats will be
restricted throughout this article) a2e sub-
stantially the only”ipid substances present in
ﬁ&materials here dealt with, a rigid line of
arcation cannot be drawn/ In particular,
of the natural fats are accompanied by
“ixes of th«s ester type mentioned. This is
potably the* case in the s$>erm-whale oils and a
*«wv other fats of marineTprigin; whilst the small
amounts of sterols which usually accompany
natural fats, and o? batyl, etc., alcohols which
glg somgtimes present, frequently occur in the
~m of higher fatty esters in the natural state,
-LQese sterols and other aleohels, whieh are
gsually termed " unsaponifiable constituents,"
7? " mainly present in the form of wax
jliatels, (or ester-waxes). Ester-waxes in which
«jfcerides *"° not present, such rfc.the insect
7r¥ (eg., beeswax) and vegetable waxes
F,amauba wax), are mainly esters of ali-
wer £ *leohols and acids of higher molecular
thftir~ "2 th°s¢ hresent in the clyceridic fats;
“_ﬁ;« outside the scope of this article.

S

1

is thus complicated to a certain extent by the
circumstance that they are frequently ac-
companied by some of the other lipid groups,
usually in very small proportions, but occasion-
ally in larger amounts. It has been complicated
further until recently by the terminology applied
to the glyceridic fats themselves. Originally,
only those natural fats which happened to be
solid at the usual temperatures were referred to
as fats :* those liquid at the usual temperatures
were first termed ''fixed oils," to distinguish
them as a class from the volatile or essential oils
Jterpene derivatives, etc.) also found in the
vegetable kingdom. Even later, the liquid fats
Jiave been usually termed oils, or fatty oils, and
the usage in the case of well-known specific fats
such as linseed oil or cottonseed oil has become
so conventional that it must remain. Neverthe-
less it is desirable for systematic purposes to
classify the entire group, as ' fats," distinguish-
ing tplely, if desired, between solid fats and
liquid fats (the " fatty oils ").

GENERAL NATURE OF NATURAL
FATS.

Natural fats occur throughout the vegetable
and animal kingdoms from the simplest
organisms up td'themost highly developed forms
of vlgetable and animal life, and are present in
almost all tissues aild organs. Li the vegetable
kingdom, fats are deposited in largest amounts
in the seeds, usually in the endosperm where,
with proteins and carbohydrates (starch), they
serve as nourishment to tjie embryo. In some
instances the fleshy fruit-coat (pericarp or
receptacle) of the seed also contains notable
proportions- of fat, whilst in certain plants fat
is present in some quantity in the tubers or
rhizomes. In small ptoportions, it should be
noted in passing, fats are found in all parts of
the growing plant, roots, leaves, and fruits, but
in most instances it is only in the setd that any
high concentration of fat is observed. In animals,
fats are usually stored in quantity in certain
tissues, notably beneath the skin and around
or in some of the intestinal organs. The kidneys
are normally surrounded by a layer of-fat, and
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ip some animals (mainly fish) the liver serves as
a fat-store as well as being, ii_ all animals, the
pro ba Die main site where fats* are supthesised
and elaborated by the animal. Fats also occur,
but often only in minor proportions, in most of
of the organs and tissues of animals. Finally,
in mammals, the milk fats are important mem-
bers of the group which may differ character-
istically in composition from the rest of the
animal fats.

From the technological standpoint, the fats
of most interest are naturally those availrble
in greatest quantity and concentration in the
respective natural organism*,. In the vegetable
kingdom, therefore, it is the seed fats and a
few fruit-coat fats which are of chief value,
especially seed endosperms which are rich in fat
and contain, e.g., from 25 to 50 % of fatty matter.
In the animal kingdom, similarly, the m&£in
storage or depot fats are those of greatest in-
dustrial value—the adipose tissue fats from the
back or rump of domestic animals such as the
pig or ox, the blubber of whales, the perinephric
fat surrounding the kidneys (lard, suet), and in
fishes either flesh fats (e.g., herring) or liver fats
(e.g., cod). To these must be added, as already
mentioned, the mammalian milk fats (especially
butter fat from the cow) on account of their
dietetic importance.

METHODS OF INVESTIGATION OF THE
COMPONENTS OF NATURAL FATS.

Natural fats are essentially mixtures of mixed
triglycerides and resolution into their com-
ponent glycerides by physical means is usually
impracticable. A typical * animal body fat, for
example, may consist of large proportions of
palmitodiolein and oleopalmitostearin, with
lesser quantities of such mixed glycerides as
oleodistearin, oleodipalmitin, palmitodistearin,
dipalmitostearin, and .triolein. The solubilities
of many of these components are too similar to
permit of any adequate resolution by crystal-
lisation. Nevertheless, as shown below, other
methods have been utilised whereby an approxi-
mate knowledge of the constituent mixed
glycerides can be obtained, at all events when
the mixture of fatty acids present in the whole
fat is not too complex.

Component Fatty Acic|s.—'Whilst the deter-
mination of the component glycerides of'a fat
is a difficult and laborious'undertaking, tHat of
the component fatty acids (i.e., the mixture of
tatty acids present in combination as glycerides
and obtained by quantitative hydrolysis of the
fat) can be effected with considerable accuracy,
although here also the procedure is lengthy.
The method hitherto usually employed has been
first to separate the mixed fatty acids from a
fat iflto two groups—those the lead salts of
which are insoluble in 'd5% alcohol, and those
the lead salts of which are soluble in this
medium. (In the special casé of milk fats,
which may contain butyric, hexanoic, and
optanoic acids, these are removed as far as
possible by distillation of the mixed fatty acids
in a current of steam before carrying out the
lead-salt separation, the steam-volatile acids
beihg recovered and dealt with separately by
fractional distillation.) The lead salts of

palmitic, stearic, and higher satu”'.teil fat'y
acids are insoluble in alcohol, those of myripdc,
laime, decanoic, and octanoic .sparingly (but
increasingly) soluble; whilst of the uhsaturated
acids only the mono-ethenoid acids of the C,,
C,;, and C,4 series, and to a minor extent oleic
acid (together with " iso '"-acids from hydro-
genated fats) formiead salts sparingly 'soluble
in alcohol. On the other side, monc thenoH
acids of the C, series or lower homologues and
all natural polyethenoid acids yield lead salts
which are freely soluble in alcohol, whilst, as
stated, lead oleate is largely soluble. Conse-
quently this preliminary separation gives (i) one
group of fatty acids in which nearly all the
palmitic and all the higher saturated acids are
present, with part of any myristic or lower
saturated acids, a small proportion oi oleic and
most of any higher monoethenoid acids, and
(i) another group or fatty acids containing, in
addition to smrll amounts if palmitic and iowx
saturaled acids, practically all the unspturated’
acids from, tne original fat The lead-salt
separation has given excellent service although
it is not fully effective when the saturated acids
form 10% or less of the total acid* in a fat, or
when they consist largely of acids of lower mole-
cular weight than myristic or palmitic. FIL. ther-
more, the conversion of the more unsaturated
acids into salts and then back to free acids offers
opportunities for oxidation or other chemical
changes which are better avoided, e.g., by the
use of physical rather than chemical methods of
separation.

Such a physical method, rapidly ¢/>ming into
use, is the resolution of a mixture of fatty acida
into several groups (in which, respectively
saturated, monoethenoid, or polyethenoid acfdl,
will be largely concentrated) by crystallising it
systematically from appropriate solvents over a
range of temperatures, usually between —60° and
0°. Acetone is probably che best general solvent,
although ether and light pet. oleum are preferred
in specific instances. Crystallisation at -50° to
—60° leaves in solution linolenic, linoleic, and
other polyethenoid acids with minor amounts
of oleic and saturated acids; a temperature pf
—30° serves as a rule to give fair separation of
saturated from oleic and linoleic acids. The
best conditions for different mixtures of fatty
acids obtained from natural fats must be selected
according to the general nature of the .mixture
and, where necessary, after preliminary trials
have been m&de (e/. Foreman and Brown, Oil
and Soap, 1944, 21, 183; Hilditch and Biley,
J.S.C.1.1945, 64, 204 j 1946, 65, 74; Gunstone
and Hilditch, ibid. 1946, 65 8).

The saturated, oleic, linoleic, linolgnic, and
elseostearic acid contents of each group of
acids thus obtained by low-temperature crystal-
lisation irom fatty oils containing one or more
of these polyethenoid acids can be determined
from (i) the extinction coefficient E' o F
268 m/i. feV&ostearic) and (ii) the ext]inction_
coefficients' of bands' at 268 m/i. (linolenic) and
234 m/i. (linoleic) due to conjugated tri- or di-
ethenoid acids produced by isomeric change'
when linolenic and linoleic acids are heated
under standardised conditions with gudl

(Mitchell, Kraybill, and Zscheile, Ind. Exd
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%p- [A-bjL], 1943, 15, 1; Beadle and Kray-
J. Amer. Chem. Soc. 1944, 66, 1232;
Hilaitch, Morton, and Riley, Analyst, 1945*70,
.68; Gunstone and Hilaitch, Hilditch and Riley,
Le.).

Ea”h gfoup of acids is converted into methyl
esters* and the latter are distilled at low pressure
(0-2-1'mm'.) through a fractionating column.
«gqgeifycker (J.S.C.I. 1937, 66, 199T), has
described a suitable type of electrically-heated
and packed column. The distillations can be so
adjusted that, within very narrow limits, no
resulting fraction will contain more than two
saturated esters, or more than two homologous
groups of Hnsaturated esters. From the mean
n\oleculaj weight (saponification equivalent)
and the mean unsaturation (iodine value) *
each fraction its composition can in general be
deduced, add therefrom the component acids
pregent in each group of adds, and ultimately,
the proportions of 4he component fatty acids
present in the original fat. (For fuller*details
of the eprocedure, df. T. P. Hilditch, " The
Comical Constitution of Natural Fats," Chap-
man and Hall, Ltd., 1947, Chapter 3J.) )

It should Je observed that the above methods
are jntended to define the fyts in terms of their
ultimate chemical composition. For rapid
evaluation of fats there exist an increasing
number ol jipecific determinations /e.g., sappnifi-
Qfttion value, acid value, iodine value, thio-
cyanogen value, acetyl value, Beichert-Meissl
andjPolen”e values, etc.) which serve to define
the analytical characteristics of a fat. These
methods, jjaany of which are indispensable in the
routine examination of fats ip* industry, and by
tjhe Public Analyst, form the,subject of a
separate article (OILS (FATTY) AND FATS,
TECHNICAL- ANALYSES 072, this Vol., p.<52¢). It
may here be remarked that these methods,
valuable as they are for the purposes of control,
merely give average values-lor the molecular size
(equivalent), unsaluration, cdntent of steam-
volatile acids, or other characteristic of the fat as
? whole, and are therefore rarely of use by them-
s"Wes an elucidating the chemical composition of
*J* or of its component fatty acids. For the
“wter purpose the more complete V ester-
fractionation "' technique is essential.

1 Poment " Glycerides. — From about
£2*> onwards a number of investigators, not-
ar'y Klimont, Bamer, and Amberger, attempted
¥ «a httle success to resolve a number of solid
natgral fats by crystaEfcation -into their in-
tividge] component glycerides. The general
Teqpliy of their exhaustive studies, although

Megative in Character, served to establish
S t long suspected, that simple trig#*
B'%E*? Agtycerides with three radicals of the
w ™ tatty acids) are of quite exceptiopal occur-
],.‘:::rs ™ natural fats and that the latter consist,

0 h(l)lly,, of mixed triglycerides.

o zﬁ‘ tative 8‘“d7y of natural fat glycerides
(TP @ 22n = 19272 ¥™p Hilditch and Lea
éon_f.? «B27 3106y 8howed thai? tfiglycerides
be is ?™&'Pre¢ Ayrated acid components can
oxidiSi*ed =rom and getermined in a fat by
Derm!™# % ™ acetone solution with potassium
canT#"#"%,» “"#n all unsaturated glycerides

converted inio acidic products of oxida-

tion and subsequently removed from tne ira-
attacked, neutral fully-saturated triglycerides.
Application of t&is procedure to a wide range of
solid fats established that, as a general rule, the
proportions of fully-saturated glycerides was
negligible until the saturated acids present in
the fat amounted to more than 60% of the total
fatty acids, but that thereafter the proportion
of fully-saturated glycerides rapidly increased
in such a manner that in the mixed glycerides
containing both saturated and unsaturated acids
the ratio of saturated to unsaturated acids still
remained at about 6:4. Definite exceptions to
this generalisation*were noted, however, in two
groups of fats, (i) animal body-fats containing
10*#30% of stearic acid, and (ii) animal milk-fats
(v. infra).

Subsequently it was found, By study of
p&tially-hydrogenated fats or 3f the tristearin
content of completely hydrogenated fats, that
liquid fats, in which oleic and linoleic acids were
the chief components, contained proportions of
tri-unsaturated glycerides which approached the
minimum amount possible, i.e., the unsaturated
acids were linked in the form of mixed saturated-
unsaturated glycerides with the saturated acids
also present in the fat, almost as far as the
proportion of the latter permitted.

This earlier quantitative work on glyceride
structure led to more precise knowledge of the
general o tendency towards formation of the
minimum possible proportions of mixed tri-
glycerides in natural fats, and also of apparent
exceptions, as mentioned above, to this general
behaviour in a few groups of fats. Except when
the number of comf onent fatty acids was very
femall (two pr three), howéver, examination of
the fats as a whole by the quantitative methods
indicated above still failed to give a very com-
plete picture of the component glycerides
present. More completely quantitative state-
ments of the component'glycerides in a natural
fat h%ve been found possible by resorting to the
method, used by the earliest investigators, of
physical separation of the fat by crystallisation
from an appropriate solvent, acetone having
been found most useful. Although it is very
rarely possible to isolate individual glycerides
from a fat by this means, it is comparatively
easy to effect &> separation into groups, usually
of different degreés of unsaturation. Thus,
glyoerides containing three unsaturated acid
groups are very freely soluble in cold acetone,
those containing two unsaturated and one
saturated acid group somewhat less so, whilst
mono-unsaturated disaturated glycerides are as
a rule but sparingly solubke, and glycerides with
three saturated acid groups are usually almost
insoluble' i.t cold acetone. Thus, by a few
systematic crystallisations of a fat, or of its
partly-resolved compcuents, from acetone at
concentrations and temperatures which may be
suitably varied, it is possible to divide it into
four or five fractions, each of which will contain
only two of the above groups in large propor-
tions, accompanied by subordinate amounts,” at
most, of a third group. Determination of the
component acids in each fraction, coupled where
possible with determination of the fully-
saturated glycerides and their component acids,
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or of the content of tri-unsaturated glycerides of
the Cy;g acids (oleic, linoleic, etc.) leads in general
to a close estimate of the main component
glycerides in each fraction, and therefrom to a
more or less detailed statement of the composi-
tion of the original fat.

With solid or semi-solid fats, crystallisation
from acetone down to 0° suffices to give an
adequate preliminary resolution of the fats.
In the case of liquid fats such, for example, as
olive, cottonseed, linseed, or whale oils &
similar separation can be made by crystallisetg
from acetone and solid carbon dioxide at pro!
gressively lowered temperatures down to —40°
or —50°. In such instances the only quantita-
tive determination which can be made on 4he
separated fractions is that of their component
acids, but vflry frequently this then suffices to
give a good indication of the probable quantita-
tive composition of the mixed glycerides in the
original fat.

In fats which contain only three or four major
component acids, quantitative study by the pro-
cedure outlined in the preceding paragraphs
usually affords a definite statement of the chief
component glycerides to within 2 or 3 units per
cent of the true figures. Where (as, for example,
in milk fats or fish oils) the number of com-
ponent acids is much greater, it is not in general
possible to obtain so complete a statement, but
the proportions of the chief groups, of tri-
glycerides present can be determined within
sty woth¢ lefined limits for each group.

COMPONENT GLYCERIDES AND AOIDS IN
NATURAL FATS.

It will be evident from what has been said
already that, from the point of view of their
constitution, the fats may be considered in
terms of the actual glycerides present, or merely
from the point of view of the nature and propor-
tions of the fatty acid$ in combination in the
whole fats. Whilst the mode of assemblage of
fatty acids into the component mixed glycerides
of natural fats appears to be governed by the
same fundamental principles throughout almost
the entire vegetable and animal kingdom, the
nature of the particular fatty acids present in a
fat is largely governed by biological factors and,
indeed, a fairly close connection can be traced
between tne component acids of many fate and
the place of the fat-producing organism, plant
or animal, in the scale of evolutionary develop-
ment (Hilditch and Lovern, Nature, 1936, 137,
478).

General Features of Glyceride Structure
in Natural Fats.—2The mode of assemblage
of fatty acids in the triglycerides of fats which
appears to hold almost universally, throughout
nature has often been termed the ' rule of even
distribution." By even .distribution is meant
the spreading throughout the triglyceride mole-
cules of the fatty acids in a manner which tends
to be as uniform as possible. It should be noted
that this is not the same thing as ' random dis-
tribution," t.e., distribution according to the
mathematical theory of probability; if the
latter theory applied, indeed, the fats would
contain,in most instances higher proportions
of the simple triglycerides than are in fact

observed. The operation of the ' oVen distri-
bution " principle is perhaps most readily
expressed in the following way. If any'one
acid forms one-third or jnore of the component
acids of a natural fat, that acid will occur at
least once in nearly all the triglyceride mole-
cules ; if it forms, for example, from 60-70%
of the total acids, vsry many of ther component
triglyceride molecules will contain two radicals
of the acid in question. On the other hand, if a
particular acid is a minor Component of a
natural fat, amounting to perhaps 10% or less
of the total fatty acids, it will of course not be
present in all the triglyceride molecules, and will
only contribute one acid radical fo any tri-
glyceride>molecule in which it is present.

tit follows from the preceding statement that
if a fat contains, sayv 35% or more of "oleic acid,
then this acid will be present in almost all the
molecules of the fat glycerides—in other words,
as has been demonst