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least seven componepts which may be divided into
Jacob's groups I, II and III.

3. Whereas groups II and III of codling bear
similarities to the corresponding groups of rabbit,
group I is quite different.

4. Group II appears to be particularly significant
in relation to the denaturation of these protein
mixtures.

5. The mobilities of codling muscle proteins are
appreciably greater than those of rabbit.

6. The influence ofionic strength on the mobilities
of these proteins has been examined.

7. On dialysis of a 0-051 extract against distilled
water, component 2 precipitates completely, and all
the components, except perhaps 5, suffer a partial
loss of solubility. The precipitate of globulin X is
only partially re-soluble; the soluble portion shows
three main components which on the basis of
mobility can be related to components in the original
extract. However, estimates of composition reveal
that the relationship is complex.
The work described in this paper was carried out as part of

the programme of the Food Investigation Organization of
the Department of Scientific and Industrial Research.
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The series of papers which it is hoped to present
under the general title 'The Lipids of Fish' will
describe studies preparatory to investigations of the
lipoprotein constituents of fish tissues. From the
outset, therefore, considerable emphasis has been
placed on the relative ease with which any particular
lipid may be extracted from the tissue, since much
of the evidence for the existence of lipid-protein
complexes is based on the occurrence of so-called
'bound' lipids, i.e. lipids which cannot be extracted
from the fresh tissue by solvents in which they
are normally readily soluble. At the same time,
segregation of constituents according to ease of

extraction may well assist in the separation of the
extremely complex mixture of lipids present in the
tissue.
The flesh of the haddock has been chosen as the

most suitable raw material for the present series of
studies, since it is quite free from adipose tissue, it
can be obtained absolutely fresh in virtually un-
limited quantity from this laboratory's own fishing
vessel, and, the haddock being a small fish, it
offers the advantage that lipid samples are usually
representative ofa very large number ofindividuals.
The present paper reports the results ofsuccessive

extractions ofhaddock flesh with arange ofsolvents.



LIPIDS OF HADDOCK FLESH

EXPERIMENTAL

A lipid is generally considered to be 'free' when it can be
extracted from the tissue with a solvent which does not
denature protein, such as, for example, light petroleum and
ethyl ether. Extraction after treatment with such a solvent
as ethanol is considered to yield much of the lipid originally
linked to protein.

Finely minced haddock flesh exhaustively extracted with
light petroleum, either by grinding with sand or by use of a
Waring Blendor, yielded about 0-1% of lipid. (All per-

centages are w/w.) If the extracted tissue was then dried
under vacuum and re-extracted with light petroleum, a

further trace (about, 0-02%) of lipid could be recovered.
Subsequent extraction with ethyl ether yielded about
0-05% of additional lipid. Thus the total 'free lipid'
amounted to about 0-17 %. There were, however, consider-
able variations from fish to fish and the range encountered in
a considerable number of experiments was from 0-06 to
0-13%, 0-02 to 0-03% and 0-03 to 0-11% for the three
extracts respectively. The I2 values of these extracts varied
even more widely; from 82 to 188, 13 to 90 and 28 to 132
respectively. Such great individual variations emphasize
the desirability of obtaining lipid samples representative of
a large number of individuals.

If the exhausted tissue was next extracted with cold
ethanol, a further yield of about 0-1% (range 0-06-0-15%)
ofthe original fresh tissue weightwas obtained. Hot ethanol,
on the other hand, extracted about 0-5% of lipid together
with an equal quantity of non-lipid substances.

Tissue exhausted with cold ethanol yielded a further
0-15% or so of lipid to cold CHC13, but tissue exhausted by
hot ethanol yielded only about 0-05 %, even to hot CHCl,.
The ethanol extracts had I2 values of about 40 and the
CHC13 extracts about 60, although again there were con-

siderable variations from fish to fish.
The final exhausted tissue still contained lipid, as could

be shown by acid hydrolysis of the protein followed by
recovery of the freed fatty material. If only cold solvents
had been used, a further 0-4-0-6 % oflipid could be recovered
after acid treatment, but if hot ethanol and CHC13 had been
used only about 0-1% of additional lipid could be obtained
after hydrolysis. This lipid liberated by hydrolysis was

presumably largely in the form of free fatty acids and its I2
value ranged from 90 to 164.
The total lipid content of haddock flesh thus extracted

ranged from 0-75 to 11%. In order to prepare large enough
samples oflipid for detailed investigation a different series of
solvents was used after preliminary studies of their relative
effectiveness.
A total of42 kg. ofminced haddock flesh was extracted in

batches of 7 kg. with large volumes of acetone at room

temperature (approx. 150), through a total ofnine successive
extractions for each batch. The first acetone extract of each
batch consisted mainly of water-soluble, light petroleum-
insoluble, non-lipid matter (about 2% of the tissue) and had
a marked smell of NH3, even when obtained from material
extracted at sea from fish immediately after death. Never-
theless, these first extracts did contain some true lipid
matter. The ninth acetone extract in all cases contained so

little lipid that it was clear that almost all lipid available to
this solvent had been removed. The combined extracts 2-9
were evaporated, the residue taken up in light petroleum to

remove traces of non-lipid matter, the solution combined
with the petroleum extract of acetone-extract 1, and the
whole evaporated to yield 241 g. of lipid (=0-57 %). It may
be noted that acetone has been found to have an effect
comparable to that of ethanol in freeing 'bound' lipid
(Delage, 1935). The exhausted tissue was next extracted at
room temperature with large volumes of ethanol/ether
(3:1, v/v), again through a total ofnine extractions, the last
extract containing negligible amounts of lipid. The total
lipid obtained in this fraction was 94 g. =0.22%. The
residual tissue was then extracted nine times with a boiling
benzene/ethanol (1: 2, v/v) mixture allowing 30 min. boiling
at each extraction, to give a total of 79 g. (0-19%) of lipid;
subsequent similar extraction with a boiling CHC13/
methanol (1:1, v/v) mixture gave 103 g. (0.24%) and,
lastly, extraction with pyridine at 1000 gave 65 g. (0-15 %) of
lipid. The totallipid obtained was thus 1 37% ofthe original
tissue, compared with the range 0-75-1-1% obtained in the
preliminary experiments. Acid hydrolysis of the final
exhausted tissue showed that it contained only negligible
traces of residual lipid.

DISCUSSION

Little appears to be known concerning the lipids of
haddock flesh, or indeed of fish muscle tissue in
general, work on the lipids of fish having been
primarily concerned with adipose tissue whether
mixed with the skeletal musculature or not. Bahr
& Wille (1931) reported on the 'lecithin' content of
fish flesh, including haddock flesh, but their method
of extraction of the air-dried flesh with an ethanol/
benzene mrixture followed by. determination of
phosphorus in the extract and calculation of all
phosphorus found as leqithin phosphorus is open to
criticism. They showed, however, that fish flesh
varied widely in 'lecithin' so determined, according
to species, age, season ofyear, and stage ofmaturity.
Thus haddock flesh in June contained 0-17%
lecithin, whereas comparable material in October
contained 0-48%. Kaucher, Galbraith, Button &
Williams (1943) reported that codfish muscle con-
tained a total of 9-47 % lipid on a dry-weight basis,
which would be about 2-5% on the wet tissue. This
was extracted from freeze-dried tissue by hot
ethanol followed by ethyl ether. Cod and haddock
belong to the same genus, and it is rather surprising
that the former should contain nearly twice as
much lipid as the latter. The fractionation of these
lipids by Kaucher et al. is discussed in the following
paper.
The only large fat depot in the haddock is the

liver. It would appear from the present results of
extraction with light petroleum and ether that the
major part of the lipids of haddock skeletal muscle
are in 'bound' form. There seem to be several types
of linkage holding this bound lipid, of varying ease
of rupture, e.g. some lipid is freed by alcohol, some
still bound and liberated after acid hydrolysis. The
results ofthe large-scale extraction, although giving
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a qualitatively and quantitatively different picture,
also suggest a variety of linkages between the lipids
and the protein of the flesh.
The various large-scale extracts revealed con-

siderable differences in appearance, consistency,
etc., and it seems probable that they have been
separated not only according to the relative strength
of their linkages to protein, but also according to
their solubility properties. A considerable overlap
in their composition would, therefore, be expected.
The following paper records the results of investiga-
tion of two sub-fractions of the first (acetone)
extract.

SUMMARY

1. Haddock flesh contains a total of about 1 %
lipid, but only about 0 1-0 2% of 'free' lipid, the
rest being probably 'bound' to protein.

2. Extraction with a series of solvents suggests
the presence of more than one type of linkage
between lipid and protein although the picture is
complicated by probable differences in solubility of
the various lipid constituents.

This work has been carried out as part of the programme
of the Food Investigation Organization of the Department
of Scientific and Industrial Research.
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In the previous paper (Lovern, 1953) the prepara-
tion of a series of lipid extracts from the flesh of the
haddock (Gadu8 aeglefinu8) was described. The first
of these consisted of material extracted from the
tissue by acetone and soluble in light petroleum. It
is well known that in the presence of such soluble
lipids as triglycerides, sterols and sterol esters,
acetone will dissolve other lipids, e.g. phospho-
lipins, which alone are insoluble in acetone. This
particular extract contained 2 6% phosphorus and
1-6 % nitrogen. There has been controversy,
particularly in earlier work, about the occurrence of
phospholipins genuinely soluble in acetone, i.e.
soluble in the absence of such lipids as fats and
sterols. MacLean (1914) showed that such phos-
pholipins do occur but can be completely precipi-
tated from acetone in the presence of traces of
electrolytes. Removal of impurities, presumably
electrolytes, can render an originally acetone-
insoluble phospholipin soluble in acetone (MacLean,
1909a). In the purification of phospholipin pre-
parations by repeated precipitation from ether or
light petroleum solution by a large excess ofacetone,
many workers add an electrolyte, commonly
magnesium chloride. There are, however, objections

that such a procedure gives a variable yield accord-
ing to the amount ofelectrolyte added, and that the
nature of the phospholipin is altered in the process,
e.g..the proportion of ether-insoluble phospholipin
increases with increasing amount of electrolyte
(Sinclair & Dolan, 1942). Cahn, Houget & Agid
(1949) discussed in detail the relative merits of
precipitation with acetone in the presence or
absence of added electrolytes and showed that
electrolytes also precipitate large proportions of
non-lipid contaminants.
We considered it desirable to examine separately

the phospholipin fraction genuinely soluble in
acetone in the absence of added electrolytes and
that present in the total acetone extract but pre-
cipitable when accompanying non-phosphatidic
lipids had been removed. The technique of counter-
current distribution, used in our earlier studies on
lipid separation (Lovern, 1952; Olley, 1953), was
employed to examine the fractions obtained by
acetone precipitation. The non-phosphatidic lipids,
together with the acetone-soluble phospholipins,
form the subject of the present paper.

Part of this work was presented at the Second
International Congress ofBiochemistry, Paris, 1952.


