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At the present time the best known system for preserving
fish for distribution at a distance from the place where it is
taken and for use some time after it is caught, is that of
freezing and cold storage. Unfortunately, in some cases, these
proo:

es cause changes in the flavour and texture of this food,
It is, therefore, important to have information as to the causes
of these difficulties and as to their chemical nature; but, with
regard to flavour, our knowledge is so slight, that we have not
even a nomenclature, and in regard to texture, we need much more
information of certain branches of colloid chemistry, before we
can have & clear picture of its nature.

Investigators have followed various possible means of study,
trying to gain information in regard to changes due to freezing.
A number of imvestigations have been made to determine the gross
chenical changes due to cold btorage. Pemmington (1917) made an
exhaustive chemical and biological study of chicken in cold stor-
sge; and Clark and Almy (1920) have determined changes in moisture

content and in the nitrogenous constituents of fish kept under



different conditions of tempernture, Such analyses have shown

that only very slight changes occur in the constituente studied
0 long as the fish is good for food,
the sane kind have shown similar results and analyses made by

Other investigations of

Mrs, Ruth Neff McCamus (1920) for the Biologicel Board on fresh
and frozen hake, failed to show variations in general chemical
composition, even when the frozen tissues were of 80 Spongey &
re totally unfit for food,

forn that the fish
It seemed possible that the unfortunate changes due to freez-

ing might be related to other earlier changes in the proteins,

which in the case of fish make up lmost the whole of the mutri-

tious material, This seemed the more likely, because much more
objection is taken to frozen fish than to frozen meat, and, while
we commonly hang meat to make it "tender®, allowing it to be-

come rigid and then to soften again, we prefer fish in as fresh

a condition as possible,
A study of the literature of the chemistry of rigor mortis

was, therefore, made and this present report forms a preliminary
commnication of a study of certain chemical changes oceurring
in the proteins of muscle juice as affected by the stiffening
and softening following death.

The muscle juice or plasma undergoes a peculiar form of
clotting, which is apparently related to rigor and the juice
show variations in composition related to the

should, therefor
time since the animal's death.
emed probable also that the insoluble material of the

It
muscle - the strom - would vary and investigations were conse-

quently undertaken with both plasma and stroma o see if thers



were in these in fish which
was fresh and in that which had been kept.
The various methods of enrlier investigators were examined

and in some cases repeated with fresh fish muscle, Some lines

of study proved apparently fruitless, as, for example, n mumber

of attempts to meparate the proteins of the plasma by extraction
with different salt solutions and by dialysis according to meth=
ods of Kiihne (1868), Halliburton (1887) and others.

Hallfburton's (1887) method of separation of the proteins
by heat congulation likewise proved use:
von Pirth's (1896) test-tube method of estimating the smounts of

o for this purpose but

the proteins soon showed differences that it seemed worth while
to investigate more fully.

In order to determine the smounts of the proteins in the
Plesna, von Fiirth mensured into a series of t
lots of the filtered juice and then h
different temperatures to congulate the differemt proteins, The

~tubes, 5 ec,

ed these test-tubes to

Plasma 1
1t congulat
of heat cosgulation. Von Fiirth, therefore, chose certain temp-
eratures at which to produce the clots and kept the fluids at

however, a peculiar protein selution not omly in that

on standing but also in that it shows peculiarities

these temperntures for exnctly five minutes in each cnse. The
clots, as he formed them, were, he knew, mainly compoged of cer-
tain proteins but were largely mixtures; but by this arbitrery
arrangenent he had elways the seme moterisl in each sot of ex-
periments, The first clot was formed mt 40°C, the second, mt 50°C,
the third, at 70°C and a fourth at 100°C, The second, third and



fourth coagule were thus certainly mixtures but the nctusl sm-
ounts of proteins precipitated during 5 mimutes at ench temper-
ature were obtained by subtractions, The temperature

re chosen
a5  result of previous knowledge of the coagulation temperatures
of the priteins present, but this aspeet of the question does not
coneern us here.

The fish musele plasma used in my experiments wes obtained
by the method described by von ¥irth, and is similar to the meth-
©ds used by Kihne and Halliburton for their studic
other animals,

with frogs and

The fish were decapitated and in most cas

were injected
through the jugular vein, with a 0,6% solution of sodium chloride,

until the fluid flowing from the sectioned blood vessels and from
the body cavity, was no longer coloured red. It is difficult to
find the juguler vein in fish of the s

available, and in some
experinents, the injection wes omitted, Experiments made with

fish, part of whose ruscle was cut off mbove the point of ine
Jection and part below, showed that the injection made no change
in the osmotic pressure of the Jui

is shown in the follow-
ing teble where the depression of the freezing point is compared
with that of mscle juice from the mutton fish and with that of
sea water.

Table No. I.
A s for sera and sen water from tank,
Heddock  Haddock  Mutton Fish  Vater from tank & lab,
0,875 injestes 777 803
0,885 0.875 0,985 172 1801




In later experiments, & 1% solution of salt was used as
these freezing point determinations indicate a higher salt con-
tent than had been expected.

80 soon as the fish reached the lsboratory, or immediately

after injection, they cut into steaks, which were used at

once or put into the refrigerator, or left in the warm room, or
frozen, and exemined later as required.

The miscle freed from bone:

skin etc, and put through
@ meat mincer, using one of the finer knives, With the fresh fish

this was done ms quickly as possibl

80 a8 to avoid as fer a
could be, the chemical changes of rigor and the subsequent soft-
ening, Many investigators stre

the need of grinding with sand
1n order to be able to squeeze out the juice, The sand undoubt-
edly serves to more completely break up the tissues, but it re~
quired more time and trouble for its use and for comparative re=
sults, I, therefore, thought it wiser to use the quicker and

easier method, The quicker method is certainly the better

a
means of preventing 1l

of time during which changes can oceur,
- The minced muscle was quickly put into squares of muslin of

about 25 - 30 fibres to the centimeter and these were folded

over to wrap the misele. These pads were then put into & strong
Aron lemon sque

dishes,

r and the juice pressed out into clean glas,

It was usually filtered through fine muslin, in a few cases
through paper but in all cases, material free of solid particles
was used and was subjected to the same kind of filtration for
comparative tests.

Undoubtedly a more nocurate method of squeesing, with definite
knowledge of the pressure used, would be better, but the results




S0 far obtained go to show that, even with this rough method of
expressing the juice, valuoble informstion can be gathered.

. The volume of the juice was usunlly measured end, ac the
quantity alloved, it was used for as many tests as possible.

Bottaszi (1913), who used a Buchner press of 350 ntmos-
pheres pressure, wes able to squeeze out from 40 to 63% juice
but with the cruder method, much less wes obtained (See Table II,
. 6).

The early work wes a1l done with haddock and this wao une
doubtedly fortunate for not only wes more juice obtained from
this fish but its musele was much more satisfactory to work with,
than that of other fish, It was emsily minccd and squeezed out
Teadily. The heke muscle beceme gummy ond gave very 1ittle

Juice, and the cod, in one experiment, was nearly ms bad.

These peculiarities are not due to the mater content of the

musele as is shown in Table II.

Table II.
VWater Content and Plasmmas of Muscle of Fish,
Fish, % of water # of juice squeezed
in muscle out of misecle,
Haddook 80,3 6%
9.7 18%
Hake 811 4%

The explonation is to be found in the colloidal nature of
the materinl and not in the amounts of water and soli

1t 1s
rather the relation of the

er to the specinl protein here
present, which gives such marked differences of consistency.
Collotdal studies indicate linew of investigation, and informe



stion which 1s being gathered as to the vower which proteins I
of imbibing water under different conditions, and the swelling

which so results, should help to elucidate this part of the pro-
blem. This is especially true in regard to the muscle of the
‘hake.

Vith the filtered juice, determinations were made of total
Bolids by drying 5 cc. lots to constent weight in a boiling water
oven, and of total proteins cosgulated nt 40°C, 50°C, 70°C and
100°C, mccording to the method of von Hirth, For the 40° congu-
lation the test tubes containing the 5 e, lots of juice were put
into a benker which contained water, previously brought to the
required temperature, and which was surrounded by another which
contained water at a temperature 2° higher. The test tubes

re
kept in the beeker for exactly 5 minutes and then irmediately

cooled under the cold water tap. When the cold test tubes were
put into the

ter bath, the temperature of the water fell
slightly but soon rose again from the heat of the outer jacket
but in no case.was the temperature allowed to rise above the
point of congulation. For this clotting no other heat

supp-
lied. The clots at 50° and 70° were prepared in the same way,
except that the outer jacket was heated to 50° or 70° by means of
@ emall gos flome. The cosgula for 100°C were formed by keeping
the tubes in m bath of water which had been hented to boiling and
was kept boiling to the end of the § minute period, The preeip-
itates were filtered on dry weighed papers, washed and dried to

constant weight, The results of the: erninations are given

in Tables III and IV.

211 mede in duplicate, except in the




one case noted, where the quantity of juice available was too
small to allow of this, The duplicates agreed very closely in
a1l cases but the one noted - that for the total cosguable pro-
tein of the fish of August 5th.

The coagulated proteins have been calculated as percent-
ages of juice and of solids of the juice but could not be cal-
culated s percentages of the muscle beceuse the method of ob-
taining the juice caused so much loss of material, that the cal-
culations of percentage of juice are only approximate.
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The determinations of proteine cosgulated at 40°C give the
This clot, no doubt, consists largely

of that musele clot which is comparable to the fibrin elot of
blood and in its amount evidently varies with the condition of
Its amount is practically 3% or more of the juice in
where the haddock was fresh i.e., not more than 9
and usually much 1 2% or be~
There are indications, too, that .

the fish,

a1l oas
hours 0ld - but is always le
low, when the fish has been kept,
the amount of this coagulation is related to the condition of
This point will be investigated later,

rigidity of the muscle.
Determinations of cosguls at 50°C seem to give but little
information of value in regard to changes due to keeping.

The clots obtained at 70° apparently contain the whole of
der to boil the

the congulable protein and since it is much
ter bath at 70°, the congula at 100°

The values ob-

Juice than to keep the
are the better ones to use in later experiments,

tained for these olots seem to suggest o conversion of the pro-
teins coagulated at 40° in the juice from fresh fish to proteins
of a form coagulated above 50° and 8o appearing in these 70° and
100° coagula, for the diminution of amounts of total coegulable
proteins ns a result of keeping are not nearly o great as are
those in the amounts of the proteins cosgulated at 40°C., This
aspect of the investigation also needs farther study.

The few experiments made with the stroma of the muscle gave

80 indecisive results that this work should be repeated before
The most hopeful line of

any conclusions can be drawn from them.
attack is certainly that of the heat cosgulation of the juic
orded in Teble V. which were made

Two experiments are I




with the muscle of hake which had been budly frozen and so made
spongey in the one case, and well frozen in the other, The well
frozen material shows the seme considerable mmount of protein
lot for 40°C as does the fresh haddook muscle but the clots at
the higher temperatures are not comprrsble to those from the
Juice of haddock musele and farther study should ve made of this,
TUnfortunately the hake muscle giv

s0 little juice that it is
very difficult to obtain sufficient materisl for working.

Two experiments with eod muscle juice are included in this
table, though the results are indefinite owing to the difficulty
of obtaining material.

Tadle V.
Congulable Proteins of Hake and Cod.

Hake
enught ney
caught
July 29 1,56 3.23 3.35 3.65 24 hrs. Spongey, frozen in air
" " 3,28 3.60 4.47 428 " ¥ot *  * quickly
Cod
Mg, 510 - = 45 45 " Rigid
. 2.8 4.6 48 " Refrig. Soft - good

The greatest variation in the factors here studied, seems

o be in the mmounts of the proteins congulated at 40°C. Deter
ninations of theve mmounts with fresh and frozen fish should thys
assiot us in noting delay in chemical change produced by cold stor=
age. This line of study will aleo be followed at & later date,
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