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Introduction

Fish frozen and preserved at low temperatures re-
tain, at least approximately, the appearance, flavour and
nutritive qualities of ffesh fish for some time, but after
varying periods generally from 6 to 10 months they begin
to lose their flavour and become tough and fibrous. Weld(l)
has observed from microscopical examinstions of fish musecle
that when freshly frozen and thawed it regains its original
appearance but when frozen and stored for some time then
thawed the tissue fails to recover and appears to be dehy-
drated thus demonstrating that some irreversible change has
taken place in the muscle fibres due te prolonged storage.
Moran ?2) has shown that eggs frozen below -6°C suffer some
irreversible change on thawing, and Callow (3) has also de-
monstrated that frogs sartorious if frozen at a temperature
below -2.4°C bLehaves quite differently from fresh unfrozen
muscle in regard to its ability to absordb water. It was
thought possible that the above phenomena of toughening and
irreversibility might be due in part at least to the denatur-
ing of a portion of the soluble protein of the muscle by
freezing and subsequent storage at low temperatures, hence
the present investigation was undertaken.

Ma&ﬁg!!
o=
Extraction medium

In work on :!.. muscle Deuticke (4) recommended
and used as a of extraction of the soluble proteins
from cold blooded animals a solubion prepared by mixing a
solution eontaining 4.56% mono potassium phosphate with a
solution containing 4.96% di sodium )hgsphate. By using
these solutions in the prepertion.;ﬁ about 1 of the former to
4 of the latter a solution with a of appreximately 7.2 was
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obtained and was used as his extraction medium. Solu-
tions prepared in the same manner and adjusted to the same
hydrogen ion conecentration were used in the work %o be re-
ported below for the extraction of the soluble fraction of
the protein from fish muscle the pH being measured either
by the gquinhydrone electrode or by using brom thymol blue
in the Gillespie and Walters series of indicators.

Method of Extraction

Three hundred cubic centimetres of the above ex-
traction solution were measured into a 500 ce. Erlemmey-
er  flask by means of a 250 ce. volumetrie flask and a 50
cc. pipette. The flasks were then weighed and removed
to & room held at a temperature of about 0°C. until they
had reached the same temperature when about 10 gm of the
minced muscle was added to each and the flask left for ex-
traction for a period of from 15 to 20 hours, each flask
being shaken several times during the interval.

Preparation of the musele for extraction

Since it was considered that the outer edges of a
frozen fillet might have dehydrated to a greater extent
than the central portion these were first removed and dis-
carded and the remainder then ground to a fine white pow-
der by passing it several times (usually 4) through a meat
shopper. The grinding was done in the cold storage room
thus allowing the muscle no opportunity of thawing before
being placed in the extraction medium.

Experimental Teehnigue

: In the preliminary experiments after allowing the ex-

tragtion to proceed from 15 - 20 hours the Erlemmeyers and
8 were re-weighed in the cold room and the muscle

filtere f’n!i;2 ce. of the filtrate added in duplicate sam-
ple o © stion tubes for total nitrogen determinations.
However as later work showed that no precipitation took
place for some % after allowing the flasks to come to room
temperature this precaution was subsequently abandoned and
the flasks were taken to the la@Boratory and allowed to warm
up before weighing, filtering and 3!:5;%23. In order to de-
termine the non-protein nitrogen the protein was precipitated
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from the filtered extract by means of Schenk's reagent, the
technique being as follows:- To a 50 ce. volumetrie flask
containing 10 cec. of 4% hydrochloric acid and 10 cc. of 5%
mercuric chloride solution was added 25 e¢e. of the above ex-
tract and the flask then filled to the mark with distilled
water. This was allowed to stand for 3 hours when it was
filtered and nitrogen determinations made in duplicate on
15 ce. samples of the filtrate.

Nitrogen determinations

The digestion mixture used for the conversion of not
more than 0,125gm.of protein nitrogen to ammonia consisted
of 1 ec. of conecentrated sulphuric acid, 1 ce. of a saturated
solution of sodium silphate and 4 drops of a 10% solution of
copper sulphate. The above digestion mixture and the sample
containing the nitrogen were heated together in pyrex test
tubes until the digestion was completed,when the copper,and
in the case of the non~protein nitrogens the mercury, was pre-
cipitated with a solution of 8% sodium thiosulphate and the
ammonia then determined by a steam distillation into.g_hydro-
chloric acid using Prgegl's modified nitrogen appar- 70
atus.

Moisture determinations

The moisture determinations were carried out by dry-
ing a 10gm.sample of the minced muscle te constant weight at a
temperature of 110°C.

Fat determinationsﬁ

These determinations were done by Miss A. M. Wilson
of the staff of the Fisheries Experimental Station.

Preliminery Experiments

Probable error in the results obtained

In the results te be reported below the individual

nitro n valua- were always determined in duplicate samples
,ogen values checked to within an accuracy of
itrogens to within an accuracy of 2%. In
der to dci;rmine : bable error in the method of extract-
1on, extracts were made in cate on a mackerel fillet and

4 extracts made on a haddoeck fille®« the results shown in
the following tables. In actual practice each fillet was
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generally extracted in duplicate only, the nitrogen content of
the different extracts agreeing for the most part to within 3%
with occasional differences as great as 6%.

Table I
Mackerel Extracts
Fillet | Total Nit. | N.P.N. per | Prot. Nit. per
Elonnd” per Gram Gram Fish Gram Fish
Fish
1 0.0118 0.00390 0.00790
2 0.0119 0.00396 0.00794
3 0.0118 0.00390 0.00790
Table II
Haddock Extracts
Fillet Total Nit. per N.P.N. per Gram
Sy Aiank Gram Fish Fish
1 0.00988 Not done
2 0.01020 n
3 0.01005 "
4 0.01026 L)

Variation in nitrogen content of extracts from different fillets
_0f the same age. Sk 4

In order to determine what variation in soluble protein con-
tent was to be expected in the case of different fillets held in
storage for the same period 3 different haddock fillets whiech had
heen frozen for 14% months were extracted in the usual manner amd
g:;r:! 1sentorminations done with the results ghown in the follow-
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Table III

Fillet | Tot. Nit. N.P.N. Prot. Nit.

0.00985gm. | 0.,00407gm.| 0.00578gn.
0.01035gm. | 0,00434gm.| 0.00602gm.
0.00998gm. | 0,00404gm. 0,00594gm.

Gl

The above table shows the variation in nitrogen con-
tent usually met with in extracts of different fillets of the
same age and with the exception of two cases the variation
shown is as great as any found during the course of this work.
The greatest difference ocourring in one of the cases mention-
ed, amounted to 10% but & variation of this magnitude could
almost certainly be attributed to an experimental error.

Effect of temperature on the musecle extract

As it was known that muscle juice obtained by grind-
ing fish muscle and subjecting it to pressure, rapidly be-
comes cloudy when brought into a warm room it was thought that
the muscle extract might behave similarly under the same con-
ditions, hence the following experiment was carried out. A4n
extract of cod fish was made in the usual mannexr the flask
weighed a portion of the extract filtered and samples taken
for analyses before removing the flask from the cold room, then
the flask with the remainder of its econtents was taken to the
laboratory and allowed to reach room temperature when a second
portion of the extract was filtered and samples of the filtrate
again taken for total nitrogen determinations. The amount of
nitrogen per gram of musde found in the former case was 0.01020gn
that in the latter 0.01013gm showing that no appreciable amount
of protein had been precipitated by allowing the extract to

stand at room temperature for a short period.

The Effect of Bime of extraction

&ho amount gg&iiﬁrogen found in an extract of cod muscle
extracted with the ts and in the usual manner after 20
hours was 0.,01007gm per fish while after a period of 60
hours extrastion the same fi was found, thus demonstrating
that the muscle is completely extracted in a period smomewhat
less than 20 hours.
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Effect of freezing on the amount of soluble protein

In order to determine whether the process of freez-
ing itself exerted any influence on the amount of protein
that could be extracted in the manner employed&, two cod
fish were caught and brought to the station in a barrel of
water. They were then immediately killed and filledbed
and a fillet of each ground at once and samples placed in
the extraction medium. The remaining fillet of each was
then frozen in a brine tank at -14°C, , ground to a powder
and also extracted in the usual manner, the results of both
extractions being shown in the following table.

Table IV
Fillet | Condition | Tot. Nit. | N.P.N. Prot. Nit.
1 unfrozen | 0.00997gm. | 0.00398 | 0.00599gs.
1 frozen 0.01035gm. | 0.00431 | 0.00604gm,
2 unfrozen | 0.00983gn. | 0.00%95 | 0.00587gm.
2 frozen 0.00997gm, | 0.00417 | 0.00580gm.

The above table shows no difference in the amount of
nitrogen extracted greater than the probable experimental er-
ror between the frozen and unfrozen samples of cod fish and
hence it must be concluded that the process of freezing it-
gelf exerts no influence on the amount of protein soluble in
the salt solutions employed.

Experimental

Denaturing of protein observed with mackerel

ig the table to be given below the results obtained
ax . extraetion of mackerel fillets in the manner previously
G g = ed. are 113*.6.0
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Table V
of [ No. of | Average} | Average® | Average Average
illet | Fillets of fat in | Residue at | Tot."Nit. N.P.N. per gm.
Extracted | fillet 110°C. per ga.Fish| fish
Omos. & 10.2 29.6 | 0.0129g. 0.00388g.
- TR 2 7.7 27.3 | 00013250 0.00594:8.
8. » 3 20.1 37.1 00011850 000059250
verage Corrected

ot. Nit. Average Prot.
per gm.Fish,| Nit. per gm. Fish.

0.00902gm. 0.00885gm.
0.00928gm. 0.00900gm.-
| 0.00788gm. 0.00884gm.
l

In column j is given the period that the fish had been held
in storage, column 2 +the number of the fillets that were extract-
ed while column 4 shows the average % residue after drying samp-
les of the fillets to constant weight at 110°C. Column . 3 shows
the average % of fat in the different fillets used as determined
by Miss A. M. Wilson of the staff of the Fisheries Experimental
Station. Columns 5,6, and 7 are self explanatory while the last
column was obtained by caleculating the amount of soluble protein
in the different fillets based on a total protein content of 19%.

Employing column 8 as a basis for comparison we find that
there appears to be no denaturing of protein over a period of 8
months and since no samples of mackerel that had been stored for
longer than this period eould be procured no information is avail-
able on mackerel fillets over this age.

Observations on haddock muscle

) -
Tesu’ obtained on the denaturing of the protein in

haddock muscle are stmmarized in the following table.
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Table VI
Age of |No. of Average % | Average Tot. | Average N.P.N.
Muscle.|Fillets Residue at| Nit. per gm. | per gm. Fish.
Extracted. 110°C. Fish

0 mos. 4 18.2% 0.0102gm. 0.00324gm.

9 = 3 19. 4% 0.0110gm. 0.00378gm.
35 ® 3 not done 0.0100gm. 0.00413gm.
iy = 3 L . 0.00940gm. 0.00368gmn.
25 *® 3 19.2% 0.00777gn. 0.00345gm.

fProt. Nit. per | Prot. Ni®

Gm., Fish. - | Caleulated on
Basis of 19%
Residue.

0.00696 gm. 0.00727gnm.

0.00722 gm. 0.00707gm.

0.00597 gm. 0.00597gm.

0.00572 gm. 0.,00572gm.

0.00432 gm. 0.00425gm.

In conmnection witih the table given above it must be

mentioned that the samples of haddock labelled O months
were purchased from thgagag_ 1 Fish Company and nothing
of their history is.knowmn~to freezing. 1In connection with
the samples of haddock which were 25 months old it should be
remembered that they had not been frozemn in the usual fash-
ion but by immersion in a brine bath. In comparing the
above figures the fact must also be taken into consideration
that although all samples had been stored 3§§;he same tempera-
ture yet those which were 25 months o0ld hadabeen wrapped in
individual waxed papers as the remainder were and had been
packed 10¢ in a large wooden box, while those which were
2 hs old had n wrapped in the usual manner bdbut were

ed in a olosegﬁsin pail. The remaining samples were pre-
gerved in the usual ercial containers, that is they were
wrapped in a waxed pap and stored in a cardboard box.

#

By comparison of the figties reoordad in the last column
of the above table or of the aecc : aph de-
naturing curve to be shown for ood ris E“ﬂ king s ity
is observed, neither curves indiecating any appreoiable do-
naturing until after a period of about 10 months. Both of
these curves appear to be an auto-catalytic type the signi-
ficance of which might possibly be attributed to an accumu-
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lation of hydrogen ions which would progressively increase the
rate of denaturation but sinee the pH. of the samples at dif-
ferent ages was not taken and moreover, sinee the water extrac-
tion curve as will be shown later is not of a similar type as
would be expected if the accumilation of hydrogen ions was co-
related with the rate of denaturation of the protein this sug-
gestion appears to be very doubtful. A more probable explan-
ation of this phenomenon lies in the fact that a least in the
early stages, the albumen seems %o bear the main bukden of the
denaturing processes and that the first step in the denasura-
tion of the albumen is its passage into a pseudo globulin frac-
tion which 1s still dissolved by the phosphate solutions se
that no apparent denaturation takes place until after this
"gonverted™ albumen becomes more insoluble and will no longer
dissolve in the salt solutions. This explanation will become
clearer after a perusal of the water extraction curve, givem in
connection with cod fish musecle.

Denaturing of dod fish muscle

In the following table are given the results obtained by
extrasting sod fish muscle with the usual salt solutions.

- Table VII
Age of |No. of Average % | Average Average Ne.P.N.
Muscle. |Fillets Residue at| Total Nit. per gm., Fish
Extracted. | 110°C. per gm. Fish.
0 mos. 4 19.1% 0.01002gn. 0.00411gm.
3 * 2 17.450 0.00924gm. 0.00342gm.
g ® 3 not done |0.00956gm. 0.00410gm.
285 " 4 18.4% 0.00627gm. 0.00353gm.
Average Prot. Average Prot. NiT.]
Nit. per gm. Fish | per gm. Fish Cal-
culated on Basis
. of 19% Residue.
0.00591 gm, 0,00591 gm.
0.00582 gm, o.o&c ga.
0.00546 gm. 4 0.00546 gm.
0.00274 gm. 0.00282 gm.
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In connection with the above table the fillets listed
as 0 months were from c¢od fish whieh were brought living to
the Fisherdies Experimental Station, in a barrel of water
and were killed and filleted Jjust prior to freezing and ex-
tracting. -Another point which must be remembered when con-
siderdng the figures given above is that the fish which were
25 months 0ld had been stored at a temperature of -8°F.
while all remaining samples had been held at a temperature
of -1°F, From a review of the above table or graph accom-
panying it one may observe that up te a period of approxi-
mately 10 months there appears to be little denaturing of
protein but after this time the rate increases rapidly, this
curve resembling to a marked degree the curve shown in the
case of haddoeck muscle.

The aqueous extraction of cod fish muscle

As the phosphate solutions employed in the previous work
extraect both the albumens and globulins, the eurves show the
denaturing effect of the se combined proteins-and in order to
obtain the albumen curve alone and thus differenti—ate be-
tween the denaturing of the two proteins a water extract on
cod muscle was made. The technique employed in this work
wes the same as that used in the extraction with the salt
solutions end the results obtained in this way are listed in
the table below.

Table VIII

Qe OF ﬂo. & Otojit- IT.P.N. Prot.ﬂit.
Fillet. | Fillets per gm. Fish. | per gm. Fish| per gm. Fish

ted
— O Mos., m"‘*‘me gm. | 0.00038 gm. | 0.00018 gm.

\g‘; }P 2 0.00711 gm. | 0.00324 gm. | 0.00387 gm.
" 2 0.00565 gm. | 0.00331 gm. | 0.00234 gm. |

From an observationm of the curve aooom;anyink this table

we may observe that the | w0 -'%nﬂ:o ¢ ="
o oxtis-

from that of the phosphaton‘l
the differences between this and that of the phosphate
tion curve we are able to derive a eurve whiech should repre-
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sent the course of the globulin denaturation but as can be
observed this curve is "impossible!

An explanation of this apparent anodﬁy may lie, how-
ever, as previously explained in the fasct that the denatur-
ing of the albumen during the early periods of storage may
proseed to just such an extent that while it no longer re-
maing soluble in distilled water may still retain the pro-
perty of dissolving in phosphate solutions and thus made to
appear as a gloiblin, with the result that there appears to
be no denaturing of protein until after this pseudo globulin
becomes still more insoluble and finally refuses to be ex-
tracted by the phosphate solution.

General conclusions and summary

(1) As determined by extraction of the musecle with a phos-
phate buffer mixture there appears to .be little denatura-
tion of protein until after a period of 10 months when the
rate is accelerated considerably.

(2) The rate of denaturing of albumen as shown by the
water extraction curve is quite rapid during the first 6
months of storage after which it becomes considerably re-
duced. This curve follows more closely than the phos-
phate extraction curve that which would be expected from a
knowledge of the rate at which stored fish loses its pala-
tability and becomes tough and fibrous.

(3) From a consideration of tables V, VI, and VII we find
as a side observation that the amount of soluble protein
in the muscle of mackerel is considerably higher than that
of haddock which is in turn somewhat greater than that
occurring in cod.
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