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The Denatu.ring of Fiah Muscle during Storage 

By w. W. Johnston 

Iniroduotion 

Fish frozen and preserved at low temperatures re~ 
tain, at least approximately, the appearance, flavour and 
nutritive qualities of :fl-esh fish for some time, but after 
varying periods generally from 6 to 10 months they begin 
to lose their flavour and beoome tough and fibrous. Weld(l) 
has observed from miorosoopioal examinations of fish muscle 
that lil.en freshly frozen and thawed it regains its original 
appearanoe but when frozen and stored for some time then 
thawed the tissue fails to reoover and appears to be dehy-
dra ted thua demonstrating that aome irreversible ahange hé.a 
taken ~laoe in the muscle fibres due to prolonged storage. 
Moran (2) has shown that egga frozen below -6°C suffer some 
irreversible change on thawing, and C allow (3) has also de­
monstrated that frogs sartorious if frozen at a temperature· 
below -2.4°C behaves qui te differently from fresh unfrozen 
musole in regard to its ability to absorb water. It was 
thought possible that the above phenomena of toughening and 
irreversihili ty might be due in part at least to the denatur- · 
ii.l.g.· of a portion of the soluble prote in of the musole by 
freezing and subsequent storage at low temperatu.res, henoe 
the present investigation was undertaken. 

Extraction m!Jium 

In hi work on t muscle Deutioke (4) reoommended 
and used as a m ans of extrao~ion of the soluble proteina 
from oold blooded animale a solu~ion prepa.red by mixing a 
solution oontaining 4.56% mono potassium phosphate with a 
solution containing 4.96% di sodium ~hosphate. By using 
these solutions in the proportion of about 1 of the former to 
4 of the latter a solution with a pli. of app ximately 7.2 was 
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Solu-
Ç~l ~ .cl/ . 

obtained and was used as his extraotion medium. ? 
tions prepared in the same manner and adjusted to the same b 
hydrogen ion oonoentration were used in the work to be re-
ported below for the extraction of the soluble fraction of . 
the pr~tein from fish muscle the pli being measured either 
by the quinhydrone el.eatrode or by using brom thymol blue P 
in the Gillespie and Walters series of indicators. 

Method of Extraction 

Three hundred oubio oentimetres of the above ex­
traction solution were measured into a 500 cc. Erlenm.ey­
er _· flask by means of a 250 oc. volumetrio flask and a 50 
cc. ~~patte. The flasks were then weighed and removed 
to a room held at a temperature of ab&ut 0°0. until they 
had reached the same temperature when about 10 gm of the 
minoèd muscle was added to each and the flask left for ex­
traction ~or a period of from 15 to ·20 hours, each flask 
being shaken se~eral. times during the interval. 

Preparation of the muscle for extraction 

Sinee it was oon&idered 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 
chopper. The grinding was done in the oold storage room 
thus allowing the mus.cl.a no opportun! ty of thawing before 
being placed in the extraction medium. 

E:q>erimental Technique 

In the preliminary experiments after allowing the ex­
traotion to prooeed from 15 - 20 hours the Erlenmeyers and 
nt~ a were re-weigb.ed in the oold room and the muscle 

filtered 8.11 10 cc. o'f the filtrate added in duplioate sam­
ple 1n the dit!estion tubes for total nitrogen determinations. 
However as l.ater work showed that no precipitation took 
place for some tim after allowing the flasks to come to room , 
temperatu.re thia preca~tion was subsequently abandoned and 
the flasks were taken to the ia ~atory and allowed to warm 
up before weighing, filtering and sa: ling. In order to de­
termine the non-protein nitrogen the protein was precipitated 
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from the filtered extraot by means. o:r Schenk' s reagent, the 
technique being as follows:- To a 50 co. volumetrie flask 
oontaining 10 oo. of 4% hydroohloric aoid and 10 co. of 5% 
merouria ohloride solution was added 25 oo. of the above ex­
traot and the flàsk then filled to the mark with distilled 
water. Thia was allowed to stand for 3 hours when it was 
filtered and nitrogen determinations made in duplioate on 
15 oo. samples of the filtrate. 

Nitrogen determinations 

3 

The digestion mixture used for the conversion of ne& 
more than O..J.25gm.of protein nitrogen to ammonia oonsisted 
of 1 oo. of conoentrated sulphurio aoid, l oc. of a saturated 
solution of sodium sùlphate and 4 drops of a 10% solution at 
oopper sulphate. The above digestion mixture and the sample 
oontaining the nitrogen were haated together in pyrex test 
tubes until the digestion was completed,when the oopper,and 
in the oase of the non-protein nitrogens the mercury, waa pre­
oipitated with a solution of 8% sodium thiosulphate and the 
ammonia then determined by a steam distillation into J hydr~­
chloric acid using Prkegl 1 s modified nitrogen appar- "17'0 
atus. / ' 

Moisture determinations 

Tie moisture determinations were oarried out by dry­
ing a lOgm.sample of the minoed muscle te constant weight at a 
temperature of 1.10°0. 

Fat determinations 

These determinations were done by Miss A. M. Wilson 
of the staff of the Fieheries E:x:perimental Station. 

Preliminary EAJ?eriments 

Probable error in the results obtained 

In the results 1n be reported below the individual 
nitrogen values were always determined in duplicata samplea 
and the tal n trogen values oheoked to within an accuraoy of 
1%~ the non-protei nitrogena to within an accuraoy of 2%. In 
order to determine thé obable error in the method of extract-
ion, extraots were made in lioate on a maokerel fillet and 
4 extraots made on a haddock tille th the resulte shown in 
the following ta~les. In aotual praotice &aoh fillet waa 
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generally extracted in duplioate only, tl:e ni trogen content of 
the different extracts agreeing for the most part to within 3% 
with ocoasional. differences as great as 6fo . 

Table I 

Maokerel Extracts 

Fill~t Total Nit. N.P.N. per Prot, Nit. per 
~"4- per Gram 

Fish 
Gram Flsh Gram 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 EJctracts 

Fillrl Total Nit. per N.P.N. per Gram 
~,.,..,1.- Gram Fish Fish 

l 0.00988 Not done 
2 0.01.020 tt 

3 0.01005 ff 

4 0.01026 Il 

Variation in nitrogen aonteA..t of extraots from difterent fillets 
. of the same age. 1 ) 

In order to determine what variation :hr soluble protein con­
tent was to be eX)?ected in the ease of different fillets held in 
storage for the same period 3 different haddock fillete whioh had 
heen frozen for 14t months were extracted i n the usual manner an..d 
nitroBen determinations done with the results shown in the follow­
ing table. 
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Table III 

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

1 0.00985gill· 0.00407gm. 0.00578gqi.. 
2 . O.Ol035gm. o.00434gm. 0.00602gm. 
3 0.00998grn. o.00404gQl. o.00594gm. 

The above table shows the variation in nitrogen oon­
tent usually met with in extracts of different fillets of the 
same age and with the exaeption 01' two cases the variation 
shown is as great as any found during the oourse of this work. 
The greatest differenoe ocourring in one of the cases mentio:a­
ed, a.mounted to 10% but a variation of this magnitude could 
almost certainly be attributed to an experimental error. 

Effect of temperature on the muscle extraot 

As lt was known that musole juioe obtained by grind­
ing fish muscle and subjeoting it to pressure, rapidl~ be­
oomes oloudy when brought . into a warm room it was thought that 
the muscle extraot might behave similarly under the same con­
ditions, hence the following experiment was oarried out. An 
extract of cod fish was made in the usual manne~ the flaak 
weighe~ a portion of the extract filtered and samples taken 
for analyses before removing the flask from the oold room, then 
the flaek with t~e remainder of its contents wae taken to the 
laboratory and allowed to reach room temperature when a second 
portion of the extract was filtered and eamples of the filtrate 
again taken for total nitrogen determinations. The amount of 
nitrogen per gram of muai.a found in the former oase was o.Ol020g~ 
that in the latter 0.010l3t!Jll showing that no appreo i able amount 
of protein had been preoipitated by allowing the ex::braot to 
stand at room temperature for a short period. 

The tint! of extraction 

The amount ot n.i trogen f aund in an extraot of ood muscle 
extracted with the usual alts and in the usual manner after 20 
hours was 0.01007~ per gram of fish while after a period of 60 
hours extraction the same figure wa found, thua demonstrating 
that the muscle is completely extraoted in a period aomewhat 
less than 20 ~ours. 
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Effeot of freezing on the amount of soluble Rrotein 

In order to determine whether the prooess of freez­
ing itself exerted any influence on the amount of protein 
that oould be extraoted in the manner employeè, two ood 
fish were oaught and brought to the station in a barrel of 
water. They were then immediately killed and filleted 
and a fillet of eaoh ground at onoe and sample plaoed in 
the extraotion medium. The remaining fillet of eaoh was 
then frozen in a brine tank at -14°0. , ground to a powder 
and also extracted in the usual manner, the resul.ts of both 
extractions being shown in the following table. 

Table IV 

Fillet C:ondition Tot. Ni~. N.P.N. Prot. Nit. 

1 unfrozen 0.00997~. 0.00398 0.00599éb. 
1 frozen 0.01035gii. 0.00431 0.00604gm. 
2 ~rozen 0.00983~ 0.00395 0.00587gœ. 
2 frozen 0.00997~. 0.00417 0.00580gm. 

The above table shows no differenoe in the amount of 
nitrogen extraoted greater than the probable e:x:per:imental er­
ror between the frozen and unfrozen samples of ood fish and 
henoe it must be oonoluded that the prooeas of freezing it­
self exerts no influence on the amount of protein soluble in 
the salt solutions employed. 

Ex]erimental 

Denaturing of protein observed with mackerel 

In the table to be given below the results obtained 
by the extraet on of mackerel fillets in the manner previously 
deéGribed are liated. 
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o. 0 
Fille te 
Extracted 

2 
2 
3 

Table V 

Average t:> 

of fat in 
f illet 

J.0.2 
7.7 

20.1 

ver age 
ot. Nit • 

Average 
Residue. 
i10°a. 

. 
29.6 
27.3 
37.1 

Average 
at !Dot. Nit. 

.Fish 

O.OJ.29g. 
0.0132g. 
0.0118 • 

• Fi ah. 

o.00902gm. 
0.00928gm. 
o.001ssgm. 

o.ooaa5gm. 
0.00900~ •. 
0.00884gm. 

7 

ver age 
N.P.N. per gm. 

f ish 

o.003asg. 
0.00394g. 
0.00392 • 

In oolumn ~ is given the period that the fish had been held 
in storage, column 2~ the number of the fil.lets that were extraot­
ed while o olumn A shows the average '1J» residue. after drying samp­
les of the fil.lets to eonstant weight at lJ.0°0. Column _ 3 shows 
the average % of fat in the different fillats used as determined 
by Miss A. M. Wilson of the staff of the Fisheries Experimental 
Station. Columns 5,6, and 7 are self expJ.anatory while the last 
oolumn was obtained by oa1oulating the amount of soluble protein 
in the different fil.lets based on a total protein content of 19%. 

Employing coJ.umn 8 as a basis for oomparison we find that 
there appears to be no denaturing of protein over a period o"f 8 
months and sinoe no samples of maokerel that had been stored for 
longer than this· period ooul.d be prooured no information is avaiJ.­
able on maokere1 fil.lets over this age. 

Observations on haddock muscla 

e reaul ob ined on the denaturing of the protein in 
haddock musoJ.e are summa.rized in the following table. 
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Muscle. 

0 mos. 
9 n 

15 " 17 " 25 " 
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Table VI 

o. 0 Average 0 Average 0 • 
Fillets Residue at Nit. :par gm. 
Extraoted. 110°0. Fish 

4 18.2% 0.0102gm. 
3 19.4% O.OllOgm. 
3 not done O.OlOOgm. 
3 " ·" 0.00940gm. 
3 19.2 0 0.00777 • 

Pro • • :per . o • 
Gm. Fish. Caloulated on 

Basie of 19% 
Residue. 

0 .00,696 gm. 
0.00722 gm.. 
0.00597 gm. 
0.00572 gm. 
0.00432 . gm. 

0.00727gm. 
o.00101gm. 
0. 00597gm. 
0.00572gm. 
0.00425gm. 

Average .P.N. 
per gm. Fish. 

o.00324gm. 
0.00378gm. 
0.00413gm.. 
o.00368gm. 
0.00345 • 

In oonneotion w~tin. the table given above it must be 
mentioned ·that the samples of haddook labelled O months 

8 

were purohased from th~~~~l Fish Oompa.ny and nothing 
of their history is.kncfWri~to:f"reezing. In oonneotion with 
the samples of haddock which were 25 months old it ahould be 
remembered that they had not been trozen in the usual fash­
ion but by immersion in a brine bath. In oom:paring the 
above figures the fact must also be taken into oonsideration 
that although all samples had been stored ~-tPhe same tempera­
ture yet those whioh were 25 months old haèl~oeen wrapped in 
individual waxed papers as the remainder were and had been 
paoke loos a large wooden box, while those which were 
9 hths old had b en wrapped in the uaual manner but were 
packed in a olosed in pail. The remaining samples were pre­
served in the usual ~ ercial oontainers, that is they were 
wrapped in a waxed pap and stored in a oardboard box. 

By oompa.rison of the figùr recordèd in the last ool'QIIlll 
of the above t able or of the aooo a ing p h the de-
naturing ourve to be shown for ood fish a striking simil ity 
ia observed, neither curves indicating any appreciable de­
naturing until after a period of about 10 months. Both ar 
these curves appear to be an auto-oatalytio type the signi­
fioanc e of which might po ssibly be attributed to an accumu-
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lation of hydrogen ions whioh would progressively inorease the /Î 
rate of denaturation but sinoe the pH.. of the samples at dif-
ferent ages was not taken and moreover, sinoe the water extrao~ 
tion ourve as will be shown later is not of a similar tYIB as 
would be e:x:peoted if the aooum~lation of hydrogen ions waa oo-
related with the rate of denaturation of the protein this sug-
gestion appears to be very doubtful. A more probable e:x:plan-
ation o! this phenomenon lies in the ~aot thatat least in the 
early stages, the albumen seems to bear the main b~den of the 
denaturing prooesses and tl:œ.t the first step in the dena~ura-
tion of the albumen is its passage into a pseudo globulin frac-
tion whioh ia still dissolved by the phosphate solutions sa 
that no apparent denaturation takes place until after this 
"oonvertedtt albumen beoomea more insoluble and will no longer 
dissolve in the salt solutions. This e:x:planation will beoome 
olearer after a peruaal of the water extraction ourve, given_ in 
oonnection with ood fish musole. 

Denaturing of aod fish musole 

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

O mos. 
2 n 
8 If 

25 n 

Table VII 

o. 0 ver age verage Average 
Fillets Residue Total Nit. per gm. Fish 
Ex:traoted. 110°C. • Fish. 

4 19.1% O.Ol002gm. 0.004llgm. 
2 17.4% 0.00924gm. o.00342gm. 
3 not done 0.00956grn. 0.00410gm. 
4 18.4~ 0.00627 0.00353 

verage ro . Average o • i • 
Nit~ ~er gm. Fish per gm. Fish Cal­

oulated on Basie 

0.00591 gm. 
0.00582 gm. 
0.00546 gm. 
0.00274 

of 19 o Residue. 

0.00691 
0.00629 
0.00546 
0.00282 

gm. 
801· 
gm. 

• 
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In oonneotion with the above table the fillets listed 
as 0 months were from ood fish whioh were brought living to 
the Fisher~ès Ex:Perimental Station, in a barrel of water 
and were killed and filleted just prier to freezing and ex-

tracting. ·Another point which mus ·(; be remembered when o-on­
siderdng the figures given above ie that the fish whioh were 
25 monihs old had been stored at a temperature .of -8°F. 
l'Œnile all remaining samplea had been held at a temperature 
of -1°F. From a review of the above table or graph acoom­
panying it one may observe that up to a period of approxi­
mately 10 months there appears to be little dena~ing of 
protein but after this time the rate inoreases rapidly, this 
ourve resembling to a marked degree the ourve shown in the 
oase of haddock musole. 

The aqueous extraction of cod fish musole 

As t~ phosphate solutions employed in the previous work 
extract both the albumens and globuline, the ourves show the 
denaturing effect of tl:e se coœp ined prote i na· and in order to 
obtain the albumen ourve alone and thus dii.fferenti.--ate be­
tween the d.enaturing of the two proteins a water extraot on 
ood muscle waa made. The technique employed in this work 
was the same as that used in the extraction with the aalt 
solutions and the resul.ts obtained in thiè way are listed in 
the table berlow. 

Age o o. 
Fillet. Fillets 

Extracted. 

2 
2 

Table VIII 

Fish. per gm. Fis.h 

• gm. 
0.00711 gm. 
0.00565 • 

• ü 3 gm. 
0.00324 gm. 
0.00331 • 

• 
• 

gm. Fiah 

• gm. 
0.00387 gm. 
0.00234 • 

From an. observation o the ourve aooom~anyin8 this table 
we may observe that the fors thi urve 1 quite different 
from that of the phosphate extra~tion curve. By plotting 
the differenoes between this and that of the phosphate extrac­
tion· aurve we are able to derive a curve whieh ahould repre-
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sent the oourse of the globulin denaturat.ion but as oan be. 
observed this o~Lrve is "impossible~ 

An e:x:;planation of this apparent anonfP-:w may lie, how­
ever, as previously e:x:;plained in the faot that the denatur­
ing of the albu.rnen dû.ring the early perioàs off storage mey,r 
prooeed to just suoh an extent that while it no longer re­
mains soluble in distilled water may still retain the pro­
perty of dissolving in phosphate solutions and thus made to 
appear as a gloGl)lin, with the resul~ that there appears to 
be no denaturing of protein until .after this pseudo globulin 
beoomes still more insoluble and finally refuses to be ex­
trao tèd by the' phOS:Phate solution. 

General oonolusions and summary 

(1) As determined by extraction of the musole with a phos-
phate buff er mixture there ap:pears to ·" be li ttle de na tl.lr'a­
tion of protein until after a period of 10 months when tba 
rate is aocelerated considerably. 

(2) The rate of denaturing of albumen as shown by the 
water extraction aurve is quite rapid during the first 6 
months of storage after whioh it beoomes oonsiderably re­
duoed. This o-wrve follows more olosely than the phos­
phate extraction ourve tha t whioh would be expected from a 
knowledge of the rate at whioh stored fish loses its pala­
tabili ty and beoomes 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 musole o~ maokerel is oonsiderably higher than that 
of haddock whioh is in turn somewhà.t greater than that 
ocourring in ood. 

Weld. 

Moran 

C-allow 
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