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:Sarlier studies. made with the juice froI:! fis JIll! c1e, hllve

sh01lntht therellrevrriations in the omount of the co ueb1e

protein. due to changes occurring nftH death

su~eested that cert in of these proteins beer direct relation

tothechengesof~-Lll..!(Ben.on1920).Otherinve.tiga­

tione in regard to the time till the nset of ri or and its pass­

inghavesh01lnvriationsinthe8e roce e due to ethodof

keeping (Panton 1921). The experiments, described here. were

C08£UableProtein.oflluscleJuice

The juice from the uscle was collected and h

ing to the method de.crib~d in the eRl"lier paper (Benson 1920).

The 5 cc. lote of juice were, thercfore, heated for 5 minutes at

81. NO coogu lp.tlons ere e tOOOor?OO,



wer of Ii ttle value for our purpose. T c clot ere formed ~t

40° an 1nbo1l1'wter sbefore, x' tthtitw- foundtl:at

t1"einnervessel for the 40° co'" UlUI:l, (wher n Qu·side uree

of heat rBueed)dldnot"'ieep.bove390Cafterthetesttubes\1ere

put in, but the nth was kept at this te er ture "o~ th I-ter

ndtieofl-eting. This is ill trtdin TllbleI.

Influence of Temperllure onFor.::t1 J"of400Co!l.(;ulum

Beganat400,roseto450

Ppt.formedin24hrs., 20°-24°C.

2.46 (a)

2.94 (b)

3 ••,9 (b)

2.74 (a)

3.92 (b)

2. 31l(c)

Inthetnble,theclotll(a)srethoseformedbythemethod

described above. The clots (b)wereobtinedbyo.ddingwaterat

50° as required ndtheclot(c)wcsobtinedbylettinr5cc.

lots of 'ui'1e stand over night end all o"'y in the l"bor~ tory on

'fiere,hoever. deinthes"eway ndnrethereforecom::Pnrnble.

In all ca~nB, where there ns sufficient aterial du.licate

detrintionswere de and gave Dod ngreeontbu+w erClonly

one eterm·nati couldbe1j'l"'1eora llerquantitiesh::>dtobe



used, thesenhanges renotedinth tbles.

Ila4doek uscle was egain us d in ost of the experiments

butwhenothrfishwereavilab1e,theytooweretetedinthe

II. is given into=ation in reg rd to the size of

con itions under which they were kept, the percent­

which could be squeezed fro themnc

the peroe tace of solids in the Juice. The m t "d of squeezing,

cnedsomtlchlossthttbefiur fortbe ercentofJuiceere

only approximate but they ere given here for the sake of co pm-­

i)r; i'htbe8::lounts of JUice obtainedfronotherseciesor

fish, (" e T ble VI) and also to indic te the chnng in condition

isueduetofreezing. FishAsndFishRwr c!U"efully

rrozeninthe cold storage plant or the Biolo ic lStetionand

were apparently in good condition but both geve cor iderably more

method or expression. The rreezing in this respect shows distinct

evidenc or having altered the colloid,l condition or the tissue

in reg rd to its power or holding nuids. Th !i ures for solids

or ths juice as mi ht be expected; sho an llverse veriation when

tbe Juice ",s nollected immediately arter the fish wes the ed;

but.benth thawedfishwasle:ftinerfi ratcr,otherchanges

evidently ocnurred (See Solids or Fis A). J'rom the experiment

erisl.bytbwingin terthanin ir,butthisneeds ore invest-

ho the J'ish P, different "",ounts or Juice ere deliberately

squeezedout,byusingdifferencesorpreosure,toeeewbetherte



compoeit1onof the julce would be eltercdee re 1', Te er-

centagesofeol1delnthejuicenndofthe rotel c

et 40° nndl000 (SeeTbleIII.)eho thtthecompoeitionofthe

jUlcolenotvrledbythepreeeureueedtoobtninit. 'lit the

jUicefro thlsfiBhehouldbecomprdthtfroeJlehRwhere

the &rcent"",ountiBtheeamelnth two rte of the erperl-
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gultedat400CnndlOOoCnn rtheso.keo oc"risonthe;re

ar~ re ~edueed here (nB T ble IV.) parts of t e t bl

1920reort <Ivir..ginfo atlon nr

keepingontc 'ogulabl protein. Iti

thttecoagulsformedat40oC er tprp dlnexa.ctly

the Bame way in both caBeB. The vo, in Ta le IV. (from the

1920 re o~t) ore all sli htly i r t an those her

robablyrechedtheirtnaXimumrlldity tthu

tail rtsof and V and the whole of 6 were

apparatustomeaeuringth stiffenin a decribe elowandT

and the other parte of S and Vv.ere cut 1 "'ndexaminedaede-

Bcrlbedlnthis "rtofthereport. Sreachedltllgreatest

rigidity about fourl:urB efterdeath. Steak oftl:i fishwere

hourafterctching,th!ltisbefrericorbeg"'n,3

hours after catching or 'before the hei ht of rigor ~_nd 5 hours

aftercatchingoraerigor.wasiustbe[!innino-to o off. The

ttlnate with V (5) Bth uclewscut 'pjust5hourBafter

de th, at the ei rt f rigor. With T (6) also, a part WBB cut

upvt2 ... houre,v;hichv;aothetiroea(grEa.. teststiffnesBofits





1.(22/0/20)

rv.(27/0/20)



From the Tables III. & IV. it is ssen th t the nmounts of

proteincoaeulated t40·C. (von Furth's "solublemyogen-!ibrin")

llwben the !is ia first c ught and tho muscle otill

then increase probably to the time of the hit f ri idity , d

then aeoindecre oe as the lLusc1e be ns

thisdecreasecontinueswbiiethefishisk t.f ling to perhaps

s little s one~h If the ori in 1 ount,

bo ver much delayed by cold storaee. It is tl.us nppnr-

ent that this substance is directly related to thechRnges of riC-

idity nd softening and thtitoqunntityvrie directly ith

thes changes. Ao to tl>e c use behind these vari ti ns, I h ve

asyetnoinformntion.

Attempts were mnds by J. Panton (Panton 1921) to find ctRneea

inIl,yrogenlonConcentrntionduringtheriidity deoftening

but without success. IhnvealsoJll&dercdingsofvnlueforpH,

on the muscle juic directlyrndRftErdilyzingitthrouhcollo­

dioneacs.but the v lues obtained through thellholeperiod of the

dethchnnges erepracticnlly the s e. The8l:Jountsofloctic

pcid resentinthemucleduringthieperiodshouldbefollowed

nndcompnred iththevoluesforpH.

In Table V are given the results of determination of hydrogen

Ion concentration of juice from haddock muscle, using a aerieo of

buffers and matching colors "roduced by the indicators, "hic ore

given in the table. Theshadesofcolorgivenbythe:>henolred

were quite definite but the yellowish tint of the juice inter­

fered with the testing by the u e ef brom ph nol purple.

In the tests IMde by Panton (1921) the method of Hirsch

(1921)wsusedrmdsheobtninodvleefrpHof6.2EUld6.3nt



intervals during 24 hours after the death of the :fish

a constancy of value as I did. She also made use of the indic tor

method of dstermination. The difference b tween our values ms;y

be due to the use of different prepllrations of indicators of

buffors. although pure materials wore supposedly used.

Values for Hydrogen Ion Concentration

No. of
J'iBh

Brom Cresol
(Purple)

6.8)
6.8( Which gave pH of 8.0

Very frssh, soft

Rigor beginning

• passing



A few experiments were also made wi th oth r species of

fi.,t, , :ivingresul'toincludedin'rableVI'IIhichaereewiththe

information previously gathered, that the colloidal nllture of the

muscls of ths haddock, the hake, nd the cod re vcry diffcrent.

'rhis, too, is shown by the BaSS with'll ic the scI Juice CPD

be equeezed out IUld the cO"'Pos1tionof the Juic so obtained. In

with fray fieh and enele fish. The peculiarities of hllke and cod

which ars shown here, are uite i ogre nt with those discussed

by Jackson (1922). and are evidently due to peculiarities of coll-



]l.uscle Juice from :B'1sh, other than Haddock

Data of ~ of ~ Solids Proteins of Juice Condition of Fish
J'ish Juice of Juice Coog'd at Where kept and how

40° long

Cod (2/~/~2~

Hake (29/6/20)

Hake (5/7/20)

13.5 (2) ~:~(2)

~:;l (3)

4.5(2)RiFid,4hrs.inbo
4.6 Soft, Refrig, 40 hrl

Rigor past
Lab. 24hrs.

:B'rozen,spongey

~~~e~\:r~'
Ice24hr.

Hake ~:2~~22)

Hake (~~/~:2)

Skate g"~2:)

~~IlY n:e~~:7/7/22) 4: 8.9(2)

~~~y n:~I~~:7/7/22) 13

Angle J'ish (17/7/2>.) 35

Angle J'ish (22/7/22) 30

ill Samples very small
2 Boduplicate
3 Duplicates poor
5 Analysis spoiled

7(5)

4.6(1)

Soft, Lab. '" Refrig,
2 days.

Soft,IAb.25hrs.

6.0(2) Soft,Refrig. 27 hrs.

Slow,:frozen­
Spongey,2days.



Thefishforwhichinformationiscivninthistllble(No.

VI) were not treated in such a way aa to ive us information in

regrdtovlU'itionsincompositionduetoconditionofriidity

butitisevidentthtfordifferentspeciseffishttere re

very marked variations in the n ture of the scle.

In examining cod and hake it was very difficult to squeeze

out muscle juice in sufficient quantity to h ndle. The uacle

bec everygUIIIIIIYunderpressureand so littl fluidwserpressed

that it w s impossible to =ke as complete dete inations as were

dasired. TheAnglefit and skategvelrge ountsofjuice.

and left a fibrous stroma. The gray fish, too, which was exam- \

inedwhile fresh reBdll'goveu awteryjuic but the Same fish

on the next day had undergone such change of colloidal condition

th t the squeezing formed a soft m Be, almost fnt like to the

touch and very little juice was pressed out nndthiswas ofa

crea.myapperance.

The amounts of the problem coagulated t 40·, show, too, very

different v lues from those obtained from h dd ,ck. From the more

careful study which was made with the haddock, it is almost cer­

tainthata1lthesedeterm1nationsofamountsofproteinswere

mada after the fish had passed throU{;h the various otoges of ri­

gor mortis, except in the cases of the frozen fish. Since ith

haddock the amounts of the 40· coogul re amall following rig-

idity that would partially "ccount for the result here shown, but

the precipitates obtained t 40·C from Skate, from a Ie fish nd

fro hake (except the well frozen specimen) were all so slight

that it was very difficult to wash and accurately wei h such

BIIlIl.ll amounts. They ere uch softer, too, IUIl1 less granular



fonne Bt thl t lOr ture for the juice of hnddock

. rIO are T ry deflnltel Iff r c In

Jo 0 en flbrin', In th julc c llected fro th

tBpeclesofflBh-dlfferencB,too,

certnlnly lso dlffer neal collol 1 condltion of

1. 1'hejulc prBBed out fr th

unt of prot In eofl8Ulated at 40°0. (Von Furth's

'soluble"lYo nt1brln')durlngth d1tferentst e ofr1[;or

morUs nod tho subse'1uent aofteuing. The ount of thlB roteln

IB s ler b fore the p riod of rlcldlty, Incre aeB wlth the

BUffonlng nd then deere lOB to cuehamnller ow d"rlng the

rellXatlon of the muscle nnd dud the followlng t1.e.

2. 1'hel!lUelos ofdlfferent specles offhhre ct very dlfferent­

ly + preBaur. Under the condlUons of the 10 teotB h ddock

uBcle g ve about 1/5 of ItB wel ht s julc but the muocle of

cod lid of hake ave only about 1/20 of thelr elght. Hcke p.od

gray flsh al undergo chcngeo on keeplng whlch Influence thlo

re tion bet een the mountB of liquld w lc11 c be ex re Bed

andth otromnwhlchremnlns.

3. The collold 1 net e of muBcleB of dlfferent Bpecles of fl

u t, therefore, be rIO arded aB Blow1 T 1 Uona.

4. Theq UUeaof'soluble ogenflbrln'vrylndlfferent

apecleBoffloh.



5. The freczing of fish delays th ch s. ich e to be noted

, Tnri tions in the amounts of soluble myo en-fibrin but

freezing also changes the at te of the colloidal system in the

uecle roducingdifferenccsofreletionohipbebeenthecolleids

Benson (1920) C. C. Report to Biolo ical Board

JBckson (1922),Y. S., 'TheYrcezingofYisc'

Contributic>I. to C..nndian Biology, Vol. I., I'i eries, p. 297.

Panton (1921) J. R., Report to Biologic 1 Board.

E. F. Hirsch, "Rigor )lortis in Smooth )luscle nd a Chemical Analyais

of Fibromyoma Tissue".
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