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By C. C. Benson

The work reported here followed two lines of study:—

(1) Part I, which covers estimations of protein coagulated from
muscle julce, squeezed from fish at different stages of rigidity;

(2) Part i1, which covers doterminations of pil of fish musele.

s Zaxt 1
Ooagulstion of Proteins of Pish Musele.

The studies of coagnla were made as in previous years and verify re-
sults previously obtained.

As bvefore, stoaks were taken from the fish, weighed, the Juice then
squeeszed out, filtered tirough muslin, the volmA noted and sosgula then -
formed. Usually § cc. lots of the Julee waere heated to 40°C, and to
100°C; the precipitated were washed, dried and woighed on previcusly
welghed tnﬁr papers. 5 ce. lots of Juice were also dried to constant
welght, to obtain the total solids of the julee. Duplicate detemmina~
tions were always made, but sometimes less than 5 co. were available for
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each deteramination, on account of the limited smount of Julce., Ouffio-
lent juice wes obtained frow Haddook Ho. 14 and Haddoek Yo. 15, but the
Juice from laddook No. 2, and Haddook No. 3, was diluted before using
in the cases showm. Since doing these experiments, I have learned that
this treatment affcots the amounts of coagulable proteins, (von Firth,
Ergebnisse Physiol. Yol. 19, p. 3081). In all coses, the juice, which
was squeezed out, wos put immediately into an ice cold water bath and
kopt there until used.

The results of tests are given in Tables I and 1I which show, in
Table I, the size, eto., of the fish used and, in Table II, sthe results
ef the coagulation experiments.

It was at first, almost impossible to obtain fish sufficiently
lamge to give the 120 ce. or so of julce meeded in sll for doterninations
at three different times on the same fish. Parts of Haddook Fo. 2, and
Haddock No. 3 were needued for sume other work, so that the amounts of
Juice were not sufficiemnt to su ply 5 cc. for all of the tests and the ro-
sults of these two experiments are, consequently, inconclusive, Haddook
lo. 14 and m Ho. 15 supplied good guantities of julce and so more
satisfactory results were obtained.

Zable 1
Data in regard to Haddock usod.

No. of Weight Length Girth Caught Stunned

Fish K. e Gllle at by at
2 2.33 62 31 12 n. trawl 1.15 p.m.
5 2.02 65 30 11015 B.mo » 11015 ..mO
14 2.38 63 - 11 a.,m, # 12.35 p.m.

15 2.47 65 - 11 a.m. 5 12.15 p.m.



* &
Max. 1 Varr, 168 10,95 2.28 6,60 5.7
rigor st P RESSFARRIN ) S— ]
1. aMle. 208 9.56 204 8,30 38.7
— M. 5,34 .
bY/2hrs, 111 21 hws. 16f 946 2,00 6,09 54,9
& ’ 1) 815 6,08
Haddogk 3. __Zovo Sine do MMABoam.
+ + 3
1 Ctime 188 8.47 1.00  B.48 33
e 0.88 2,00 6.46 <
11 6Varrdsf 10,16 2.0  6.56 82
= : e dOaB0 220 6,06
O
1 Bmin. 168 10.14 230  6.56 33.5 ¢
B {ETRE S ——
34 hrs, I 4hrs. 200 20,04 2.4 B8.58 9.4
A008 BG2 0,828
111 25 hys. 158 10,00 1.0 6,44 20,0
. . Oalh 198 6,06
Qe
Laddogk 15 ~ 4F0 im0 48 A2l Pella oo
1 34 v, 258 8.3 1.94 5.18 36
: Be26.  Ja08 _5.18
23 1/2 i1 Shrs. 168 9.38 2,28 B.74 42
I 22mrs. 166 0.7 1,88 5.8 36

YN T

+ Juice diluted,
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The c¢ranges of rigidity for laddoe: No. 14 and Vaddock Ho. 15 are
shomn in Tgble 11, the stiffhess being messured by the method of J.
Panton, (1927), described elsowhare.

Zable 111

digor Readings
(Apparatus of J.A.P, 1927)

ime Reading Reading Tomp.
12.50 pime © 1.5 on. 2.5 em, -
1 1/2 me. 2 8 20,8
1.30 3 * 4 16 "
2,00 1L L% nrs. O 19 21°
2,30 H - 13 20,5 22°
2480 21/3 " 165 21 22 1/2*
3.12 23/6 " 18.5 21 »
3.30 3 " X 21 23°
3.45 314 = 205 20,8 -
40 332 " 208 20 -
4.16 334 * 205 19.6 -
4.30 4 " 20.8 19.¢ 23 1/2°
4.45 414 " 195 18.5 23°
5.16 43/4 " 18.5 18 .
8.0 512 * 17.56 (axy) 17 A
6.15 BY%e » 17 16 "
7.0 61z " 18 16 »
7.15 63/4a » 155 14.5 .
7.45 7V4a "~ 15 13.5 "
8.16 7T3/4 " 145 1 "
8.45 81/4 * 14 (v.ary! 125 22°
9.15 834 » 124 12 .
10,00 912 » 138 12 e
Mag. 4, 1927
9 a.m, 21/2 " 1.5 i1 16.5
0" B3z " 115 i1 20



With Haddock No. 14, the total solids, =nd couguis at ROU°C were very
—rummmm.ﬁmommuuotmn.htwm
at 40°C, varied very dooidedly. The sawe result is seen with Haddosk,
Foe 16 but with move variations in quantities of solids snd coagula for
the three lots of Juice. These varistions very likely result from the
rough metiod of £iltering the jJuice, which was used to save time. 1
 pawe, therefore, caloulated the 40° coaguls as § of those obtained st
100°0, s ey @ifferences @ue o $he mektiod of Fi1sering of juice, would
show equally in both these iinds of coagulstions,

Yo £o0 sgaln the results obtalned in earlier expariments of this
kind, that the precipitate obtained by cosgulation of rmsele juice as a
rosult of heating t0 40°C waries in mmount in relation to the degree of
ricor mortis. 1ts amount is largest near meximm rigidity and smallest
when the muscle is again relaxed, or, in the numenclature of von Hirth,
the guantity of soluble myogen f£ibrin is here siown to be greatest noar
maximum rigidity and least after the death stiffnsss has disappesred.
Von Firth quotes Milne as saying that after long rijor, them is no
coagulation below 43° - 45°. :

Conglusiong
In the condition of great stiffness of rusele aftor desath of hadd-

ook, the protein, coagmable at 40°C (vem Firth's “soluble uyogen £ib-
rin") is in greatest amount snd when relaxation foliows, this substance
is vuch less, less also than bofore riges wortis was ovident. The rige-
idity of mmsole is, thus, related to changes in the nature of proteins
present.
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rary 11.

In connsstion with studics of rigor mortis, it semmed wort: while
uwwMammammuowm
eoncontration of the rmacle. : '

m-m‘mummmru&u»
pose, for it allows Fapld working and Ghm bo 80 arranged as 0 Geuse
the minimwm of injury to the tissue. Both of these conditions bad to
be met in these experiments, for Fletcher and Hopiins (1), working with
frog's musole have shown that injury to the tissue stimulatos aeld pro-
duotion and Ritchie (2) and Simpson (3), have found for fish, that
—chw”pnommnm.m,“mmadﬂ&mhb
inercase very gquickly.

Attenpts were made to use iwsele, fyosen with solid carbon dicw-
ide, but without suecoss and mmotﬂo deteminations witl: extraots
mmmnmuuuwrmm exactnoss. llsclo, frozen in tost
tubss in & brine bath, was used to maie cold (3°-4°C) water extraots.
Extracts wore made alsc by dropping the exclsed wuscle into loo water
and £iltering. The i, of these extracts were Saken, using Quiniydrome,
-'htﬂmomwmau troublesome, A few of such dmxon-m
here sbown, for the sake of comparison, in Table I, which alse shows
that results obtained by the procedure desoribed below, gave sirilar re-
- sults t0 those obtained with the more elaborate menipulations.



Comparison of il deteminod in different ways.
No, of Nelation o |
_Oumhydrone metiod  Indicator

on with with B. 2. B,
mmecle extragt Julce

'.
1515

8 - 6.867 - : [ imscle frosen
= 687 = 8.8 in brine bath,
7 - 6.49 - | - axtracted with
% Gming = 6A = &8 witer..
i Bofore 606 600
14 . before - 670 - - Juico sgueesod
- during 664 - 6441 from rmsele.
- afler B i B DR
15 bofore @ = =  6.09
- during 683 - -
- aftor = S ]
9 bofore - 6,28 = Bxtract made by
‘ 6.38 6.4
" duping 632 6.3 - - plunging mugole
" after 643 AAY = . = nto doo water. .
Datemingtiong with nineed beef, '



mtumhwmmmmdwnm-u&
mumrﬁmmwﬁuuum-m
covering & spot of the tuscle with tho powdered Cuinhydrone and o-
m--m'mmsm-dmumuiumom-
mwcamdwn&mmmm
cormections. nammmmnmu-mm
ﬂmmmmmn sonetimes the bridees, (of 3% agar and
saturated potassiun ehloride), were chasged, and froquently readings
wero duplivatod by changing €.e plages Whers the bridges made eonne
eotion, or w.ere the ouinhydrone was placed.

In gensval, mupnaanmmmuWuum

A_muumnmh. 1. anm“hhw

munemmmmmmmm«cm
:mm»cma.mxe.mmmmmm
ive and procecd more rapidly in one plae than in another.

The chisf difficulty exparienced wns in inserting the platinum
mmu.jﬁw»ﬁmﬂmmmumm»'
. urated with the (uimbydrone. ’

mmnorwnmmmmmm&
for unfortunately the Poum tacporatures during July 1927 were often
anat.m.mwompmw.vutbtm
msele wes consequently in many cadee cooler than was the calomel el-
eotrode, for which no means of temperature adjustment had been Prove
1468, Bitimann asd Kearep (4) heve worksd out a vespevature eorress
Mon Zastor for $he oiinlydrens aléstrods anl Ssuperatiie Sorresiices
for the calonel olectrode ave given by Clark (B), Benson (6) mekes



use of a formula combining these two factors,

PE = 0,456] - 0,00014%; - ____ ¥ volts,
00,0641 + 0.00ztl 0.0641 + 0,002¢%

where V = the reading in volts, t - the temperature of the Quinhydrone
electrode and t; = the temperature of the calomel electrode, This for-
mula has been used in caloulations from the voltage readings. I have
also recorded in Tables II and IV, the millivolts actually read as I |
have not yet been able to fully verify this correction factor for low
temperatures with preparations such as these.
TRAWL CAUGHT FISH
~ Determinations were first made with Haddook caught by trawl, and

a typical experiment of this kind is given in Table 1I.

Zable I1

Determination of pH of muscle of trawl caught haddock.
Fish No. 13; stunned when caught; max rigor (12°C) in 5 5/4 hrs.

Time Temps. mv pH
since stunned & AT

0 fish stunned

3 min. 16° 21 53 6.85
5 " " 62 6.69
9 ir " B9 6.7
15 * 18° " 64 6466
30 " PSR L adel 6.69
36 * : 22° g2¢ 78 6.51
2 1/3 nr. " % 65 6.63
21/2 5% L ARE A0 6.72
3 " " " 56 6.74
4 " " " 67 6.52
832 . 26° 26° 63, 70 -

24 v 22 z22° (7 6.51
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Cthor exporiments of & similar kind gave values for pH ss shows
in 2able Ho. 11Il. At the bottom of this Table are shown the times which
the rmeclo took o resch maximum Figidity. These detervinations were
made at Yoon Sesporature except in the case of Fish No, 12, which was
kopt in & 0old ohamber at 12°C. and was, therefore, slower in besoming
hard. 7The values emclosed in traskets sre those near msximum rigldity.

fable 111,

il Valuos for Huddock Gaught by Trawl.

Pish ~  Fish Fish  Tish Fish Fish Fish

- Ko. 6 Mo, 7 Eo.1ll No.32 So.14 Fo.15 Fe. 0
S min, 6.67 6.54 6eGh 6.56 6.67
g " | 6.94 6.75 6.74
/2 be. 6.62 6.62 6.70 6.59 6.56
3 " » 6.64 6.61 8.72
Ze" . (6,67  6.49 6.40 ¢ (6.54)  (6.,853)  (6.88)
Sen 684 (649) 640  BAe 657
4« Badl 6.50 6441 6.79
Bl 6.49 6.49 6e82 _ ' 8466
gov" . B4 | 8.51 6.54 6.53 -
— 5

rigoy 3« hr. B¢ hr. 6 hr, 3 nr, 2+kr., Bhr.

at
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PEMND FIsd,
he mascle of fish, taken from a pen after two weeks or so of quiet,
wns found to have a slkaline reaction and to Ghange as shown in Table 1V,
Sable IV,

muwwumogmmu.

Flsh  Pleh Pish Fish Fish Pish

No. 10 . Bo. 16 W6, 17 Wo, X  No. 22 ' Fo. a3
Smin. 7.3 .09 7.16 6.92 7.20 7.30
7 " 751 6.9 6.94 6,80 6.5¢ 7.0
VS hr.  7.28 .05 6.80 6.76 687 6.96
Vi =~ V.2 6.98 6.80 8,80 c.vi 6.93
1+ " 7335  8.85  6.85 = 685 690 6.91
2+ " 6,08 875 .70 6.0 . 801 7.00
3 % 686 6.9 : 8.7
& " 685 6T 6485
L R W
8 " 6.6
8 " 848
19 - 6.53
= 0
at 16 1/z 16 hr. (Rigor measured at 12°C,)
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From these measuremnts it is evidont that the hydrogen-ion 60~
eentration of musecle is very diffevent for raddock takem from the pen
(rested muscle) as coupared with that from trawl caught fish (fatigued
rmsele) . u‘-ubiqn‘cu.-;nmtm.-:m the muscle
in alkaline condition; but with trewl caught fish, the muscle is al-
rosdy meur its condition of maximus acidity, duo no doubt to the lactic
soid produced by struggling. ' ' o

ACLDIZY AND RIGOR
The maxlowa acldity seens, however, to be reached before the

muscle siowed narked evidonce of rigor, and an examination of the
variations of pH as Gompared with the inoreuse and decrease of rig-
1aity, indicstes that, wWiile the lower condentraticns of aeid at the
tize of desth are sssooiated with the slower progress of rigor mortis,
this condition of stiffening dous not make itself evident with anmy
dafinito change of pil value.

These detemsiuations tius fit in with the eondeption of ricor
wortis ss a process M:lroéu; n‘ht'dito the accwmlation of lactie
acid. Vhen ono compares the pH values with conditions of rigor mope
flg, at corresponding times, as found by Panton (9) and others, there
is little obvious relationship except that noted by lLeim, Mncleod and
Simpson (7). This is the faot that the pemnod fish, which have rueh
higher 'mum values for pi, pass inso. rigor much more slowly.

Ve thus sce by actual messuresent that the ruscle of fish wbon
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they are taken frem tho pen, is alkaline in rese$ion. The resotion
changes soom to neutralite or 0 & faintly seid comdition and then
gradusliy grows more seld, probably to s pi of alleut 6.5 or possidly
6ed, though unfortunstely it wos mot realised in time that it was wise
to eontinme experiments long encugh to see this, and the low value wao
only messured in two cases. With theso fish, rigor was found to do-
velop very slowly, but reached its maximum some tine after the time of

.mt agldity.

vith trawl csaght fish, the muscle was nover alkaline, when the
fish were takes from the line. The amount of the acidity varied from
nﬁj.t-tmnntn.lyonttonmotmu.ul&t; The
acldity incrsased, but not always regularly, and the minimum values of
Pl did .ot correspond wit the onset of rigldity or its maximum. The
Wmumamuumnummmmm
brings about the stiffening.

Qi 3 LLEY

in Table V, are also given results for a few deteruinations of
pil with other species of fish, all comght by trawl.
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6 min.
1/3 hr,
e
34 ©
1 »
2 ®
g =
4+ "

L b M

Zable V.

Detorminations of pH of Muscle of Fish, (trawl caught).

14

Skate

6.56
6,50

Hake = Hake ' Ood. Cod Bel  Skste

Tine Ko, 2 M___M__M_ml__m.l__.!m_ﬂ

7.06 - - - - 7.2

7.33 - - - 6.55  6.62

.22 - - 6.97 - 6.04

7.28 - A - - %

720 - - - - 6.54

7oA - 6496 6,76  6.54  6.65

7.16 - 6.90 - - 6.29

7.10 - - - - 6.34

.22 7.17 7.08 - 6.44  6.40

11/2 hr. 2 1/2 vr.

EEF

These values agree in general with unnﬁuou of lactic acid made
by Richie (2), who noted lower values of lactic acid for cod, than

for haddock, and less change in reaction with change in condition of

riglaity.

Forther work should be done with skate muscle.

He found lti_n lowsr values for lactic acid in hake.



In regard to aGtual values for pil, these are of the same order
of mognitude as those found for Gat and for invertobrate mmscle by
Parosams and Kerridge (10), (1), Their messurements, taken
tumediately after desth with quickly frosom musclo, varied between
yn-_-.s.uuv.ugamm-.;mao-un&-.n_c.‘mn
6.62, The Pl of 6,10, for tadl muscle of Soyliium Caniculs, is
lower than any of the values found for lhaddock musele, where the
lowest valus for il was usually about 6.40,. Iumlnual&.m-
o0k Noe 9, Table 1, u-mm;uumum.

15
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1. A mothod is desorided by which it hus been possible £o maxo Cone
socutive measare:sents of hydrogen-ion concentration of rusele over
long periods at as frequent intervals as were needed.

2. Detomminations of pif of haddook mascle, show that fatigued musole
" (trewl canght) is s0id at time of death, mey bocome a 1little more so,
but varies ouly slightly during the changes of rigidity. The con-
centration of hydrogen-ions is, therefore, not the csuse of rigldity.
3. Detemiinations of pil with rested muecle of haddook (fish taken
£ros o pen) showed an alkaline resotion. This soon Gharged to the
sumuurmuhmmmwmm
found for travl cmught fish. ‘

4. The pit of Hake mmscle (2 tests) was alkaline during 5 hours aftor
death, ond nover gave an acld resction,

8. The pil of Cod ruscle (2 Sests) was nesr the noutral point and only
varied slightly. :

6« The musole of “kate grow slowly more aold in ono experiment, of
four and half hours, while the musele of am eel pout, which had been
mamm#gmuwmmxﬂw.m-
seld wolue for pif during 5 hours of testing.
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