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These experiments are a contimuation of the work
begun in the sumer of 1928 with the object of obtaining
some mccurate scientific data concerning the effect of
heat on the strength of haddock muscl

Nethod

Heddoek from the tank were killed, bled, gutted and
hung in the tank room at sbout 10°C. to go imto rigor.
The length, weight and sex of each fish were recorded.
After rigor had passed off the fish was skinned and stand-
ard pieces cut from the dorso-lateral muscle in the area
extending from three centimeters from the anterior end of
the anterior dorsal fin to the middle of the middle dorsal
fin in the following manner: Two longitudinal strips ap-
proximetely parallel to the latersl lime were cut with a
razor blede one centimeter wide dorsolsterally and extend-

ing from tlie medial to the latersl surface, From these

i A i .



strips diagoral pieces were cut parallel to the myocomas
ond each containing one myocome, the width st right angl

to the myocoma being 5 mm. Standard pieces cut as de

cfibed abov

were kept in order, alternite pieces heated
and the others rept as comtrols. The heated pleces were
placed in wax-paper bags which has been dipyed in melted
paraffin to insure waber-sightness and placed in @ large
constant temperature bath with an nutomatic stirrer. The
controls were placed in similer wx-papér bags in  water-
bath at 0°C. When the time of heating had elapsed the
bags were removed from the constant temperature bath and
plunged into ice water to obtein a sharp end point. The
strength of the pieces

then tested alternating the hented
pleces and unheatéd controls and the percentage gain or 1l

in strength caleulated. The strength was tested as before
by the weight in grems required to pull a dull-edged sheet-
cutter through the fish st a point one centimeter from the
lateral surface, the cut being made dorsoventrally.

1. As & check on last year

work experiments in which
alternate pleces of fish were heated in a water bath and kept
@s controls at 0°C. were run for temperatures of 30°C. and
35°C. but smooth curves were not obtained althouch decided
incremses in strength were the rule. TWo experiments will

serve es an exmmple of the sort of thing obtained.



3.

Temperature 30°C. = Cutting strain in grams.

Hoated Unheated  Heated Unheated  Heated Unheated
120"  Gontrols 205"  Controls 260"  Controls

225 525 425 700 390
480 225 400 390 785 575
585 235 785 185 1000 545
570 300 240 275 860 455
Avernge 504 246 47 319 836 a9
% change in strength+105% +53% +70%
Temperature 30°C.- Cutting strain in grame.
Mented Unhented  Heated Unhested . Heated Unheated
335"  Comtrols 450"  Comtrols 555"  Controls
ns 415 170 425 555 295
415 195 1738 425 400 348
420 130 1445 425 280 us
395 170 1000 465 565 1758
235 285
Average 436 239 1350 438 450 240
% chengein strength +82% +210% +87%



4.

Temperature 35°C. - Cutting strain in grams.

e mtnats 0T Uomerets
500 320 590 535
348 480 575 425
1410 425 635 670
10 490 95
Average 573 429 600 551
% change in strength -34% ~185%

Temperature 36°C. - Gutting strain in grams.

Heated Unheated  Heated Unhoated
435" Controls rols

480"
600 410 350 230
590 450 480 390
640 535 ] 438
500° 570 640 295
Average s82 an 490 337

% change in strength +18% +45%

Heated
365"



II. To try and get better control of the experiment
strips were cut as before and about twelve standard pisces
obtained from each. 'hese taken in order were divided into
groups of three, the first of vhich was tested irmediately
after cutting, the sccond heated in the water bath, keep-
ing the time and temperature of heating comstent for &
whole strip, and the third kept at 0°C. for the seme length
of time as the pleces were heated. In I it will be noticed
that the veriation in strength of heated pleces treated the
same way 18 asgirule much greater than in the controls and
it
the error was due to poor technique im cutting. Vhere very

thought that two sets of controls would show vhether -

good agreement in strength was obtained for both the pieces
tested immedistely and after keeping at 0°C. for the time
of heating the veriation irtthe strength of the heatdd piece:

was much greeter.

Temperature 35°C. = Cutting strain in grams,

ity T R B, S
645 550 745 225 250 208

565 550 485 225 235 260

530 520 970 75 210 185

535 610 890 225 215 335
Average 569 558 75 212 830 246

% change in strength -2% 4318 +9% +16%



A

Treating whole strips in this way using temperstures
of 30°C. and 35°C. for different tinmes again produced ir-
reguler curves though with ome or two exceptions srobably
due to . experimental error decided imcreases in strength
weré again obtained. The stremgth of the pieces kept at
0°C. was usually less than of those treated immediately
though the differences in stremgth are mot great emough to
be sure this is significant, When values are plotted the
curves obtained for pieces tested immediately, after heating
and efter keoping &t 0°C. tended to be reflexions of each
other.” This suggests the possibility that some processes
which change the strength of the muscle may be going on ime
dependent of temperature but accentuated by it.

Temperature 35°C. - Cutting strain in grams.

Tested 36°C. for 0°C, for  Tested
imediately ~ 30° 36% rmedi

385°C, for 0°C. for
83" 83"

ately
530 B85 605 240 215 100
495 * e85 620 240 130 190
4% 440 690 220 225 215
405 850 655 295 6 255
Average 480 765 642 249 157 208
# change in strengthr59% ~33% -37% 178
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i, SE T I, LT CMT
s 55 s s 745 550
708 760 515 65 485 550
490 720 540 530 970 520
535 530 625 35 890 610
Average 601 666 539 569 s 558
# change in strength 1% -10% 5% -2%
|
ettty 2500 imeaiataty * 5805
620 480 145
e 380 615 1045 680
500 535 430 60 110 850
575 520 385 750 850 625
Averagesss s22 429 a7 103 0
% change 1n strength -2% 9% 665 4128
Temperature 35°C. - Cutting strein in grams
e S
495 205 640
625 510 640
760 785 600 See graphs III ana 1v.
680 1020 700
680 1200 520
Aversge 648 944 a8

% change in strength +30% ~5%



III. Unheated standard pieces of fish taken in order
were tested st distances of 1, 2, 3 and 4 centimeters from
the lateral surface. The pleces near the anterior end of
the fish showed an increase in strength followed by & de-
erease from the lateral to medial surface. Progressing to~
ward the posterior end of the fish the curves gradually flat-

tened out (see graphs V and VI). The point of greatest

strength in a standard piece of fish depends on its loeati
Confirming last year's results the point of greatest uni-
formity of stremgth was found to be 1 em. from the lateral
surface.

IV. From this time on the exact loeation of every
standard plece of fish was recorded on a disgram and pieces
treated in the same way instesd of being taken in order were
.taken from different parts of the fish go as to distribute
the error. Also after consultation of rigor curves worked
out by Dr. Huntoman fish we
killing. Again consistent results were obtained, the curves

now used 18 to 20 hours after

for 30°C. and 35°C. being very similar to those worked out

last year.




Series I at 30°C. - Cutting strain in groms,

Unheated 30°C.for Unheated IO'C fl! ‘Unhea ted !O‘C Y‘r
controls 30° controls controls
510 685 355 610 475 780
500 610 655 860 095 870
510 665 545 825 €00 800
520 €90 495 840 400 725
Average 510 662 513 784 493 794
% change in strength+30% +53% +61%
Mol ey Mou e moin el
465 655 526 810 430 835
485 950 475 765 505 810
510 770 525 915 545 785
430 €10 590 885 525 935
475 830
400 870
Average 473 746 529 844 480 884

% change in strength+60% 60§ +76%



0.

Serfes I at 30°C, - Cutting strain in grems.

oot Caser
500 615
455 985
a5 1120
485 188
Average 479 976

# change in strength +104%

There 18 & progr

up to 740%,

Unheated 303C.for

‘controls 740"
440 9290
535 1450
600 850
375 805
488 1024

1208
ive increa:

in strength at

Series I at 35°C, - Cutting strain in grams,

Unheated 35°C.for
30"

controls
785 780
as 585
45 808
Average 542 723

% change in sirength +33%

Unhented
controls

450
450
448

38°C. for
oo

565

070
75

Unheated 359

controls

465
300
270
520
389

+70%




u.
Series I at 35°C. - Cutting strain in grams.

Unhented 38°C.for  Umheated 35°C.for  Unhented
conf 300% 360" controls

itrols econtrols

440 1085 470 855 460

525 940 830 1278 490

248 960 370 205 220

620 508 800 545
Aversge 483 992 469 1004 429
# change in strengthy106% e

Unheated 35°C.for  Unheated 35°C.for
700" 850"

controls controls
o 1045 540 1060
“o 7m0 55 75
420 w0 as 8
LU

Aversge 428 789 s 833

% change in strength +80% »48%

At 35°C. there is & progressive imcrease in strength
followed by a slower decresse after the maximum is reached
though in 850" sti1l showing & decided imcresse over the
original strength.



Series I at 40°C. - Cutting strain in groms.

omtrals IS omteols UG semtrels B
480 325 320 870 320 450
380 500 600 290 560 575
285 455 325 ans 330 560
375 528 295 350 500 320
380 320
453 708
455 270
300 485
Average 380 451 EDY mn 428 476
# change in strength +16% +20% 112
Unheated 4030.for  Usheated 40%C.for  Ushented 40%.fer
controls 300" controls controls 600"
480 1010 325 625 575 525
390 830 450 450 455 310
270 420 480 460 450 40
U 580 560 330 155
Average 439 659 459 584 453 350

# change in strength/50% 4% -23%
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Series I at 40°C. - Cutting strain in grams,

Unheated 40°C,for
controls 750"

355 2
395 400
45 75
as 230
Aversge 400 199

# change 1p strength -50%

At 40°C, there 1s m progressive increase followed by
& decrense to less than original strength.

Series I at 50°C. - Cutting strain in grams,

Unhented 50°C.for  Unheated 50°C.for  Unhented 50°C,for
controla 18 controls 60" controls 150"
800 535 298 170 290 278
520 408 445 760 470 290
500 788 425 (0 365 190
590 850 550 495 425 490
275 180
445 300
kverage 528 644 423 330 as a1

% ohange in strength +22% -22% -25%




Series I. at 50°C. - Cutting strein in grams.

Tinis W Toinels BT Comteets obr

345 535 328 610 420 345
410 170 a0 255 365 515
580 470 510 375 540 500
480 560 385 378
420 365
520 5

Average 459 419 423 404 442 453

% change in strength +4% 4% 2%

Unheated 50°C,for
600

Unheated  50%0.for
controls

controls
s 270 500 860
350 378 615 80
575 825 680 o5
a5 360
Average 450 90 548 e
% change in strength +9% 4818

¥or temperatures of 55°

4 65°C, nnd 75°C. no gains in
strength were obtained and the heated pieces were too wesk for

their strength to be tested with the apparatus used,
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¥. To £ipd the variation in percentage change in
strength on heating pieces from the same strip depending -
on their location alternate pieces from o whole strip kept
1in order were hested 30 minutes at tem eratures of 45°C.,
559C., €5°C. and 75°C., keeping the others ss controls,
Although these temperatures are too high to obtain mccur~
ate results with this apparatus the change in strencth
tetded to

greater at the ends than the middle of the
section used. For temperatures of 30°C. and 35°C. longer

tines were used so as to cbtain more extreme changes in

strength, Smooth curves were not obtained but again the
changes tended to be more extreme at the ends than the
middle of the section used.

Conslision

From these results it o obvious that the stremgth of
ured by cutting strain is affected
by the temperature and time of heating, the degree of change

haddook musel

‘being somewhat dependent on the location of the piece of
muscle hented.

Keeping the temperature constant and varying the time
curves for 30°C. and 35°C, very similar results to those
obtained last year were worked out. At 30°C, there is &
progressive strengthening for more than twelve hours. No
weakening was obtained during this period of time. At 35°C.
there s a progressive

trengthening, more rapid than at



s

30°C.., until & meximm is reached, after which there is
slower decrease from the maximum although the strem:th of
the heated pleces is always mich greater then that of the
controls. At 40°C. a curve sirilar to that at 30°C. was
obtained, but the maximum was resched sooner and the de=
then originsl strength.

crease more rapid to mich les
At 50°C. o smooth curve was not obtained. Both strengthen-
ing and weakening were recorded though the amounts were
hardly extreme enough to be significant. The chamges in
strength were much more extreme at 30°C, amd 35°C, than at
40°C. and 50°C,

In conclusion I would like sgein to thank Dr. Huntsmanm

for his very kind direction at all times.
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