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By G.O. Lan~stroth 

It is well known that hea 1 de'teloped during th 
period of ri or in different ype of musouJ.a.r t:t eue. ~his 
heat, supposedly due to the formation of laattc aoid :trom 
6lyoogen and it's oon~equent neutralization has been measured ' 
in the ca e Of frog and the value obtained ha been found to 
agt-Ge with that ~aloul ted fr the heat ot :mt_omation of the 
reaata.nts.* The present report deals with n lnvesttgat(on to 
a. certs.in 1:£ pos ible wh ther this effect ight not be larg 
enough to change the temperature of a ot chilled fi by 
an amount sut'f icient to materially ino~ a e the rate of b~ter-
ial aotion. · 

Th method con t ed in a.king a er1e of temperat~e 
-t;ime reading o:f a pi ce of fresh Haddock mu ol , The mu ole 
was k~pt in the calorim ter proper o:f a Rich z·d adiabatic 
ea1orimeter to ~revent g~eat he t exchange with the surrounding 
· ea.s'Ullements showed the heat leak to be negligible• A fi h 
hioh h d been kept alive for averal hours 1 tub of ter at 

a known tem_ ratu~e killed and f11leted, and the fillets 
were 1 ediately plaeed in the aalor1meter . One Ju.nation of a 
th .l'!lloeouple was insert d directly into the tis ue and the other 
was plaoed in the outer b th of th o.alorimeter•Beokrne.nn rea4-
1nes o:f the temperature of the outer oath ~ave the temperature 
ot the sole. T"ae ea.h>rimeter wa in the bath in about fi teen 
minu fter th d ath of the fi h but no read1n eould be 
made until bout an ho~r after bae u a fO the thermai co diti~n~ 
within the calor1met r. The 1ieh .._e4 ·db e.n ha.ndl..i:hed' .. a nd had 
not been eXhau. ted by "tea 1ngV 

* See, Ritahie,nco parative Phy iology of .iuscular Tis ue. 11 
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In the d ta given below some of the temJerature readings 
have been omtt i;ed for the sake of brevity. 

Fish No.1 

Time o~ Qatoh l ng •••• ••• • • • , •• • •• • • ••• • • ~ ••••••• • •• •• 11 . 00 
Time of death •••• • • • ••••••• ••• •••• •• •• • ••• ••• ••• 3.15 
1e'1Qht of f i llet •• • ·•••• ••• •• •• • •• • • ·• ••••••• •·• • •2lo. 4 
Initi a l tempera tm .. e of :fish·* • • ••••• , •••••• , ••• • ·• • • l • a~ 

Beckmann Beek.mann 
Te e:rature Time Tern erature ·::..me 

2 . 143 4. 2 2 . 732 ll , 00 
2 . 207 4 . 24 2 . 74 ll . 25 
2 . 269 4 . 50 2 . 760 11.:S 
2.4Go G,.38 2 . 773~ 12. l):L 
2.590 s . 21 2 . 784 l . 47 
2 . 652 <p , 25 2 . 790 3. 01 

2 . '188 3.46 

A.M. 
P.M. 
gms, 
o. 

**This te pera.ture 1 the t mp&ir t~e 67 min i tes af er deat h . 

Temperature ris after the first 57 inute . .......... o. 4° C 
Tot l h at 11bera ed in ri or fter th fir t 
57 minut . . .... . .. ... ... ..... .. . . , • • ••••• • •• , • • • •• 138 ca.l . 
Heat l1'ber ted pr eTatll· • • •••• •• • ••• • ••• •••• ••· .. •• ••• 0• 64 oal. 

TiUlB of oatoh:Lng •••• • • ••• .• ••• ••• •• ••••• •• •••• • • •• 10.00 • • 
Time de th . .. . .. . . ..... . ...... •· •• , •••••••• • • ·~• • • ••.• 11+48 A.!.t .. 

1.ght of fillets ..... .. .... ... ...... .. ........ . . . 348.2 
Initi al emperature of · i h '•· .... ,.. ..... . .. . . • • • • 14. 4° 

gm • 
c. 



Notf; on the Ree.ii Ch.an ln Haddook Mu.sal du.ring Rigor Morti: 5 

Dealcrnann 
Time Te era tu.re 

2.098 12 a~7 81 a.3 
2.897 12.-40 • 2 9 . 25 
2ie917 i.oo 3"4~0 . 10 , 26 
3.0lS 2 . 00 3.451 ll . 23. 
3.095 2.59 3.490 1.23 
3.142 . !3~ BS 5.52~ 3. 25 
3.190 4 • .:.;l 3.54.0 4,21 
3 . 2'71 5.42 a.5G 6 . 21 

.320 6.47 ~.592 S. 25 
3.355 7.41 ! .636 12.20 . 

3.752 ll~lO 
~h818 4.12 

of the t nq>e atu.re re a.di s have bean omit d fO/! 
the sake Of brevity. 

Tempe~at"\l.r rise a£ter he fir t hQu.r ••••• • ••• • •••••• 0.63° c ~ 
Total h at liberated after th · ir t hour •• , • • • • • • • 20 • cal . 
Heat liberated par gram.••••••••••••••••••••••••••••••0•60 Qal. 

If ooneid r a · Ritohi do t h hat of l ot1o 
aeia formation. and it ' s n~utra.l1zat1a.n 1 90 cal/gm ot aoid 
torme4 , then we arr1vo at the eonolus on that in the fir t 1 h 
1,6 . t'i formed during rigor; nd th t in th seoond 1.5 mg. 
were ~ormed, per tram of mu. cle. Riteh1e give the amount of 
l otto oid 1ormea in fish muscle s varying :f'rom one to tbr 
milli ams per gram of mu ale. Reno the th t produced by 
glycog noly is see e .to be he ain f .aotor in ·the t pero.tur 
rise d:u.ring rigor. fhi a.mount cause ria of only 0: . 7• o 
in th$ pu.r f1 h mu cle and this probably would not cause muoh 
inarea e in rate of growth of bacteria. · 

Th objeotion that the re ction may- hav be n for d• 
vanae before ny me sur men were d and th t th actual 
t mpor~tlll"'e r1 might have be n quite large p~l1es to both 
oaae • ilb.e t · :pera.ture of the 'bath in - ieh the :ti h vt s 
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Xe t e.11tr& was in the first e se 12. 5°C ., and i n the s eeond 
ease 13. 0°C. AsS'IJJning that the i~sh s at ·the ea e tempar-
atu:re as the batht (aetu.ally it :probably was ao ewha.t higher*) 
t e te perature rise could no have b en greater than 1 . 8° in 
the t irst case and 2 . 1° in the seoond. The ac al time of 
rigor duration was for the first t1sh 12 hours and for tbe 
second 16 hours. 

* Brit on: Contributions to Canadian Biology Vol. 2 
page 415. 1.92411 
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Whe t her t he heat production duri~~ ri ~or is 

comp} ex (bei r.g made U ) Of "t he 1 i nectr heat product ion 
and the rigor curve .;:)rope r) is i n rl oub t . If so t he 
curve of temper· t ur e ri se due t o t he heat deve1o )ed 
i n rigor pro.Per is obts,ired by a subt r actioi-1 of t he 
t wo curves shown i n t hi s Figure . Oalcul ~t ions i n t his 
report ha v e been made ·~r i~ t he assumpt ion t hat t he 
whole heat production belo·,v A is due ·t o t he f a ct t ha t 
t he fish is goi r~ i nt o rigor . 

·.t 


