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Part II.

- Rigor Mortis of Fish

One of the objections raised against cold storage fish is
that,saince:thisxrleah £o§ﬂ-ta,m@atvhighly‘prizedawhen»vexy=£r§sh.
it is unsuited to keeping for long times.  While it may be that
this is merely a habit in regard to food, yet it is possible that.

, thgse-QhaBQQS;tog,whicha-e deliberately wait in the eaéawntwthe'
flesh of meaymals, are not desirable in the case of fish. We
thang ! our mnats to allow the changes of jEigox and its. -

passing to aeﬁur; hnt for fish we use no such preparation.

i It has, therefore, seemed advisable to investigate the nature
of the death stiffening of fish, and in particuler, to learn some-
iaiﬂﬂjef the timeg which are necessary for it to reach its maximum
to pass. : )

4 study of,the,litazatgxe~81¥e$g1itt1e information in regard
in this connection. Many conditions are, however, noted -
ng, for other animels, the time intervals for the max-
ifening and final relaxation; auch, for example, as the




temperature at which the animal 1slkept after death; the size
of the animal; its apeeies; the»conditidn(of,the musqle Just before
death, a8 to nutrition‘ fatigue, oxygen supply and so on,

_The paper by Panton and Dempsey (1) and the following sec-
tions deal with some of these conditions as influencing the ri-
gor of fish,

Influence of Size

ror“these‘tests,‘thé apparatué deseribed by Panton and Demp-
sey (1), was used. Several sets of apparatus were set'ﬁpiside'b§
side in the laboratory, so that a series of fish could be exam-
ined under the éamé'éonditions of témperature.‘ The fish were
brought to the laboratory as soon as possible aftefithey were
caught in the river just below. In some cases they were still
quivering when’théy weré taken from the fish basket and ih ho
case did'they show any suggestion of stiffness, They were put
very quickly into the apparatus, fish of different size being del-
iverately c¢hosen, 1In the case of the small forms, they were fitt-
ed in whole between the supports, but in the case of the large
fish, the tail parts were cut off approximatexy the same length
as the' fish used by Panton and Dempsey (1), i.e. about 60 em.,
these were wedged into the apparatus and the other parts of the
fish were examined chemically a8 described in another paper CBen-
Seney o Al bt ot g ik

"two weries of tests were made with heddock, as 1s shown by
the table and in the charts, on which ere indicated the weights
néceésary to pull the freely suspended tail through the given are
of thé ébparatusy'ahdqylotted sgainst the times, when these

weights were needed.




S
‘From these charts it is evident that the time intervals fur e
y mimwn;stiffening and relaxation ere directly related to the =
“aize 6f the Pish. This agrees with results obtained by oo TY, M
‘getors, who have studied other animals: We find Nagel (3) gives
different cirves of rigidity and time for strong Summer and thin

iiﬁié&"fi&éé; aﬁd ﬁé‘éﬁpl&ins*tﬁé’difféfént‘Eeéﬁits obtained by
size of their enimals., Whether these different curves for the
"#18Y are the Festlts of differénbes in fatigue of the fish, the = =
smaller beifig the more exhausted, 18 not now possible o know as
He Pl sl Vet 811" Caken Fhoma’ trawY " 14 18 genernlly recognized
that fatifiie Satées b Veiy' eddly Eppehraiee of FikoF, 40 that we'
‘find Li"chtwitz (6) saying "Dasz die Totenstarre wirklieh dureh
Bildung von ssum (mlchtéurei ‘hérbeigefiingt wird, sehen wir an
‘der dem Jiger bekannten RBrscheinung dasz geherztes Wwild, das bei
“der atarkgn- kbrperlichen Anstrengungen, mehr Milchs#ure gebildet
' éis“%‘érﬁ‘&i:ﬂt hat, nach dem Tode fast sofort in Totenstarre ver=-
fallt, die bei dem 1n~gratzerér‘ka&@érliﬂhér Ruhe Gestorbenen
“erst allmahlich dureh die postmortale 1a1ehaanreannaurung ent=
“stent". - (p.'118) - ' LA
¢ 'fhese. tests were made in a bright, sunshiny laboratory of
“the Bt. Andrews Biological Station and the differences of temps
‘eratire were therefore, congiderably greater than were desirable,
‘but’ the effeets of the temperatures were similar to those noted
by Panton and Dempsey. The temperatures of the room are shown on
the Charts.
Thus Fish 4 and Fish 6, which were almost the same size, =

‘rmhed the siune maximum amount of rigidity but in different

‘times, on account of differences of temperature.
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Fish § seemed to soften after about 2 hours, for no reason

which I could notice, This was @ much shorter time than was expoeted
| from 1%s si%e, s suggostoed by the results obtained an August 30th. The
 rest of the fish atill folt very fim end after this appavemt softening,
the s¥iffening again ixereased o g0 Yo ity maximum at the £A£th hour
and to an smownt of stiffuess, groater than that expected by the fish
studied on August 30th. This is perhaps, en exanple of the "Stufen”
of which Nagel (3) opeaks on ps 298 of his artiecle,
| 27 oo Yawdattons for Difforent Species
1 7% has 86 fur only buen possible tG make twe experiments come

paring the rigor curves of Haddook with those of Heke and Cody The re
gults.are given in the tebles and the charts and, for the cod, seem 6

support the iden: expressed by fishermen, that the cod "soon gets hard™,
The very different time Yelations shown for the hake md cod .
as compared with haddock suggest differences of colloidal condition of
| the misele witeh wre entirely in Bgreenent with Yesults noted in regard
%o sultebility or wisuitabilivy for freesing as shown by histological
mywumtvmm pmuarum in msurd to musele zu:m. {Benson
-l Afrerenvs in collotdsl condition is indioated, %00, by
the very different extent of the rigidity of the daifferent species of
| f£ish, The cod became very hard, the haddock also, very firm but the
hale wa®, in eaiparison, feirly sof't even ot wha't was apparently itas
moximi off $tdffening, While the haddock of 2,1 kiles required, ﬂlt‘
maxtmun' rig1dity, @ welght of 700 gns, to pull the ¥ail pert thirough
286 gris. to move the ‘same lemgth of tail through the saie distanse,
- ‘e cod seems to have shown the groatest rigidity for this
| 81m of fid but Werd iy not ‘onnigh daa 16 dri maiunim on this




Further experiments of this kind should be mede and other
formshéf'fISH téstéd.‘hutTthe results agree ﬁiih”thoée‘of‘ﬁégel

(3) and Bonhoeffer (4) who found very difféient'tima intervals
for riQOr:mbrtis for toads and frogs. These two experiments
‘seem to indieate:- |

(1) that thefmuScle of different apécies”dflfiah‘is7%£?dffrer—'
ent ‘colloidal nature, and ‘ RREITBAAY PEON:
(2) ‘that'it requires different times for fish of different’
species to reach the height of rigidity and the subsequent soft-
ening.‘ |

CGnclnaioh.

There are therefore indications:-

(1) that the rate at whieh rigor mortis appears and disappears
is hastened by increasing the temperature in which the fish is
kept. ‘

(2) that the rate is slower the larger the fish of the species,
in the case of the haddock, at least, ‘
(3) that the rate.is different for fish of different species,
and 3

(4) that the amount of the rigidity is proportional to the size
of the fish,

It is thus evidently difficult to decide in what condition
of stiffness the fish are best for food. We are, however, in
the habit of keeping fish as cold as possible until we are ready
to use then, ahd we speek of preferring fine, big fish, These
are both conditions which lengthen the time for rigidity. When
added to this, we consider that we expect fish to be firm to be
at their best, it seems likely that it is rigid fish which we



prefer.. - M. : e
- ‘l‘hia 'eulq suggest another reason for freezing fish for ‘
celd storage in as freah a state as posaible, but as to the rate
" ’:at whieh the changes or rigor ‘may proceed in frozen fish, we

-have A0 1nfomtion.
: I am glad of this apport\mity to again express my thanks
" %o Dr. gu:xtm For his great kindneas in so graeciously provid-w

ing facilities for work and for his me.nw, and valn_able augge,st-v

Aions.

Sy e




August 30th 1922
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Sept. 2nd. 1922

Aug. 2Bth, 1922

158 hrs
Temp. Temp.
20° - 21°C}

“Curve V. Curve VIII,
Haddock 6. | Haddogk P.
Curve VI. |
Haddock 5 |
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