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THE EFFECT OF TEMPERATURE UPON .THE RATE OF 
DEOOMPOSITION OF HADOOCIC MUSCLE 

Christine E. Rice and Ernest Hess 

l.~ Discussion of the general relationship of temperature to 
biological reactions · 

The relationship of temperature to biological processes 
is well reoognized and permi te more readily of quantita.tive 
investigation than do man.y problems in biology. Bayliss (1915) 
in reviewing the subject, pointed out that since vital phenomena 
are made up of heterogeneous systems consisting of various solid 
and liquid phases in addition to pro cesses of a purely chemical 
nature, physioal ones such as diffusion must be taken into 
coneideration. Fanton (1924) showed that for some physiological 
processes, at least, the temperature coefficients are probably 
of the same order as those for a chemical reaotion when corrected 
for changes in the viscosity of the medium. Snyder (1911) also 
ooneiders the variation in the temperature coefficients to be due 
to the variation in the coefficients of viscosity, the real 
temperature coefficient of the chemical reaction being constant. 
As was pointed out by Osterhout (1917), substances are 
continually being formed an.d broken down in biological aystems, 
and . the temperature coefficient of the oombined reactions may be 
vaetly different from those of the seps.rate ones, In general 1 
physical processes have lower coefficients than purely chemical 
ones, thus a chain reaction involving reactions of both types 
will not show a constant temperature relationship. 

As stated by Van• t Hoff (1884) for a. riee of 10°0., 
the velooity of a chemioal reaction ie ueually doubled or trebled. 
The temperature quotient, Q, represents the ratio between the 
velocity constants at the higher and lower tempera.ture, and einoe 
determinations are ordinarily made at 10°0. intervals, the 
symbol 'ho is most generally ueed. The value Q10 for purely 
chemical reaotions is not al wa.ys constant, nor is it for purely 
physiologioal ones, there being a tendenoy to deorease wi th 
increase in temperature in both cases. We me.y assume that if 
two temperature oharacteristios apply a.t different parte of a 
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tempe:rature range that a se:ries of linked reaotione are occu:rring. 
Although the rate of the whole reaction is governed by the slowest 
reaction of the series, the effect of the temperature on the 
veloci ty constants of the se diverse :reactions may vary, so that 
the controlling step in the different cases may differ in two 
ranges. Cri tioal temperatu:res may b·e defined as regions in which 
control passes from one underlying reaotion to anothe:r. For many 
organio and inorganio procesaes temperature optima are exhibited. 
The assimilation of ca:rbon dioxide or the fermentation of sugars 
are reaotions of this type. The velooity of the fermentation 
depends on two factors, the temperature and the amount of the 
enzyme. Enzymes are unetable, their instability rising with the 
temperature, so that although in raising the temperature the 
velocity of the oatalyzed reaotion is acoelerated, at the sa.me time 
the velooity of the destructive action is also inoreaeed, till 
finally a maximum ia reached beyond which the destructive action 
predominates and we have a downward slope to the curve. 

Kani tz (1916) revie\vs mathematically the relation between 
temperature and the velocity of reaction. The equation most 

· generally used is the following:-

lO(log k1 ~ log k0) 

Q;lO = 10 
t1 - to 

where k1 and k0 represent the velocity of reaotion at the temperature 
t1 and to respectively and Q10 the quotient for 10°0. Crozier 
(192~ claima that Q10 is quite an imperfeot means of charaoterizing 
a prooess , fo r certain vdtal aotivities which ma.y be taken as 
typioal, the underlying proceeses may be treated as systems of 
irrevereible firet order reactione (Osterhout 1914), 1x> which may 
be applied the equation formulated by Arrhenius (1899) who explained 
the influence of temperature as being due to the conversion of 
inactive into active substances with the consumption of a definite 
amount of heat., This eque.tion oonsiders the veloci ty of an 
irreversible reaction to vary as the exponent 

E 
RT 

where R ie the gas constant, T the absnlute temperature, and E or/ il 
the gram molecular energy of activation or the c:ritical increment 
of the substance (or for a bimolecular . substance the sum of the se 
energies). The quantityvtl is subject to suoh slight variations 
with the temperature, the emount of catalyst, and the actual 
velooity of the process that it is therefore a more significant 
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index than Q10 for oharacterizing a process. 

ko 
For the values k 1 and k 0 we may subetitute reepectively the~eciprocals 
of the times l/T1 and l/T0 required to perform the same amount 
of work. This formulais used by Heoht (1919). Glaser(1924), 
Crozier (1924, 1925 etc.) and others. Crozier (1924&) argues that 
since A means energy of activation, 1 t is to be expeoted that 
processes governed 'by the same speoies of active moleoule will 
yield the sa.me value of oonsta.ntp • A preliminary survey of a 
large number of vital phenomena shows that they may be divided 
into groupa according to the associated value of~ • 

Przibram (1923) shows that the values of Q10 for organic 
and inorganio prooeeses fall into four distinct classes. 

--
M -

1 

< 
z 

Subnormal values of Q10 are found in eolid and liquid systems where 
the observed velooi ty is the resul t of two partial prooesses., the 
conversion of the solid into the liquid state and the subsequent 
slow diffusion governing the epeed of the reaotion, the velooity 
of diffusion being only slightly affected by temperature, Kanitz 
(1916) • 

Among the organic coefficients, GI'Qyps I and II include 
suoh phenomena as the bleaohing of vieual purple and the effect of 
beta-ra.ys upon the eggs of Nereis; that is ohemical processes in 
which radia.nt energy ta.kes part, photochemioal prooeeees. 

Group III ma.y be divided into three sub~groups as follows:-

A~Looomotion and rhythmio action - which include 
such phenomena as protozoan movement, heart 
beat, rate of nerve 1mpu1se, reepiratory 
movement a.nd phagooytosis. 

B-Development and duration of lif e - including 
suoh reactions as development of fish eggs, 
action of rabbi t serum on B. coli and the 
death rate of Staphylooocoi in air. 
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C- Assimilation and dissimilation - under 
these he groupe the rate of evolution of 
oarbon dioxide from seede, the oxygen 
oonsumption of Arbacia eggs and the con• 
version of pancreatic zymogens to 
enzymes. 

Gro,,,., IV includ.es such prooesses as the ingestion of 
quartz and oarbon particles by amoebae, the coagulation of hemoglobin 
and the resistance of certain forma to heat. 

II - Temperature in Relation to the Autolytio and Bacterial 
Deoomposition of Haddock Muscle. 

That de·oomposi tian and putrefaotion are affeoted by 
temperature is too well known to warrant any referenoe to it. Both 
autolytio and baoterial action, the two most important agenoies in 
the natural decomposition of plant and animal tissue, are, within 
certain more or less definite temperature intervala, aooelerated by 
heat; optimum·. temperaturee exist for both prooesses. Above these 
temperatures due to the more or less extensive alteration of the 
proteins, the baoteria are killed and the enzymes inaotivated, the 
retarding influence may also be due in part to the preferential 
aoceleration of the reeynthesie of the substrate, Robertson (1908). 
In oonsidering autolytic decomposition of haddock muscle we are 
thinking almost entirely of enzymes of a proteolytio nature. The 
beet known enzymes whether derived from warm or cold blooded 
animale are most active between 35° and 45°0., Hawk and Bergein 
(1927). Freezing, although temporarily 1nh1b1t1ng their action, 
causes no permanent injury. 

The optimum temperature for the baoterial deoomp6sit1on 
of the haddock muscle depends upon that of the baoterial flora 
present, and sinoe this is extremely varied, at different tempera.­
tures we would expect that diff erent bacteria would predominate and 
that the type of reaotion ooourring therefore would not be entirely 
similar. The deoay produoing and putrefaotive baoteria have an 
optimum temperature between 20° and 35°0., as also do soil and water 
bacteria belonging to the genera Pseudomonas, Flavobacterium and 
Achromobacter, most of these growing beet either at 25° or 30° 
depending upon the species. The other genera ooourring in the 
baoterial flora of the haddock, that is Bacillue, Escherichia, 
Microooocus and Proteus types have a eomewhat hig~er optima, 30° 



The Effeot of Temperature upon the rate of Decomposition 5 
of Haddock Muscle 

in eome cases, but 37° with the majority of species; that for 
B. meeenterious and B. vulgatus, which are found in quite large 
numbers in haddock slime, is given by Bergey aa 30°0. Certain 
psychrophillic baoteria produce their best growth below 10°0., and 
for this reason some of them may be important in the decey of foode 
in cold storage. Freezing stops multiplication, due probably to 
the dessication; the .organisme however retain their viability for 
a varying length of time, depending on the epecies. Since however 
in the preeence of eolutes in suffioiently high concentration water 
may be lowered considerably below the zero point without freezing, 
some organisme continue to multiply, although slowly, at such 
temperatures. From this it is evident that food stuffs oannot be 
kept indefinitely above the freezing of the liquida concerned. 

In coneidering the effect of temperature upon the baoterial 
decomposition of the fish, three phases must be oonsidered. (a) 
the eff ect upon the growth of the bacteria, (b) the effect upon the 
production of the enzymes concerned in the prooesses under oon­
sideration, and (o) the influence upon the rate of the enzyme reaotion 
itaelf. The first mey be followed by plate counts, while by 
determining the inorease in the products of enzyme action we are 
arriving at a knowledge of the last and indireotly of the second. 
The temperature coefficient of enzyme actions is aff ected by the 
influence of temperature upon (a) the concentration of active enzyme, 
(b) the reaction velooity of the substrate-enzyme combination, and 
(o) the position of the equilibrium point. The following table from 
Waksman and Davison gives the temperature ooeffioients and increments 
for the action of two important proteolytio enzymes, trypsin and 
erepsin. A review of the literature shows that the majority of 
workere have found that bacterial enzymes of a proteolytic nature 
resemble either trypsin or erepein most olosely in their behaviour. 
One of us, (Rice 1927) found that B. meeentericus vulgatus, one of 
the organisme used in these experiments, produced aleo a pepsin-like 
enzyme. 

Temperature Coefficients and Constants of Various Enzymes, Euler 
(1925). 

~nzyme Substrate Temperature range Q10 fi 
trypsin Witte peptone 15-25°0. 2.3 

2.6 
14-, 830 
16,400 erepein u a 15-25°0. 

/ 
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The velocity of the decompoeition of. the haddock muscle 
at the different temperatures was calculated from the increase in 
certain products of proteolytic cleavage during definite periods. 
One must remember~ however,that, where the optimum growth is ob­
tained, the organism does not necessarily bring about the maximum· 
amount of change, lees acid for instance ma;y be produced at the 
end of a certain period of time by an organism kept at 1 te 
optimum than one at a lower temperature, (Buchanan and Buchanan). 
Three Nitrogen fractions were coneidered, (&) Non~coagulable 
Nitrogen, that is the· Nitrogen not precipitated by trichloraoetio 
acid, which includes part of the peptones, the polypeptides, 
amino acide, a.mmonia and other volatile basic nitrogenous 
produots, (b) amino and a.mmonia Nitrogen, and (o) v.olatile 
basic· Nitrogen, including ammonia, amines, etc. Methods for 
determining these are dealt with in Section III. 

Since during the first twenty,...four hours incubation at 
25°0, autolysis was found to be the most im:P.Qrtant factor in 
decomposition, Reed, Rice and Sinclair (1920J, a preliminary 
experiment was oarried out with fresh unautoclaved muscle to 
which an antiseptic had been add.ed. The second experiment was 
conducted on f resh muscle to which no toluene had been added, so 
that both autolytio and baoterial action are included. 

Due to the fact that bacterial decomposition involves 
a large number of proceases, to avoid the additional complexity 
introduoed by the effe9ts of mixed bacterial cultures upon each 
other, pure· cultures of some of the more common species occurring 
in the fish were employed for pu:r;poses of inoculation of 
sterilized minced muaole, Gee (1926) and Miss Spenoe (1927) 
report Bacillus types, particularly B. mesentericus vulgatue to 
be the most prevalent. . The optimum temperature for this speoies 
is 37°0, ,but i t will also be found to multiply qui te rapidly 
at a muoh lower temperature. As a fourth series of experiments, 
a sporulating bacillus isolated from a muscle digest inoubated 
at 0°0. and producing good growth in 48 hours on ordinary agar 
incubated at 0° wae employed. 

In Section IV the relation of temperature to all four 
processes is disoussed mathematioally. 
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III - Experimental Method§ 

Ca) Preparation of Culture Flasks 

Haddock f illets of freehly caught fish were ground up 
finely in a meat chopper, we;ghed into flasks, 75 grams in each 
flask, and 150 o.c. of a 1.5% salt solution added. The flasks 
were eterilized at 100° on three successive days sinoe this was 
thought to produce less change in the proteins than autoclaving. 
The flasks were then inoculated with definite amounts of a well­
shaken emulsion of the bacteria Ca twenty-four h(>ur broth~culture) 
and incubated at various definite temperatures for different 
periods. 

(b) Bacterial Count 

Before filtering the contents of the incubated flasks, 
l c.o. of fluid was removed from eaoh with a sterile pipette, 
after stirring up the contents thoroughly by shaking and rotating 
the flaske. From the 1 c.o. semples appropriate dilutions were 
made and plated in duplicate in nutrient ~ar (oontaining 1.5% 
NaCl); the dilution flasks contained 1.5~ saline. The plates 
were incubated at 35°0. and counted after 3 deys incubation. 

(c) Determination of Non~Cioagulable Ni trogen 

After the sample had been removed for the bacterial 
count, the liquid from the flaek wae decanted through a Buchner 
filter. To the fish remaining in the flask distilled water was 
added, the lumps ground up finely with a glass rod and allowed 
to stand for about 10 minutes before deca.nting. This wae 
repeated twioe and then all wae emptied. into the f ilter and a.gain 
washed. The filtrate and washings were made up to 300 c.o. 
Aliquote were ta.ken for the determinations of the non~ooagulable 
Nitrogen, which were alwaya done in duplicata so that each value 
recorded in the sucoeeding tables represents the average of 
two determinatione. · 

To 25 o.o. of the filtrate 3 grams of trichloracetio 
acid were added, the volume made up to 100 c,c, and allowed to 
stand for an heur at room temperature, after which the flocculent 
precipi tate was fil tered off, ".Vell washed and a Kjelda.hl 
determination made upon the combined filtrate and washings. 
Approximately 20 c.c. of crude H2S04 was used for each digestion 
and a little OuS04 as catalyst. They were dietilled into · 
0,2 N. aoid and titrated with 0.1 N, base. 
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Dauphinee (1926) found that with freeh unheated musole 
it wae neoeseary, in order to extraot the non-protein Nitrogen 
thoroughly, to heat in several portions of aoidulated water · 
before adding the trichloraoetio aoid. In this case however 
the changes brought about by heating seem to have a similar 
effeot for the two methods give oQmparable reaults. 

(d) Amino. and Ammonia Nitrogen 

The amino and ammonia Nitrogen were determined by means 
of the formol titration method of Sorensen. Ten o.o. of the 
original filtrate were used for eaoh determination, five or six 
dete:rminatione being made upon each filtrate. For titration 
0.1 N. sodium hydroxide was used and 25 o.c. formaldehyde 
solution (1 part Formalin to 2 parts of water). 

The vecy faint yellow colour of the filtrate did not 
a.ppreciably affect the determination of the end point in the 
ti tration. 

(e) Volatile Basic Nitrogen 

e The vol{ltile basio Ni trogen (Ammonia and volatile 
nitroge~us bases) were determined according to the method 
developed by Dauphinee (1926), with the modification that 
inetead of 10 grams of the ground up fish muscle, 50 o.o. of the 
filtra.te (corresponding to 11-12 grams of wet meat) were dis­
tilled over with aloohol (80 c.o.J after liberating the ammonia 
by addition of ma.gnesium oxid.e. 50 o.c. of the distillate 
were collected in li_ HCl, and the excess acid titrated with N 
Na,OH. A blank 10 was run through for eaoh batoh · . 50 
of aloohol, and the volatile N, content subtracted from the 
results of the test. The determinations were carried out in 
duplfoate in each case. 

(f) Aocuraoy of the Detenninations 

In order to know how significant were the diff erences 
between values obtained for the different temperatures, it was 
neoeeeary to know how great a variation might be expected between 
duplicate flasks receiving presumably the same inoculation and 
incubated for aimilar periods at the eame temperature. Since 
it took soma time to weigh out so many samplee, the moisture 
content of the muscle would have changed ooneiderably and the 
first semple would not be exaotly comparable to the l~st. The 
fish were however kept in a covered vessel and only small 
amounts removed from time to time, neither was the very moist 
fish near the bottom of the dieh used. These preca.utione eut 
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down the error from this source considerabl~r. In sterilizing, 
it is evident that the heat does not affect all the flasks to the 
sa.me extent sinoe there is as muoh as 6% difference in some cases 
between the va.lues obtained for non-coagulable and amino Nitrogen 
in two flasks whioh had not been inoculated. In spite of 
thorough shaking of the emulsion, it is difficult to secure an 
uniform inoculation, some of the baoteria being in a more active 
state than others and for this reason the growth and multiplication 
of the baoteria Va"rf oonsiderably. 

Eight flaske were inooulated with 5 o.c. of a well-ehaken 
emulsion of B. mesentericus vulgatus, inoubated at 35° for 24 
heure and a series of deterrninations made upon each flaek, The 
valuea are reoorded below, Table I. 

No• 

l 
2 

a 
~ 
7 

lg 
A ver ag e 

-Table I 

Comparison of flasks receiving similar inoculation, 
and inoubated for the same period and at the sa.me 
temperature. 

Non-coagulable Nitrogen Amine and Ammonia Volatile 
Nitrogen Basic Ni trogen 

gms. per 100 gms. muscle 

0.725 0.1632 o.o~6g 
0.727 0.1617 o.o 07 
0.732 0.1669 0.0421 
0.724 0.1591 0.0356 
o.7g1 0.1513 o.o~l59 
o.8a1 0.1755 o.o 21 
0.752 o.rzgg 0.0466 
o,73s 0.1613 0.0333 

o. 757 O.lb 59 o.o 14 39 
. . 

It ia evident ·that the aver~e deviation in the values for non­
oo~lable Nitrogen was 4.8"fo, for amine r.d ammonia Nitrogen 
3.5~ and for Volatile basic Nitrogen 9.~~. In the case of the 
first this is lees than twice the deviation to be found between 
duplicate determinations. 
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In the determinatioti of non;..coagulable Nitrogen the 
principal errors are introduced in the precipitation by the 
trichloracetic acid and in the filtering, those introduced in 
the digestion and titration being less in magnitude. Below 
are the values obtained from a series of eight determinations 
made on a filtrate from one flask. 

No. 

Table II 

Comparison of duplicata determinations of non­
coagulable Nitrogen and Volatil$ basic Nitrogen. 

Non-coagulable Vol . Basic 
Ni trogen (gms. Deviation 

10 

per 100 grams muscle) from Mean 
Ni troBen gms. 
per 1 0 gms,muscle 

1 o.72s .029 o.253s 
2 0.725 .025 o.255g 

~ o.65t> .043 0.258~ 
0.674 -.025 o.2t>o 

~ 0.691 -.oos 0.2432 
0.717 .018 0.2~36 

~ o.~22 .023 0.2 86 
o. 83 -.015 -

Average 0.699 0.0235 0.2535 

The average deviation for Non-coagulable Nitrogen 
is 3.36%, and for volatile basic Nitrogen it is 1.70%. 

The mean deviation for the bacteria.l count of four 
semples of the sa.me filtrate of the above flask waé l0.66%, due 
to errors introduoed in taking the semple , diluting , plating , 
incubating and oounting, while the mean deviation of the oounts 
of 8 flasks of similar inoculations, and the sa.me time and 
temperature of incubation (s~e as Table I) , was ver{ much 
higher, amounting to about 62'Jo, which may aooount for some of 
the irregular results of the baoterial counts in the course of the 
experiments. · 

In order to determine whether any change took place 
in the flaske with sterilized mixture of fish muscle and saline , 
due to hydrolysis of the proteins, a set of such sterile flasks 
were inoubated at 35° and 0°0. and examined as usual , after 46 
days. 
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pH 

Initial 6.65 
6 days at 0°0. 6.55 
6 days at 35°0.s .oo 

Table III 

Non. 
Coag.N. 

o.4923 
o.4967 
l,1399 

Amino and 
Ammonia N. 

0.0990 
0.10002 
o.31i.i.2 

Volatile 
Basic N. 

0.0278 
0.0284 
0.1702 

Appearance 

white 
" yellowieh 

brown 

hile little changes took place in the sterile flasks kept at 0°0., 
the ones incubated at 35°0. for ~ days showed considerable in­
creases in all three forms of Nitrogen ; i.e. more than twice as 
much non-coagulable Nitrogen , about three times as much amino 
Nitrogen and about six times as much volatile basic Nitrogen than 
initially. Reeults from incubation experimenta with inoculated 
muscle emulsion over a long period would therefore be only of value 
if corrected for this ohemical hydrolysis. 

IV - Decomposition of Haddock Muscle 

(a) Autolysis a.t diff erent temperatures 

As was stated previouely, in the decomposi tien of haddock 
muscle autolysie was found to be the most important factor during 
the first twenty~four hours, after which it ie reypidly overshadowed 
by the bacterial action. Reed , Rioe , Sinclair ~1926J. The 
extent of the initial autolysis aleo affects the growth a..~d amount 
of the proteolysis oarried on by certain bacteria. In an experiment 
to determine in how far the rate of deoompoeition of clam muscle 
by B. mesenterious vulgatus was affected by the extent to which 
autolysis ha.d proceeded before inoculation with this organiem, it 
was found that although in all cases there was an initial dscrease 
in the amount of r..on~ooagulable Nitrogen due to its utilization 
by the bacteria for growth a d the production of enzymes, yet in 
those digests in whioh autolysis had been allowed to proceed 
farther before Gterilization the ourve rose again earlier than did 
the others. A low temperature, it is recognized, will very 

· appreoiably diminiah the extent of autolytic action and \Vill 
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therefore (in addition to oth r affecte) have a retarding affect 
upon the growth and reactions of at least this common type of 
Bacillus, Callow (1925) found that at 37°c. cod muscle was 
practically all autolyzed after seven or eight days, but at 1° 
even after twelve menthe the change was slight. A preliminary 
experiment was run to determine roughly in how far the temperature 
did affect autolyeis. The muscle was ground up, weighed into . 
flasks oontaining eterile saline and a few c.c. of toluene added. 
The flasks were incubated at 35° , 25°, 10° and 0°. At 10° after 
6 days the increase in non-coagulable Nitrogen is only elight but 
about the same as at 0° after 12 days incubation. The amine 
Ni trogen ri ses more rapidly, but this really repre sen te a ve rJ emall 
change in the total Nitrogen present. The increase at 0° is very 
elight. It is therefore evident that bacteria which might be 
active at a lower temperature would have less of these simpler 
products to use in their early growth, and the inhibitory effect 
of low temperatures upon bacteria may in part be due to this cause. 

Ta.ble IV 

Autolysis of Haddock Muscle at Various Temperatures. 

rrempe rature Time of Soluble N, Non coagulable .Amino and 
Incubation Ni tro12:en Ammonia N. 

mns. "Oer 190 Qme. muscle 

35° Initial 0.620 o.2g3 o.042g 
n 24 heure o.g95 0.4$3 o.o 99 
n 4g hours -.--- 0.517 0.0950 

25° Initial 0.620 o.2g3 o .. 0~2g 
n 24 hours 0.710 0.310 o.o 61 
a 4g bours o.74o 0~375 o .. o6gs 

10° Initial 0.620 o.2sa 0.0~28 
n 4$ hours 0.694 0,30 o.o 32 
" 4 days 0.723 0.320 o.o6aTi. n 6 deys o.7g5 0.334 0.07 

00 Initial 0.620 o.2g3 o.032g 
" 4 days - --- o.2g9 0.0343 • n g daye o.7a3 o .. 2~i 0.0342 
n 12 days o.a52 0.3 0.0364 

12 

Determinations of the change in soluble N. were also made 
but the resulte indicated nothing of importance, the values remaining 
nearly constant during the experiment. 



The effect of Temperature upon the rate of Decompoeition 13 
of Haddock Muscle 

-
(b) Aotion of Mixed Cultures of Bacteria at Different 

Tem:p eratures 

A similar series to the above wae run without toluol. The 
resulting decompoeitio n wae therefore due to the combined action of 
the autolytic enzymes of the tissue and of the bacteria included 
from the sli me, gille and int stine of the figh itself Platings 
were made from the flasks after 48 heure incubation at the 
different temperatures. At 35° sporulating Baoilli and Staphylooooci 
predominated, below this temperature the principal types were 
Pseudomonas, Aohromobaoter, Flavobacterium, Staphylooocci and a few 
Proteus, One Baoillus type was isolated from a 0° digest which 
gave good .growth on agar after 48 heure incubation at that 
temperature. 

Temperature 

35° a 
n 

25° 
n 
tt • 

10° 
a 
n 

oo 
a 
H 

Table V 

Effect of a Mixed Culture of Bacteria upon 
Haddock Muscle incubated at various 
temperaturee. 

Time of Soluble N. Non-ooag,N. Amino and 
incubation Ammonia N. 

mns, per 100 mns. muscle 

Initial 0.563 0.288 0.0282 
24 hours o.477 0. 0723 -.---
48 hours 0.916 0 .. 701 0.154-0 

Initial 0.563 0.288 0.0282 
24 hours 0.912 0.372 0 0589 
48 houre 0.829 0.571 0 .. 1261 

Initial 0 .. 563 0.288 0.0282 
5 days 0.,9~2 o. 414 0.0913 
7 daye 1.0 1 0.70 0.1020 

Initial 0.563 0.28$ 0.0282 
· 5 daye 0.5~2 0.372 0.0423 
7 days 0 8 1 0.391 o.o4e6 
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The r esults of t hi e eeri ee of determ i nations a r e shown 
i n Tabl e V. I t i s evi dent that rapi d deoompos i t i on s oocurred 
i n 48 hours at 25° an 35°. Af ter 5 days at 1 ° t he non-coagulabl e 
·Ti t rogen had doubl ed and in 7 days nea rly t rebled. At 0° t her e 
ha s been slight l y more t han 30% i no r ease i n this f orm of Ni t rogen , 
and 50'; i norease i n t he am i ne and ammoni a ~ i t rogen . I t i s evident 
that baoteria normally ooourr ing in f i sh gil le , i ntesti ne and sl ime 
a r e cNpabl e of bringi ng about considerable change i n f i eh protei ns 
at 0°, t he i ncrease i n t he products of t he pro teolytic cl eavage 
bei ng gr eater than oroduced by aut olysi s alone . 

(c) Ef fect of B. mesenteri oue vulgatus at di ff erent 
temperaturee 

As a next step t he ef f ect of temperature u-pon the growth 
and}pro teolysie produced by pir e cult ures of cer tai n bacteri a was 
determined. Si nce Bacillus f orma are f ound in gr eater number s than 
ot her types of bacteria i n haddock muscl e , a r epr esentative of 
this group was ohosen f or t he next series , B. meeentericus vulgatus 
which had been found by Gee (192 6) and Miss Spence (1927 ) t o be 
the most common and most act ive of these sporulat i ng bacilli occurring 
i n haddock muscle an elime . In addi tion i t had been found 
(Rice 1927 ) t o a t tack nat ive proteins r eadi ly , which i ndi cates i ts 
i mportance i n the ear l y decomposi t i on of muscle . 

Si nce i t was neceeeary t o sterilize t he muscle previous 
t o i noculat ion , t he subst ratum acted upon by t he bacteria is not 
exaotly t hat which t hey wo uld enoounter i n ordinary deoompes i t ion. 
Also i n worki ng wi t h pure cult ures t he bacteria are developi ng under 
different condi t ions t n normally oocurr i ng i n mi xed cultures ,in 
which each type exerts oer tai ef f eots U'OOn the r eact ions and growth 
of t he ot hers. For t hese reasons t he temperature ef f ects noted 
b elow may not be exactly those fo und in normal decomposit i on of 
hadaock muscl e by t hese baoteria . 
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Temp. 

35° 
n 
tt 

n 

25° 
n 
n 
Il 

" 
15° 
" Il 

" n 

50 
n 
n 
fi 

n 
Il 

Tabl e VI 
The ef f ect of temperature upon t he decom!X)s i t i en 
produced by B. mesentericus vulgatus i n haddock 
muscle - Seri es I. 

Ti me of Bacter i a l Jon-coag . Ammoni a and 
Incubat ion Count ami no N. 

Volatile 
basic N. 

uer c .c. flui d Gre..ms r am.fi sh muscle 

I ni t i a l 75,26 o : 4~i • 412 
24 heurs 27, 497 , • 
4.g heurs • 6 9 o. 785 
4 daya 122 , . 841 885 • • 

I ni t i a l .599 • 412 • 261 
24 heurs o : a~~ . 055~ • 279 
48 heurs 0. 055 0. 0303 
4 days 0.589 • 759 o.oa32 6 daye .799 .1196 o. 8 ? 

Ini t i al 75,260 o. a99 .0412 • 261 
48 heure 98 , • 5 4o6 0. 02 4 • 4 d.ay s 45 ,5 .498 o. 446 O. v218 , 
6 d.ays . 412 509 • 213 • 
g a.ays 6,750 ,000 . 445 c. 572 • 269 

I ni t i a l 75,26 • 599 o. o. 0261 
3- days 12, . 273 0. 0186 
5 days . 443 • 212 
g d.ays o. 42 23 • 1 d.ays o. 426 o. 251 

14 days . 39.9 o. 231 

I t wi ll be noted t t we have her e the same i ni tial decrease 
i n non- coagulable Ni t rogen whi ch was foun pr eviously (Ri ce 1927) t o 
be produc ed by thi s organism when a ct i ng up::>n clam mu scl e . Thi s i s 
due appar ently t o the u t ilization of t hese s i mpl er pro uc t s i n t he 
gro rth and metaboli sms of the organism befo re suff icient ext r a ­
cellular enzymes have been produced t o suppl y t hese necessary 
substances t hrough t he pro teolysis of t he native pr otei ue t hemeelves. 
After 24 heurs at 35° and 5° t he slope rises abruptly again 
indi c~ting t hat the muscl e i s bei ng r api dly hydrolyzed, but a t 15° 
and 5° i t t a kes 4.g heurs t o r each i t s lowest p::> i nt , enzyme pro duct ion 
b eing l ess r api d evi dently at t hese t empera t ur es. 
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A similar initial decrease is ehovm to t a ke place i n the 
amounts of Am i no and Ammonia N. and of the Volatile basi c N. , at 
l east at the lower temperatures of 15° and 5°0 . , \"lhil e at 35° and 
25°0. the initial decrease only appears for the Volatile basic • 
etermination at 35°0. (24 hrs . ), b ut possibly such a decrease may 

have taken place before 24 hours i i. the other instances . 

Table VII 

The effect of temperature upon the decomposi tion 
of hada.ock mueol e by B. mesentericus vulgatus -
Series II. 

Time of Bacterial Hon-coag. Ammonia & 
Temp. Incubation Count N. Amino N. 

Volatile 
basic N. 

per c . c . 
fluid 

gre.me per l O gram muscle 

" " 
" 

150 
n 
11 

n 
n 

" 
" 
50 
11 

" n 
n 

" fi 

Initial 
24 hours 
48 hours 
3 daye 
4 daye 
7 daye 

Initial 
24 houre 
48 houre 
3 daye 
7 daye 

l daye 

Initial 
24 houre 
48 hours 
3 daye 
7 days 

l daye 
14 daye 

I nitial 
24 houre 
48 hours 
3 days 
7 daye 

1 days 
14 daye 

41 , 
17 , 
29 ' 
18v , 
22ü, 
21 

. 539 
0 .541 
o g4o 
0 . 992 
1 . 090 
l 264 

.539 

. 488 

.i;os 
0,.b69 
0.949 
0.752 

0.539 

o.498 
• 559-

0 . 755 
692 

• 619 

0.539 
.518 

0. 5 
. 588 
.,(552 
.537 

0 453 

o. 504 
0., 0487 

. 0726 
0 1 03-2 
0 .1350 
0.1933 

0. 0504 
o. 434 
0. 04-62 
0. 0466 
0 869 

. l 044 

o. 27_ 
0. 0261 
o. 437 
o. 670 

. 0796 

.1287 

. 0270 
o. 234 

. 0256 
o. 283 

• 43-7 
0 . 0454 

0. 0270 
.0216 
., 0211 
. 227 
• 273 

o. 324 
. u438 

o. 0270 
• a. 94 

0 . 0229 
o. 2 9 
o. 2 2 

• l 6 
• 097 

16 
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Seriee I and II show both a very rapid initial bacteriel 
growth at 35°0., t o somewhat lese extent at 25°0., and with a still 
slower growth rate at l5°C; at 5° a reduction of bacteria took place 
in both cases following which the number of organisme remained almost 
constant (for eight days at least in Series I) throughout the 
experiment. This had a dec i ded effect at 5° on the changes in Non­
coagulabl e N. and volatile basic N, which both in both series after 
the initial increase , showed only a very emall increase again towards 
the end of t he experiments. 

For the other tem eraturesno consistent relations between 
bacterial growth and chemioal tests for proteolysis are apparent. 
Beth changes in Amino and Ammonia N. anu Volatile basic N. in Series I 
and II show uniformly an i nc rease t o the· end at the higher temperatures 
(35°, 25°, 15°), while at 5° a decrease took place in both series in 
ell three tests, (with one exception, Amine and Ammonia N. Seriee II), 
due to the inhibitive effect of this tem erature on bacterial growth 
and enzyme-production. 

In Series II, t he digests at the higher temperatures have 
been kept longer than in the first series. It is interest ing to 
note that at 7 days a maximum of non-coagulable Nitrogen had been 
reached at all temperatures, afte r which this form of Nitrogen de­
creased rapidly, The bacterial count does not show this maximum 
at 7 days. Examination of the 25° and 35° plates show however a 
greater proportion of rough and buried colonies from 7 d.ays on; 
in the plates at lower temperatures the proportion of R to s 
colonies is greater at all stages but aleo shows a definite increase 
as digestion proceeds. hether this dissociation phenomenon is 
related to this rapid decrease in non-coagulable Ni t rogen is probl em­
atical. Sorne agency is however at work converting the simpler 
non-coagulable Ni trogen back in to a. coagulable form, as i t do es not 
eeem probable that suoh an apPreciable amount of Nitrogen has escaped 
in the form of volatile bases or ammonia.. Proteins are resynthesized 
by both pepsin and trypsin This takes place best at a lower pH 
( astenays and Borstoqk l924a)_ The pH of these digeste, however, 
is slightly elkaline. Temperature does affect the r ate of thie 
resyntheeis as may be seen from the graPh, which was also fou~d by 
Borstook & astenays (1924b) in the reeynthesis of protein by pepsin. 
Although the R type is undoubtedly less Proteolytic than the s ty e 
and ma.y be utilizing these simpler products in its metabolism, yet 
since bacteria produce enzymes in excess of their requirements, it 
eeems hardly probable that the dissociat ion would affect the enzymes 
al ready pro duced by the S ty e. 
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In order t o establ ish whether this r a,p i d deorease in 
non-ooagulabl e Ni trogen occurred in all cases a third seriee was 
run . The reeul ts are shovm i rl; Table VIII. 

Temp. 

35° 
11 

n 
n 
Il 

n 

25° 
n 
n 
n 
n 
11 

150 
n 

" tl 

n 
n 

50 
n 
n 
n 
n 
n 

Table VIII 

The effect of temperature upon the deoomposit ion 
pro duoed by B. mesenterious vul gatue i n heated 
haddock mueol e - Seriee III . 

Time of incubation Non-coagul able N. 

initial 0 , 54~ 
24 hours 0. 52 
48 heurs 1 . 045 
6 day s 2. 480 
8 days 2. 420 

12 days 1 . 976 

I nitial 0. 51+3 
24 hours 0. 260 
48 hours o. 478 
6 days 0 867 
8 days . 862 

12 days . 8 5 

Initial 0. 543 
24 hours 
48 hours . 567 
6 d.ays • 712 
8 days • 717 

12 days 0,797 

In i t ieJ. o. a43 
48 hours o. gg 

3- days . 47l 
6 days o. 48 
8 days . 552 

12 days . s21 

18 

At eight days we do f ind a decrease i n non-coagul abl e 
::1 t rogen at 35° and 25°, but a t 15° and 5° there is still an 
increase , though at 15° the ourve seems t o be sloping off t o an 
equilibrium, while after 12 d.ays at 5° t he curve is still rising. 
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I n aeri ee I t he 5° digests whi ch wer e t he only ones cont i nued 
beyond t he e i ght h da.y ah owed a. def ini te dro p . I t appears t o ·b e 
fai rl y consistent t hat some fac t or, whether dissociat ion of t he 
ba cteria. or sQnething el se , i e r ev er s i ng t he process o f pro teolysis, 
t here bei ng no likelihood of l oss , at l east i n such l a r ge proport ion 
of t he Ni t rogen by vol at il izat io n. 

The r esul ts of seri es II (Tabl e VII) i n r egar d t o t he 
changes i n Non-coagul able N are per haps even more pecul i a r from 
ot her PC> i nts of vi ew than f rom the one ment ioned above (decrea se 
of non-coa gul able N after a f ew day s ); i~ e . not so much the f act 
that there was a decrease at all , but t he f a ct t hat t he maximum 
was r eached a t all four temper atur es.a t t he sa.me t ime (i .. e. after 
7 d.ays i ncubat ion ), t he extent of t he proteol y t ic changes bei ng 1 ess 
wi t h lower t emperature . This henomenon i s exactl y oppos i t e t o 
i'Vha. t one woul d expect (Tammans ' Law, see Rahn, 191 6), and opposi t e 
t o some of t he r eaul ts one of us obtai ned on u s i ng a mixed 
bacterial fl. ora , i n whi ch a decrease i n temperature decreased onl y 
t he rate of decompo s i t ion , but ne t ·the extent of roteoly sis. 
(Hess , 1931 ). 

Table VII I however shows the ex eoted deorease of r at e 
of decompo s i t ion wi t h lower temperature, wi t h a coneider able drop 
however o f t he maximal amount of non-coagul abl e N between 35° 
and 25°, bu t probabl y a f a irl y un iform amount of maximal 

ecompo s i t ion for the other t hr ee temperatures (25°, 15°, 5°), 
It ra ther appear s t hat some unknown f a ct or muet be the cause of 
·the unexpected r esul t s of seri es II. 

(d) Effect of Temper ature upon t he Decompos i t ion b rought 
about by Bacillus B. 

A very ac:ti vel y proteolyt ic Baoill us type r esembl i ng 
Bacillus vul gatu e wa s isol ated f rom a di gest of haddo ck mueale 
i noubated at 0°, and p ro ducing good growth on agar at t hat 
t emper atur e . Thi s was ther efo re used a s a sui table organism 
for a no t her seri es of determ i nat ions . I t was f ound on sub-
cul t uring t he di ges t s between 4 t o 11 days tha t t he cul t ure wa s 
contami nated wi t h an Achromobacter type , Fur t her det erminat ions 
were made however t o get some i ndi catio n of t he af f ec t t hat t he se 
two cul t uree a cting t ogether woul d have upon the muecl e a s compared 
t o a pure cul t ur e of t he Baoill u s . The r esul te a r e seen i n 
Tabl e IX. 
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Ta'bl e IX 

The eff ect of a mixed cul t ure of Bacill us 
B. and Achromobacter upon haddock muscle, 

2 

Time of Bacterial Count Non-coag . Ammo ni a Volat ile 
Temp. i ncubation acillue B. chromobacter N. & Amino basic N. 

250 
n 
Il 

Il 

11 

Il 

n 

150 
Il 

11 

Il 

" 
li 

" 

Il 

li 

" 

I ni t ial 
24 hours 
4 da.ys 
7 d.ays 

11 daye 
15 days 
20 days 

Ini t ial 
2+ hours 

4 days 
7 a.ays 

11 days 
15 daya 
20 days 

I ni t i 
24 hours 

21 heurs 
4 days 
7 day a 

11 daye 
2 days 

Per c o fl uid 

48 , 6uu 
48 , 50) 
3'+, 50 
38, 5 0 
20 ü00 , 
l , (JQ 

• 6uv 

- --- ---
- --- ---

22 , 300 , 00 

7ou, o , CJ 
2 ,40 , ()0 

- --- ----
6, (, , u 

- ----

0. 557 
• 74i 

1. 026 
1 .1 24 
1. 91 
1 218 
1.195 

0. 557 
. 576 
. 753 

0. 878 
.895 

ü. 232 
1 .19.3 

. 557 
0. 553-

. 486 
• 51 

0. 565 
u : ~~g 

rame musol e 

o. 844 
0.1458 
~ l ?i6.-3' 
0. 22 
0. 2709 
.3035 

o. 3254 

0 . 0844-
.11 77 

0.1 204 
0.1 31'"8 

.121 3 
0.1308 
0.1 701 

• •844 
v. 8 9 
v. 928 

.1184 

.1022 
• 083-'+ 

o. u754 

. 0224 
0264 

0. 0604 
• 0565 ? 
.11 53 

0 .1 235 
0 .1 634 

0 . 0224 
ü . 248 
0. 0302 
c . 0336 
o. 387 
0 . 0368 
o. c,527 

. c 4 
• 0l Si.!-. , ) 
. 0285 

v. (;2..t-5 

The Aohromobacter ty~e made i ts appearance on the plate 
counts after t he 4th da.y and di sa0peared aga i n at 11 d.ays . At 25° 
there was a rapid i ncrease of Achromobaoter between these daye , 
whil e at 5° t his type had disappeared al ready after 7 days . 

From Table IX i t can be seen t hat at 5° t here was a 
rap i d i ncrease i n Non- coagul able Ni t rogen, which aoon came to an 
equil i br ium, whil e i;he Amino and Ammonia Ni trogen as \Vell a s t he 
volat ile basic Ni t rogen i ncreased rap i dly up t o t he end of t he ex­
per iment (20 aays), i ndicab i ng t hat at 25° 0 . a very r a;> i d decom­
posi t ion of peptones and pol ypept es t ook place . 
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At 15°0. all t hree forme of Ni t :rogen tested increased 
moderatel y r a idl.y, while at 5°0. a decided deorease of Non­
coagul abl e N. and Amino N. t ook pl ace during the second hal f of the 
experiment, and only a very slight i nc r ease of vol atile basic N. 

The contaminat ion of the Bacillus vul gatus cul t ures 
1vith Aohromobacter ·eeems to shov; i ts i nfl uence apprec i ably only 
at 25°0,, which is r ather int er est i ng sinoe th is temperature is 
almost the opt imum for Achromoba cter apeci es isol ated from 
ao il and water (Bergey).. The cul t ure of :ea.0111 us B. was 
purifi ed and used for the l ast eeri es of i noculations . The 
result s of · t hese determi nations are found i n Table x. 
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Table X 

The effect of Temperature upon the rate of 
deoomposition of haddock muscle by Baoil us B. 

22 

Temp. Time of in- Bacterial Non-ooag. 
N. 

Ammonia & Volatile 
Amino N. basic N. 

i50 
n 
n 
n 
n 
11 

Il 

10° 
" 
" 11 

11 

Il 

50 
Il 

tJ 

tl 

n 
Il 

tl 

oo 
n 
n 
tl 

Il 

n 

ooulation Count 

Initial 
4S heurs 
7 days 

10 daya 
17 daye 
23 days 
30 da.ya 

Initia l 
48 heurs 
7 da.ya 

10 da.ye 
17 de.ya 

3 daye 

Initial 
48 heurs 
7 daye 

l days 
16 da.ya 
24 daye 
31 daye 

Initial 
48 heurs 
7 d.ays 

1 d.aya 
16 è.ays 
24 d.aye 

per o.c. 
fluid 

grams per 
muscle 

0.345 
. 477 

0. 639 
. 843 
. 819 
,792 

0.339 

0. 345 
.427 
.639 

0. 690 
. 588 

0. 548 

0. 345 
0. 391 
0. 548 
0.704 
' .584 
. 558 

0. 536 

31+5 
0: 468 
0 .. 675 

• 53 

• 0835 
. 0910 

0. 0871 
917 

0.1748 
0. 2472 

. 2606 

0 0835 
o. 0795 

0871 
0. 0789 
0.1518 
0., 1033 

o. 835 
• 835 

o. 7b7 
.0833 
.1715? 

u. 1324 
. 1367 

• 835 
(; . 8 l 
o. 680 
o. 781 

. 1396 

s 

o. 0265 
0.0450 
0. 0749 

. 0774 
0.1116 
O .. J42J 
0.1587 

. 0265 
0.0278 

. 0578 
v. 535 

• 711 
o. 077e 

• 265 
u. 289 

• 315 
• 3-84 
. 0023 

v. 685 
o. 923 

• 265 
0 026$ 

. 0281 

.. 314 

The results of this experiment shO\v a remarkab le simi l ari ty 
t o Series II - Table VII . Here again we fin uniformly a deoreaee 
of Non-coagul able l i trogen after l da.ys (7 daye 11 i ncubation re­
specti vely at 0°), while the Amine and Amnonia N., as well as the 
Volatile basic N. inoreased in amount up t o the end of the experiment . 
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V - Di scussion 

In order t o r el ate these temperatu:r e eff ecta t o t ho ae of 
ot her organi c r eaot iona , the mathemat ioal f ormulae r eferred t o in 
Sect ion I ere appli ed. To do this , the velocity of the r eaction 
uring defini te periods was calculated f rom the va lues found f or 

t he di ff erent f orma ~f Hi trogen . Since the breakdown of prot ei n 
i nto s i mp l e ni t roge:npus compounde such as ammoni a and am i nes 
i nvolves many processes and i s oatal yzed by a seri es of enzymes , 
we would expect t .t the temper~ture coeffici ent der ived at the 
di ff erent stages which we are f o+i owi ng i n our experi ment woul d 
var y . A defini te di ffe r ence i e i ndeed sho n at certai n stages 
where one procees , the breakdown from pro tei n i nto peptones an 
olypept i dee f or i nstance , i e proceeding faster than the other. 

As the proc~~s approaches an e ui libr ium the values for Q10 , 
obtai ned in~tl!fferent r eactions tend t o approxi mate t o eaoh other. 

e will now anei der each of the experiments separatel • 

(a) Aut oly si s - From the data in Tabl e IV the average veloci t y 
of t he aut olyt ic decomposi t ion of the haddock during def ini te t i me 
i nte rval i s obtai ned, an t he values r ecorded i n Tabl e XI. 

Table XI 

Veloci ty of Aut olyt i c Decompos i tion of Haddock 
Muscle at Di fferent Temperatur ee 

Ti me 
Temperatur e days days days 12 days 

(a Uon- coa ulable Ni t ro en 

35°C. 
25°c . 
1 °c. 

()O C • 
.---

0 .117 
o. 4-6 

• 11 o. 09 
u. 02 

b .Ammoni a and Am i ne Nitro en 

35°C. 
25°c . 
10° C. 
o0 c. 

• 171 o. 031 6. -
0 . 0133 • 1$0 -

• 0 52 O. 81 
() 4 

o. 
u. o 2 o. 5 

o. v< 69 
0.01,.; 2 • ü 3 
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It is evi dent thet at 35°0., t he gr eatest veloci ty in 
t he i nitial breakdown of the proteins i nto peptones and pol peptides 
etc . is reached during t he first t\ver.ty-four heurs, a·h 25° t he 
average velocity a t t he end of t o day s is about 173 of that at 
35°0. The a ctua l veloci t at 5° during t he 2 48 hour i nterval, 
ho•ever, i s gr eater t n th~t a t 35°. At 10° the velocity remains 
low even after 6 day s, whi le a t 0 i t i s negligi ble. As me~sured 
by amine and amm oni a Ni trogen t he veloci ty at )5° i s higher a t 48 
heurs t han at 24 heurs, which one woul d expect since there are then 
more of t he i ntermediate products t o act upon . For the values 
Ki and Ko in t he f ormulae given in Section I for the c~lculation 
of 10 and ..Âi , these v loci t ies a re substituted and the temperature 
uotiente and i ncrements dete rmi ned for the va rious temperature 

intervals (Table XII). 

T bl e XII 

Values for 10 and tl during t he aut olytic 
decomposi t ion of ddock muscle at di ffe r ent 
te peraturee., 

Interval Time Q1 /u -Pro uct 

(a)35° - 50 1 day 6. 6 33 14 Non-coag . 
35° - 250 f days 2 .544 17: 166 Il li 

250 - 1 0 days 2., 595 17, 64 n n 

10° - oo 4 days 4 .. 50 23, 2ei t1 11 

N. 
t1 

11 

Il 

(b)35° - 250 l d.ay 1.,2$5 4, 62 Ammonia & Amine 
35° - 250 2 d.ay s l.75t; 10 ~ 350 Il Il 

25° - 1 0 days 2. gg qgo Il Il 

l QO - oo 4 days 2 . 25 i1; §22 n tl 

J. 
Il 

n 
Il 

This i n itia l high va lue for_,,ll , as in XII (a ), i s a lso 
noted by Oeterhout (1917) i n aevera i procesae , and he believes it 
t o be due t o so e inhib i t i ng f a ct or . Aft er 48 heur s in the interval 
10° to 35° the i nitia l oleavage r eact ions a re apparent y govern d 
by t he aame con~lling f a ot or,but below 10° t he unuaually high 
values might i ndicate t hat the limit of normal enzyme a ct ion had 
been Passed. In thi e connection Kanitz (191 ) found t hat for onlp 
certai n i nt erva la, where life proceases could continue norm ly, 
could the RGT rule be ap li ed. Below t hi s temperature Q10 waa 
abnormally high, above i t abnormally low ., The low v lues of 10 
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from XII(b) woul d euggest that a phys i cal p rocess , probabl y 
di f fus ion , r ether than a purel y chemi cal one was the oont rolli ng 
r eact ion during the i ni t i 1 stages . After t o daye , suff i c i ent 
of t he sol ub l e produ..o ts of pro teolysi s such as peptones <=tnd 
polypept i es have di ffused through the med i um t o euppl y t he er eptic 
enzymes which themselves had t o diffu se out f rom t he cent r e of 
f ormat ion , wi t h ~ substrate contai ni ng excess materia l upon hi ch 
t o act . Thue Q1 a proxi mated t o 2 . Si nce theee f i gures r epr esent 
t he r eeults of only one experiment and not the average of severa l, 
t hey ehoul d not be consider ed more than an i ndi cat ion of t he general 

r en of the process . As such they probably just i f y the applicat ion 
of mathema.tioal f ormulae hich would otherwi ee be open t o qu esti on 
from euoh i nsuffic i ent dat a . 

Crozi er (192 5) etates t t for a si mple ohemi oal prooees 
~û ri es f rom 4 , uo t o 35 , • For the forwar d movement e of 
Paramec ium Glaser (1924) found f or a range of 6°-15° 0 that ,,,U., wae 
e ual t o 16, 0 , and from 16° - 4v° C. t o S, ou , ~nd suggests t hat 
an oxi dat i on may be r epresented by 16, o 0 ~hi le ei t her mo fi ed 
oxidation or an hydrolysi a by $ , • In Table XII (a) the value 
f or t he temperature i nc r ement between 35° - 25° f or t he f ir st 4 
hour period i s about twi ce t hat f or the 48 heur one at t he same 
temperature range and at 25° and l 0 • I n Tabl e XII(b ) judgi ng 
by t he .-tt- value , t he eame proc esses a r e act ive at 35° - 25° i n 2 
daya a s a r e found ~t 10° and 0 i n f our clays . At 25° - 1C0 t he 
~ lue i s just doub l e t hat at two d.ay e Theee va lues for ,,{,(_, 

correspond t o t ho ee r eported i n ot her b iologi cal r eact ione of 
di ff er ent t ypes4 Quaet el and hethan (192~) have eho\vn t hat t he 
velooi t y of reduc t ion of methylene blue by B. coli at constant 
temperature is a f unot ion of t he pH. Crozi er (192Sb) suggeste 
thi s as a poss ibl e r eason why i n biologica l oxidation 't he i norement 
11,500 and 16,800 a re bot h f ound; t he va lue 11. 50 bei ng rather 
defini tel y a esociated ~ ith t he OH - ca t alys is. Si nce t he pH ries 
onl y sli ght l y during t he process of autolyei s of had ck muscle 
(Reed , Rice , Si ncl air, 1926) thi s fact or doee net i n any li kelihood 
af fect the ,,u v lue • 

.P ro tei n decomposi tien by aut ol-srt i o enzymes f ollo .. va 
Van 't Hoff' s l aw , t herefor e , only during cer tai n phase s of t he 
r eact ion; i n ot her worda only at those t i mes and temperatures where 
t he enzyme concent rat ion remai ns constant when the f ormat ions of 
enzymes keep up ~i th enzyme dest ruc t ion 

(b) fi i xed Cult ures of Bacteri a - Several \Or kers (Rahn , a r d 
Barber ) hr~ve shown th< t bacterial growth f ollows Van ' t Hoff 1 s l aw 
(Q1 e ua l e - 3) onl y wi thi n narrow limi t9 at medi um temperatures, 
but i a not appli cab l e over the r est of the r ange . The temperature 
coef f ici ent f or the rate of growth of bacteria i e not cons ant 



MS Reports Biol . Boa rd 

but varies from zero at the temperature maximum t o i nfinit 
ne~r the freezing point . 

l rshall ard (1895 ) determined t he tanper t ure 
coef~icients of B. r a.mosus '"li t h the follo ving r esults :-

Range l 

14 - 24-0 0 . 4. S 
15 - 5°0 . 3. 4 
15 - 2t; 0 c .. 2. Sl 
18 - 2s0 c 2 , 3 • 
21 - 3100 . 1 . 8 
24 - 34°0. 1. 2 
26 - 36°0. 1 . 2 
2$ - ~0 0 . . 9 
3 - 0 0. 0. 7 - ü . 
31 - 41°0 . o. 

The "\ariat ion of the temperature coefficient may be seen i n a 
gen ra l way f rom the follo1i g graph: -

~ 
tO 

~ 

I 

10-zo 

A Q10 of from 2-3 i s given i n a temperature range of l 25° f or 
the urat ion of diff erent generatione i n an organiem 1 olated 
f rom meat ; growth at 0° i s , however, extremely slow. (M~ll er 
1903 ), Kanitz (1 923) has o loulated from the data of Chick (1913) 
and Barber (19 8) t hat for B. coli between 22~C . ~nd 38° , Q10 is 
e ua l t o 2.1. 

26 
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The temperature coefficient not only varies with the 
temperature, but also wi th the t i me For an i deal growth curve we 
find that at medium temperatures Q1 has a changing value starting 
out from i nf i ni t y at the beginning of the phase of adjustmenu , de­
creasing r api dl y t o reach 3-1. 5 dur ing the phase of logari thmic 
growth and further decreaaing t o 1. during the phase of negat ive 
acceleration up t o the phase of criais, and will deorease to zero 
after the phase of decreaee . 

Graph II 

I \ 

J \ 
\. f 
~3 

a- b phase of adjustmen.t 
(initial stationary lag phase) 

b-c Phase of . ogari thmic growth 
o-d " of negat ive acceleration 
d-e n of criais 
e-f " of deorease 
f-g n of readjustment. 

Irregularities i n the growth r ate such as an initial 
decrease of bacteri a uring the phase of a juetment or abnormali ties 
during the phase of deo r eaae will alter this change of Q1c, from 
that of the i deal curve. In thi s experiment wi t .1 mixed cultures 
plate oounte were not made , but s1nce the amount of change ie 
dependent upon the nu.rober of bacteri a pr esent , at leaet t o a l a rge 
extent, we may expect to find t he Q1 values va rying i n a similar 
manner. 

. From the da.ta i n Tabl e V, the veloci t iee i n Table XI II were 
calculated. It i s uite evident that a temperatur~ of 35° faveurs 
t he multiplication and aot ivity of the organisme present to a marked 

_ degree. After 7 days the velooi ty figure at 0° i e still low, 
a l though at 1 ° we ve had a oonaiderable increase, As previouely 
the values 0.1 0 an<;,,u were calcula ted from the velooi t iee 
(Table XIV) . 
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Table XIII 

Hadaock muscle at diff erent temperatures 
under the i nfluences of combined autolytic 

nd bacterial action. 

Temperature 1 d.ay 2 days 5 days 

(a Non-coa lable Nitro en 

35° .1s4 0 .207 
250 o. g .142 
10° • o. 26 

oo • o. 17 
b Ammonia and Am no Nitro en 

35° 
250 

126 1 0 • 0 028 • 

7 da.ye 

o • 594 
• 15 

• 1 5 
. v 29 

Except for the abnormally high va lue between 35- 25° i n 
th~early proteolytic cleavage, all these prooesses are of about 
the same or der if we may judge f rom the Q1 and fa values 
(Table XIV) , which are all very low. Phyeical processes such as 
diffusion in all likelihood contributing to the low Q10 values 
here also. In mixed cultures however we have such a variety of 
processee occurring concurrently that it is su:rprising that aven 
this degree of uniformity prevaile. If a high Q10 lue may be 
taken as an indication, 1 ° or below are beyond the limite of the 
normal change of intermedi ate nitrogen products to amino acide 
and ammonia. Or posaibly aga in diff erent organisme are active 
at these temperatures, as indeed was found on plating from the 
digests. 

28 
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Table XIV 

Mathematical Relationship of Temperature 
to the Decomposition of Haddock Muscle at 
diff erent temperatures under the influence 
of combined autolytic and bacterial action. 

Temp. Interval Ti me 10 .-Product 

35° - 250 l day 2.250 29.280 Non-coagul able 
35° - 1.458 25° 2 d.ay e ~-932 " 11 

10° - oo 5 d.aye 1. 5:2 . 58 11 11 

1 0 - 0 7 days 3,950 18,, 008 Il Il 

35°-- 25° l da.y 1.436 6.662 Am.rnoni a & Ami no 
35° - 25° days 1. 286 4.640 11 Il 

1 0 - oo 5 days 4.500 23. 80 11 11 

10° - oo 7 days 3. 5207 19.920 Il Il 

N. 
11 

11 

" 
N. 
11 

Il 

Il 

(c) B. mesentericua vulgatue - It is r ather more difficult to 
derive the relations of temperature to the proteolysis produced by 
this organism since we are dealing both at the beginning and the end 
with negative velocities, that is the substance from whoee increase 
we are calculat ing our veloci ty va lues at these t\""O periods shows a 
definite decrea se; in which case it seemed advisable t o dieregard 
the phases of deorea se an deal only wi t h the logari thmic phase of 
growth. Coneidaration of the gr aphe will probably be sufficient 
~ithout embodying all t he velooi t ies in separate tables, 

9 
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Table XV 

Velooi t ies, Q10 and_,.il values , pertaining 
in the deoompoe i tion of Had ok Muscle by 
B. meeenterious vulgatue. 

Interva Time V1 - V0 

35 - 25 3 o.1a1 - o. 043- 3. 513 23. 260 
25 - 15 3 o. ~ - 0. 005 7.166 33 , $20 
35 - 25 7 0 10 - 0. 059 1. 76 1 , 42 
25 - 15 7 • 59 - o. 31 1. 903 10 , $40 
15 - 5 7 . 031 - 16 1. 937 9,424 

35 - 25 7 2 4- 3 . 9~3 6, 610 
25 - 15 10 0. 0054- 1.8 l 0, 692 
15 ~ 5 l 029- 2. 9 17, 099 • 
15 - 5 14 05 3. 846 23 , 42 

3 

N. - produot 

Non-coagulable N. 
n 

" 11 

" 
Amino and 
Ammonia N. 

Il 

" 
35 - 5 7 .o 24 6. 54 4, 48 Volatile Basic N. 

43 18,74 25 - 15 7 0 . 00 55 . 81 " 
35 - ' 5 3 14,53 , 0 4,863 , 333 2. 988 Baoteria l Growth 
25 - 15 3 4, 853, 333- 295 ,657 16. 37 Il 

35 - 5 7 6,37 , 6, 37 ,ooo . 37 11 

25 - 15 7 , 37 , - 3, 51 ,857 21 . 3 Il 

25 ... 15 10 4, 959 , - 1,859 , 0 . 56 Il 

V1 and V0 represe~t t he velooi t i es at t 1 and t r espeotively. 

The data i n Table XV- a r e derived from Table VII . In thia 
experiment an equilibrium ha been r eaohed in all flasks after 

7 days ; t he Q10 va lue for the change of native protei ne i nto non­
ooagulable r. is at this stage e ua l to almoet , and t he r eaot ion 
would therefore appear to fo low the RGT rule. The values for~ 
are also approximately equal, so th~t all the pr ooesses a re governed 
by t he sa.me oatalyste (Crozier, 192&) · At 3 d.ays the r eaotion ie 
uite different , if we may judge by the high values obta i ned for Q1o 

andp • There is muoh lees uniformi ty i n the velooi t y of produo­
tionpf amino and ammoni a Ni trogen at the lower temperatures . whioh 
may be related to the fact that , though an equilibrium seems to have 
been r eaohed at the higher ranges, at these temperatures the prooess 
i s still oontinuing upwar d., Volatile basic Ni trogen arises from a 
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very complicated and ried series of reactions and it would appear 
that temperature has a decidedly different effeot at 35° than at 50, 
if we judge by the Q10 value; the .,.,a values at 35-25-15° are 
almost identical. Summarizing the reeults from the three seriee, 
we do find that during the phase of logarithmio inorease and at 
points 6f e uilibrium mathematical valu s all lie ithin the limite 
of about 2 and 3. Sinoe the decompoaition of the muscle depends 
upon the amount of enzyme present and this in turn dependa u.on the 
number of organisms present, we are not at the aame time aecuring 
identical or even approximately identioal reactione in the flaeks 
incubated at the fferent temperatures, beoause the primary effect 
of the temperature is in increasing or decreasing the growth rate 
of the bacteria. e must therefore expect that at the sa.me time 
interval we may in some cases find a quite different mathematical 
relation at different temperatures due to the fact that an entirely 
diff erent stage in the chemical prooess is in progress, at higher 
temperatures more advanced stages being found For thie reason 
it ould have been better in some cases to coneider a oo stant lue 
of eaoh form of Nitrogen and compare the length of time taken at 
each temperature for this to be formed; the objection to thie was, 
however, that the time intervals in eome cases were eo short at 
the higher temperatures, and as they had to be judged from the 
graphe whioh had insuf _icient points to determine very aocurately 
the aotual course of the curve, it was considered to be subject to 
too great error to be of any practioal value. 

Jg) Bacillue B. - The velocities nd mathematioal relations 
were determined from Table X, and are indioated in Table XVI and 
XVII • 

Temp. 
Interval 

Table XVI 

The velocity of decompoeition of haddock 
muscle at diff erent tempera tures by 
Bacillue B 

2 days 7 days 1 d.ays 17 days 

Non.-Coag. N. 

i50 .042 • 5 
10° 0.042 0.035 

50 . 9 • 36 
Qo u. 048 • 019 

23 days 3 da.ys 

65 

31 
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The velooitiee represented re the average daily velocities 
during the eriod of time elapsing between e ch determi?l3.tion. Up 
.to 10 days tha aocel eration produoed by te:nperature ie positive, there­
after negative . The 30 daye 1 figure is not very valuable , as during 
thia period oons i derable hydrolysis of the proteins ~i 1 have occurred 
even in the preeenoe of the s ~ i ne alone wi thout the presence of 
enzymes. Bao i lue B. does not show the ini ti~l decreaee which wae 
observed with the previoue organism. 

In Table XVII we ve again the i nitially high values of 
Q o and ~ during the initial stages, deoreasing during the log­
ar i thmio phase and finally reaching an almoet constant value at all 
temperatures. The velooities obta i ned when oalculated :rom increaee 
i n amino and amonia Nit rogen figures ere too va ried to be of suffi­
cient signifioanoe to record here . The high Q1 and~ obtained 
from caloulation of the increase i n volati e basic :u trogen are also 
comparative i th the high va lues we secured when calculating the sa.me 
from the revious seriee wi t h B meeenterious vulgatus. 

Table XVII 

Mathematical Relationship of Temperature to 
t he Deoomposi tion brought about by B cillus 
B at different temperatur s. 

Temp. Inte rval Time Q1 ~ u. - product 

15 - 50 2 d.ays • 87 16,9 6 r:i· C-N 
10 - 0 7 d.e.~r S 87~ 5, 938 t1 Il t1 . ./ 

15 - 50 10 daye 1.389 5,' 7 li t1 li 

l oo 1 days 1 851 9, 528 Il 11 li -
15 - 50 days 4.708 32 , 600 Vo t ile l i trogen 
1 0 day s • c 19-,398 Il n -
15 - 50 7 d.ay e 1 . 000 35 ,~ li " 
15 - 50 l da s 4. 250 24, 0 Il t1 

l e. - oo 1 days 23.12 1 ,78 t1 t1 

15 - 50 17 d.ays 2. 2 11 t1 

10 - 0 17 days 19. 375 li n 

l.5 - 10° l day e 1 783 Baoterial grO\'ith 
15 - 50 10 days 17 13 t1 t1 

1 50 1 days 164,.55 t1 n -
15 1 0 3 days l 36 t1 t1 

15 - 50 3 day e 2. 684 n n 

10 - 50 , 3 days 6 34 Il t1 
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Q1 f or bacterial growth shows uni formly higher values wi t h de­
cr eesi ng temperature r ange·, and decreasi ng va lues f or t he same 
r ange wi t h increasing t ime. 

SUm.mary 

1 - An attempt has been made t o arrive at a quant i tative 
esti mate of t he ef fect of t emperatur e upon t he decompoeit ion of 
haddock muscle. Thi s hae been coneider ed from t hree standpoints 
(a) t he ef feot of temperature upon au t olyt ic decomposi t ion (b) 
upon t he decomposi t ion brought about by mi xed cult ures of bacteria 
normally oc cur r i ng i n t he deoomposi ng f ish (c ) upon t he decomposi t ion 
resul t i ng from i noculation of sterilized mu scle wi t h pure cult ures 
of Bacillus types ver y pr eval ent in the slime , gille and intesti ne 
of t he fi sh i tself 

2 - The progr ess of t he decomposi tion was f ollowed by 
det ermi nat ion of t he i ncrease i n non- coagulable, ammoni a and amine 
and volat ile basic Ni trogen. 

3 - Aut olyt i c decompoei t ion proceeded rapi dl y a t 35° and 
25° but much more elowl y at 10° and wae pr aot ica l l y negligible a t 
0° even af t er 12 days . 

4 - Al t hough at 0° i n the muscle i ncubated wi t hout 
t oluene t her e was an i ncrease i n the producte of pro teolytic cleavage 
over that produced by aut olysi s alone·, decomposi t ion at thi e 
temperature was very slow. 

5 - Ti.vo Baci llus types , B. mesenteri cus vulgatue and anot her 
clo sel y rel ated form produced as was t o be expected thei r gr eat est 
change i n t he protei ne at the higher tempe ratures , but al so an 
appr eci abl e one at 50, and somewhat l ess at 0°~ The fo rmer produced 
an initi al decrease i n non- coagulabl e Ni trogen due t o the ut ilizat ion 
of these producte i n the growth and production of enzymes. 

6 - Temperatur e coef ficients fo r these processes during t he 
phase of logari thmi c i ncrease appro xi mate t o 2 t o 3, some however, 
are low as has been found elsewhere f or enzymatic act ions , which 
vrill pl ace them i n Ol s.se III of Przioram ' s cl a ssificat ion. Changes 
i n t he value of~ during the decompoeition show t hat dur i ng t he 
pr oceas cont rol passes from one r eaction t o another, or pe rhaps 
eever al ot hers i n t urn .. Temper e:tu re i ric r ements f or the same period 
cal oulated on the baei s of inc r ease i n any one of the three classes 
of protei n decomposition produots are not equal eo th~t the reactions 
appear t o be more or l ees i ndependent . 
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Figure I - Autolytic and Eac~eridl Decom_oeition cf H~ddock 
_Juecl e a t i ifferent tem er~ tures as measured by 
Incre!!l.e0 of non- coa. l able IJi trogen (Data for 
Table 4&5) . 

Figure t L- Autolytic and Bac·~erial Decon os i tion af Haddock 
:.ruscle at d ifferent tem eratures as measured by 
t he i ncre::.se i n A i ::.10 ::ma. A ionia Fi tro>-.. ~m (Da.ta. 
f or Table~ & 3) . -

igure III- I :r:i crewse ir A. o. i~ a:._d A i no ·:1·.;rogen during the 
eame p1~ocess (Data - T ·o e 7) . 

Figure IV ~ Increase 11 Non-co gul abJ e Ni trog n du.xi. .. g -+.;he 
Decom~ sition o~ Ha n ock by B. mesen~ericus 
vulga t us . (Dt. ta - TabJ. e 7) . 

• - 35° di gest· 
o - L 0 dige st 

• ,. 5° digest . 
X <.P • i_,;e st . 

In te.bles ·~here i nterv 0 l s 15° nd 5° 
i'l'lte rva ls 10° e.nd (1° , the eigns st "'let for 5° 

!'e used a:d 
.na. for 5° . 

Combined auto ytic s.:. d bac~er iel a ction . 
Auto ~rtic act i01~ .... or:e . 
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