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On the Rate of Preezing of Fish Muscle. 11

By G.0. Langstroth

Abhstract.
The time of freezin:

g of various thicknesses of Haddock
reqvgifgs rrom 0,768 cm, to 2.3l cm
dev

,» with bath temperatures of from
ds The values of the conductivity
eveloped in a previous paper are found to

=T L %a =1D5;5%: ie dstermine
calculated from an equation
be constaent within the 1limit of experimental error, thus indicating
that the theoretical equation gives corrsct results under experimental
conditions. The values of the constvants in the freezing equation are
altsy given Ior several other specieswy of fish.

The provlem of the rdie of f{reezing of figh muscle H&E bBecl
treated by means of a one dimensional Fourier analysis* with the
assumption thau the muscle while not in the actual process of freezing
ig @ hcmogepous medium, A first approximation equation is of the

form o

I h© ,~_/2y_ (7-6)
where t is the time of freewi g, € is the thickness frozen,  ©1is the
density, T is the temperature of the bath, @ ig the frev71ng point of
the fish, and L and k are bthe latent heat and the conductivity
respechivaly. All constants rsfer to the LlSh in the frozen state.
It was the purpose of this worl to investigate whether this analysis
could be applied to actuel exverimental co ﬂaltlons with sufficient
acecuracy to warrant itds use, ana if so, to determine the necessary
constants so that knowing the thickness of the fish to be frozen and
the bath temperature the time of ireezing could be calculated, i

The method of measurement of the time of freezing consisted
in determining the temperature of a small plate in thermal contact
with the fish muscle, which in turn was in contact with a plate at a
consvanc low tempersture, By taking the temperature at intervals it
was possible to follow the history of the layer of fish farthest from
the freezing vlate and hence to determine the time of freezing of the
wholae toig¥mess of fish,

S rMiEy i roth. . i v.. .. TeanE, 'B.8. Inst. Sei. - 1978,
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The apparatus was as shown in Fig.1l. The constant tempera-
ture bath A was of six gallon capacity. The cooling agent was a
water-ice-NaCl or a water-ice-CaCl solution. Stirring was accom-
plished by means of two motor driven propellors, The oylindricel
container B whose bottom served as a cold temperature plate, was
removable from the bath. It was about ten centimetres in diameter,
The thermocouple plate C was abouﬂtwo centimetres square and the
constantin-copper thermocounle was soldered directly to the back of it.
A sample of fish about six centimetres square was placed on the cold
plate so that it did not touch the sides of the container. The -
thermocouple plate was placed on top of this and was held in place at
constant pressure by the spring D. The top of the container was then
packed loosely with wool so that the sample was surrounded by a dead
alr space on all sides excepting that against the freezing plate. The
temperature of the bath was rsad from a thermometer inserted directly
im 3%, - " b

: The sample was kept in the container in a crushed ice bath
to insure a standard initiel condition of the fish. At a noted time
the container was introduced to the freezing bath and the temperature
of the thermocouple plate was read at intervals of two minutes. The
thickness of the fish was measured with a centimetre rule directly on
its removal from the bath,

The readings of the temperature of the thermocouple plate in
terms of microvolts were plotted against the time and gave curves such
as that in Fig.2. The ordinate of the point at which the sample
began to act as a homogenpus medium ---i.e., where the curve becomes
nearly a straight line----was taken as the time of freezing. The
assumption that the time talten for the fish to cool down to its freez-
ing point is negligible with respect to the time taken to freeze it
seems a sound one, Since with the exception of k, the values of the
constants in the equation are known™™, the value of k can be calculated.
This was done for Haddock over a fairly wide range of thicknesses and
bath temperatures and the results show k to be constant within the
limit of experimental error, although some variation might be expected
in consideration of the type of material under investigation. The
constancy of k within these limits denotes that the equation may be
applied under conditions approximating one dimensional freezing, Such
types of freezing as used ty the Atlantic Coast Fisheries, Kolbe, and
to a lesser extent the Experimental Station at Halifax fall in this
class,

**¥ Chipman and ILangstroth....Prans. F.9. Inst. Heci., 1929,
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The results for the work done on Haddock are given in the
following table.

Pable 1,

Thickness Bath Temp. Conductivity Exp, Time Cal.Time

1.30 T = Tk t Nols:-. I 66. 63, _
o ELE [ < 74 i D05 184. | 191. i
i 0.8 - 9.1 i 002 | o, | 18. :
' 1.80 - 9.8 ; L0808 | 4. | 39.
VoA -10.5 ! 037 1 ¥y 45,

1.44 =i5.8 | .0023 | 50. 48,

I . -10.9 | 0025 . oy I 22,

1.49 -11.9 ; 0023 5Q. 48, -

1.26 -12.4 | Q023 s = BB %2,

1.72 -14,1 ; L0088 ™ | 49. 51,

1.69 -14.8 ! .0025 46. 48,

1,42 -165,3 : LDUEE Sl 33

The column headed calculated time is given for comparison
with the experimental time, The values are calculated from the
theoretical equation using the mean value of the conductivit¥ from
column three. The following values were used for Haddock,™
1=63 gel/gm., 8 = -0.99C., €= 1.06 gm/ce., k = ,0024 cal/cm.Ce,
sec.

Since the evidence indicates that the theoretical equation
gilves correct results under experimental conditions, the values of
the constants were obtained for Cod, Herring, Salmon, Skate and
Mackerel. The results are given in the following tables.

-



Pabhle B, (Cod)

ER T k Exp.Time Cal.Tine
1188 "1015 00025 38» 58'
aSd =10 .8 JIOES 2. ol

- The following values for the constants were used,**
L=63 cal/gm., 6=-0,9°C,, ©=1.06 gm/cc.

Table 3. (Herring)

(2 T k Zxp.Time Cal.Time
1.07 -10.,2 0017 e B3,
0.96 . 9.2 .0018 580 590

The following values were used,*™ IL=56 cal/gm.,
s $=l.06 gn/ec,

es—l.OOC .

Table 4, (Skate)

€8 y k Bxp.Time Cal.Time
8.9 -12.0 .GQ20 294 i I8
1.15 —1002 00021 41. 42.

. The following values were used, ** L=60 cal/gm.,
8=-1.8°C., ,0=1.10 gm/cec.

Table 5. {(Salmon)

€8 T k/L Exp.Time Cal.Time
1:58 ~12.2 32 X 10‘2 43, 43,
1.70 -15.4 3¢ %39 51, 54,
0.87 18 %] X 10 20, 19,

The following constants were used, 0=-0.8<C.,
© =1.06 gm/cc.



Table 6. (Mackerel)

€d T k/L Exp.Time Cal.Time
0.81 _13.4 26 ¥ 107° 18 19
1.08 o ik, 8 g4 ¥ 2105 24 25

The following values were used, 8= 0,9°C,, .

@ = 1,07 gﬁl/oc.

The experimesntal error of observation causss an
error of less than eight percent in the above values of the
conductiviy., The valuss cheek to this degree of aceurecy -
with one exception - a fact which may seem rather surprising in
view of the nature of the material. It is probable that the
constants differ for fish caught at different times of the year,
but such variations should not be large enough to materially
affect the approximate value of the results. The samples used
for Haddock were taken from different fish which had passed
through widely different handling.

The values given for the conductivity mey vary by
quite a large amount from the "absolute™ conductivity, due to the
fact that the initial conditions are only approximately those of
the ideal case, and to the large experimental error involved.
The value obtained cannot be said to be closer than twelve per-
cent to the value of the absolute conductivity for a single run,
although the results allow the time of freezing to be calculated
to less than eight percent. It must also be noted that these
values are for the conductivity taken as an average value _
between -7° and -16°C., and that while they can probably be
extrapolated to a fairly low temperature they will not hold so
accurately at very low temperatures.

It was thought that the conductivity of the dark layer
of muscle along the lateral line was less than that of the white
muscle, since several runs in which this layer formed part of
the semple indicated this fact. Subsequent measurement of the
conductivity of the dark muscle however showed that in Haddock
there was no detectable difference, and that in Herring the value
was only very slightly lower, being two or three percent below
the limit of experimental error.



The times for freezing for different thicknesses of

Haddock have been plotted in Fig. 3. This has been done for two
bath temperatures (-10° and -18°C.) and for freezing from one

side and from both sides., The curves are drawn from values
calculated from the theoretical equation using the constants
which have been given in ths first part of this report. The time
of freezing under other conditions of temperature and thickness
_can readily be calculated from the equation itself.

Fig.4 is also given as arn illustration of the use of
this analysis. Here the additional thiickness of fish which is
"frozen on removal of thg semple from the. bath before freezing
is complete, is plotfed against the thickness of fish which has
frozen before removal, With high bath teanperatures the effect
is small btut it increases with lowering of the temperature. At
a temperature of -78,5°C (so0lid carbon dioxide) it contributes
appriximately twensy five pereent of the wholelsffect.

Summary .

The time of freezing of different thicknesses of Haddock
muscle with different bzth temperatures has been determined, and
the values for the conductivity have been calculated from a
previously developed equation. These values are constant within
the limit of experimental error indicating that the theoretical
equation may be applied to exnerimental freezing to give correct
results,

2. The constants in the equation have been determined
=for several 4iffershtl gpecies of fish.

) 3, Graphs are given which show the relation between the
-time of freezing and theg thickmess for a .few cases. Curves are
also given for the residual freezing effect investigated in the
former analysis.



Fig. 1.

The letters in the illustration have the following
significance;

Freezing Bath.

Container.

Thermocouple plate,
Constant pressure spring.
Cork.

Cold Temperature junction.
Thermometer.

nHEEHY QD




Su wo 25 : 17

i

~

£ B o G W QO . i

¢
©~

¥ii: 84

The ourve shown in Pig, 2 is typical of the data
-obtained. The point A was taken as the point at which the
fish was frozen. Points below 0°C. only are plotteds The
“sample was generally slightly above the zero point in
~temperature when intrcduced to the bath.
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