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The purpose of this article is the examination of Cod
frozen, stored, and defrosted in different wavs, with a view
to obtaining information leading to The elimination of Drip
and to some explanation of the fundarental changes in the fish
due to freezing.

Because of the many relevant factors a2 complete research
wes impossible in the time available. For this reason a review
of the conditions known to affect Drip and the Juice available
for drip is proffered to indicate those factors investigated and
thoes concurrently constent. Thesec conditions are:

(1) Pre-freozing troatment:
(a)~ History of the fish,

(b)- Temzerature conditions in the fish following
death.

(¢)- Time interval between death and freezing.
(2) Rate and Mode of freezing:

(3) Post-freezing treatment:

(a)- Tomperature changes in the frozen state, such
a8 storage time and conditions.

(b)- Rate and mofe of thawing.
(¢)- Temperature c=d 1rsssure variations during
pressing.

The experimental trcatment in this report is confined to
[2) and (3) necessitatipg constant pre-freezing history.
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Pre-freezing treatment

Due to the fact that in most cases, the fish used had
Yeen caught by an associate, the history of the fish prior te
freezing was known so that measures could be taken to ensure
constant ¢onditions in the experimental fish.

Temperature conditions were of negligible importence in
the cese where fish were immediately frozen or pressed and
elsewhere the fish was kept on ice at 33° Fahrenheit for twanty.
four hours until requiref for freezing.

Unless the fish was pressed immediately the time interval
vetween death and freezing was twenty-four hours.

Ratevgnd Mode of Freezing

Three different general types of freezing wera consifered
with their inmdividual range of temperature, They may be class~
ified as Brine, Air, and Reagent freezing.

Brine freezing wes ocarried out in a specially congtrueted
wooden container in whieth a fadrly repid end efficient circu-
lation was possidble through the action of a centfifugal pump of
low pressure and large volume powsr. The addition of ice made
i% possible to attein temperatures as low a8 -3°F., with regularity.
Lower temperatures could be produced by supplementing the brine
with Calecium Chloride. In this way a brine temperature range
of from -7 to plus 32¢F. was available fer sxperimental purposes.

Air freezing was eocomplished with the aid of the sharp
freezer of the National Fish Co. and for extremely slow freezing
the eold box at hand was utilized.

Reagont freezing is a goneral term for the use of guch
eooling media as Benzene, Liquid Air, Carbon Dioxide-Ether mix-
tures, and Carbon Dioxide snow. Of this type of freezing only
the latter two examples were investigated.

With the exception of this last general method it was
customary to fillet the fish and then pack them in tin folders
which had been coated with Paraffin. This arrangement served
to maintain a uniform thickness of fish as well as to prevent
infiltration of brine. Preliminary investigations indicated
that, at a depth of one~half inch from the sur¥ace the differense
in the rate of freezing when compared to that at the surface was
negligible. For this refson the experimental sections were cut
to approximately one inch in thickness. Furthermore thinner
gections were impracticable due to the size of the bulb of the
thermometer which was placed in the center of the mass of fish
in order %o oonstruct & cooling curve.
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The size of the Dewar flask used in freezing with Carbon-
Dioxide - Ether mixtures necessitated dividing the fish into
two smaller sections, the equivalent of those used for bdrine
and air freezing, each of which was frozen separately.

For purposes of these experiments the fish was considered
frozen when the temperature of the centre of the fish mass had
lowered to twenty-five degrees Fahrenheit. OWgervations taken
from the cooling curves indicated that at this point on the curvg
the tangent to the curve tended to parallel the tomperature axis
and this the latent heat of fusion of ices in the fish muscle
had been practicelly accounted for. Where a cooling curve was
impossidble, such as in the case of Carbon-Dioxide-Ether mixtures
the cessation of bubbling in the medium was used as the criterion
for complete freezing.

Post-Freezing treatment

The fish sections were conveyed to the storage room of the
North Atlantic immediately following freezing, where they were
glazed from time to time to prevent drying and where they were
either exposed to the fluctuations of the room temperature or
kept in an incubator at a tempcrature constantly above the max-
imum temperature attained by the room. The temperature of the
room varied from zero to 10°’. whereas that of the incubator
was twelve degrees.

Then desired for pressing the sections were allowed to thaw
in air at room temperature, about sixty~-seven degrees F., for
three houss,at the end of which time the fish was quite limp
and flexible, This length of time was arbitrarily adopted for
convenience Bfsarranging the experimental program. Consequently
this procedure wes investigated at a later date. The determin-
ation of the effect of different rates of degrosting was made
by using water baths kept at constant temperatures. When tem-
persture of the centre of the fish mass had risen to 34°F. the
scotion was considered defrosted because at this temperature the
curve for thawing had definitely deviated from the flat portion.

Other arbitrayy procedures were the pressing the fish by
subjeating to a pressure of fifteen pounds to the square inch am
& temperature of 35°F, Variations in the pressure and temper-
ature oonditions of the apparatus were investigated in a later
section of the work.



4 Ms. Report Biol. Board
Apparatus

The apparatus, as drawn in the diagram, consists of four main units:

(1) An expression system made up of a water-tight brass oy~
linder and an outlet therefrom.

(2) A lever system by which the pressure was adjusted.

(3) A weighing system consisting of a balance and a flask for
collecting juice.

(4) A cooling system by which the temperature was regulated.

For ready expression of juice the section of fish was enclosed
in linen and placed on a circular piece of wire gauze which fitted
tightly into the cytinder. This arrangement prevented clogging
of the outlet. Rapid drainage was made possible by constructing
the base of the cylinder at an amgle of 45° concavity. Retention
of fluid in the walls of the centainer was practically impossible
due to the fact that the cylinder was congtructed of brass.

Pressure was brought to bear on the section of fish by means
of a seven foot long hardwood plank acting as a lever on a solid
hardwood cylinder which fitted into the brass cylinder. The
wooden cylinder did not fit snugly but when a screen of wire gauze
wes placed around it the plunger slid easily and snugly into the
brass cylinder. 1In this way jamming due to hsa®ing and accumu-
lation of moisture was prevented. Absorption of fluid into the
wooden plunger was minimized by coating it with paraffin wax.

The pressure was regulated by adding weights to 2 box which hung
down from the extreme end of the lever-plank. At the point of

contact between the lever-plank and the wooden plunger the first
was fitted with a ground piece of cast iron into which fitted a

knife-edge piece of cast iron of the second.

Thus when weights were added to the box and the lever-plank
was placed upon the knife-edge of the plunger the section of fish
we.g s%geezed and the juice flowed freely through the gauze support
into the outlet. The juice was collec¥ed in a aerrow necked
Florence flask which rested on one pan of a balance.

In order to maintain a temperature as constant as pogsibdle
the cylinder was kept in a medium of constantly stirred water.
This water entered the water-jacket made up of an internal sheet
of galavenized iron and an external jacket of wood about two inches
in thickness. The water left by way of a constant level outlet.
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II. - The Effect of different rates of Freezigg on
e_Amount O p 2 veilable Juice from (0O sh
The first experiment was conecerned with the expressibdle
juice from sections of cod of the same weight and general shape.
These sections were frozen under different conditions and at
different temperatures. They were defrosted by leaving them
at room temperature for three hours. This time was found t0

be practically as good as those of longer duration, and more cone
venient (see Curve I). The methods of froezing were:

(1) Caleium Chloride brine at -20°C.

(2) Caleium Chdoride - Ice mixtures at -20°C.

(3) Air-freezing at -29°C.

(4) Carbon dioxide snow and ether mixtures at -~76°C.
(5) Sodium Chloride brine at -13°C.

Each section of fish weighcd 71 grams and after freezing and
defrosting it was subjected to 20 lbs. pressure and a temperature
of 34°F. It was found thet the loss in weight of the section
due to axpression of julce was not exactly equal to the fluid
collected and the difference was oalled the "lag" of the apparatus.
It was determined by subtracting the weight of fluid collected
from the loss in weight of the fish and cloth after pressure had
been applied., In most cases the lag was constant but there was
e general veriation from 1.7 to 2.5 gms. It was convenient to
determine the time required for oxpression of five grams of Juice
and this value was used as a standard for comparison of the

%1{{er§nt methods. The results of Experiment I are given in
able I.

TABLE I

Influence of Diffcrent Tenporatures of Freezi
on the Expressiblc Juice of Cod

o S

b |

Temperature | Time requirced for Leg of Time of Freesgi
Expression of 5.0 gms.| Apparatus

-76°C., 14 minutcs 1.7 gnms. 3 minutes
-76°C. 2y o iAoy 3 "

| -29°C. 110 " 1.0 * 240 "
-20°C, &4 " 3.7 % 0 -~
-20¢C., 42 o 1.6 * 48 "
«13°C. 2" » 2 " "
Gontrol | 184 ﬂ 3:7 ¥ ¥ e
Control 188 . 1.7 ©# -

T —— e
T —— - -

e — g ey
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Table I would suggest that there is no relationship be-
tween time of freezing and the rate of expression of juice.

It also suggests that thore is a zone of temperature above and
below which the juiee may be cxpressed less
fresh fish,

However the amount of juice lost by the defrost-
ing process was not taken into account.

ike that from

It is reasonable to

supposce that that section lesiug a large proportion of juice

by defrosting will have less avgilable for oxprossion and that

the smaller the amount of fluid lust by defrosting the nmore
will be available for cxpression.

Experinent II was done to investigate both the drip from
defrosting and the Jjuice expressible from sections of fish
The methods were:

from different temperatures.

(1) Carbon Dioxide snow-cther mixtures at -76°C.
(2) Air freczing at 8°F. or -13°C.
(3) Brine freezing at -3°F. or -19°C.

The pressure, temperature factors werc the same as in
Experiment I except that the standard wes the time required for

expression of 10 gns. of fluid.

4

The results of Experiment II are given in Teble II.

Influence of diffcrent Tocmperaturcs

TABLE II

of Freezing

on_the EXpressiblc Juicc and Drip from Cod

et -y ——————— ——

Temperature Time Required for | Lag of | Time of | 3 Hours
- Expression of 10 gms.| Apparatus| Freezing| Drip
-76°C. 15 ninutes - | 1.95 | 3 min. 1.3
-19°C, 30 " |  Balk 14 v 6.6
-13°C. 36 " | 8.8 360 " 15.3
-139C. 20 " % 2.1 240 " 10,0
Control 36 " x 2.2 -- -
Control 42 " 2.35 | ~-- --

—
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The results in Table II show that whereas the rate of
expression of juice from these different sections varies
universely as the temperature, the amount of drip in three
hours defrosting varies directly as the temperature.

Experiment III was performed under different conditions.
The range of temperatures was extended. The fish sections
were put in half-pound tine and sealed. The tins were then
frozen in brine, and Carbon Dioxide Snow at the following
temperatures: 15°¢, 2°, 0°, -105°F.
The cans were then defrosted at 20°F. for one hour. The new
time for defrosting was found satisfactory for the new condit-
ions. Drip was calculated by the difference in weight of each
can before packing with fish and the weight of the can after
removal of the defrosted fish section. The weight of cach
section of fish was 232 grams. These scctions, when defrosted,
were subjected to 20 1bs. pressure and a temperature of 34°F,

The results of Experiment III arc given in Teble III.

TABLE IIIL

Effect of different Tcmperaturcs of Freezi
on_the EXpressiblc Juice end Drip from Gog

- -

Temperature | Time Required for Lag of TimeQ@f | Drip in
(°F.) expression of 10 gms.| Apparatus|Freezing one hour
Mixture
-105 30 1.05 60 Be7
0 33 2,30 60 7.1
+2 45 1.50 60 6.7
+15 13 1495 20 6.6

The results of eriment III indicate that when the time for
freezing nixture is constant ,the lower the temperature,the less
the expressible juice ,and the less the drip.

Experiment IV was done under thc same conditions as EXpere
iment III. The range of temperature wes 15, 92, 3, 0, -2.0,
~-105°F, The resulds are given in Table IV. Vieight of figh
section = 120 gms.
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TABLE IV

Temperature | Time required for Lag of Time of | Drip
°F.) Expression of 5 gms.|Apparatus| Freezing

15 46 2.1 40 1.50
9 42 275 35 1.15
3 a2 1.60 35 1.20
0 40 2.30 30 1.20
-2.5 37 1.70 30 1.70
-105 34 2.00 - 17 1.85

The results of experiment III and IV est that when
the time of freezing is less than 60 minutes there im little
%1ff§§gn§e in brine freezing over the temperature ranges 15°F.

Q0 - °F.

" Experiments II, III, IV indicate that twe factors play a
part in determining the relcase of water from fish following
freezing - the time and temperature of freezing. The
temperature of freezing scems to he a factor depending on the
time of freezing and is determinete in e z2one of time of freeze
ing at most from one¢ to four hours. Beyond this zone the

time of freezing is the primery factor. Experiment III suggest§
that in this zone there is an optimum temperature of about

0°F., at which the drip is not markedly more then at lower temp-
eratures and at which the expressible juice is lost. Higher
temperatures then 0°F., indicate that there is about the same
drip but more readiness to losc the expressible juice.

Experiment V was done as = check on Experiments III and IV.
The conditions were kept the seme in V es in III and I¥.  The
range of temperature was 15°, 2v, -0°, -105°F. The time for
freezing was 90', 60', 60', 10'. TFollowing freczing the cans
were placed in water at 20°F. for 1 hour. At the end of this
time the sections appeared uniformly limp and they were adjudged
defrogted. The time of freezing and defrosting was practically
identical for each: the 10' time held for (02 -~ ether mixtures,
tut this seetion wes kept exposed to the low temperature of
~106°F. for fifty minutes extra, The weight of fish used in
Experimont V was 73 gms. Tadblo V indicates the results obitained
from this experiment.
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TABLE ¥
Temperature | Amount of Juige Lag of Prip {gms)
{°F.) Expressced in 10" | Apparatus
15 9 gms. 1,96 2,0
2 6.5 " 1.50 2.5 '
0 6.3 " 2.30 2.1
~105 B85 " 1.65 1.1

The results of Experiment V show that ¥hen time of freczing
and conditions of dcfrosting arc kept constant, the expressidle
juice is dccrecased the lower the teaperature of freeczing.
There is little differcncc in arig fron defrosting oxcept

that for COz2 - Ether nixtures. t is suggested again

there is ligtle to be gained by freezing at temperatures below
%;;;F(?xpreaaibla juice ig deercesed only 8% by a decreasc of

II1I (8) - Rate of Defrosting and Expressiblc Juice

To determine the importance of this factor & large fish
was obtained from the National Fish Co. I% was fillcted,
packed in cans, frozen in brine at 0°F. for 1 hour., Ther-
mometer controls indicated that this length of time was suffice
Itent for comg%ete freezing. Four cans of fish were frozen

his way. frosting was carried out ag follows;

a) Hot water at 100°F.
b) Tap wator at 68°F,
¢) Ice watcr at 50°F.
d) Ioec water at 32°F,

The drip was caloulated from the diffcrence in amount of fish
in the frozen state from that when defrosted and blotted.
Sections were presscd at 36°C. and 20 1lbs. pressurc.

Time Temperature of | Expressible Juicé Drip |[Lag of
Dafrosting in 10! Apparatus
A
% hO‘DJ.' 100°P. 10 . a 7 1 209
1 hour 68°F, ¥y 1,28 20 &0
2 hours 50°F, 7 gns. 2,9 » 1.9 @
| 8. bours | 32°F, 9 gns. 1.4 Re28 M
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The time of defrosting was estimated by the time required for
the temperature to rise to 34°F.

It would seem probable that the time of defrosting has
little if any bearing on the amount of expressible juice oF
" On the other hand the temperature of defrosting and the

effeots on drip show that an optimum temperature for defrosting
is about 68°F, ;

III (b) - Time of defrosting and ressible Juige

Conditions a8 in Experiment VI were maintained in this
experiment. The sections were defrosted at 65°F. for different
lengths of time. -

(a) 3 hours O
(h) 4779 13!
(c) 6 " o1
(a) 8 " 28!
(e) 10 m ot
{233 v 49!

The results are given in Table VII. Expression at 32°F. and
20 lbs, pressure.

) TABLE VII
'ime (hrs) | Expressible Juice in 10'| Drip |Lag of Appargtug
3 8.5 gms. 5.4 2.1
43 11,0 " 7.0 1e7
6 | 12.0 " 6.3 2,75
8% i 10.5 ™ 7.8 1,60
10 1000 n 705 1'9
11% 10,0 ©® 8.5 2.2

The fish used in this section gave more juice and drip thep
usual. It had been stored for a nonth at 12°F. Such a fish
was frozen so that any differences might have been magnifigd

by the greater loss of juice by expression and drip. Tejle Vig
suggests that the time of defrosting is of little importancse

end this bears out the results from Experiment VI.
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v - Storgge:

(a) -~ Effect of Storage on Fish Frozen at different
Yemperaturcs.

The fish were frozen at temperatures of 0°, 9°, -4°, -20°F,
-105°F, -T7°F. Storage at 12°F. was made possible through the
courtesy of the National Fish Co. Defrosting was carried out
for 3 hours at 67°F, Expression at 36°F. and 20 lbs. pressure.
The storage was maintained for 27 days in each case. The re-

sults are given in Table VIII. 70 gms., of fish used for each
temperature.

TABLE VIII
Temperature | Expressible Drip | Leg of E.J. ¢+ D
of freezing | Juice in 10! Apparatus
1 \

0°F. (a) ! 12,3 1.5 2.4 18.8 |

0° (b) 11.5 2.5 2.6 14.0

9o 8.5 5.4 8.3 13,9

-4¢  (a) 11.0 4.7 3.0 15.7
-4°  (b) 10.0 ! 3.7 1.85 - :} 1347 !

-20° (a) 8.0 ; 2.8 3.1 | 10.8
-20¢  (b) 9.0 TLiE. sy 84 .. I e
=70 180 - ] 1.8 3% | 188 4
| _108¢ 7,0 ’ 6.7 2.8 e W l

(a) Kept at varying temperatures from +10° to +15°F.
(b) Kept in incubator at 12°F.

The first point to be deduced fronm Table VIII is the
glight difference in effect when storage is carried out at a
constant or varying temperature.

The second point $o be deduced from Table VIII is taken
from the column E.J. + D. which means expressible juice « Drip.
It will be noticed thaf{ there is very little difference in the
effect of storage on fish sections frozen at temperatures
varying from 9°F. to -105°F.
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IV - Storage
(b) Effect of time of Storage r

70 gms. of fish were frozen at 0°F., in brine. The times
of storage were 13, 27, 33 days. Expression was carried out
at 38°F. and 20 1lbs. pressurec. Storage was maintained at
a temperature from 0° - 14°F. or in an incubator at 12°F. The
results are given in Table IX. Defrosted for 3 hrs. at 67°F.

— —— e

Time of Storage| Expressiblec Juice in ﬁoﬁ_nrip Lag of Apparatus

!

13 days 7.5 gms. | 1.3gm., 2.6 gms.
g7 n 9.8 M 2,5 " 2,5 "

- 10,2 " e T 4.4 "

Results from Table IX show that storage for a month increases
both the available juice for expression and drip by about 50%
over that for storage of two wecks.

A section of the same fish pressed at the time of freezing
showed an expression of 3 gms. in 10' and drip about 1.0 gms.
Therefore the storage of 2 weeks increases the available juice
for%expression and drip by about 28 and for 1 month by about
300%.

V - Discussion

Moran (1) in his studies of freezing of gelatin observed
that the structural formation of ice was controlled by freez-

ing rate, absolute temperature, concentration of gelatin and

PH. He found that below -20°C. thc concentration of gelatin
became constant and that at this point the gelatin contains
65.5% gelatin at pH =4,.,7. He concludes that the gelatin holds
53 % of its water by chemical attraction under these conditions.

Further observations on the irreversibility of freeczing
showed that the critical temperature for irreversible changes
in egg yolk was ~6°C. and for frog muscle was -2.5°C.
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Callow (1) discussed the types of water in musele. He

considers two types: some of the water is ¥ound by chemical
attraction and some by osmotic forces.

Plank (2} caleulated the zmount of water frozen at various

temperatures by calorimetric neasursnants. He concludes that
ell the water content of rmuscie is no! irezen until the temp-
erature is reduced to -55°C. On the . zexr hand ebout 91% is

frozen at -20°C. or 0°F, and about 42% at 0°C. or 32°F.

These results confirm those obtained in the preceding
experiments where 0°F, was found the temperature below which
very little improvement, as determined by expression of juice
and drip, was noted. Above O°F. there was a distinet increase
in aveilable juice for expression and drip. At this temper-
ature it is possible that the concentration of fish protein and
other muscle contents becomes constant. This is of some value
if true, for the uniformity of frozen fish products.

A brief review of results is:

(1) Freezing for one hour at 0°F., for 70 gms. of fish
(Cod) is the optimum for efficiency and convenience.

(2) Defrosting at 67-§8°F. for 3 hours for 70 gms. Bf
fish is suggested.

(3) Storage increases availsble juice for expression and
drip about 300% in a month. Varying temperature of

storage is very littlc different in effect from
constant temperature.
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