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In the work on brine freezing which was done at the 
Station the macroscopic comparison of frozen with fresh fish 
was the main criterion of the success of the method. 

Mr. Walter Boutilier of the National Fish Company told 
us that frozen fish could not be smoked successfully; and as 
we could see little real difference between fresh and brine 
frozen fish this statement seemed interesting and worth con-
firming. 

One of us (C.B.W.) in the course of hie investigation 
was examining microscopically the surface changes of smoked 
fish and he agreed to use some of the frozen material in his 
work. This made it possible for us to carry out the t wo 
following experiments. 

Experiment I 

Four fresh split haddocks from the National Fish Company 
were frozen by immersion in brine at 3°F. for one heur. They 
were rinaed with water at room temperature (60°F.) and stored 
in the freezing room at a temperature of about 5°F. for two 
days. They were then brought up to the laboratory, defrosted 
in air, brined in brines of different concentrations ranging 
from 98 to 45 per cent. saturated. After being dried in the 
d.rier for one hour they were smoked for eight hours. 

Seotions through the smoked surface showed a zone about o.s mm. wide and about o.5 mm. under the surface where the 
muscle fibres seemed macerated (See plates I and II). These 
haddies were flabby throughout, even the backbone being unus-
ually flexible. The surfaces were rougher and duller than those 
of tresh haddies smoked in the same way. 

Expriment II 

We decided to repeat the above experiment to confirm our 
observations of the microscopic s tructure. Six haddocks were 
frozen and left without washing in the freezing room for three 
days. When they wer e brought up t o t he laboratory three were 
thawed in a.ir, and three in briine. The drying and smoking was 
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the same as in Experiment I. The sections were eut both after 
drying and after smoking; in each case the zone of macerated 
tissue was observed in every way similar to that noticed in 
Experiment I. The haddies, like the former, were duller than 
usual. 

These observations encouraged us to consider the possib-
ili ty of investigating the general changes in fish muscle 
during freezing. We had supposed from Dr. F.S. Jackson's work 
(6) that brine frozen fish did not exhibit the marked structural 
changes observed in the slowly frozen (sharp freezer) fish in 
which the cells were distorted and broken by ice crystals. 
Rowever the above experiments do show changes and would indioate 
the necessity of comparing the appearance of air frozen with 
our own brine frozen fish. The changes shown in plates I and II 
are very interesting, in an abstract way, but we have no satis-
factory explanation for the phenomena. 

Experimental Technique 

The method of obtaining the sections described in experi-
ments I and II, and which is used in all the following exper-
iments, is as followe:-
Small pieces of the flesh to be examined, measuring some 4 to 
5 mm. square and 2 to 3 mm. thick were out out with a sharp 
scalpel. These piecea were placed on a microtome block (wood) 
moistened with water, and frozen as rapidly as possible by 
directing a stream of carbon dioxide onto them from above. 
The pieces were frozen in 5-10 seconds. Several sections were 
then out from these frozen blocks (whioh were carefully kept 
frozen hard) and the crumpled and now soft mass of sections 
then floated off the knife into water. Here they were care-
fully straightened out with dissecting needles and floated onto 
a alide where they were stained a few seconds with neutral red 
and examined while still wet. This method had been used for 
some montha by Mr. Weld in examining the surface changes of 
haddiee during smoking and had proven satisfactory and compar-
atively simple. 

In the following experiments the expression "examined in 
the frozen state" will be frequently used. This refers to 
blocks of fish which have been frozen in various ways, small 
pieces of which have been put onto the microtome while still 
hard, kept hard by the carbon dioxide used as above, and 
sectioned before being allowed to soften at all. The sections 
after being eut softened almost immediately on the knife and 
were handled a.s above. Wh.en the expression "thawed" has been 
used, the blocks of f ish were allowed to completely soften and 
t.hen small pieces of the thawed fish were mounted on the micro-
tome, frozen, and cut as above. 
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Thus in every case the section examined is soft, and in 
every case it has been frozen hard before cutting. The words 
"frozen" and "thawed" refer only to the handling before the 
sections were eut. 

It will also be seen that the appearance of the fish eut 
"in the frozen staten differs materially from that eut TTafter 
thawing". It thus appears that while the celle of a block of 
frozen tissue, when thawed, show changes in their form and 
density, these same celle when eut in slices before thawing, 
as when they are sectioned" in the frozen state" do not change 
in appearance. Why this phenomenon should occur is rather 
inexplicable and we will not discuss the many possible eplan-
ations . Suffice it to say that by using the above technique 
the :frozen fish do show a ve r different appearance than the 
thawed fish and this difference seems to be the true difference 
which does obta in between the frozen and thawed fish . 

Wh.en prepared by the above technique, the microscopie 
appearance of sections of normal fresh cod and haddock is as 
shown in plate III. The muscle fibres are of even density 
throughout and they are placed close to one another. They show 
no perforations such as are seen in plates IV,V and VI and when 
eut in cross section their outline is smoothly rounded. If cut 
longitudinally they show nearly straight parallel aides. As 
shown by plate III the cells present a stippled appearance. 
When brined fish are examined by this same method this stippling 
is not shown {plates I and II) and they seem more firmly bound 
together. 

Changes in Microscopic Structure 

Experiment 3 

Two fillets were frozen , kept for 3 days at 5-8°F., and 
then seetioned. One of these was frozen in brine at 5°F. and 
required one-half heur to freeze, while the other was frozen 
in air at 5°F. and required four heurs to freeze. The micros-
copic appearance of the sections was as follows: 

The brine frozen fillet , examined in the frozen state 
The sectioned cells were markedly distorted in outline and 
showed both large and small perforations. Thawed. tThe recovery 
of the celle to normal was marked but several are sti11 distorted 
and show large perforations. 

The air frozen fillet. In frozen state. The sectioned calls 
were markedly distorted in outiine, the cell substance abnor-
mally dense in consistency, and large but no small perforations 
present. Thawed. The reoovery was marked but several cells are 
still distorted and show large perforations. 
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Obviously the structure of the fish muscle is changed by 
the freezing, even though the normal appearance is largely 
regained on thawing. 

The results of ex:periments 1, 2 and 3 encouraged us to 
conaider the advisibility of a systematic examination of frozen 
and defrosted fish muscle, as f ar as our time allowed. They 
suggested the following questions: . 

1. Will a microscopie examination be a means of determining 
(a} the changes in fi sh muscle due to freezing? 
(b) the change s due t o storage? 
(c) the changes due t o var i ous methods of thawing 

or defrosting? 

2. Is brine frozen fish on defrosting the same as fresh fish? 

Experiment 4 

A cake of fillets frozen by Mr. Finn on January 28, 1926 
in brine at 0°F., wrapped, and kept in storage in the freezing 
room at the North Atlantio Fisheries, was eut in two in the 
centre and a section about two inches wide and running across 
the block from aide to aide aawed out. This was wrapped in 
paper, then in about one inch thickness of cotton wool, with a 
further wrapping of paper on the outside. This piece of frozen 
fish was brought up to the Station and sections made from the 
centre immediately on unwrapping. Pieces of the block were 
thawed in water, directly, and wrapped in oiled paper; in air; 
and a large piece wrapped in eotton wool and paper so that 
1t would thaw very slowly. As each piece of material became 
de:froeted sections were eut by the usual method . 

An examination of the sections shows the following: 

Treatment of pieces of 
fish prior to cutting 

sections 

(1) "In the frozen state" 

(2) Defrosted by immersion 
in water.Defrosting time 
was 5 minutes 

Appearance of sections 

The cell tissue is markedly 
denser than normal. Holes are 
found in and between the cells 
which often appear very distorted 

The holes in the fibres are 
mostly closed up, but distorted 
cells and holes between the 
fibres still remain. 
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(3) Wrapped in oiled paper 
and immersed in water. 
Thawing time was 10 
minutes 

(4) Defrosted directly in air 
Thawing time was 20 
minutes 

The same as ( 2) . 

The same as (2) and (3) 
except that more holes in 
the fibres remain visible, 

( 5) Wrapped in a thick layer of the same as ( 4) 
oiled paper and absorbent 
cotton and left in air. 
Thawing time was about 10 
hours. 

(6) Detrosted in 10 per cent. 
formalin. 

Roles are aeen between the 
fibres but not so many in 
the fibres themselves. 

The two large pieces of the cake were each eut in two 
and the resulting large pieces thawed in air, in water by 
direct immersion, and by immersion in brine, The thawing 
timea are of course proportionately longer than those of the 
small pieoes used in the first part of this experiment. Sections 
were eut before and after thawing and showed the following:-

Treatment of fish 

(7) In the trozen state. 

(8) Detrosted in air. 
Thawing time about 
5 hours 

(9) Defrosted in water. 
Thawing time about 
l hour. 

(10) Defrosted in saturated 
brine. Thawing time 
about 1 hour. 

Appearance of sections 

See (1). The appearance is woree 
than of cod No.6, Experiment 5. 

The cell substance has swollen 
somewhat from (7) but the oells 
are still abnormally dense and 
distorted. They are now per-
fora ted by many small holes 
{ see below) . 

The same a.s ( 8) . 

The cells have swollen more 
than (8) but are still dense 
and distorted. The small 
perforations noted in (8) are 
now larger and more distinct. 
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As will be shown later (Experiment 6) fresh fish, if 
frozen unusually slowl y by carbon dioxide, will show the presence 
of small ho les suc h as se en in ( 8 ) . We had no r e a son to be-
lieve that the small perforations of ( 8 ) were due t o this 
cause, but the possibility had to be considered. However as 
this phenomenon does not occur when brined fish is frozen in 
the same way, the finding of these perforations in (10) con-
stitutes strong evidence that their appearance in (8) is signi-
ficant and net merel y an experimental artefact. 

From these results it would seem that the degree of re-
covery of the normal appearance on defrosting is the same 
whether the defrosting is in the air, or in water or fast or 
slow. 

It was then thought of interest to examine more closely 
the different effects on the tissue in freezing in different 
ways. It wa.s also thought necessary t o see whether different 
types of fish showed the same changes on freezing. Consequently 
a cod and a hake were frozen in air, in brine at 0°F. and in a 
calcium ehloride-ioe mixture at -13°F. and sectioned in the 
frozen state. These fish were stored at 5 to 8°F. and a.gain 
seetioned after 24, 48 and 72 hours, both in the frozen state 
and after thawing in air. A piece of beef was also run through 
at the same time in parallel wi th t he se fish in ord.er to com-
pare ita picture with t hat of t he fish . The resu.lts are given 
below in Experiment 5. 

Experiment 5 

A cod and a hake of about the same size were obtained from 
the National Fiah Company. They were filleted and one fillet 
from each was air frozen at from 0 to 5°F. The other fillet 
from each wa.s eut in pieces and packed in the small cans or boats 
used in all the small scale freezing experiments. A piece of 
beef was also packed into a can, and these three cans immersed 
in the brine for one hour. Pieces of each fish and of the beef 
were taken to the laboratory and microscopie sections eut in order 
to get the normal picture of these fish. 

Data from Freezing Operation. 

Temperature of 4 

Temperature of Temperature of 
Time brine NaCl brine fish (ood) 

11.00 a.m. l.5°F. 3°F. 40°F. 
11.15 1. 5 2.5 30.0 
11.30 1.2 1 , 8 29.0 
11.45 1.0 1 1.5 26.0 
12.00 no on 0.8 1.0 s.o 
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Thus it would appear as though the f1sh had frozen com-
pletely in 45 minutes. 

After the hour pieces of the flesh were dug out of the 
cans and taken to the laboratory for examination. We had 
found that if frozen fish was well wrapped in paper and cotton 
wool they showed no signs of softening at all when arriving 
at the laboratory. In fact one piece, we ighing a couple of 
ounces, was left in cotton and found still to be hard atter 
eight hours. These pieces were sectioned in the frozen sta.te 
and examined. After being allowed to thaw in air they were again 
sectioned and examined. The remainder of the cans of flesh in 
the freezer were kept a t an air temperature of 5 to 8 °F. for 
24 hours and 72 hours, an examination being made after each 
period. The fish frozen in air probably froze in about 6 houre 
but was not examined until next day and was labelled "twenty-
four hours after freezing". It was examined both in the frozen 
and in the thawed state, as in the case of the brine froaen fish. 
The cod and hake were in addition frozen in a calcium chloride- 
ice mixture at -l3°F., the fish were found to be hard through-
out in less than half an hour. After one-half hour exposure 
to this temperature the piecea were examined in both the frozen 
and thawed condition. 

Cod -
Freah (1) The cells are marked by minute dots a.nd so present 
a granular or stippled appearance. They are invariably rounded 
in outline (in cross section) and lie well together, with 
their walls undistorted. See plate III. 

Frozen in Sodium Chloride Brine 

Immediately after freezing. 

(2) Frozen State. The cell material seems denser than norma1, 
spaces exist between cells and many large holes appear in the 
section. These holes are usually eccentrically placed and 
indeed may break through the cell wall. The general appearance 
is such as to indicate that some fluid has been withd.rawn from 
the cell substance to these cavities, thus pushing aside the 
aurrounding protoplasm and giving the tissues a danser, con-
densed or more concentrated appearance. See plate IV. 

(3) Thawed. The section shows a great change from the last. 
Most of the gaps have closed up and the tissue presents a much 
le ss dense appearance than the la.st. Rowever the seation is 
not like that of the normal tissue, because quite a few gaps 
a.nd distorted cells atill remain. 
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Twenty-four hours after freezing. 

(4) Frozen state. The appearance is very like that of the 
material examined immediately after freezing - (2). The im-
pression is gained that the distortion and condensation of the 
celle is more marked than at first, however the difference is 
only slight. 

(5) Thawed. The cells have swollen but many gaps atill remain 
and the recovery is not so complete as it was in the case of 
the piece thawed immediately after freezing . 

Seventy-two hours after treezing. 

(6) Frozen State. The appearance again is not greatly dissim-
ilar to that of (2) or (4). Now however the impression gained 
in (4) has become distinct. The cella are definitely more con-
densed and the cavities correspondingly larger. 

(7) Thawed. The cells swell somewhat as in (5). but they remain 
much denser than normal and many cavities are still present . 
Recovery from (6) is not great. 

Frozen in calcium chloride brine. 

Immediately atter freezing. 

(2a) Frozen State. The appearance of this section is quite 
different from that of the sodium chloride brine frozen fish 
(2). The cavities or holes are smaller and more numerous than 
in (2), appearing as definite perforations through the section. 
The cell substance has been made considerably denser but not as 
much as (2) and the outlines of the cells are not as greatly 
distorted as in (2). In other words many more but smaller holes 
See plate V. 

(3a) Thawed. The recovery here is almost complete . There are 
fewer abnormal cells than found in (3) even, though some are 
preeent. Some parts of the section appear quite normal . 

Frozen in air. 

Twenty-four heurs after freezing. 

(4a) Frozen State. (This is twenty-four hours after the fish 
were put in the oold air. The fish have probably been completely 
frozen for sixteen heurs or more . They are grouped with the 
twenty-fou.r heur frozen fish because they have been subjected 
to the freezing temperature for that length of time.) The 
appearance is quite likè that of the brine frozen twenty-four 
hour fish (4). The distortion of the cells however is defin-
itely more pronounced, the cavities larger and the cell substance 
more concentrated. 
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(5b) Thawed. The cells have swollen somewhat, being less 
concentrated than (4b), but they are still considerably dis-
torted and many gaps remain. Recovery is not so great as 
that of (5). 

Seventy-two heurs after freezing. 

9 

{6b) Frozen state. The appearance is very much like that of 
{6) or of (4b}. There does not seem to have been much change 
sinoe (4b). 

(7b). Thawed. Concentration of tissue, distortion and cavit-
ation is greater than (5b) and even greater than (7). Recovery 
has been slight, less even than the case of (7) the seventy-two 
hour brine frozen fish. 

Hake 

Some difficulty was experienced in obtaining good sections 
consistently from the hake. The same method of sectioning was 
used as for the cod and .beef, as it was not possible in the 
short time at our disposal to work out a more satisfactory one. 
A few seoonds after floating the sections off the knife into 
water they "fluffed" up. The sections on being separated one 
from another in the water lay flat and smo oth at first as did 
the cod sections, but suddenly t hey lost their even appearance 
became hazy in outline, and. crinkled up. "Fluffy" describee 
their appearance very well. It waa difficult to work fast 
enough to be able to mount a section on a slide before this 
phenomenon took place. When once it did. take place the cells 
of the section seemed to lie in no regular order. they were 
piled one on top of another and were therefore difficult to 
examine. However we think that the following descriptions are 
accurate, though in some cases many sections had to be eut in 
order to obtain one satisfactory one. No explanation of the 
phenomenon is suggested, though it is to be noted that all the 
sections, whether from fresh or from frozen hake, showed it. 
It must be remembered however that even the fresh fish was 
frozen on the microtome before cutting so that the poasibility 
of its having been due to freezing cannot be ru.led out. The 
freezing of the piece of fish on the microtome did not occupy 
more than 5 or 10 seconds. 

Fresh 

(1) The cella are larger than those of the cod and are similarly, 
though not so markedly gra.nular or stippled. They lie close 
together both in cross and longitudinal section. Wh.en the 
sections have been "fluffed" t he cel ls t hcmselves may seem to 
take on a d.ifferent appearance. In cross section the central 
parts may be lightly stained or thin, while surrounding this 
part is a broad darker band. This appearance was not always 
Seen and i t is not known whethêr i t was an actu.a.l change of 
state or a technical. artefact. 
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Frozen in sodium chloride brine. 

Immediately after freezing. 

(2) Frozen state. The appearance ia like that of the cod (2) 
- treated rn the same way. The cells may have shrunk more 
l eaving wider spaces between them but they are not so distorted. 

(3) Thawed. Recovery seems to be practically complete. Possibly 
t he cells are not l ying as close together as in the fresh (1), 
and they may be somewhat denser bu t t h i s is uncertain. 

Twenty-four hours aft er freezing. 

(4} Frozen state . Appearance as in (2 ). 

(5) Thawed. Reco ver y is marked but i s no t quite complete. 
Some cells are still distor ted and are slightly denser and more 
separated than (3). 

Seventy-two hours after freezing . 

(6) Frozen state. Appearance as in (2} or (4 }. 

(7) Thawed. Recovery is considerable. Some fluffing is present 
which makes examination difficult. Cells are distinctly not as 
shrunken and dense as (6) but distortion is still present. 

Frozen in calcium chloride brine. 

Immediately after freezing. 

(2a) ·Frozen state. On close examination the central parts {in 
cross section) of the cells seemed paler and less dense than the 
periphery. Some cracks and crevasses wer e seen in the middle of 
the cells, although their outl ine and arrangement was normal. 

{3a). Thawed. Recovery seemed complete. No a.iffer ence could be 
seen between these cells and those of (1). 

Frozen in air. 

Twenty-four hours after freezing. 

(4b). Frozen state. Appearance is not unlike that of the brine 
frozen hake (2) or (4). However there is more distortion of 
the cells. 

(5b) Thawed. As (6) . 
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Seventy-two hours after freezing 

(6b). Frozen atate . The cells are dense , distorted and widely 
separated from one another. The changes from (4b) are great 
and the density and distortion is much more ma.rked than tha.t 
of the brine f rozen hake (2,4,6). 

11 

(7b). Thawed. The cells have swollen somewhat from (6b) but 
are sti11 definitely denser than normal, and are considerably 
distorted and separated. There is some recovery from (6b) but 
it is not nearly as great as that shown by (7). 

Beef -
Fresh 

(1). The muscle fibres are much smaller than in the fish. They 
are not so closely rounded in outline, being somewh&t angular, 
but lie close together and show no perforations. 

Frozen in sodium chloride brine. 

Immediately after fre ezing. 

(2). Frozen state. Many gaps have appeared between the oells, 
giving the section a somewhat honey-c orobed appearance. The 
cella themselves i n t he section do not seem to be perforated 
or distorted. 

{3). Thawed. Appearance as in (1). 

Twenty-four houra after freezing. 

(4). Frozen state. As in (2). 

(5). Thawed. Recovery oomplete as in {l) and (2). 
Seventy-two houre after freezing. . 

(6). Frozen atate. As in (2) or (4). 

(7). Thawed. Recovery complete as in (1,3,5). 

From the above data it is seen that the appearance of the 
hake and the ood is ma.rkedly changed by freezing in air at 
0-5°F., in brine at l°F. or in brine at -13°F. The difference 
between the effects of the air freezing and brine freezing at 
1°F. is not great, not nearly as great as we had expected, but 
i t is definittely in favour of the brine fr eezing. The sections 
of the fish frozen at -13°F. ar e qui t c di fferent in appearance 
to the air fr ozen. The cells being perforated by many more but 
much smaller holes, t he ir substance not so dense, and their out-
line not s o di storted. On thawing these fish they regain, but 
not entirely , the appearance of f r esh f i sh. 
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When these fish have been stored in air at 5-8°F. for three 
days and are then thawed, the air frozen fish do not regain 
the appearance of normal fish as wel l as do the brine frozen 
fish, and nei ther recover on thawing nearly as completely as 
they did at first. Thu s it appears that the changes which take 
place during freezing tend t o bec ome more permanent as the fish 
are atored. This tendency is much more pronounced in the case 
of the hake than the cod. The appearance of the fieh frozen 
by Finn (Expt. 4), eight months previous to our examination, 
frozen in brine at 0°F., also tends to confirm this statement. 
Their a.ppeare.nce is woree both in the frozen and thawed state 
than are our seventy-two hour cod. The fact that it is not much 
worse may indicate that this alteration in the permanence of the 
change takes place largely during the first few days storage, but 
of course as these are not the same fish used in experiment 5, not 
much weight can be put on small differences in appearance. 

Experiment 6. 

The results of the last experiment suggested to us the ad-
visibility of obtaining if possible the picture of fish frozen 
at varying rates. To this end an attempt was made to vary the 
rate at which the small blocks of fish were frozen on the 
microtome. These blocks of fish- measuring perhaps 5 mm. long 
by 3 mm. broad by 2 mm. thick, or amaller - were placed on the 
microtome and the carbon dioxide fr eezi ng gas directed onto 
them at different rates. In the case of those taking some min-
utes to freeze it was not easy t o tell when they were frozen 
but it may be said with considerable confidence that they were 
frozen somewhere within the limita given and for this prelim-
inary experiment this was considered satisfactory. The fish 
used was a fresh haddock. 

Time of freezing 

(1,2). 5 and 10 seconds. 
The fastest rate easily 
obtained. This was 
a.bout the range obtained 
in the freezing of our 
routine specimens 

(3}. 15 seconds 

Appearance of section 

Sections looked exactly like the 
pictures of normal cod shown in 
plate III, which of course was 
also obtained in this same way. 

Similar to the above except 
that the stipple seems to be 
more marked. In a few of the 
cells the stipple presents a 
pin-hole appearance and in others 
some of t he cell material seems 
t o have conce:nt rat ed. toward.s the 
periphery. 
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(4). 20 seconds 

( 5) • 30 seconds 

(6). 45-60 seconds 

(7). 60-90 seconds 

(8). 1.5-2 minutes 

(9). 2-3 minutes. 

(10). 3-5 minutee 

(11). 5-8 minutes 

The stipple definitely consista 
of pin-holes. 

The pin-holes have increased in 
size, pushing the cell material 
aside, giving it a ragged and 
more dense appea.rance. 

Most of the celle are as (5) but in 
some of them the holes have become 
larger and fewer. 

As (6) but more of the cells show 
the larger, fewer holes. 

Nearly all cells now show the con-
di tion of (7). There are still 
several holes to a cell and the cell 
material is markedly denser .

The cell material is still denser 
and the holes more confluent,still 
larger and fewer. 

Some of the cells are distorted in 
outline: the protoplasm is still 
denser: there are only a few quite 
large holes in each cell: The gen-
eral appearance is very similar to 
that shown in Plate V. 

More of the cells are distorted: 
more of the hales are confluent, 
there being now only one or two 
holes to each cell. The protoplasm 
is still more concentrated. The 
appearance approaches fairly closely 
to that of Plate IV. 

From the above results it j.s seen that the more rapidly 
the fish is frozen, the fewer r.::-è the changes in the structural 
appearance. Distinct changes in the appearance were noted in 
the pieces frozen in 15-20 sseconds, while thosa pieces frozen in 
5-8 minutes took on an appearance very similar to that of a 
fillet frozen at 1°F. {in brine) and taking about three-
quarters of an heur to freeze. It must be remembered that our 
normal sections are from pieces of fish which have been frozen 
in 5 or 10 seconds and that they too may have changed somewhat. 
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Possibly the stippled appearance of these cells may be due 
to changes which have taken place even at this rapid rate 
of freezing. We have had no opportunity to prepare sections 
of fresh fish by the paraffin imbedding method, but even so 
the fixing solutions used (such as formalin, alcohol, etc.) 
would alter the appearance sufficiently to make a close com-
parison unfair. 

It would seem on first thought to be impossible to 
conceive ot a commercial brine freezing proeeas being devel-
oped which would freeze a fish in 5-10 secon<ls. Unless this 
is done then theae resulta would indicate that some degree 
of change in the tissues will take place. This is not the 
case, however, as we shall endeavour to show. 

In this experiment the piece of fish used was so small 
as to freeze practical1y as a whole. That is, all parts of it 
froze at the same instant or nearly so. If a large fish is 
being frozen it will not treeze all at once: the outside will 
harden before the inside. Let us suppose that a cubic milli-
metre portion of this fish on the surface is frozen five sec-
onde a.fter putting i t in the freezer. A c.mm. portion one-
half way in may not freeze until a half hour afterward but it 
may do all i ts solidifying wi thin five seconds. Similarly a 
c.mm. portion in the centre of the fish may still be soft 
after one hour, and yet five seconds later it may be frozen. 
Thus while this hypothetical fish took over a.n hour to freeze. 
no one portion of it took more than five seconds to freeze, 
and it 1s much more conceivable that the refrigerating 
conditions be made good enough to achieve this result. (In-
cidentally thia conception has also been developed by the 
Australian workers4 who use a term "The latent period of 
freezing" to express it. This is discussed later in this 
report when their paper is under eonsideration). 

Thus we conclude that the rapidity of freezing of a 
unit volume of fish is the important factor. This is entirely 
dependent on the rapidity of removal of heat from the fish 
which in turn is controlled ehiefly by the: 

Thermal. conductivity of the trozen fish flesh. 
2 • Surface of fish exposed to cooling medium. 
3 • Temperatu:re of the cooling medium. 

(4). Rate of circulation of the cooling medium. 

This thermal conduotivity is a costant, and until it he.s 
been à.etermined i t is impossible to know whether any practical 
combination of factors 3 and 4 can be devised which will 
remove heat fast enough to :freeze fish without changing i ts 
structure. 
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The Difference Between Fresh Fish and Fish which Have 

Been Frozen 

From the above work it is noted that during the freezing 
of fish changes occur in the microscopic appearance of the fish 
and on thawing the original appearance is to a large extent 
regained. 

When the macroscopic appearance of the fresh fish is 
compared with that of thawed fish certain differences e.re 
noted. The dissimilarity is intangible but most fish dealers 
claim that it is a simple matter to differentiate between the 
two. From our observations we would say that the following are 
the most obvious differences: 

1. The tlesh of the fresh fish is soft and yielding 
and more plastic than is the thawed flesh; this by 
comparison is less yielding, less plastic and more 
resilient to slight pressure. 

2. On being left in air the surface of the frozen sample 
seems to dry out and become hard more rapidly than 
that of the fresh. 

3. When the frozen sample is pressed the liquid is extruded 
and the myomeres tend to separate, while wi th the 
:fresh sample the flakes of the fish remain adherent and 
little if any fluid comes out. 

4. On allowing the frozen specimen to stand fluid (often 
of an opaque milky character) exudes of its own accord. 

These macroscopic differences enumerated above are not 
great, Are the microscopie differences sutficient to account 
for them? In a close comparison of the photomicrographs of 
fresh and tbawed specimens, one sees that quite a considerable 
proportion of the cella of the latter are distorted and contain 
cavities. These cavities probably represent fluid which has 
not been reabsorbed and they give a somewhat spongy appearanee 
to the flesh. Hence on pressing the material this non-absorbed 
fluid would readily be squeezed out. The shape of the cella 
would render the material resilient. 

The fluid that exudes out of the thawed specimen is 
frequently of a milky character, obviously containing a con-
siderable solid element. The following conception may help to 
explain this. During the freezing rrocesa crystals of ice 
foDm removing from the cell protoplasm a large proportion of 
its water content {see plate IV ) . These ice crystals are 
chiefly composed of water but they may co::.1tain small amounts 
of sal ts, protein material and such substances which have been 
forcibly squeezed from the cell by freezing . Now, however, on 
defrosting a large amount of the fluid is reabsorbed back into 
the cells. 
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Probably most of this reabsorbed fluid is pure water and 
that a lesser proportion of its solid contents are abeorbed. 
This would result in a concentrating of the aolid elements 
in the fluid remaining extra-cellular to such an extent that 
it would be of a milky character. Then too this infers that 
the recovery on defrosting as seen by comparing Plates IV 
and VI, is due to the reabsorption of water and not to the 
reabsorption of all the lost constituents. It would be rea-
sonable ta expect this water to be more readily lest now by 
evaporation than before. 

That there is a definite pressure in the cells on freez-
ing is pretty certain. We have repeatedly observed an in-
crease in volume of a block of fish during freezing of about 
one-eighth its volume. This occurs in each cell, a core of 
crystals of ice forming within the cell, increasing its total 
volume, During normal contractions the muscle cell becomes 
shorter and fatter, its total volume remaining unchanged. In 
this case, however, its volume is !orcibly increased and the 
squeezing out of part of its substance seems reasonable. 

Hence though special histolog1cal technique has not been 
utilized to especially demonstrate the presence and shape of 
all the tissue components, such as connective tissue, blood 
vessels, etc., the changea which we have observed can account 
for the macroscopic differencee between fresh and thawed fish. 

The method is simple and it may be of value to be able to 
judge the degree of alteration in freezing by looking for such 
positive changes as deformed, cavitated cells rather than to 
try to figure out some grading scheme based on the intangible 
physical differences of macroscopic characters. 

Discussion of the Literature 

After completing the above description of our own 
experimental work we have had access t o copies of papers 
dealing with a similar type of work. The following section 
consiste of a discussion of these papers as applicable to our 
experiments. 

A resume of the investigation of Reuter, Plank and Ehren-
baum (1) by Nuttall and Gardner (2) records results identieal 
with our own and gives similar pictures of the changes. The 
following points are, however, of particular intereat. 
1. They state that the perforations or cavities such as we 
have described are in reality columns or cores of ice or fluid 
which run longitudinally throughout the whole length of the 
fibre. As far as our pictures are concerned we would not be 
able to tell that this is the case. They might just as well 
be short crystals of irregular size and shape. Serial sections 
would have to be made in order to prove this point. 
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2. The following conclusion also agrees exac tly wi th our findings 
and is worth quoting here. "The conclusion from the above 
operations is that in very rapid freezing the water of the 
muscle albumen freezes in an invisible molecular state. I n less 
rapid freezing a number of small columns are formed of fluid 
in each musc l e fibre, if time allows, these freezing to form 
a. single column. In still slower freezing the fluid ruptures 
the sarcolemma and escapes into the connective tissue, forming 
large spaces filled with ice.n They also pictured muscle frozen 
at 20°F. ( that is much more slowly than any we have examined). 
In this case the fluid congeals entirely outside the muscle 
fibres. The muscle fibres themselves form compressed bands or 
separate bunches of sharp edged little columns, while irregu.la.r 
spaces appear in the connecting tissue into which the fluid has 
exuded. There are no cavities within the fibres, yet the proto-
plasm has been even more greatly condensed than in a flsh such 
as that shown in Plate III where large cavities are still pre-
aent. 
3. With regard to recovery of the tissues to their original 
state during thawing, they state "Experiments show that the 
muscle albumen does not reabsorb its fluid unless the duration 
of the frozen period has been very short. In the latter oase 
there is a slight recovery after thawing, but muscle albumen 
does not give off and reabsorb water appreciably as do such 
colloids as glue and gelatine. 11 We have observed a much greater 
degree of recovery than this quotation would seem to indicate. 
However we have noted that the longer the duration of the 
frozen state the less complete is the recovery on thawing. These 
authors state too." The speed of thawing has no influence on 
the recovery of the tissue from the effects of freezing.n 
This observation is not in agreement with that of the Dutch 
report (3). Our findings support the view of Reuter. 

Through the kindness of Dr. Wasteneys of the University 
of Toronto we were able to oonsult two papers which were 
published in the Australian Journal of Experimental Biology 
and Medioal Science (4 and 5). These papers it is true deal 
with the refrigeration of meat but it seems tous that it would 
be wise to correlate the treezing process in fish muscle with 
that in meat so that use can be made of the researohes of meat 
as an aid to solving 'the problem of freezing fish muscle. 

The Australian workers endeavoured to develop "such methods 
of treatment that the beet underwent no changes during the 
freezing process whioh could not be reversed during thawing". 
In the course of this investigation they made use of the term 
"latent period" of freezing or thawing, which is a nmeasure of 
the rapidity wi th which freezing or thawing takee place, irres-
pective of the thickness of the me at or the conditions of 
freezing and thawing employed." 
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The "latent periodn is detined as nthe period of t1me cor-
responding to the distinct flattening of the treezing or 
thawing curves at the time when a very considera.ble portion 
of the water content of the meat solidified." As this water 
which solidifies plays an important part in the reversibility 
of the process, the term is a uaetul one. Another term which 
they use whioh needs explanation is "drip". This is the clear 
reddish coloured fluid which is exuded from all eut surfaces 
of beef which has been frozen slowly and thawed. The drip 
contains about 9 per cent. protein and shows by its presence 
that the cycle of changes of phases of the beef from liquid 
to solid and back to liquid produces permanent al terations in 
the tissue structure whereby water and protein are liberated. 

These workers observed that "Increasing the latent period 
of freezing increased the changes in the beef as determined 
by the quantity of drip, the net nitrogen loss on tbawing, and . by th& microsoopic appearance in the frozen condition."

"The degree of reconstruction of the colloid material was 
increased by increasing the latent period of thawing, since 
the quanti ty of drip was reduced when the meat was thawed 
slowly. It could also be reduced by stora.ge at 1°C. after 
thawing, showing that the imbibition of liquid by the colloid 
still went on after thawing was complete". 

It is doubtful if results obtained in meat refrigeration 
can be directly applied to the freezing of fish. 
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Explanation of Plate 

1. Section through surface of smoke d fro zen haddock, showing 
the subsurface macera ted zone . 

2. Same, higher magnification. 

3, Section of fresh cod. 

4. Section of brine frozen cod, in the frozen state. 

5. Section of cod frozen in calcium chloride brine, in frozen 
state. 

6. Section of brine frozen cod of (4), after thawing. 
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